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ABSTRACT

In response to mounting competitive pressures, the current trend in the

pharmaceutical industry is to shorten the time scale for all aspects of drug
discovery. While advances in computation, structural chemistry and
molecular modelling are facilitating rational design activities, empirical
screening continuesto play a crucial role in Lead Identification. Because the

ability to test large numbers of compounds quickly and efficiently can
provide a competitive advantage, high throughput screening (HTS) has

become a key goal. To achieve the necessary productivity, effective

integration of compound supply, assay operation and data management is

essential. HTS is a very high technology enterprise that must take full

advantage of the latest advances in bioscience, biotechnology, engineering

and electronics. Notwithstanding the enormous success of pharmaceutical

research, the industry is currently in the midst of growing regulatory and

financial pressures and thereis little doubt that this trend will continue.

Innovation, however, will continue to be an important determinant of

profitability. Technical advances in HTS and chemistry, the application of

molecular biology and discoveries arising from genomeanalysis will be major

driving forces. For pharmaceutical companies that can exploit these

advances and successfully address the challenges, there are huge

opportunities to satisfy unmet medical need and to continue the tradition of

success andprofitability that has been characteristic of the industry.

INTRODUCTION

The pharmaceutical industry has been enormously successful as witnessed by its record of

profitability and the numerouslife-saving drugs it has produced. In the traditional drug

discovery process three phases, Target Identification, Lead Identification and Lead

Optimisation can be identified. Target Identification involves defining the therapeutic effect

to be achieved and the means by which it will be accomplished. The drug target, at the

molecular level, may be a receptor, enzyme, ion channel or some other component of the

cell. Screening systems using isolated cellular components, isolated cells and tissues and

disease models in experimental animals have been the vehicles for drug discovery in the

pharmaceutical industry for many years. This is in contrast to the typical agrochemical

screening paradigm where it has been possible to screen against the actual target organisms

or closely related "indicator" species.

In the quest for novel chemotherapeutic agents, most pharmaceutical companies use a

combination ofrational, or structure-based design, and empirical screening. Thelatter is a
process by which "actives" are found by experimentation, i.e. by testing a wide range of
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different compounds with no preconceptions about what type of structure might be active.

Rational design, on the other hand, depends on a detailed knowledge of the structure of
biological mediators and the forces controlling their interaction; compounds are designed

specifically to interact with the target. Because our understanding of the necessary

interactions may be imperfect, the technical feasibility of rational design can be low in the
absence ofa suitable lead. This is particularly true of targets involving peptide and protein

interactions. In such cases, empirical screening can identify low molecular weight
compoundsthat can be enhanced by the medicinal chemist. Either by rational design or
empirical screening, therefore, the Lead Identification phase of pharmaceutical research aims
to discoverthe initial lead structures that interact with the target of interest. Starting with
these leads, the optimisation phase involves the synthesis of compounds with enhanced
activity and with a range ofproperties tailored to the precise therapeutic requirements (the
target compound profile). Typical screening cascades comprise elementsto test for each of
the essential properties required. While technical advances have ‘ecilitated increased
screening efficiency over the years, the concept of the screening cascade has remained

relatively unchanged. Primary screensat the top of the cascade are relatively simple, they

provide a simple measure of potency and can acceptrelatively large numbers of compounds.

Secondary andtertiary screens using increasingly sophisticated in vitro and in vivo models
provide progressively more detailed information about potency and duration of action. As

compounds pass through the cascade, those with inferior properties are rejected. Only

compoundsexhibiting the desired pharmacodynamic and pharmacokinetic properties defined

in the target profile will progress all the way through the cascade. These are the candidates

that will be considered for further development provided they have an acceptable general

pharmacology and toxicology profile and patent property has been secured. Entry of

compounds into formal Development represents the end of the Lead Optimisation phase of

Research. While the processes may differ in detail, the objective of Lead Identification and

Lead Optimisation in the pharmaceutical and agrochemicalindustries is entirely analogous.

CURRENT SCREENING PRACTICES

Screening strategy

While advances in computation, structural chemistry and molecular modelling are facilitating

rational design activities in pharmaceutical discovery, empirical screening continuesto play a

crucial role during the initial lead identification phase and this, in turn, is dependent on the

availability of large numbers of compounds to test. Many large, well-established

pharmaceutical companies have compoundcollections comprising hundieds of thousands of

unique chemicalentities. Such collections are reservoirs of potential new leads. In addition,

the modern trendis to increase the structural diversity through new synthesis, combinatorial

chemistry, purchase of compounds from commercial sources and academia and by sharing

collections across and between industries. In addition, microbial and plant extracts, together

with other naturally occurring materials, provide additional diversity. Hundreds of thousands

to millions of compoundsare potentially available for evaluation.

While the numbers of compoundsto be tested can be reduced by pre-selection on the basis of

diversity analysis or some other criteria, there is a tendency to reduce ihe tisk of missing
unexpected activity by designing screening programmes that can test all cf the available 



compounds, High sample throughput, therefore, has become a key objective in modern

empirical screening. To be competitive, the available compounds must be screened within a
short time frame (weeks to a few months) and leads with the potential for optimisation
identified. Screening systems and associated infrastructures are required that can sustain
testing rates of many thousands of compounds per run. Effective integration of compound
supply, assay operation and data managementis essential. Standardisation and attention to

work flow design can facilitate the necessary productivity and enable effective automation.

Throughput requirements

In the late '80s a typical goal would be to test 10,000 compounds per year against several
targets. Testing 10,000 compoundsper month against 10 to 20 targets is now commonplace
and a throughput of 10,000 per week is a goal of many companiesandthis has been achieved
by those at the leading edge. This need arises because given typical collection of 250,000
compoundsand a weekly throughputof 2,500,it will take at least two years to complete the
lead identification phase of drug discovery and this is now considered uncompetitive. A

throughput of at least 10,000 per week and preferably higher is required. Traditional
approaches where solid samples are retrieved from a compoundstore and are processed by

weighing and solubilization for individual screens are no longer appropriate. Parallel

processing where sample solutions are replicated to feed many screens is used wherever

possible. To achieve very high throughputs, however, the modern trend is to store multiple
sets of solubilized samples in a suitable format (see below) and to feed screens from these

stores. This, of course, raises questions about the stability of solubilized compounds on
storage and there is an absolute requirement for sophisticated computer systems to manage

the compoundstore, the delivery of samples to particular screens and for tracking progress.

Standardisation

While high throughputs can be achieved with tube-based assay systemsin a fully automated

"round the clock" environmentas in the typical clinical chemistry laboratory, the impact of

the 96-well microplate cannot be underestimated. Although other well densities such as 24,

48, 384, 864, etc., are available, and there will be continuing development, the 96-well plate

with its uniform footprint is the acknowledged standards for microassays. The powerof the
96-well plate is based on its ability to support parallel processing in 8, 12 or 96 channel

formats. The ability to deliver liquids to all 96 wells and similarly to read signals in all wells

simultaneously, be they colour, fluorescence, luminescence or radiochemical, offers huge

advantages over processing individual samples sequentially. There can be little doubt that
the 96-well plate and the associated instrumentation, have been crucial in enabling the high

throughput screening operations that are now typical across the pharmaceutical industry.

The present trend is to combine the efficiency of parallel processing in the 96-well format

with advanced automation and robotics to achieve even greater efficiency and throughput.

Assay considerations

Using conventional in vivo and in vitro methodology, throughputs ranging from a few

compoundsto several hundreds per assay are typical. Isolated cells, whether mammalian or

microbial, and biochemical methods, on the other hand, can providea basis for testing many
thousands of compounds per assay run. Such methods can satisfy most of the key 



requirements for practical and efficient high throughput screening. Screens must be robust

and reliable, cost-effective, simple and user-friendly and amenable to rapid implementation,
standardisation, automation and if possible miniaturisation. Advances in biochemistry and
molecular biology together with the application of modern detection methods and
engineering have increased the range of drug targets that are amenable to HTS and most
drug targets of current interest can now be addressedeffectively.

Typical targets for chemotherapeutic agents include enzymes, receptors, functional proteins,
ion channels and structural components. In the case of many enzymesit is possible to design

assays that involve mixing the components, incubating to a suitable end-point and measuring

a signal, e.g. a changein optical density or fluorescence. This type of "mix and measure”
approachis ideal for high throughput screening. Many drugtargets, however, have not been
amenable to such simple assay designs and have required complex coupled reactions or some
form of separation step. This has limited the throughput that can be achiewed at reasonable

cost and has been a significant obstacle to effective automation. Technical advances,

however, are makinghitherto "difficult" targets amenable to "mix and measure” approaches.

Some of the most successful drugs are those that act on cell surface receptors. One of the

most widely used and successful screening strategies in this area is radioligand binding.

Technical developments over the years have transformed the traditional filtration

methodology from a relatively cumbersome low throughput technique to an efficient

screening technology capable of very high throughput. Important advances have been the

introduction of automated cell harvesters and multi-channel radiation counters, particularly

those capable of counting samplesdirectly on filter mats or in microtitre plates. Emerging

second generation robotics will further facilitate screening using filtration methodology.

Unfortunately, the inherent disadvantages of separation and multi-step methodsare retained.
These methods, however, are nowbeing replaced by new, non-separation metheds.

The development by Amersham International of the scintillation proximity assay (SPA) has

been a significant advance (Bosworth & Towers, 1989). The principle depends on the

limited path length of B-particles in aqueous media (e.g. 1.5 um fortritium, 1.0 and 17.5 ym
for the augerelectrons of !251). If the B-particle collides with a suitable sciatillant molecule,

its energy will be converted to light that can be detected in scintillation counter. If a

scintillant molecule is not close enough to the disintegrating nucleus, no energy transfer will

take place and the B-particle's energy will be dissipated in the medium. Thedisintegration

will go undetected. By integrating a scintillant into microspheres, the principle can be

applied to biochemical assays. Target molecules ofinterest, such as receptors, can be bound

to the microspheres and these can then be suspended in aqueousbuffer systems.

When a radioligand is introduced into an aqueous suspension of fluomicrospheres, most
disintegrations will not be sufficiently close to the microspheres to allow energy transfer and

only minimal signal will be generated. However, if the radioligand binds to an immobilised

target molecule, it is brought into sufficiently close proximity for energy transfer to take

place. Light is emitted as the assay signal. The quantity of light emitted is proportional to

the quantity of radioligand bound while radioligand free in solution is not detected. Thereis

no need for labour intensive separation processes as the technique discriminates "bound"

radioligand from "free". Assay assembly is simply a "mix and measure” process that can be
highly automated. Use of the 96-well format allows the signal to be detected using
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microplate counters. Radioligand binding assays carried out using SPA are generally in good

agreement with those using conventional filtration methods (Major, 1995). While

scintillation proximity is ideally suited to ligand-receptor interaction assays, numerous other

applications including protein:protein interactions (Pernelle ef a/., 1993), immunoassay and
various types ofenzymeassay are possible.

Although scintillation proximity is one of the most important screening advances in recent

years, there are many pressures to develop alternative technologies that don’t require

radiochemicals. Fluorescence assays have been a focus of muchattention because, in theory,

they are amongst the mostsensitive and have the potential to compete with radiochemicals in
the assay of low concentration interactions such as those involving typical receptors and their

binding ligands. Also, fluorescence emission can be modulated by various types of

physicochemical interactions including those that can arise when assay components are
brought into close proximity or separated. Modulation of fluorescence can give rise to a

usable assay signal under appropriate conditions. Fluorescence assays have been successful

where the labelled reagents are presentat relatively high concentration. However, because

of natural fluorescence of many assay samples, conventional fluorescent labels have serious
limitations in sensitivity. Rare earth chelates as fluorescent labels have advantages. They
exhibit long fluorescence emission lifetimes allowing time-resolved measurement. This
partially overcomes the problem of sample fluorescence which tends to be short-lived.
Recently, a new range ofrare earth chelates "the cryptates" have been developed that further

address the limitations of existing chelates. Amplification of the cryptate fluorescence by

non-radiative energy transfer to an acceptor together with time resolved signal detection

provide an effective basis for homogeneous immunoassayin the presenceofbiological fluids

including serum (Mathis, 1993). The technology can be applied to ligand:receptor and

protein:protein interaction assays. In coming years we are likely to see fluorescence

signalling becoming a serious challenge to the use of radiochemicals. This is attractive on

cost, safety and environmental grounds. Traditional separation-based methods, therefore,

are being replaced by non-separation technologies capable of very high throughputs. In

addition to these biochemical methods, advances in molecular and cell biology are providing

cell-based screening systems with reporter gene or grow / no grow outputs that can provide

significant advantages. For example, using cell-based reporter systems, 10,000 compounds

can tested easily within a normal 8 hour working day. Furthermore, the operational costs of

these screens are significantly lower than, for example, a typical radioligand binding

approach. This notwithstanding, while reporter screens offer tangible advantages overcell-

free biochemical systems, there are disadvantages, e.g. specificity can be an issue because of

the multiple potential intervention sites along the signal transduction pathway.

Automation

High speed fixed automation such as that found on production lines offers remarkable

productivity but, in general, it is not appropriate for the type of operations typical ofHTS for

chemotherapeutic agents. Flexible automation, on the other hand, using programmable

manipulative robots, has the versatility to match the needs of the screening laboratory. Using

manipulative robots to execute each activity, however, is relatively slow compared to a

human operator and the cost can be comparatively high. The use of automated workstations

for specialised tasks such as liquid handling, plate washing, signal detection, etc. and where
plates are moved,ideally in stacks, between the workstations can beefficient and versatile 



and can support very high throughput. As plate numbers increase, however, manual handling

becomes increasingly burdensome and error prone. The trend, therefore, is to use

manipulative robots to move plates between automated workstations and to incorporate
positive tracking to trap errors. Automated systems are now available that incorporate 2-
metre and 3-metre tracked robots with precise and powerful articulated arms. Systems with

user-friendly software are now able to process assay plates for virtually any type of assay

with a significant increase in capacity over previous systems. While these large, complex and
expensive robotic systems can be used to automate the complete sequence of operations

comprising a typical assay, a higher level of productivity can often be achieved by careful
attention to work flow, standardising as many of the operations as possible and introducing
automation selectively where this can deliver the maximum benefit.

Data handlin

Screening hundreds of thousands of compounds per year against multiple drug targets

requires the ability to process millions of data points. Effective HTS, therefore, requires
efficient data maragement systems for automatic data capture, on-line data reduction and

analysis and transter of results to central databases. The database must integrate biological

and chemical data for each sample and provide the ability to compare screening results for

many compounds and across many screens. Databases of this type provide the ability to

investigate structure-activity relationships and selectivity using traditional "what-if" and "how

many” types of query. As databases increase in size and complexity, however, conventional

interrogation methods are being augmented by newer computing techniques referred to as

knowledge mapping or database mining. These techniques can be based on neural networks

or expert systems. The concept of data mining is that it should uncover useful, previously

unknown information. These computing methods have been successful in determining
insurance risks, predicting gas demand and detecting fraud. The ability to detect patternsin
databasesofbiological and structural information may provide insights into hidden SAR and

assist in the identification of meaningful activity in high throughput screening data.

Competitive pressures

Notwithstanding the enormoussuccess of pharmaceutical research, and advances in empirical

and rational design strategies provided by technical innovation, the industry is in the midst of

growing regulatory andfinancial pressures. Profitability and survival hang in the balance. In

the major territories that are the primary consumers of pharmaceutical innovation, concerns

about the percentage of the nation's wealth consumedby the provision of healthcare and the

steeply rising costs of such care are driving healthcare reforms. Although drugs account for

a relatively low percentage of a typical developed nation's heathcare budget, pharmaceutical

companies are, nonetheless, considered to be prime targets for cost control. Powerful

managed care organisations and large government buyers are replacing independent

physicians, hospitals and pharmacies as the primary customers for the products of

pharmaceutical research. This is already driving a trend towards the use of generic and intra-

and inter-class therapeutic substitution to limit product selection to as few as two or three

choices for most therapeutic categories. Increasingly, the trend will be to prescribe the

cheapest drug that will produce the desired therapeutic effect with only the mest innovative

products able to command a price premium. The primary effect of these price and volume
pressures is to decrease the sales revenue and profitability of pharmaceutical companies. 
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This, together with the generally held view that the pharmaceutical industry is spending too

much on research and development in the current cost-conscious climate, is driving the

intense merger and acquisition activity being witnessed across the industry.

There seemslittle doubt that the risks associated with pharmaceutical research will continue
to increase while the rewards will remain under intense pressure. Innovation, however, will

continue to be an importantdriver ofprofitability. There will be a continuing need to shorten

the time scales involved in lead identification, to increase the number and diversity of
compoundsavailable for test and to identify new drug targets to address unmet medical

needs and to develop the necessary screening methods. Technical advances in high
throughput screening and chemistry, the application of molecular biology and discoveries
arising from genomeanalysis will be major driving forces in coming years.

FUTURE TRENDS

High throughput screening (at least 10,000 compounds per run) will become the industry

norm while an additional order of magnitude may becomefeasible. Exploitation of "hits"

from HTSis not optimal. Inadequate discrimination of true actives from false positives at

the primary screening stage results in substantial additional work to identify meaningful

"actives." This situation will become more acute as throughputs increase. As larger numbers
of targets are subjected to high throughput screening, it will be possible to use cross-screen

selectivity to a larger extent to assist in lead selection. Pattern recognition computing may be

capable of identifying hidden structure-activity relationship (SAR) and trends. The use of

increasingly sophisticated analysis via emerging computer techniqueswill becritical because

the shear volumeofdata will overwhelm conventional techniques.

The mechanicallogistics of handling and tracking many thousands of compoundsin HTSwill

be facilitated by powerful computers running purpose-built software. Robotic and liquid

handling systems designed to support enhanced HTSare currently being developed and

deployed by a number of manufacturers. As these machines becomeestablished and further

developed for miniaturised assays, fully automated very high throughput screening will

becomea cost-effective reality. The integration of these machines with sample tracking and

data processing computer systems will provide true "walk-away" automation.

It is likely that there will be a steady move from radiochemical-based assay systems to those

using fluorescence end-points. The further development of sophisticated fluorescence

systems operating at longer wavelengths than the current norm and using time-resolved

signal detection will facilitate the move away from radiochemicals for high throughput

screening as has already happened intheclinical diagnostics area. Provided sufficient assay

signal can be generated, costs will be reduced and handling improved by miniaturisation. It

seemslikely that within a five-year time frame the standard for HTS will have moved from

96-well plates to a higher density format with the same footprint.

Screening capacity, however, is only one aspect of a successful lead identification operation.

The availability of a large, diverse collection of compoundsis crucially important. While

most pharmaceutical companies have extensive collections, they are usually relatively
restricted in chemical and/or pharmacophorediversity. Although this can be overcome to an
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extent by sharing compoundcollections across and between industries, the efficiency ofHTS
could outstrip compound availability. To provide the numbers of compounds necessary to

support HTS and the essential increase in diversity, there will be a continuing interest in
natural products as potential new leads. Many of the problems of natural product research
will be solved by increasingly sophisticated analytical and purification methodology working
in harmony with automated screening. Increasingly, however, combinatorial chemistry and

automated multiple parallel synthesis will underpin not only lead identification through HTS
but also lead optimisation. Structure-based design using computer modelling of the three-

dimensional structure of therapeutic targets and the output from HTS together with efficient

and rapid automated synthesis will provide fully complementary approaches that will shorten

the time scales for discovery and optimisation. This will provide competitive advantage to

those companies that can harness and integrate tne necessary technologies.

Molecular biology will play a key role by providing engineered cell lines and recombinant

proteins but perhaps moresignificantly by facilitating the identification of new drug targets as

developments and refinements in bioinformatics enable the output of genome analysis to be

fully exploited. HTS will become not only a mechanism for lead identification but also target

identification. The world-wide human genomeeffort will provide numerous potential drug

targets by identifying genes that play pivotal roles in physiology and possibly

pathophysiology. A significant need will be to evolve novel assay methods to rapidly screen

these potential targets. Cell-based screens, either in mammalian cells or micro-organisms,

that can faithfully reconstruct the potential drug targets, will facilitate the ability of HTS

processes to identify "quality" targets. The generic nature of these approaches will allow

many screensto be run in parallel in order to seex specificity at an early stage.

There is no doubt that drug discovery and development will becomeincreasingly competitive

and there will be continuing horizontal and veriical integration as the industry responds to

cost constraints and regulatory pressures. Drug discovery through high throughput

screening and rational design will continue to be a very high technology enterprise and it will

be essential to take full advantage of the latest advances in biotechnology, engineering and

electronics. For pharmaceutical companies that can successfully address the challenges,

there are huge opportunities to satisfy unmet medical need and to continue the tradition of

success and profitability that has been characteristic ofthe industry in past years.
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ABSTRACT

Whole organism in vivo screens have been the backbone of new agrochemical
discovery, but such screens are not obviously suited to some of the new technologies

which are being deployed in pharmaceutical high throughput screening programmes.

Agrochemical companies have to decide whether to stick with the traditional highly-
focused, target-based approach, or to take the opportunity to develop a high

throughput screening approach suited to emerging technologies, or perhaps to take

both approaches. This paper takes a strategic look at the potential applications of
new screening technologiesto pesticide and, in particular, herbicide discovery.

INTRODUCTION

Screening philosophy in the agrochemical industry has been dominated by the capacity to test

new compoundsontarget organisms, from the first lab or glasshousetest right through to the

field crop situation. Desired biological characteristics can be recognised early on and leads

quickly progressed to field testing alongside market standards. Jn vitro screens have taken

something of a back seat to whole organism screens for new lead generation because ofthis,

and because the successrate in translating in vitro activity to in vivo effect has been (oris

perceived to be) unacceptably low in comparison. This contrasts with the pharmaceutical

industry where translating activity from in vitro to in vivo is part ofthe process.

The divergence of approaches to screen design in the two industries has had a major impact

on screening philosophy. In agrochemicals it has been possible to rely on discovering new

products with a screening rate of low tens of thousands of compounds per annum on whole

organisms. In pharmaceuticals, both structure-based design and empirical screening

approacheshave been adopted,but for the latter it has been necessary to drive the technology

to cope with thousands of samples per week per assay in order to remain competitive in

discovery (Major, 1995). So is low throughput in vivo more successful than high throughput

in vitro? A direct comparison is probably not possible at this point, but whatis clear is that

the rate of discovery of new agrochemical toxophores continues to decline, increasing the

pressure for new technologies to be used in discovery.

There are, of course, a numberof options for attempting to increase the rate of discovery of

agrochemicals, one of which is (ultra) high throughput screening (HTS). However, the

automation technology required for HTS, developed for a 96- or 384-well microtitre assay

formatin clinical and pharmaceutical research laboratories, is not readily transferable to whole

organism screening. Agrochemical companieswill therefore have to decide whether to move

to HTSusing microtitre-based assays, or to stay with the traditional target-based screens, or

to use a mixture of both. Compounding this is the advance of robotic chemical synthesis and 



chemical library technology which will surely play an increasingly significant role in future

discovery strategies.

In this paper we examine various options for HTS in agrochemical discovery end draw upon

examples across the agrochemicalsectors, but with the emphasis on the herbicide sector.

CURRENT SCREENING PRACTICES

In this section we will attempt to highlight the main driving factors behind screening strategies

used in agrochemical discovery. For specific details of experimental design the readeris

referred to more comprehensive reviews(e.g. Giles, 1989; Bartley and Youle, 1995).

In vivo screens

Screening at the whole organism level has been the backbone of newproduct discovery in the

agrochemical industry. The ability to test new compoundsdirectly on target organisms is

very convenient, enabling fast turnaroundofrelatively high quality information. Moreover,in

terms of empirical screening for new leads, it enables the biologist to identify product-type

characteristics (e.g. fast knock-down insecticidal activity, systemic anti-fungal activity, or

crop-selective pre-emergence herbicidal activity) directly. Clearly it would be foolish to

ignore such an opportunity.

The most commercially-attractive opportunities usually require activity against a number of

species, forcing screens to be correspondingly broad. Although a limited numberoftarget, or

proxy, species can be used in the early stages of a screen cascade, it is usually the practice to

broaden the spectrum to include all key target species at later stages. There is usually a

perceived minimum numberofspecies which must be included in thefirst test of any screen

cascade to eliminate false negatives. In this respect it is usually possible to use the lowest

numberin herbicide screening, whereit is possible to detect virtually all phytotoxic activity

with just a single grass and broad-leaved weed, provided they are wisely chosen and the

chemical application rates are appropriate. However, because replication is not usually the

norm, and possibly because there is a reluctance for risk-taking in case something is missed,

most companies havea first herbicide test which comprises 4 - 12 species.

Screen cascades tend to be rigid in terms of the species used and chemical applicationrates.

Oncea lead area is discovered it is possible to introduce a more flexible array of tests (e.g.

including physical chemical, soil and plant physiological assays) to complement the biological

data. Hence, from in vivo screening a great deal of quality information can become available

at a relatively early stage.

Exploiting this opportunity to screen directly on target organisms does, however, come at a

cost. On a per-compoundbasisit is extremely resource-consuming when compared with, for

example, high-throughput screening in pharmaceuticals. It also requires a latge amount of

chemical which meansthat any attempt to increase the number of compounds screened would

have significant implications for biological and chemical resource, as well as requiring

significant changes to screeningpractice. 



In vitro screening using enzymes and receptors

Advances in the understanding of pesticide action at the molecular level have afforded the

agrochemical industry with an increased opportunity to apply enzyme and receptor based-

screening to discovery. Probably most agrochemical companies have, in the past, screened

compoundsin vitro to discover novelinhibitors of the better known targets for pesticides (e.g. for

herbicide discovery, acetyl CoA carboxylase (ACCase) and acetolactate synthase (ALS)). The

current trend is toward the discovery of compounds with more novel modes of action driven, in

part, by the growing perception that repeated applications of pesticides with the same few
mechanisms of action can quite quickly lead to the evolution of resistance amongst pest
populations(e.g. weed resistance to herbicides whichinhibit ALS, Saari e¢ al. (1992), resistance to
benzimidazole fungicides, Staub and Diriwaechter (1986) etc.). The patent literature on in vitro

methods has also begun to reflect the trend towards new modes of action. Hawkes (1995a)

described a method for detecting inhibitors of isoleucyl-tRNA synthetase, Schiedegger ef all.

(1991) claimed cDNAcoding for histidinol dehydrogenase from plants, a method ofpurifying the

enzyme and an assay to detect inhibitors. Similarly, Davis ef al. (1993) claimed a method of

screening for inhibitors of fungal dihydro orotate dehydrogenase.

Someofthe practical issues raised by invitro screening are bestillustrated by example. Imidazole

glycerol phosphate dehydratase (IGPD) is an enzymeinvolved in the biosynthesis ofhistidine.

Triazole phosphonate herbicides are potent competitive inhibitors with Ki values in the nM range

or less (Hawkes ef al. 1993). The structure activity relationship around these is narrowly defined

and closely related to the enzyme mechanism. Perhaps not surprisingly, screening 1500

compounds ofdiverse structures tumed up only a single example of an apparent weak inhibitor

with a novel structure. However it tured out that even this was only active because of

contamination with Zn*"! By contrast, screening versus glutamine synthetase yielded some 175

candidate novel leads (with Iso values less than ~ 50 uM) from 7300 compoundsscreened. A few

interfered with the colorimetric assay; most were rejected as non-specific enzymeinhibitors with

many having obvious potential to act as alkylating agents or to modify thiols. Of the 57 that

remained, 10 had Iso values in the range 1-10 uM. A number were probably reactive (e.g.

maleimides) and others were representatives of old areas (e.g. 4-hydroxypyridines) of no further

interest. Many wereherbicidal, but in no case was glutamine synthetase the primary site of action

(based on thefailure of glutamate and glutamineto reverse inhibition of the growth ofplant cell

culture using phosphinothricin as a control). The important points are perhaps 1) relatively few

compounds were screened 2) ivitro screens required considerable follow-up work and 3)
inhibitors were discovered but some three or more orders of magnitude less potent than the

standard, phosphinothricin.

Overall, it is probably fair to state that the industry has donelittle more than experiment with in

vitro screening. It has never been clear whether the technology should best be regarded as a

means of rapidly turning around structure activity studies for current chemistry, a diagnostic for

modeofaction or a primary means ofdiscovery.

Cell-based screens

Cell-based screens, have, until now, probably not played a major role in agrochemical
research, other than those used in toxicological testing. Despite relatively wide-spread 



publication on a number of systems, especially highlighting the convenience of plant cell

cultures for screening, their use has apparently been confined to other aspects of invention,

for example uptake and metabolism studies, modeofaction work or cytotoxicity testing.

Although it is preferable to screen for fungicides in sifu using pathogens on host plants,
methods for testing against isolated cells are available. Fromtling (1987) described a system

widely used in pharmaceutical discovery where fungal cells are inoculated onto the surface of
agar which has been pre-incorporated with candidate drugs at several doses, and MIC data
are obtained by comparison of growth with controls. However, because of the obligate

nature of certain key pathogens(e.g. powdery mildews and rusts) such assays could only act

as preliminary indicators.

The case for using plant cell cultures or unicellular green algae in herbicide pre-screening has

been extensively reviewed elsewhere (Gressel, 1987; Felix et al, 1988; Thiemann et al.,

1989; Nurit e¢ al., 1990: Grossmannet al., 1992; Davidonis, 1993; Olofsdotter ef al., 1994).

Onthe face ofit, a plant cell-based assay for herbicide pre-screening is attractive because of

the reduced resource required. However, on closer examination, there are a number of

significant hurdles which would have to be overcome. Firstly, a photoautotrophic system

would be required to detect modes of action which require light for herbicidal activity (Sato

et al., 1987). Such a system maynot detect root-acting herbicides due to metabolism and/or

tissue specificity. Certain graminicides are considerably less active against cells derived from

dicot rather than monocotspecies. Increasing the application rates can broaden the range of

herbicides detected but this will also increase the number of non-specific false positives. The

inclusion of 2,4-D in the growth medium for cultured cells has been observed to change the

sensitivity to hormone-typeherbicides over time (e.g. Oswaldef al., 1976). Finally, there are

a numberofpractical problems to be overcome, e.g. in obtaining exponential growth in small

volumes of growing medium, in maintaining uniform cultures over long periods of time, and

in the choice of method for assaying activity. Algal systems. have also been evaluated, but

again finding a “universal” system to detect all herbicidesis difficult. Felix et.al. (1988) for

example, detected 20 out of 24 standards using Dunaliella bioculata, but glyphosate,

amitrole, 2,4-D and fosamine wereeither difficult to detect or could not be detected. Gressel

(1987) concluded that a universal plant cell culture pre-screen is possible but not

straightforward,and that “dedicated” assays are far easier to develop.

In conclusion, cell-based methods for screening have attracted much attention, and have

found roles in certain areas, but a numberofpractical difficulties and the meed to translate

activity to the whole organism has prevented them from playing a primary role in discovery.

ARE CURRENT SCREENING PRACTICES SUSTAINABLE?

Rates of invention

There is a widely-held view that it is becoming moredifficult to invent new agrochemicals.

Statistics for the average number of compounds which need to be screened for each new

agrochemical are quoted from time-to-time as one in x thousand, with x steadily increasing,

therebyillustrating a slowing downin invention rate. However, suchstatistics need qualifying 
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since, over the past decade, the number of new agrochemicals introduced to the market has
not declined:

Rate ofnew product introductions
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Newherbicides introduced to the market over the past decade have been dominated by ALS

and ACCaseinhibitors. If these are removed from the analysis, then the invention rate looks

considerably weaker. Relatively few novel toxaphores with product-like potential have been

described in recent years.

Whether current invention rates using conventional agrochemical screening practices are

acceptable and/or sustainable will, to a large extent, depend on the strategies and situations of

individual companies. However, with an increasingly competitive market place the pressure

to invent and introduce innovative, so-called blockbuster products will not subside.

The impact of robotic and chemicallibrary synthesis

The use of robotics in synthetic chemistry is now widespread. Synthetic chemical library

technologies are rapidly being developed and used increasingly in screening programmes.

These technologies are applicable to both lead optimisation and lead generation, and are

aimed primarily at increasing the number of compounds made in a given time. Although

compoundscan be produced in quantities sufficient to allow screening on whole organisms,

somelibrary technologies (e.g. using beads supports in library construction) produce large

numbers of compoundsbutin insufficient amounts for anything other than in vitro screening. 



OPTIONS FOR HIGH THROUGHPUT SCREENING

Screening on target organisms

In order to be able to screen at high throughput on whole organismsit will be necessary not

only to design.a test which can cope with the numbers of compounds,but also one whichwill

be robust using much lower sample weights than have hitherto been used. With fixed
resource this would require substantial simplification and miniaturisation, as well as some

degree of automation. This is possibly most achievable for fungicide screening where whole
organism screening at the micro level is already used in pharmaceutical research (but activity
against obligate pathogens must somehowstill be detected). Perhaps HTS in vivo screening
is the ultimate goal, but it won’t be achievable without considerable effort, a change away
from current agrochemicalpractices, and somerisk.

Enzyme/ receptor-based screening

The attractions of screening versus individual enzyme targets are 1) compatibility with library

technologies (the possibility of screening high numbers of compounds in tiny amounts) 2) the

facility to rapidly explore structure activity relationships and 3) the ability to recognise leads with

‘intrinsic’ activity (i.e. without being confounded by poor uptake or metabolic detoxification). A

profusion of new methods to detect protein/ protein and protein/ ligand binding suitable for high

throughput screening have been described including scintillation proximity assays (Holland eral.
1994), fluorescence depolarization (Checovich ef al. 1995) and surface plasmon resonance

(Brigham-Burke ef al. 1992)

The main difficulty comes in deciding which screens to use. For herbicides, plant metabolism

offers such a wealth of known and potential targets (e.g. inhibition of photosynthesis and the
biosynthesis of most primary metabolites) that it is difficult to make the ease for narrowing a
screen to a single molecular target. Discovery of a useful lead would, presumably, be much rarer

even than is observed currently versus wholgplants which offer the entire array. Furthermore, the

probability will vary according to the target. Some targets will be susceptible to potent inhibition
by many and variousstructures ofinhibitor, (i.e. be more ‘selectable’). Fossibly on account of

having a quinone binding site (Schloss et al. 1988) as well as a combination of cther unusual
factors (Hawkes, 1993), ALS does seem to be one such example. ACCase, which offers unique

potential for the discovery of graminicides, appears somewhat similar with a range of structural

types being potent inhibitors (Gronwald, 1994). By contrast, the inhibitors which have been

described of many other herbicide target enzymes have been less diverse and restricted to

molecules which resemble catalytic intermediates. Examples include glyphosate as an inhibitor of

as 5-enolpyruvy! shikimate-3-phosphate synthase, triazole phosphonates as inhibitors of IGPD,

triketone inhibitors of hydroxyphenylpyruvate dioxygenase, phosphinothricin as an inhibitor of

glutamine synthetase andinhibitors of the ketolacid isomeroreductase, isopropylmalate isomerase

and isopropylmalate dehydrogenase steps in the biosynthesis of branched chain amino acids

(Hawkes 1993). However, it would be prejudicial to assume either that these sites are more

representative or, that they are really less selective than ACCase and ALS withoutfirst trying the

experiment of screening them i7 vitro, Perhaps the best argument that ACCase and ALSare

genuinely atypical is the fact that we already know of them as the targets of diverse chemistries

(i.e. selectable targets might be expected to have already selected themselves), Is the best option
therefore to screen ACCase and ALSinvitro? Ten years ago the answer may well have been yes 
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but, probablyin direct relation to the promiscuity ofthese enzymes forinhibitors, resistance (based
on selection of herbicide-insensitive forms of the enzymes) has arisen relatively quickly amongst

herbicide-treated populations of weeds. For herbicide discovery, it may be that screening versus

individual enzymes will only be worthwhile with the identification of some new and. suitably
selectable (or otherwise unique) target (i.e. a ‘new’ ALS or ACCase is needed). For fungicides
and insecticides it might be argued (but is certainly debatable!) that the set of valid targets can be

defined more narrowly and that, in these disciplines, it is more reasonable to propose establishing

an array oftargets for in vitro screening as a primary route to discovery.

One wayofavoiding the specificity of using individual enzymes is to extend in vitro methodology

to chains of coupled enzymes or even whole pathways. Laber and Amrhein (1989) described an

assay for lysine biosynthesis starting from aspartate, and Hawkes (1995b) described the coupled
transcription and translation of a reporter gene to detect inhibitors of RNA and/or protein
biosynthesis with potential activity as antibiotics and/ or herbicides. Not all of these methods
would be easy to translate to high throughput methodology anditis difficult, if not impossible, to

achieve even sensitivity to inhibition at all steps in any long series of coupled assays. Nevertheless

such whole system assays may become a methodofchoice in future.

However, the fundamental problem withall in vitro leads remains the question ofhow to convert

them to potential products. Typically, better than nanomolar levels of intrinsic potency need to be

combined with the litany of secondary properties (crop selectivity, low cost of manufacture,

uptake, stability in plants, biodegradability in soil, mobility in phloem etc.) required to make a

product. How often will it be possible to add such properties to an in vitro lead withoutlosing the

activity in the attempt? In practice, will i7 vitro leads always need to start out with at least some of
the other properties needed and, this being the case, why pick on intrinsic activity as the preferred
parameter to pre-screen for? Pharmaceuticals have a very different set of options for delivering
molecules to their targets and also face quite a different set of obstacles in converting in vitro

actives to products (with very high intrinsic potency and low cost of manufacture not figuring so

prominently).

Using cultured cells as a pre-screen

Cells represent something of a half-way house between whole organisms and in vitro systems. A
barrier to uptake and metabolism are restored although not necessarily as im vivo. Cultured cell

pre-screens assessed for simple inhibition of growth appear to offer good potential for high

throughput screening in agrochemicals. Certainly it should be possible to achieve the

requirement for lower sample weights and the step-jump in throughput required. However,

the quality of information gained from this type of test will arguably be lower than for both in

vivo and in vitro enzyme/receptorassays, in that the activity will still need to translated to the

whole organism and also the specificity of any activity seen will not be known at the pre-

screen stage. Obtaining a “universal” pre-screen may comeat the cost of, for example, a high

numberoffalse positives and a proportion offalse negatives. Data from cell culture screens

will therefore need to be used in conjunction with other information. 



Specific cell-based assays

There are a multiplicity ofways in which wholecell and whole organism tests can be engineered to

detect preferentially inhibitors of particular cell functions, metabolic processes or even individual

enzymes. Some examples follow.

a) Tests for detecting rapid effects on cell function

A number of methods allow more rapid detection ofeffects on growth than simply awaiting the
eventual effect on biomass. Screens to detect early indicators of cell dysfunction preferentially

detect certain modesofaction. For example, inhibitors of respiration and uncouplers act quickly.

ATP levels fall very quickly in dying tissues and can be measured through bioluminescence.
Similarly, living tissues and cells generate heat and microcalorimetry can also be used (Lawrence

and Yuen, 1995). Inhibitors of cell proliferation have been detected using the reduction of a

tetrazolium dye (MTT)to report changes in the reductive capacity oftreated tissues although the

specificity of this test as an indicator for mitochondrial electron transport has been questioned
(Berridge and Tan 1993).

b) Cell-based assays to detect inhibitors of particular metabolic processes

Testing for the ability of small metabolites to specifically reverse the inhibitory effects of chemicals

is well known as a technique to orient grow/ no grow tests toward the detection ofinhibitors of
particular metabolic pathways(e.g. Powell and Rees, 1989). Inhibitors cf fungal cell-wall growth

have been detected by inhibition of the restoration of cell walls to protoplasts (Selitrennikoff,
1983) or by osmotic protection with sorbitol (Frost ef al. 1995). Kirsch (1994a) described a cell-

based method for screening forinhibitors of ergosterol biosynthesis in yeast based on detecting the

specific induction oflanosterol 14-C demethylase (reported via a gene fusion with fi-galactosidase)

in response to any general inhibition of sterol biosynthesis. The assay is ‘smart’ in the sense that
inhibitors are positively indicated. Similarly, Kirsch (1994b) described an assay to detect inhibitors
offungal spindle pole body formation based on the fact that growth ofa specific mutant, a diploid

espl-1 strain, was defective due to the overproduction of such bodies. Thus inhibitors were

detected positively through the restoration ofgrowth to this strain.

c) Cell-based assays to detect inhibitors of individual enzymes

Compared with screening the enzymedirectly, it might seem retrograde to use whole cell assays to

detect inhibitors of individual enzymes within central metabolism (the case being quite different
from that for receptors which are expressed on the outside ofcells and wnere, uniquely, cell-based

assays afford the opportunity to assay effects on function). However, some molecular targets are
very difficult to assay in vitro. Strains specifically engineered to overexpress these (e.g. via

increased gene dosage) may be used as the basis for cell-based assays to detect inhibitors (Rine et

al. 1983). Similarly, a plant cell culture line which massively overproduced sterols (Schaller etal.

1992) was specifically de-sensitised to herbicides which inhibit the 14-C demetitylase step in sterol

biosynthesis and could therefore be useful in an assay to detect further such inhibitors. Kirsch

(1994c) compared the relative inhibition of growth of two specific strams of yeast, one

‘supersensitive’ and the other with reduced sensitivity, as a specific means ofdetecting inhibitors of

cytochrome P450 reductase. Finegold (1990) described an elegant assay to detect inhibitors ofras
farnesyltransferase based on their specific ability to restore growth to a strain of yeast disabled 
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through disruption of the alpha subunit of a heterotrimeric G protein. In its absence, the dimeric

beta-gamma complex transmits a growth inhibitory signal. This lethality was specifically blocked

through inhibition of farnesylation of the alpha subunit and, thus, inhibitors could be detected

through restoration ofgrowth.

For plant enzymes with microbial counterparts whichfulfil the same function, it should be possible
to specifically “vegetalize’, for example, strains of yeast by deleting the corresponding yeast gene

and complementing the function by transformation with the plant version ofthe gene. This would

generate a yeast line specifically sensitive to inhibitors ofthe plant enzyme which might be useful as
the basis of a differential grow/ no grow type assay for compounds which inhibit the plant but not
the fungal enzyme. However, this would only seem worthwhile for herbicide target enzymes
which were hard to assay in vitro and where the inhibitor specificities of plant and microbial
enzyme were significantly different

d) Fluorescent dyes as indicatorsof specific cell function

A range of dyes are able to penetrate cells and indicate specific changes in cell function. For
example highly selective fluorochromes for Ca”, K", Na’, H™ etc. allow the detection ofthe effects
ofchemicals on specific parameters such as intracellular pH, membranepotential, intracellular Ca”*

and respiratory activity. Fluorescent dyes may also be released as a result of reporter gene

expression. These techniques may be powerfully combined with confocal microscopy (for

information on intracellular localisation) and flow cytometry (to resolve specific cell

subpopulations).

e) Cell-based assays for receptorfunction

Receptors on the cell surface present no barrier to applied chemical and can be thought of as in
vitro although the overall complexity of cell-based assay systems meansthat interpretation of

results can become complicated. The expression of specific receptor subclasses in specific cell

lines (or, indeed in lines where they are naturally expressed) can be coupled to the use ofindicator

dyes(e.g. to detect concentrations ofintracellular Ca’) ortranslationally fused reporter genes (e.g.

B-galactosidase) to detect not only inhibitors which interfere directly with receptor function but,
potentially, also at any site downstream in the signal pathway. Examples ofdifferent approaches

include a G protein coupled receptor assay yielding expression of luciferase (Weyer ef al. 1993)

and the fusion of a cAMP response element to chloroamphenicol acetyltransferase to report the

function of specific subtypes of human «2 adrenergic receptor in transiently transfected cells

(Pepperl and Regan 1993). Messier ef a/, (1995) described an assay for receptor-mediated cell
proliferation achieved through co-transfection of cells with receptor and a readily detected marker

enzyme. Potenza ef al. (1992) déscribed an assay system for various receptors able to alter the

pigmentation of frog melanophores. Joneset al. (1991) described an assay based on the ability of
recombinant receptors to elicit the release of a detectable marker enzyme, hexosaminidase, from

transfected leukaemiacells.

CONCLUSIONS

High throughput screening is one alternative approach to the traditional target-based, highly-

focused screens historically used in agrochemical discovery programmes. HTSbringswithit 



a numberof constraints which dictate that significant changes will be necessary to current

practicesif it is adopted. It also brings with it the opportunity to test a much higher number

of compounds with only small amounts required, and is more compatible with emerging
technologies, for example combinatorial chemistry. Agrochemical companies will need to

decide whether to follow the HTS approach, or to stay with target-based screens, or to run
with a combination of the two.

Theprincipal constraints with HTS are that some degree of automationis essential, and that

the existing technology has been developed around the microtitre-based assay format which is
most suitable for in vitro assays. Cell-based assays may become a method of choice for

herbicide pre-screens although it will require some ingenuity to invent “smart” screen methods
which detect inhibitors by the restoration of growth andit is not yet clear how to apply the
technology ofcell-based assays for receptors to herbicide discovery.
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ABSTRACT

The projected increases in world population are giving an urgency to debates on the
future of agriculture. Emerging evidence is showing that a more sustainable
agriculture could supply the food needed whilst protecting the environment. Butthis
will need fundamental reforms in farming andits services. There are three stages in
the transition to sustainable agriculture, involving first shifts in efficiency of resource

use, then substitution of new technologies and practices, and finally redesign. The
transition to redesign, however, implies new roles and responsibilities for public and
private professionals and institutions. These will have to become more oriented
towards provision of integrated services focusing on knowledge and management
skills rather than on ready-made technologies.

COMPETING SCHOOLS OF THOUGHT ON FEEDING THE WORLD

Farmers and their private and public support services and institutions face some extraordinary
challenges in the coming decades, Each year, the world’s population grows by 100 million, pushing
up towards 8 billion by 2020. Although we currently produce enough food in aggregate to feed

everyone in the world, some 700 million people do not have accessto sufficient food. About 1.1

billion people live in poverty, and 180 million children are underweight and suffer from malnutrition.
Are we on coursefor an unprecedented Malthusian disaster, with agricultural production reaching and

passing ecological limits, or will we find ways to ensure everyone has at least an adequate diet?

There are very different views on how we should approach these challenges (for summaries, see

McCalla, 1994; Hazell, 1995; Pretty, 1995a).

The ‘industrialised world to the rescue’ lobby believes that many Third World countries will never
be able to feed themselves,for all sorts of ecological, institutional and infra-structural reasons, and

so the food gap will have to befilled by modernized agriculture in North America and Europe
(Avery, 1995; Carruthers, 1993). Increased production in large, mechanised operations will allow

small and ‘inefficient’ farmers to go out of business, so conserving natural resources in protected
areas and wildernesses. The large producerswill then be able to trade their food with those who need
it, or have it distributed by faminerelief.

A second group, what we mightcall the ‘new modernists’, argues that agricultural growth can occur,

but will only come from high-external input farming, either on the existing high potential lands
(where the ‘Green Revolution’ of the 1960s-1970s occurred) , or expanded to those areas that have

been missed by the past 30 years of agricultural development (Borlaug, 1992; S-G2000, 1993;

Paarlberg, 1994). It is argued that farmers use too few fertilizers and pesticides, which are said to

be the only way to improve yields and so keep the pressure off natural habitats.

A third group, though, is making the case for the benefits of ‘sustainable intensification’ on the
grounds that growth is possible whilst at the same time protecting or even regenerating natural 



resources (McCalla, 1994; Scoones, 1994; Hazell, 1995; Pretty, 1995a). Empirical evidence is

indicating that low-iaput agriculture can be highly productive, provided farmers participate fully in

all stages of technology development and extension. This evidence indicates that potential

productivity is as much a function of human capacity and ingenuity as it is of biological and physical

processes.

Clearly something different is needed. Should we be following a modernis: approach emphasising

external inputs (fertilizers, pesticides etc) alone, or can sustainable intensification offer realistic

opportunities? The nature of this debate is currently extremely polarised. Someargue that low-

external input agriculture is always low output, that fertilizers and pesticides are the only way to feed

the world, that the risks from chemicals are minimal, and that chemical inDuts' protect world food

security (Avery, 1995; DowElanco, 1994; Borlaug, 1992; JSWC,1990; Knutson etal, 1990). Others

take an equally extreme stance, arguing thatall synthetic chemicals are dangzrous to human health

and the environment. This paper examines the opportunities and contradictions arising out of

concerns for sustainability, and indicates how farmers’ livelihoods can be protected, the environment

conserved, and food production secured.

MODERNIZED AGRICULTURE FOR INTENSIFICATION

It is well established that modern agriculture has had a remarkable impact on world food production.

Food production per capita has since the mid-1960s risen by 7% for the world as a whole. Between

70-90% of these increases in production have been due to increased yields, and the remainderto

expanded area under agriculture (Worid Bank, 1993). During this time, farmers have intensified their

use of external resources: nitrogen consumption has increased to 75 million tonnes; pesticide use in

many individual countries has increased by 10-30% during the 1980s alone; and the area under

irrigation grew from 100 to 170 million ha between 1960 and 1990. But there increases have been

associated with a growth in adverse environmental and health impacts.

These environmental and health problems are a result of farms becoming more specialized with

greater use of external inputs. These inputs, though, are never used entirely efficiently by the

receiving cropsor livestock, and somearelost to the environment. Some 30-30% of applied nitrogen

and significant but smaller amounts of applied pesticides are lost to the environmentto contaminate

water, food and fodder and the atmosphere (Conway andPretty, 1991). Water is often wasted or

used inefficiently, leading to groundwater depletion, waterlogging and salinity problems.

Many environmental problems have increased in recent years (Conway and Pretty, 1991). These

include contamination of water by pesticides, nitrates, soil and livestock wastes, causing harm to

wildlife and disruption of ecosystems; contamination of food and fodder byresidues ofpesticides,

nitrates and antibiotics; damageto farm and natural resources by pesticides, causing harm to farmers,

the public and wildlife; contamination of the atmosphere by ammonia, nitrous oxide and methane,

which play. a role in ozone depletion, global warming, and atmospheric pollution; overuse of natural

resources, causing depletion of groundwaterandloss of wild foods and habitats, and of their capacity

to absorb wastes, causing waterlogging and increased salinity; the tendency in agriculture to

standardise and specialise by focusing on modern varieties, causing the loss of traditional varieties

and breeds: and new health hazards for workers in the agrochemical and food-processing industries.

SUSTAINABLE AGRICULTURE FOR INTENSIFICATION

Over the past fifty years, agricultural policies throughout the world have successfully promoted

external inputs as the meansto increase food production. Pesticides have replaced biolegical, cultural 
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and mechanical methods for controlling pests, weeds and diseases. Inorganic fertilizers have
substituted for nitrogen-fixing crops, livestock manures, and composts. Information for management
decisions comes from input suppliers, researchers and extensionists rather than building on local

knowledge and practices.

A moresustainable agriculture tries to do things differently. It pursues an incorporation of natural
processes such as nutrient cycling, nitrogen fixation, and pest-predator relationships; a reduction in
the use of external and non-renewable inputs that damage the environment or harm the health of
farmers and consumers; a more equitable access to productive resources and opportunities; a greater

productive use of local knowledge and practices; and an increasein self-reliance amongst farmers and

rural people.

When these components come together, farming becomes integrated, with resources used more
efficiently and effectively. Sustainable agriculture, therefore, strives for the integrated use of a wide
rangeofpest, nutrient, soil and water management technologies. Sustainable agriculture aims for an
increased diversity of enterprises within farms combined with increased linkages and flows between
them. By-products or wastes from one component or enterprise becomeinputs to another. As natural

processes increasingly substitute for external inputs, so the impact on the environmentis reduced.

THE IMPACTS OF SUSTAINABLE AGRICULTURE

There is now emerging evidencethat regenerative and resource-conserving technologies and practices

can bring both environmental and economic benefits for farmers, communities and nations. The best
evidence comes from countries of Africa, Asia and Latin America, where the concernis to increase

food production in the areas where farming has been largely untouched by the modern packages of

externally-supplied technologies. In these complex and resource-poor lands, whole farming
communities adopting regenerative technologies have doubled or trebled crop yields, often only using
few or no external inputs (Bunch, 1991, 1993; GTZ, 1992; UNDP, 1992; Krishna, 1993; Shah,

1994; SWCB, 1994; Balbarino and Alcober, 1994; Mausolff and Farber, 1995; Pretty, 1995a).

Although these are highly significant for food security, they are not the only sites for successful

sustainable agriculture. In the high-potential and irrigated lands, farmers adopting regenerative

technologies have been able to maintain yields whilst. substantially reducing their use of inputs
(Bagadion and Korten, 1991; Kenmore, 1991; van der Werf and de Jager, 1992; UNDP, 1992;

Uphoff, 1992, Kampet al, 1993; Pretty, 1995a).

In the very high input lands of the industrialised countries, farmers have been able to maintain

profitability, even though per hectare yields fall by 10-20% in the short term, as input use has been

cut dramatically, such as in Europe (Jordan etal, 1993; Pretty and Howes, 1993; Reuset al, 1994),

and in the USA (NRC, 1989; Faeth, 1993; NAF, 1994). All of these successes have three elements

in common. They have made use of resource-conserving technologies, such as integrated pest
management, soil and water conservation,nutrient recycling, multiple cropping, waste recycling and

so on. In all there has been action by groups and communities at local level; and there have been

supportive and enabling external public and private institutions.

SUSTAINABILITY AS A CONTESTED TERM

Althoughit is relatively easy to describe goals for a more sustainable agriculture, it becomes much 



more problematic when we attempt to define sustainability. Since the Brundtland Commission’s!
definition of sustainable development in 1987, a great deal of effort has gone into trying to define

sustainability in absolute terms. There are nowat least 80 more definitions, eaca different in subtle

ways, each emphasising different values, priorities and goals.

But precise and absolute definitions of sustainability, and therefore of sustainable agriculture, are
impossible. Sustainability itself is a complex and contested concept. To someit implies persistence
and the capacity of something to continue for a long time. To others,it implies resilience, and the
ability to bounce back after unexpected difficulties. In any discussions of sustainability, however,it
is important to clarify what is being sustained, for how long, for whose benefit and at whose cost,

over what area and measured by whatcriteria.

Contested views of sustainability becomecrucial during the three phase processof transition, as we
may ask ‘how muchare farmers expected to change?’ Some regard changes in efficiemcy as sufficient
to indicate that a sustainable agriculture has been achieved (see Table 1). With the adoption of
precision farming, targeting of inputs and use of decision-support systems, sc losses to the
environment are cut. But such increases in efficiency produce only some ofthe benefits possible with

sustainable agriculture,

The next stage involves greater change, with the substitution or introduction of new practices or
technologies, such as green manures, biopesticides, contour farming or resistant varieties or breeds.
The final stage, implying fundamental changes in the use of human and physical resources, is

redesign. Here positive resource linkages and processes within and between farming systems are

emphasised, leading to substantially greater returns. As sustainable agriculture addresses all resources
in an integrated fashion, it can become as much a philosophy as a management system.

REDESIGN AND TECHNOLOGY DEVELOPMENT

This three stage process has important implications for the process of technology development for
sustainable agriculture. If the transition to redesign is to be made, then farmers will need to beat

the centre of technology development. A recent analysis of sustainable agriculture initiatives in
Guatemala and Honduras has made an important contribution to our understanding of sustainability.
A learning group? cf farmers and professionals returned to areas where projects had ended three, four
and 15 years previously, and used participatory methods with local communities to investigate
subsequent changes (Bunch and Lépez, 1994). They found that those communities. within the project

areas were still betver off economically and socially.

But, surprisingly, many of the technologies knownto be ‘successful’ during the praject (those that

had increased crop yields without damaging the environment) had been completely replaced by new
practices and, in all, some 80-90 innovations were documented, This has led Bunch and Lopez

(1994) to conclude that “technologies are not sustainable: what needs to be made sustainable is the

process of innovation itself”. It is critical, therefore, that farmers are not prescribed a concretely

defined set of technologies, practices or policies. This would only serve to restrict their future
options. Although many resource-conserving technologies and practices have been widely proven on

research stations tc be both productive and environmentally-sensitive, the :otal number of farmers
using them is still small.

' The United Nations’ World Commission on Environment and Development (1983-1987)

2 From the non-governmental group Associacién de Consejeros una Agricultura Sostenible, Ecologica y Humamm, Tegucigalpa
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Table 1. Stages in the transition towards more sustainable agriculture

Stages

INCREASED
EFFICIENCY

Technologies and Practices
Emphasised

Precision farming, targeted inputs
and patch spraying, using
global positioning systems and
satellite mapping

Integrated crop management (ICM)
Decision-support systems
Low volumeand low drift

applications
Scouting and pest monitoring
Soil testing
Deep placement, slow release and

banding of fertilizers
No-till conservation

Biological pesticides
Bacterial and viral pesticides
Pheromones

Resistant varieties and breeds
Beetle banks, floweringstrips, filter

strips
Animal manures and composts

Releasing natural enemies
Integrated pest management (IPM)
Legumes, green manures, Azolla

and cover crops

Contour bunds and contour farming

New livestock (eg pigs,cattle,

goats, sheep, fish)

Integration of crop, livestock and

tree components
System-wide integrated pest

management (IPM)

Catchment management
Integrated soil and water

conservation and harvesting
Collective and cooperative action by

communities
Community credit groups
Diverserotation patterns, multiple

cropping and crop mosaics
New system components, such as

fish in irrigation channels,
raised beds and chinampas,silt

traps and gullyfields,
agroforestry

Permaculture and holistic resource

management

Rationale and Issues

Conventional systems altered to
reduce wastes and
environmental impacts

Optimising of inputs
Fits context of currently

acceptable business
activities and corporate
strategies

But existing rights and
privileges not challenged
and causes of problems
not confronted

Finite and environmentally
damaging technologies
replaced by benign ones

Substitution of internal for
external resources where
possible

Matching oftraditional and
modern practices

Increasing the diversity of
farming systems

Maximising positive resource

linkages within farming

systems
New corporate philosophies

and practice needed
Sustainable agriculture seen as

both philosophy and
system of management

Emphasis on developing self-
reliant and self-regulating
systems

Agriculture seen as important
componentof vibrant rural

economies

Needs fundamental changes in

use of human and physical
resources

Sources. adaptedfrom MacRaeet al, 1993; Vorley and Keeney, 1995; Pretty, 1995a 



Occasionally an environmentally-beneficial technology is developed that appears to require no
knowledge of farmers’ conditions. The Integrated Pest Management (IPM) programme to control

cassava mealybug (CMB) (Phenacoccus manihoti) in west and central Africa is one example. CMB

was first recorded in Africa in 1973, and an effective natural enemy, the wasp Epidinacarsis lopezi,
was found in 1981. Since releases began, it has became established in 25 countries, providing good
control of CMB. It is to some extent a ‘perfect technology’ for scientists, as it is released from the
air without the knowledge of farmers. It is, however, not necessarily a perfect technology for
farmers. The contrast with another IPM programme in Togois significant when it comes to issues
of sustainability (Box 1).

As conditions and knowledges change, so must farmers and communities be encouraged and allowed

to change and adapt too. Sustainable agriculture is, therefore, not simply an impcsed model or
package. It must become a process for learning and perpetual novelty.

Box 1. Comparison offarmers’ involvement in two IPMprogrammes

A: va M MB) control with El. i

The programme has involved close collaboration between the International Institute for
Tropical Agriculture (IITA) and national agricultural research systems, involving training of
local technicians to participate in releases. Now mass rearing of E./epezi is done in Benin,

from where they are transported by air for air release. According to IITA, an important
component of success has been that farmers and extensiom agents have not had to be
involved. Farmers do not, therefore, know anything about the releases. One survey of
farmers in Ghana and Cote D’Ivoire found that they recognised CMB and how it was a

devastating pest. All those where E.lopezi had been introduced at least 6 months before had
observed a significant decline in CMB. But as none of them knew about the programme,
they attributed the decline to recent heavy rains and other climatic factors.

B: Mango mealybug control in Togo

The CMB programme is in contrast to the successful imtroduction of the parasitoid
Gyranusoides tebyii to Togo in 1987 to control the mango mealybug (Rastrococcus
invadens), The parasitoid was found in India, and following testing, rearing and release,it
rapidly spread over the whole of Togo. By 1989, no mango trees could be found on which

mango mealybag was present without being parasitised. But success would be threatened

without public interest, as any use of chemical control methods would kill the parasites. A
great deal of publicity was given, using radio, TV and advisory leaflets. Considerable
economic losses are now being prevented by the biological control system.

Source: Kiss and Meerman (1991)

IMPLICATIONS FOR PEST MANAGEMENT

A guiding principle of sustainable agriculture is that it must enshrine new ways of learning aboutthe

world. But learning should not be confused with teaching. Teaching implies the transfer of knowledge

from someone who knows to someone who does not know. Teaching is the normal mode of

educational curricula, and is also central to many organisational structures (Ison, 1990; Bawden,

1991; Pretty and Chambers, 1993). Public and private institutions reinforce the teaching paradigm
by giving the impression that they are custodians of knowledge which can be dispensed or given to
a recipient. Wheretheseinstitutions do not include a focus on self-development and enhancing the
ability to learn, then "teaching threatens sustainable agriculture" (Ison, 1990).
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A move from a teaching to a learning style has profound implications for public and private
agricultural developmentinstitutions (Pretty, 1995b; Scoones and Thompson, 1994). The focusisless

on what we learn, and more on how welearn and with whom. This implies new roles for development
professionals, leading to a whole new professionalism with new concepts, values, methods and

behaviour.

The implications for IPM are significant, as it requires analytical skills and basic training in crop
monitoring and ecological principles. Where farmers have been trained as experts, such as in
Honduras (Bentley et al, 1993) and in the rice-IPM programmes of SE Asia (Kenmore, 1991; FAO,

1994), then there are substantial benefits. Ordinary farmers are capable of rapidly acquiring and

applying the principles and approaches.

Programmes are now not teaching farmers new technologies and knowledge; rather they are
concerned with developing farmers’ own capacity to think for themselves and develop their own
solutions. These are producing substantial reductions in insecticide use, whilst maintaining yields and
increasing profits (Table 2). But where extension continues to use the conventional top-down
approach,then few farmers adopt,let alone learn the principles. As Pat Matteson (1992) putit: “few
IPM programmes have made a lasting impact on farmer knowledge,attitudes or practice".

Table 2. Impact ofIPM programmesinvolving farmer learning on pesticide use and crop yields

Country and crop Changes in pesticide use Changes in yields

(as % of conventional (as % of conventional

treatments) treatments)

UK 15-55% 85-105% '

Denmark 55% 100% '

Netherlands 10-15% 98-118% *

USA,northwest 30% 95-105% ”

Togo, cotton 50% 90-108%

Burkina Faso,rice 50% 103%

Thailand,rice 50% nd

Philippines, rice 62% 110%

Indonesia, rice 34-42% 105%

Nicaragua, maize 25% 93% *

Bangladesh, rice 0-25% 113-124%

India, groundnuts 0% 100%

China, rice 46-80% 110%

Vietnam, rice 57% 107%

India,rice 33% 108%

Sri Lanka, rice 26% 135%

7Net returns are higher than conventional (100%) forall these examples; nd = no data; UK data gathered from

a wide range of farms and experimental schemes (eg LIFE, LEAF, Boxworth project, Talisman)

Sources. Pretty, 1995a adaptedfrom various sources 



TOWARDS2020: FOUR MAJOR TRENDS

Over the next twenty five years, there are four important trendsthat will change the face of farming

in both the industrialised and Third World countries.

1. Consumer and public perceptions of environmental problems arising from modern agriculturewill

continue to becomepolarised, regardlessof the ‘actual’ status of risk and damage. These perceptions

will directly influence regulators andpoliticians.

2. A substantial increase in uptake of sustainable agriculture technologies and practices will occur.

This changewill increasingly be supported in Europe and North America by payments and subsidies

tied directly to environmental and social goods.

3. A shift in emphasis will occurin private and public agricultural organisations away from supplying

ready-made technologies towards provision of services and knowledge. Such agriculture implies a

cut in external input use with potential to damage the environment and substitution with knowledge-

and management-intensive technologies.

4. An increase in food production in currently food-insecure regions of the world combined with a

decrease in outputs in industrialised countries, with maintenance of or increase in farmers’

profitability and status of the natural resources.

The coming 25 years represents a crucial phase in agricultural development. The greatest challenge

in this period of transition will be in the fundamental redesign of services to support food producing

systems that are explicitly beneficial to local economies and environments.
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ABSTRACT

As there have been considerable changes in the agrochemicals industry,

especially over the past ten years, either brought about as a result of the

increasingly competitive marketplace or the difficulties in terms of time and

money in bringing new products to the market, so too will the future be

characterised by change. New technologies, the continued global population

growth, reduced crop areas, trade agreements and/or disputes, political

meddling, environmental pressures, etc., are some of the problem areas which

will affect the potential market for agrochemicals, positively or adversely, and

which will confront the industry into the new millennium and beyond.

INTRODUCTION

To all intents and purposes, the modern agrochemicals or crop protection chemicals industry

celebrates its 50th anniversary this year. Unfortunately,statistics relating to the performance of

the industry in its first twentyfive years (1945-1970)are virtually non-existent. However, the

growth was such over this initial period that the end-user market in 1970 was valued at

approaching US$3 billion, equivalent to over US$11.5 billion in today's money terms

(Woodburn, 1995).

Throughout the 1970s, the real growth,after stripping outthe effects of inflation and currency

rate shifts, averaged 6.3% per annum. However,the first signs that the agrochemicals industry

was approaching maturity were becoming evident. Whereas the average real growth at the

beginning of that decade was nearly 10% p.a., by the end of the 1970s it had dropped to only

just over 4.5% p.a. This trend continued through the 1980s with the real growth in the end-

user market falling to an average of only 2.2% p.a. over the decade. Thefirst significant

political tinkerings in agriculture, with the introduction of the Payment-in-Kind (PIK) scheme

in the United States of America in 1983, resulted in the first-ever recorded decrease in the

global agrochemicals marketvalue.

It can be argued that further political interference, principally as a result of the introduction of

the European Community's 1992 Common Agricultural Policy (CAP) reforms, has been the

prime reason for the end-user market value actually decreasing, in real terms, in three of the

past four years. Largely becausethe bulkofthe effects of these reforms had passed through the

system by 1994, allied to weather conditions which were conducive in many of the major

herbicides markets to weed promotion, and insect infestation levels which were also

above-normal in a numberofsignificant areas, the agrochemicals end-user market value rose

by over 5% last year, in real terms, the largest annual increase since the post-PIK 1984 season.

However, this upturn was notsufficient to bring the 1990s to-date into an overall real growth

situation. The market in 1994 was still 2.2% below the peak sales level achieved in 1990, as

measured in 1994 dollars. 



It would appear that 1995 will turn out to have been a pretty good year for agrochemicals

demand, though probably not as good as 1994. Overall though, for the rest of the decade, the

real average growthis predicted to be at a level below 2% p.a. Thereafter, the uncertainties

surrounding a number ofpotentially impacting demandfactors, e.g. the introductions of new

technologies, the continued global population growth, the reducing crop agricultural area, the

prospects of trade agreements and/or disputes, the aspirations of the populations in the

developing countries, political machinations, etc., all conspire to make forecasting future

agrochemicals growthrates extremely difficult.

THE CURRENT AGROCHEMICALS MARKET SITUATION

The end-user crop protection chemicals market in 1994 was valued at US$25,885 million

Herbicides accounted for the largest share, followed by insecticides and fungicides (Table 1)

(Woodburn, 1995a)

Table 1. The agrochemicals market products split in 1994

 

Product Type Value (US$m.) Yage

 

Herbicides 12105 46.8%

Insecticides 7580 29.3%

Fungicides 4750 18.3%

Others 1450 5.6%

 

Total 25885 100%

 

In terms of the regional importance for agrochemicals demand, North America has recently

regained the top spot which it had lost to West Europe throughout most of the 1987-1991

period. In 1994, North America accounted for 30.7% of the global end-user market value,

while the Far East region had also overtaken West Europe with 25.7% compared to West

Europe's 24.9%. Thus, the impact from the implementation ofthe recent CAP reformsis self-

evident. Latin America contributed nearly 9%to the global total in 1994 with the rest of the

world being responsible for the remaining 10%. Significantly, over the last five years, the East

European region's share of the total has fallen substantially as a result of the collapse of the

Communist system, the lack of infrastructure and the individual countries' substantially

diminished foreign exchangecapabilities.

Oneof the most significant effects of the slowdown in the growth of the agrochenaicals market
over the past fifteen to twenty years has been the reduced profitability of the companies

involved in all facets of the industry, i.e. from basic research screening through to marketing of

the products directly to the end-customer. The industry's profit margins, as a percentage of

agrochemical sales, have been analysed over the 1981-1990 period (Woodburn, 1991) and a

significant decrease is evident (Table 2). 



Table 2. The agrochemicals companies' profit margins 1981/1990

 

1981 1985 1990

 

Industry average 11.4% 8.8% 8.1%

(as %ageofsales)

 

Over this timeframe, the two major reasons for the global reduction in agrochemicals

companies' profit margins were the impact of a more competitive marketplace and the

significant increase in the cost and time to discover, develop and register new active

ingredients. Allied to the latter problem was also the reduction in time available to the

companies to recoup the enormous investment in a new product, since, as the time from

discovery of a new molecule to its commercial introduction increased, the period from launch

to patent expiry decreased. Also, many companies in the industry devoted considerable

resources to imitative R&D,often at the expense of innovative R&D, further compounding the

pressures.

If anything, these problems have not decreased since 1990 as the global market has become

even more competitive, partly due, as indicated, to political interferences in the agricultural

scene, and partly due to the increased numberof generic products being introduced, while the

additional substantial costs of re-registering existing products in an increasing number of

markets has added a further block to even sustaining current, low, profit margins.

Oneofthe ways in which the industry has reacted to the situation over the past decade has been

through internal reorganisations or streamlining ofactivities, while the other principal method

has been to consolidate. Since 1985, the following major R&D companies have gone the way

of FBC, which had been acquired by Schering in 1983 - Velsicol, Shell, Union Carbide,

Stauffer, Chevron, Celamerck, Dr. Maag and Fermenta (Diamond Shamrock), as also have a

number of concerns which had more minor agrochemicals interests, companies such as 3M,

Mobil, PPG Industries and Duphar. Additionally, Dow and Eli Lilly have combined their

agrochemicals interests in the 60:40 joint-venture, DowElanco, as also have Hoechst and

Schering in AgrEvo.

As this paperis being written, there has been considerable recent speculation surrounding the

future of the agrochemicals interests of American Cyanamid (now part of American Home

Products), Zeneca (which has been demerged from ICI) and Sandoz (in the process of

demerging). It would increasingly appear that a number of companies, which are already

heavily involved in the considerably more profitable human pharmaceuticals industry, are

seriously questioning whether, strategically, they should be heavily committed to two

high-risk, R&D-driven, sectors.

In 1994, there were total of eleven companies whicheach achieved crop protection chemicals

sales in excess. of US$1,000 million. To varying degrees, all of these companies marketed

products from outside sources, either to plug a gap in their own product range or to gain

expertise in a previously unentered crop segment. The leading companyin the industry in

1994 was Ciba, whereas in 1980, the top sales performer had been Bayer (Table3). 



Table 3. Companies' shares ofthe global agrochemicals market

 

Company Estimated market share position

1980 1994

 

Ciba 10.6% 11.3%

Zeneca 5.3% 8.3%

Du Pont 41% 8.2%

AgrEvo 6.1% 8.1%

Monsanto 7.2% 8.0%

Bayer 13.9% 7.7%

Cyanamid 2.6% 7.1%

DowElanco 7.9% 6.8%

Rhone-Poulenc 5.2% 6.7%

Basf 4.5% 4.9%

Sandoz 1.6% 41%

 

In each case, the 1980 market shares reflect the business each company was running at that

time and takes no account of subsequent acquisitions or other corporate initiatives, except that

for DowElanco and AgrEvo, the constituent companies’ market shares have been combined.

A relatively small number of crops consume the majority of the agrochemicals used globally

(Woodburn 1995b) (Table 4)

Table 4. Agrochemicals usage split by crop in 1¢94

 

Cro %age share of agrochemicals usageom

 

Rice 14.1%

Maize 10.9%

Cotton 9.9%

Wheat 9.6%

Soybeans 8.4%

Sugar beet 3.3%

Barley 3.2%

Oilseed rape 2.0%

Conglomerate fruit and vegetables 21.8%
Rest 16.8%

 

Considerably over half of the 1994 global use was destined for only five crops. As result of

this concentration of demandlevel on a relatively small number of important crop outlets, the

R&D efforts of the major companies are increasingly being directed at discovering and

developing new products for these outlets, leaving growers of minor crops with the prospect of

generally not having accessto the latest product developments. 



THE AGROCHEMICALS MARKETIN THE FUTURE

The shape of the agrochemicals industry in the future will be largely linked to the changing en-

vironmentfor crop production, whichitself will be affected by numerousfactors (Wise, 1993).

Economists predict that global economic growth will continue and that the overall world

demand for key agricultural produce, such as cereals, milk, meat and edible oils etc., will

increase. As part of the slowly changing world patterns,there is a likelihood that crop prices

will decline after an initial increase and that, especially, the countries of eastern Europe and the

Far East will increasingly feature as exporters of foodstuffs of ever-rising quality. This has

important ramifications for the likes of West European farmers with the inevitable conclusion

that survival will only be accomplished by the mostefficient.

Political decisions are also likely to continue to affect crop production. In the short-term,

guaranteed crop prices will come under pressure in western Europe as the European Union

moves towards greater use of income maintenance andset-aside programmes. The Uruguay

round of GATT will be severely tested as a number ofcountries find it difficult to phase out

non-tariff measures. In the United States of America, planned Farm Bills will most likely focus

on exports, increasingly with regard to the fast growing trade in processed foodsas opposed to

bulk commodity crops.

Over a longer timespan, there will probably also be attempts to rationalise crop cultivation

patterns around the world - cereals in one area, fruit and horticultural producein those areas

favoured by optimum levels of temperature, sunlight, rainfall etc. However,it is difficult to

believe that this commonsense approach will ever be acceptable to farmers or to proponents of

free trade.

Increasingly, consumers in the developed areas of the world are focusing on the quality aspects

of food rather than onits availability or otherwise. Health and consumer organisations and

more and more, the consumers themselves, are generally more concerned about the health and

safety aspects of what they eat and drink, the perceived environmental impact of modern

farming practices and the use of radical new technologies, than about reduced marketprices.
However, contradicting this somewhat, consumers do not yet appear to be ready to cough up

the premium that "organically-farmed" produceinevitably requires to be paid.

Additionally, as we look toward the next millennium, the implications of global warming

cannot be ignored. Alterations in the distribution of crop growing and hence the nature and

instance of insect and disease problems in particular are highly probable. These cultivational

changes will not be politically-led but an economic necessity, though there will undoubtedly

be political inspired interferences in support of national farming lobbies.

There will therefore be changes, at the moment unquantifiable, in both the methods and the

geography of crop cultivation, largely brought about by economic concerns, augmented by

technological, environmental and climatic considerations, all encompassed in a blanket of

political intrigue. The nett effect will be that farmers will increasingly have to become more

efficient in their chosen area of operations. This will entail even greater professionalism

amongst the farming community with decisions at all levels being taken on economic

considerations. This, however, should not be allowed to developtoofar to the detriment of the

environmentand the alienation of the non-farming community. 



Assuming that the economists are right in their predictions that global economic growth will

continue, the environmental lobbying forces will become increasingly more vocal again -

significantly they find greatest support in times of economic well-being. One of the focal

points will be the use of pesticides but increasingly we can expect heightened public sensitivity

to issues such as brotechnology and genetherapy in food production.

There are a number of ways in which the industry can prepare itself to rebut some of the more

excessive, scientifically-dubious charges from publicity-seeking, largely self-appointed,

environmentalists. There has been, and will continueto be, an increasingly important place in

crop cultivations for the use of diagnostic techniques to ascertain the level of a specific

problem and whether remedial action requires to be undertaken. As experiencein utilising

such measures becomes morestandard and acceptable by the farmers, there should be a gradual

reduction in the use ofall-over prophylactic treatments in favour of spot treatments of highly

targeted specific products to combat the effects of the yield-threatening problem. Generally

this will result in a significant overall reduction in the volume ofactive ingredients applied

although the newerspecialised products will have to claim premium prices in the marketplace

to repay the continuing huge investmentin Research and Development (R&D).

Similarly, the excellent work already being undertaken by industry groups (such as GIFAP's

Insecticide and Fungicide Resistance Action Committees, IRAC and FRAC)into the problems

of resistance has already contributed to greater understanding of the nature of the difficulties

and has led to the institution of a number of programmes, both educational and practical.
Further cooperation within the industry and throughout the agricultural community will result

in greater benefits being accordedto all involved. However, farmers and distributors are not

yet universally aware of the need for effective anti-resistance strategies. This will improve as

the industry focuses on the communication and education aspects of the benefits to be gained.

There are also a number of other ways in which agrochemicals will be used more target-

directed and at appropriate dosage rates to specific problem areas in the future. Many of these

developments are already being addressed by the industry and their adoption will be fairly

rapid, especially in the developed agricultural economies(Table5).

Table 5. Aspects likely to be more widely developed/introduced

 

reductions in applicationrates of existing products

combinations of chemical and biological products
use ofelicitors

integrated seed coatings

early-stage crop management(transplanted seedlings)
advenced formulation technologies

use of IT, aerial surveying and GPS (global positioning systems)
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There are a numberof other aspects which will impact the agrochemicals market in the future,

not all of which are necessarily controllable, or capable of being influenced, by the crop

protection chemicals companies. As agricultural decisions become more and more “bottom

line driven", the contraction in the numberof farmers and the companies supplying agricultural

inputs will continue. A worry in this regard is where the next generation of farmers and the

generation thereafter will come from. Already, in many parts of the world, crop cultivation 1s

being undertaken by an aging population while the younger members of the community are

being put off entering agriculture as a profession because of a numberoffactors, e.g. the high

entry costs of land and buildings, the need for expensive, sophisticated machinery, the

increasingly adverse public perception of farming, the long, anti-social work patterns and the

seeming better-paid, pensions-guaranteed positions of manyoftheir counterparts in service and

manufacturing industries. Unless something is done to combat this problem, the future for

agriculture, and the implementation of new technologies, will becomeincreasingly difficult.

Thesizes of the agricultural, agrochemical and food industries are contracting at every level as

all participants in the chain from the R&D-led agrochemical companies through the

distribution system to the farmers, and further on through the processors andthe retail outlets

to the consumers, have been placed under financial pressures. With the margins on

agrochemicals being continually squeezed, there will have to be changes in the marketing of

the products and these have already commencedin manyparts of the world (Gillard, 1993).

Table 6. The changing environmentfor marketing agrochemicals

 

fewerdistributors

specialist distributors for minor crops or specialised uses

direct farm sales or farm deliveries
cost savings on packaging/formulations, where safety permits
manufacture to order on low margin, highly-seasonal, agrochemicals

 

In the future, the sales of crop protection chemicals will become even moretightly controlled

than is the case today to ensure that the users, consumers and the environment are not put at

undue risk. As the number of farms decreases due to financial and other pressures, it will

increasingly become possible to completely change the method whereby agrochemicals

products are sold and recommended. Within the next twentyfive years, in at least the

developed agricultural nations, agrochemicals will probably be available by prescription only.

Because of the high costs associated with the research, development and registration of new

molecules, there will continue to be a need for cheaper, effective generic products. It is

probably worth pointing out that many of the current key generic products are marketed by the

major research-based companies, thus providing a measure of cash flow stability even though

most of these products are relatively low margin. Also, the speciality or patent-protected

products of today are the generic products of tomorrow. Byandlarge, it will ultimately be the

farmer who will decide, on economic and efficacy grounds, which products succeed in the

markets of the next century, while the regulatory authorities will monitor the environmental

andsafety effects. The likely outcomeis that there will be an increasein the use of formulated

mixtures of generic and speciality products. 



On the manufacturing front, there will be more and more pressure on western agrochemicals

companies to shift production to Asian sites, both from the standpoints of supplying the

growing Asian market and to compete with Asian-based companies.

Overriding all of these considerations for agriculture and agrochemicals demand levels in the

future is the spectre, or promise, ofagricultural biotechnology. This topic is widely covered in

other parts of the conference, but suffice to say at this juncture that there is considerable scope

for the new technologies to have both positive and negative impacts on the agrochemicals

industry, as we knowit today.

SUMMARY

Great changes have taken place in the nature of crop protection chemicals in recent years. In

response to concerns for the environment, manufacturers have developed and introduced

substances that are less persistent, are used at considerably lower dosage rates but which are

equally if not more efficacious. The agrochemicals products of the future will de even safer for

both the user and the environment, of necessity they will have to be cost-effective and they will

also assist the grower in overcoming resistance problems which he may encounter. While

there have also been significant improvements in the methods of applying agrochemicals in

recent times, there are potentially further important advances which can be expected to be

brought forward to ready acceptance.

The surviving companies will be those which will be able tc adapt best to change, not only the

changes which can, to a large extent, be controlled, such as the mtroductions of new

technologies, the competition initiatives which innovative marketing companies will employ,

the place in the future for generic products and the opportunities which are likely to be

afforded by regulatory and/or legislative demands, but also to those factors which are

uncontrollable, e.g. the variability of the weather, the swings in commodity crop demandlevels

and prices, the shifts in global trade patterns and overall, the changes which will undoubtedly

take place in agricultureitself.

In the face of an increasingly competitive marketplace, only those companies which can supply

agrochemicals products to the farmer at a price which enables profitable trading atall levels in
the industry, will survive and, hopefully, continue to introduce new producis and technologies.
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ABSTRACT

Possible future developments in the regulatory control of plant protection
products are discussed with specific reference to harmonisation of requirements
and procedures, political influences and the use of quantitative criteria for
judging registrability. Particular emphasis is placed on current experiences
with the European Registration Directive andits likely effect on the evaluation
of data in the areas of ecotoxicology, environmental fate, toxicology and
residues. Conclusions are drawn regarding the possible implications to the
Crop Protection Industry and the challenges it faces in the future.

INTRODUCTION

Experience has shown that attempting to predict what the regulatory scene will be like in the
future time is fraught with difficulty. This is particularly the case at present as the introduction
of the European Registration Directive (Official Journal 1991) is still at an early stage and the
full implications of its requirements have yet to be established.

Experience would also indicate that whereas some areas of regulatory data requirements have

remained relatively stable over the past 10 years (eg toxicology) others have significantly

increased (eg environmental fate and ecotoxicology). Given the overall political concem with

environmental issues it seems likely that this trend will continue. Political changes can also

influence overall agricultural policies with consequential effects on agricultural production and

productivity and, by association, on the use of crop protection products.

All predictions of the future must be based on historical and current experience and the

comments given below are no exception. They attempt to identify the general trends in the
regulatory control of crop protection products and also to predict some quantitative criteria by

which the registrability of products may be assessed. Despite their obvious limitations, these
comments provide sufficient evidence to indicate that significant changes in the regulatory

control of plant protection products can be expected in the foreseeable future with consequential

implications for both Regulators and Industry alike.

GENERAL TRENDS

Harmonisation

Regionally harmonised registration systems (eg European Union, North America, South

America) are being developed in various parts of the world as govemmments see their advantages

in eliminating trade barriers and sharing the workload of the regulatory officials. Global
harmonisation is considerably further away but current initiatives by OECD (Grandy, 1994)

could showsignificant changes 10 years from now. 



These harmonisation processes tend to follow a set pattern, namely harmonisationof:

i) Data requirements
il) Test protocols
iii) Evaluation and risk assessment

One of the consequences one might expect therefore is a move towards more global agreement
on what is acceptable in terms of registration and what is not. Whereas local environmental
conditions will always have to play a majorrole in the final registration decision, a more general

agreement oncriteria for registration will be of benefit in assessing the territorial registrability
and hence marketability of a new compound (and its products). The disadvantage of such a
harmonisation processlies in the fact that historically such harmonisation tends to lead to a
highest commonfactor approach. In other words the moststringent requirements and evaluation
processes from each partner are combined to form the ‘common standard', Clearly this in tum

leads to loss of regulatory flexibility between different countries or regions.

Political Influences

Somecountries haveclearly established policies on reducing the use of crop protection products.

Most notably such policies have been implemented and their effects seen in Sweden, Denmark
and the Netherlands. The European Union also has a declared policy of an overall reduction of

50% in pesticide usage but the implementation of such a policy has not really been <aken up by
most MemberStaies. The entry of Sweden, Finland and Austria into the European Union may
however lead to 2 more active implementation of this reduction of use policy throughout the
Union. In this context it is likely that ‘registrations! will be used as a vehicle by which such a

policy could be implemented, ie the requirements and criteria to achieve registration will be
morestringent.

Political influences are, of course, not confined to the European Union. They are a powerful

influence on the regulatory scene in the USA anc examples are given belowin the discussion on

Toxicology. Similarly they are factors to be taken into account in monitoring the regulatory

developments currently underway in South America andin Central and Easter Europe.

Altematives Policy

Aspart of the reduction in use policies referred to above the concept of ‘safer alternatives’ has

been partially implemented. Under this concept the registration of an old product may be

withdrawnif it is judged that a new product which provides the same benefits is judged to be

'safer'. Similarly the registration of a new product maybe refused whenit is judged to be less

safe than the equivalent product already on the market.

Although the implementation ofthis ‘alternatives’ policy has primarily been restricted to some

countries such as Sweden,it is possible that its adoption may find more support over the next 10

years, particularly within the context of the Review Programme for existing active ingredients

currently underwaywithin the European Union. If this policy is more rigorously implemented

its impact on the Crop Protection Industryis readily apparent as the ‘defence’ of ‘old’ molecules

becomesincreasingly important in circumstances under which ‘new’ molecules are both more

difficult to discover and more difficult to register. 



Qualitative or Quantitative Criteria for Judging Registrability

Various Regulatory Authorities have established criteria against which the registrability of a
crop protection product can be judged. The specific nature of these criteria are discussed in
more detail below but at this point it is worth considering the advantages and disadvantages of
such a regulatory approach. The main advantage is that criteria provide a 'benchmark' against
which the properties of a new research compound can be judged and its future registrability

evaluated. This maynot always be a simple process however as many compounds may comply

with someofthe criteria but exceed others. In such circumstances a judgement has to be made
as to the regulatory significance of those criteria which have been exceeded and the extent to

which some degree of mitigation can be argued. Thus for example exceeding the criteria might

indicate the need for further, more extensive studies (eg field studies) from which risk

assessmentsrelating to actual use conditions can be undertaken,orto specific restrictions on use
(eg application only at a specific distance from water).

By contrast the main disadvantage of registration criteria is the danger of such benchmark values

being used in a very 'black and white' manner and with more administrative bias than scientific
rationale. Denmark provides an example where such an extreme approach has been adopted.

A further disadvantage could arise where such quantitative criteria are applied in a very rigid
sense during the review of existing active ingredients and products and to the exclusion of

significant in-use experience both in termsoftime and quantity.

Quantitative criteria form an integral part of the EU Registration Directive but it is too early to

predict how these criteria will be used in practice. The current view is howeverthat the criteria

will be used more as a guide to the need for further testing (eg field studies) rather than as 'cut-
off values for registration. Whereas such an approach is to be welcomed in as muchas it does

not exclude eventual registration, it could nevertheless lead to greater demandsfor field studies
with the obvious consequencesin terms of development costs and developmenttime.

Fast-track Registration

A regulatory concept associated with that of registration criteria is the so-called fast-track

registration. Under this concept the possibility exists whereby products which are judged to be
of ‘low risk’ are registered more rapidly than those which are considered to be of ‘higher risk’.
This concept, which is currently being explored within the context of the European Registration
Directive, has obvious weaknesses, eg all products not classified as ‘low risk' (ie safe) may

automatically be considered ‘high risk' (ie dangerous). As a full evaluation of the data package

must be undertaken to decide whether or not the product can be considered as lowrisk, it is
difficult to see how the registration time can be significantly reduced. This would seem to be

the view taken by many MemberStates in the European Union but as the concept has obvious

political, as opposed to scientific, appeal it may well be developed further at sometime in the

future.

A similar process has been attempted in the USA where there is a reduction in both the

registration fee and registration time for ‘low risk'pesticides.

Both the European and USA approachessuffer from one major weakness. They are based on the

assumption that such ‘incentives’ will encourage Companies to develop 'safer' products whilst

ignoring the fact all Companies are in any event striving towards such an objective. 



SPECIFIC ISSUES

Theregistration of a crop protection product ultimately depends on the evaluation ofa complex

and comprehensive dossier and a judgement that the use of the product does not lead to any
unacceptablerisks to consumers, users or the environment. Viewed on a gicbal basisit is clear
that in assessing these potential risks Regulatory Authorities in different countries place
different emphasison the various sections ofthe registration dossier. Thus in a very broad and
possibly oversimplistic way the registration of a product maybe possible in Europe but not in

the USA

Against this background the following comments can be maderelating to the broad sections of
the registration dossier:

Ecotoxicology

This is an area where regulatory demands both in terms of data requirements and critical

evaluation of those data have increased over recent years andit is very unlikely that this trend

will diminish in the future. Under the Uniform Principles of the EU Registration Directive

(Official Journal 1994) the following criteria have been set whereby registration would a priori

be excluded unless a risk assessment based on field data indicates that registration is in fact

possible. Thesecriteria are given in Table1:

Table 1 : Regulatory Criteria for Ecotoxicolgy

 

Parameter Criteria

 

Avian Toxicity Long-term Toxicity/Exposure Ratio

Acute Toxicity/Exposure Ratio

Bioconcentration Factor

Fish Toxicity Long-term Toxicity/Exposure Ratio

Acute Toxicity/Exposure Ratio
Daphnia Toxicity Acute Toxicity/Exposure Ratio

Algal Toxicity Growth Inhibition/Exposure Ratio

HoneyBee Toxicity Hazard Quotient(oral or contact)

Beneficial Insects Toxicity Population Affected

Earthworm Toxicity Long-term Hazard Ratio

Acute Hazard Ratio
Microorganism Toxicity Population Affected after 100 days

 

Similar though slightly less demanding criteria are used by US EPAalthoughin this case they

play a more ‘advisory’ role than the European values. A less stringentclassification system for

aquatic toxicity also exists in Japan.

A key elementto the use of these criteria is the prediction of exposure and, im particular, the so-

called Predicted Environmental Concentration (PEC). Various models are available for

estimating PEC's but this is one area which will certainly receive more attention in the future 



with, hopefully an improvementin the accuracy of these estimations. Industry has, on several
occasions, argued that some of these criteria are too stringent and their application will
inevitably lead to an increase in (unnecessary) field testing. Such arguments have not found
support amongst MemberStates although the possibility exists that from data gained over the
next few years it may be possible to relax these criteria to a certain extent.

Environmental Fate

Similar criteria have beenestablished for Environmental Fate parameters and these are given in
Table 2.

Table 2 : Regulatory Criteria for Environmental Fate

 

Parameter Criteria

 

Soil behaviour(active Persistence DT50 >3 months

ingredient and metabolites) and
DT 90 >1 year

Boundresidues after 100 days >70%

Presence in groundwater Concentration (experimental >0.1p2/l
or modelcalculation)
 

Clearly the most important and most politically sensitive issue here relates to the limit of 0.1
ug/l (0.1 ppb) in ground water. The Uniform Principles allow for a 5 year conditional

registration if this value is exceeded provided a comprehensive monitoring programmeis

undertaken to demonstrate unequivocally that the level is not exceeded underfield conditions.

This provision howeveris currently being challenged by the European Parliament which serves

to emphasise thepolitical ‘sensitivity’ of pesticides in water and the probability that the 0.1mg/l

will remain as a 'standard' for the foreseeable future.

In effect the requirements of the Uniform Principles represent a compromise between the
politically based limit of 0.1yg/l for the concentration of pesticides in drinking water and the
scientifically valid approach of establishing parametric values or maximum allowable
concentrations for individual pesticides in drinking water. It is extremely difficult to predict

how this compromisewill work in practice as there are clear divisions of opinion both within the

European Commission and between individual MemberStates. It is of fundamental importance
to the Crop Protection Industry that scientific reason prevails as a failure to do so could have a

dramatic negative effect on the continued registration of some existing crop protection products

and on the future registration of new products.

Although groundwater issues may also arise in the USA, the regulatory approach here is both

more pragmatic and more scientific than that seen in Europe.

Toxicology

By contrast to the ecotoxicology and environmental fate areas, the relative positions of the USA

and Europe are reversed when toxicological data are under consideration. Two well known 



toxicological problems exist in the USA,firstly the need to ensure that in long term ‘oxicology
studies, the animals are exposed to the Maximum Tolerated Dose (MTD) whichin reality may

represent a dose whichbears little or no relationship to potential human exposure but which may
well lead to the occurrence of tumours in animals exposed to such high doses. This may
subsequently lead to the classification of the compound as a carcinogen whichin tum results in
difficulties in the second major problem area, namely the 'Delaney Clause’, This imposes

restrictions on the potential uses of the product becauseit specifically excludes the establishment

of Maximum Residue Limits (MRLs/Tolerances) for processed foods for compoundsclassed as
animal carcinogenics. Failure to establish an MRL results in a failure to achieve product
Tegistration.

These issues are by no means new anddespite almost cyclical reviews by US Government and
despite occasional and optimistic predictions of changes it seems likely that both the MTD and

Delaneywill remain problemsfor the foreseeable future.

Residues

Problemsassociated with residues in crops are in reality more ones of public perception than a
real risk. Nevertheless residues data continue to play an important role in the registration

dossier. The European Registration Directive cffers a means by which EU MRLscan be
established much more quickly than at present. This, and other factors such as residue levels in

minor crops, particularly those grown in Souther Europe, will probably lead to a more critical

consideration of calculated total dietary intakes on an European basis and their comparison with

the ADI (Acceptable Daily Intake).

Recent developments within the context of the Codex Committee on Pesticide Residues are
aimed at a more pragmatic approach to the estimation of the Theoretical Maximum DailyIntake
of pesticides. This development bodes well for the future but experience has shown that

changes in this area are not achieved quickly and in the short term future the assessment of

consumerrisk from pesticide residues is likely to remain as very conservative.

Nevertheless the overall trend in the requirements for residues data is one which is to be
welcomed with the emphasis moving away from quantity and towards quality, and along with

the recognition in Europe that appropriate residues data can be generated on a regional rather

than a country-specific basis.

Theregistration procedure, delays in registration and mutual recognition

It is perhaps inevitable that as regulatory requirements have increased and the regulatory
procedures become more demanding then the time taken to achieve registrations has also

increased. The rate of this increasing delay will vary from country to country with the greatest

increases being seen in those parts of the world where new procedures and requirements are

being introduced, eg South America and Central and Eastern Europe.

The European Community is no exception and the concems. of the Crop Protection Industry

regarding registration delays have been expressed on numerous occasions (eg Thomas, 1995).

Initial experience of the EU Review programme would seem to confirm the significant resources

required by Regulatory Authorities in the Member States to complete the evaluations of the 87

active ingredients currently under review. The potential workload involved in extending the

Review Programme to the remaining active ingredients and to product re-registration at the

MemberState level can best be described as daunting. 



Thus to repeat the Crop Protection Industry’s considerable concer regarding the delays in

achieving new registrations is, in the opinion of the authorfully justified.

In the Industry’s view it is therefore imperative that maximum use is made of the Mutual
Recognition ofregistrations allowed for under Article 10 of the European Registration Directive.
Guidelines on how Mutual Recognition will operate are currently being drafted for eventual

adoption by MemberStates. Clearly these need to be as simple as possible to ensure maximum
benefits to both MemberStates and the Industry. In addition Member States will need to adopt
a positive attitude, underwritten by an element of trust, to the decision taken by their

counterparts within the European Union.

CONCLUSIONS

Whereas the prediction of regulatory requirements and evaluative criteria for the future is

difficult it is clear that achieving registration for new compoundsand defending ‘old’ compounds
will certainly not get any easier. Indeed it would seem that the introduction of specific criteria

by which registrability can be assessed will make it even more of a challenge for Companies to

find new compounds which are judged to be acceptable by Regulatory Authorities. As a

minimum thecriteria will lead to more demandsfor field testing for environmental effects with
consequent impact on increased developmentcosts and lengthierregistration times.

The possibility of more global harmonisationoffers potential benefits in terms of more effective
registration procedures but experience, not least with the European Registration Directive, has
shown that such an objective is likely to take a considerable periodoftime to achieve.

In the meantime the Crop Protection Industry is faced with a twofold challenge. Firstly to

monitor and influence regulatory development so as to ensure that pragmatism and scientific

principles are at the forefront of these developments. Secondly to ensure that the practical

consequences of these developments are integrated within the Research and Development

programmesso that new compoundsstand the best chance of regulatory success.
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ABSTRACT

The worlds' population growth will lead to a further intensification of the
agricultural production in the most suited areas. Production has to increase
by about 2% per year in order to assure quantity and quality of foodforall
people. To avoid destruction of forests and wild life refuges the major part
of this increase has to be achieved by higheryields on existing farm land by
using all available modern tools. The agrochemicals industry has to offer
modern andefficient crop protection products all over the world. As land
labour will become increasingly expensive, especially the demand for
herbicides will increase. Modern products with low dosages, optimal
environmental behaviour and low risk for applications will replace older
products with undesirable properties and influence manufacturing
requirements. Biotechnology will play a complementary role but not replace
agrochemicals. Huge expenses for research and development in modern
products will lead to intensive cooperations with partners within the
industry. Responsible care for the whole life cycle of agrochemicals and the
consequent application of the methods of integrated crop management
worldwide are accepted principles of agrochemical industry for the next 25
years.

INTRODUCTION

Many international organisations and a number of learned scientists have submitted
estimates and scenarios about the world as it may look in about 25 years time. I have no way
of further improving these projections by scientific means but can just offer a few comments,
based on commonsense.

The shape of the agrochemical industry and the role it will have to play in 2010 or 2020 will
dependonits ability to adjust to the growing food requirements ofa rapidly increasing world
population, and the acceptance of consumers that it can contribute to the well-being of
mankind by ensuring healthy and plentiful nourishment and by safeguarding our natural
environment. In my opinion this will mainly depend on the ability to continuously develop
and bring to market new improved products, to demonstrate responsible care for its products
and to gain broad acceptanceas an indispensabletool in a sustainable agriculture.

WORLDS' POPULATION GROWTH - THE NEED TO INTENSIFY AGRICULTURAL
PRODUCTION

It is generally agreed that world population will reach in 2020 level of aproximately 8
billion people. Presently, population is increasing by about 100 million people per year. This
means that in the next 25 yearsat least another 2 billion people will have to be fed, mainly in
the areas outside the OECD and mainly concentrated in the urban centers of the world. Butit
will not be enoughto just produce the additional calories in the form ofcereals. At the same
time there is a rapidly increasing demandfor fresh fruits and vegetables as well as far animal
protein in form of poultry, meat and fish as a numberof developing countries, particularly in 



South East and South Asia reach a higher stage of development which makes higher
expenditure on food affordable to them. This means, however, that production of cereals for
food and feed will have to increase even for the present world population because calories in
the form of poultry require double the:cereal equivalent and meat. goes up to a factorof six.
The oceans as a source of protein have already reached a situation of large scale overfishing
and will not be able to contribute much more.

Overall, agricultural production will have to increase by about 2 percent per year in order to
assure quantity and quality of food for all people. The major part of this increase will have to
be brought about by higher yields on existing farm land. It is generally agreed that the further
extension of farm land in tropical areas with poorsoil ‘structure or in semi-arid range land
will mean the large scale destruction of forests and wild life refuges. Such a development
would mean. a real ecological disaster with the extinction of many species of wild life,
tremendoussoil erosion and unforseeable consequences for world climatic conditions. To me
it's absolutely clear that the increase of yields on existing farm land will have to be the major
contributing factor to feeding the growing world population.

LIBERALISATION OF TRADE AND LESS SUBSIDIES - CHALLENGE FOR AGRI-
CULTURAL POLITICS

Though I would consider it most desirable to increase agricultural production in the areas
where the additional demand will be located, I fear that this will be only possible in a limited
way. Poorsoil fertility, lack of water, missing know how of small scale farmers and shortage
of capital will be limiting factors in a number of countries facing the fastest population
growth. Therefore, we have to increase high intensity production in the present prime
producing regions, which have a unique combination ofsoil fertility, sufficient rain fall or
irrigation and experienced farmers with a high standard of technology. The careful use ofall
modern tools to increase production,like high yielding varieties, specific fertilisers, modern
crop protection products and biotechnological tools, will be to my opinion a very valuable
contributionto a really ecologically oriented, sustainable agriculture in a global perspective.

Looking ahead. to 2020, I am sure that also agricultural politics will have to adjust to the
changing requirements of the world. Particularly in Europe I would predict a gradual trend to
more economically oriented agriculture with much less subsidies being paid to this sector.
This. is of course initiated by the GATT-agreements, but I think that mainly due to the
rapidly increasing volume in trade for agricultural commodities, there will be an upward
trend in prices, so that farmers in Europe will be competitive even without subsidies. By the
way, for cereals at present. market price levels this is already true for a number of key
producing areas in Europe. On the other hand,I think that the present level of subsidies will
be simply no longer affordable, particularly considering the fact that with the predicted
opening of the European Union to the Middle Eastern European countries, huge additional
agricultural production areas will come into the community. But I would like to stress again
that the concentration on economically viable areas may release uncompetitive and at the
same time environmental sensitive areas out of production and open them for e.g.
reforestation or for ecological niche areas. The currenttrend to reduce set-aside in areas of
high productivity, both in Europe and the United States, shows that there is already an urgent
need for increased production. The former mountains of wheal, butter, milk powder and beef
in the European Unicn have already largely disappeared and, world food stocks are at
dangerously low levels.

INDUSTRY TO FULFILL THE REQUIREMENTS OF A CHANGING AGRICULTURAL
PRODUCTION

In the past, industry has certainly benefited from the highly subsidised agricultural systems
in Europe, Japan and North America. I think that in future we have to refocus our attention 



much moreto the needs of the rapidly developing areas of the world. Food production in

these areas will not only mean basic satisfaction of calorie requirements. The demand for

fruits and vegetables in the ever-growing megacities of this world will increase rapidly. This

has to happen for the sakeof public health with adequate supply of essential vitamins and

micro nutrients. We will see a huge surge in production of vegetables partly under cover of

plastic or glass houses near the big cities with efficient drop irrigation systems. The

agrochemical industry will increasingly be challenged by these new indications. Moreover, a

numberof countries have very good chancesto specialise in certain crops and becomelarge

scale exporters of fruits, vegetables and flowers. Of course, they will have to maintain

international standards for residues in their crops. This means that also in these countries

environmental concernswill lead to restrictions on substandard and outdated products. For

the research oriented agrochemical industry it is self understood that we have to offer

modern and efficient products to the farmers all over the globe. I see particularly good

chances for the increased use of herbicides because, despite high population increases,

landlabour becomes scarce and increasingly expensive. Therefore we have to offer safe

products which do not require much capital investmentfor applicators.

How can the industry cooperate successfully under these conditions in the year 2020? In the

last decade, the industry has seen a considerable restructuring and concentration. I think that

this trend will continue but possibly in a somewhat different manner. Though outright

mergers and acquisition are certainly going to happen, there may be a numberof other ways

of cooperation, be it for single products or product groups. One main reason for this

concentration process was and will be the huge expenses for research and development and

the risks involved in the very long registration process. Therefore I think that the overall
level of research costs will continue to gradually decline as a percentage of turnover. Funds
will be redirected to basic research by abandoning the defense of outdated products.
Automatization in first testing will on the one hand lead to savings, on the other hand
improvethe detection rate of effectiveness and other desired properties. The basic research
oriented companies may have to refocus their research and developmentactivities to
different crops and regional areas. Population growth will occur mainly in the developing
nations with mainly tropical or semi-arid conditions. Therefore, solutions for pest and
disease contro! must be found which will be safe and efficient under shorter vegetation
periods and very high pest pressure. Food needs will have to be satisfied by a greater variety
of staple crops, better adjusted to local climatic conditions. This may require a modification
of test methods.

INNOVATIVE RESEARCH, PREREQUISITE TO THE BENEFIT OF INDUSTRY AND
AGRICULTURE

Research will concentrate on molecules with more and more specific action. This will lead to
many small products with necessarily higher profit margins in order to cover the high

developmentcosts. Developmentin tiny niche markets, on the other hand, will no longer be
affordable unless governments reach agreements to reduce testing for niche applicationsif
the compounds have a complete data package for major crops.

Increasingly, research will use natural principles of activity as models for novel products.

This will include the strengthening of natural defence mechanismsbutalso the chemical

synthesis and modification of substances rather than the isolation of active ingredients from
plants. I think that the companiesthat will be most successful will be those that succeed in

bringing to the market products from new chemical classes with novel modes ofaction.

Today's products have already reached a very high level of activity. So in the future
environmental properties, applicators’ safety and anti-resistance strategies will be deciding
factors for the success of new products. Hectare dosageswill continue to decrease. Products
in the 1 to 10 g per ha-range are foreseeable. This will reduce the volume load in the 



environment. Combined with strict limits on leaching properties, this will lead to reduced

drinking water residue problems even if the present non-scientific limits are maintained, A

status as "safer pesticide" offers big advantages in bringing a product quickly and

successfully to the market. While molecules. will continue to become more and more

complicated, I think that mainly due to the low dosages new products will be competitive

with present solutions, if cost of application, storage, frequency of use etc. are taken into

account. On the other hand, the maintenanceofregistration packages for the older products

with less desirable properties will becomeever costlier and less attractive. This will lead to

shorter life cycles for products. The research oriented industry will strive for a faster

replacementfrequency. This will certainly not makelife easier for generic producers.

The trend to more specific and low dosage products will lead to new manufacturing

concepts. There will be a numberof products in the 50 to 200 t p. a. range and products with

thousands of tons capacity will be disappearing quickly. Capital investmentin plants will be

less important since such products will be produced in small multi-purpose plants. This

means that economies ofscale will be less important.

This trend will not only influence the manufacturing side, but also trade and distribution.I

could imagine that the prime function of trade will no longer be the physical handling of

volumes and collection of money butto really be a technically capable partner of farmers

who can offer a complete package of best solutions for his needs. The research oriented

agrochemical industry will need such partners besides its own technically qualified

marketing organisation. The rapid introduction of new products despite all regulatory

restraints will be of high economic importance. The clear target must be the replacement and
consequent withdrawal of older products with undesirable properties.

BIOTECHNOLOGY- AN INCREASING CHANCE OF CROP PROTECTION

Biotechnology will play an increasing role in the defence against pest and diseases. For a
long time, however, impact on chemical compounds will remain limited, though with
varying intensity depending on region and crop. Public acceptance will be reached probably
far sooner in America than in Europe. Up to 2020, we assume that about 10 to 15% ofthe
present agrochemical uses may be replaced by the incorporation of resistance genes against
pests and diseases. The breeding of seeds with higher yield potential will remein of prime
importance for meeting future challenges. Inbred resistance mayleadto initially reduced
applications of agrochemicals, but the natural enemies will regroup their forces and find
novel ways to attack the crops. Agrochemical producers offer a long time partnership for
breeders to combine what they know bestto the benefit of farmers and consumers.

The present trend to incorporate resistance genes against herbicides into various crops is a
different matter. Here we see no replacement of agrochemicals but rather a shift in the
products’ use. For the farmerthis offers a wider range of weed managementtools. Novel
herbicides with economically and technically competitive features will certainly remain
strong competitors.in such areas.

RESPONSIBLE CARE - THE SOCIO-POLITICAL COMMITTMENT OF RESEARCH
BASED INDUSTRY

The responsible cars for the wholelife cycle of our products is already an acceptedprinciple.
Its importance will further increase, particularly for the world-wide safe use of our products
underall climatic and social conditions. The safe usé projects of GIFAP, national authorities
and companies have already had a big impact on the safety awareness. all around the world.
In orderto protect the health of people, I expect that by 2020 all the countries :n the world
will be able to implement and control proper registration processes which will eliminate
those whosell substandard and fake products. As I mentioned already, developing countries 



will derive considerable income from the export of agricultural products,so it's in their own

interest that they use ecologically safe products to avoid problems with residues.

By 2020 application methods of our products will have considerably improved. Precision

spraying with less volume and the recapturing of surplus spray liquid will lead to much

reduced run off. Safer packs with adapters to the sprayers will avoid contamination of

operators and will allow rapid switch of products. Satellite guided applicators are already

under development, leading to more precisely targeted applications. Micro encapsulated

products or formulations in water soluble packaging will further increase applicators’ safety.

In this context I think that application by seed treatment will gain much increased

importance in 2020. Application on the seed or in the seed box is the most targeted

application and offers many ecological and economical advantages. ButI think that there are

opportunities to use it in many more cropsin order to replace conventional spray application.

The use of returnable containers as well as the collection and recycling of packing material

will form an integral part of responsible care.

So far I have given my opinion on a numberofaspects and trends which will influence the

position of the agrochemical industry up to 2020. Keeping the population development aside,

the industry has the chanceto influence these trends by refocussing and intensifying research

and development. Public opinion on agrochemicals, however, remains a cause of major

concern. We have to invest much more time and money in communicating our case. We can

in the long run not do business against the consumersat large, but have to find a way of

convincing them that they directly benefit from agrochemicals which ensure a healthy and

affordable food supply and contribute to safeguard the natural environment. There is only a

minority in the affluent countries who can afford to buy the so called bio food, but the

realistic majority is aware that organic farming without applying biotechnological progress is

not a solution for the problems described. I personally think that the consequent application

of the principles of integrated crop management, as a guiding principle for the agrochemical

industry not only in Europe, but world wide, offers a good long term chance to improve the

level of our acceptance. We haveto do goodandtalk aboutit. For the very large majority of

the population in the developed countries, agriculture is a little knownactivity. So we have
to invite people to cometo our farms and show them that the use of agrochemicals is not a
mischievous thing that farmers do for their own benefit, but that it is a necessity and to the
benefit of all. In the developing areas of world, people tend to have still a much closer
relationship to agriculture and knowthethreat of pests and diseases to public health. The
industrialized countries should take note of their worries and their more sober andrealistic
attitude to agrochemicals.

 




