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ABSTRACT 

A comprehensive programme of support to the development of 
integrated pest management must aim both at reducing agricultural 
losses to acceptable levels in nutritional and economic terms, 
and at minimizing the externalities to which poorly regulated 
pesticide use has given rise. IDRC's programme should take 
account of the differences in type and severity of pest problems 
among agricultural systems varying in economic orientation and 
intensity of production. In systems where subsistence concerns 
dominate, pest problems are frequently a consequence of wider 
patterns of environmental degradation and are best countered 
through broad-based initiatives aimed-at reversing those trends. 
Invasions of exotic pests, however, like that of the cassava 
mealybug and green spider mite in Africa, are sporadic occurren- 
ces to which classical-biological control is generally the most 
appropriate response, one that does not require investment by or 
indeed much involvement of individual farmers. There are often 
important payoffs, on the other hand, to regional collaboration. 

In agroecosystems where farmers produce largely for-the market, 
problems due to pests and pesticide use are frequently more 
severe, though control options are also more numerous. A more 
coordinated programme is recommended than currently exists, made 
up of support to the development of better pest management tools, 
pest management systems and appropriate policy. The tools that 
merit sustained support, through to production, are ones that are 
more specific than the broadly toxic synthetic pesticides now in 
use, draw on local resources and that provide room for tech- 
nological growth: Beyond refining the technologies themselves, 
important priorities for research include better economic and 
market studies and determination of an appropriate scale and 
organization of production. A reorientation of research on 
botanical pesticides is recommended that would place it within 
a broader initiative aimed at characterizing and sustainably 
exploiting the wild plant resources of developing countries. 

Research on pest management systems should focus on agroecosys- 
tems where pest/pesticide problems are severe and where tools 
whose development the Centre supports can make a real contribu- 
tion. Priorities are for decision tools based on an improved 
understanding by farmers of ecological processes in their fields 
and for modifications of agricultural practices that would reduce 
the potential for pest buildup. Activities in the area of policy 
should draw on and support the opportunities for change demon- 
strated by such research and highlight the need for improved 
regulation. An important element should be support to public 
interest groups aimed broadening or initiating policy debate on 
pest/pesticide issues. 



INTRODUCTION 

According to recent estimates, some 30% of the world's agricul- 
tural production is lost to pests, that is, insects, nematodes, 
weeds and diseases (IPM Working Group, 1991). The damage pests 
cause is often proportionately greater in tropical developing 
than temperate developed countries, as is its social impact. 

However, pest problems are not rigidly determined by geography: 
they are also intimately affected by the manner in which agricul- 
ture is organized and practised. Intensification of agricultural 
production in many parts of the developing world has modified 
existing pest problems, created new ones and altered the dis- 
tribution of their effects. Pest problems today comprise not only 
the loss of food or fibre output but also the effects of measures 
taken to control pests, principally synthetic pesticides, which 
in many cases result in significant externalities. Risks to human 
health and to natural resources are borne in greatest measure by 
farming communities but often reach urban consumers and export 
markets in the form of residues in food. 

This concluding report first presents an overview of the origin 
and significance of pest problems in agroecosystems of contrast- 
ing production intensity. It then critically reviews IDRC'1s 

existing program in the area of integrated pest management, 
drawing largely, but not solely from my observations of projects 
in three regions, MERO, ASRO and EARO that were visited during 
this contract'; it also draws from my involvement in the 
Centre's activities over the past seven years as programme 
officer and consultant. Finally, the report makes recommendations 
for future initiatives, indicating opportunities for innovation 
that may satisfy several of the development priorities that TDRC 
and its Natural Resources Division have recently highlighted- 
(Anon., 1992). 

PEST MANAGEMENT ENVI ONMENTS 

Subsistence-dominated Systems 

The severity and type of pest problems are often found to vary 
with the spatial and temporal diversity of crops and the extent 
to which farmers employ chemical inputs, particularly fertilizers 
and pesticides. Although many agroecosystems occupy intermediate- 
positions on these two axes, it will be useful in order to 
clarify issues to examine situations at the extremes. At one end 
are systems where no single crop plant dominates the agricultural 
landscape, there remain significant areas of fallow or uncul- 
tivated land, and production is primarily oriented to meeting 
subsistence needs. Purchased inputs, including synthetic 

' Detailed findings and conclusions concerning particular 
initiatives can be found in the project monitoring and develop- 
ment reports cited in the final section. 
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pesticides are generally out of farmers' reach. However, natural 
controls (host plant scarcity and natural enemy activity) are 
usually sufficient to keep pest numbers relatively stable, and 
farmers have generally devised means to maintain losses at 
acceptable levels through cultivation practices such as inter- 
cropping, the selection of tolerant cultivars and the use of 
locally available botanical pesticides. Vertebrate pests (espe- 
cially birds and rodents) are common and insects are usually 
polyphagous in their feeding habits. Weeds can generally be 
adequately controlled manually, though they may cause significant 
loss where labour is short. In such subsistence-dominated 
systems, pests can pose serious threats to sustainability in the 
following situations: 

1. Insects or pathogens from a crop's area of origin may catch 
up with the plant, in some cases centuries after it has been 
introduced to a region or continent. Losses to cassava in Africa 
from the cassava mealybug and green mite, both native to S. 
America, in some cases forced farmers to abandon the crop, before 
natural enemies, again from S. America, were in turn introduced. 
Similar stories are being played out with the larger grain borer 
on maize in East and West Africa and with the Leucaena psyllid 
in SE Asia attacking a valuable agroforestry species. 

2. Population pressures or land restrictions may force farmers 
to concentrate on a narrow range of crops, often the most produc- 
tive in caloric terms. This process is frequently accompanied by 
a breakdown of fallows and rotations, leading to declining soil 
fertility. Indigenous pests may cause increased losses because 
hosts plants are more readily available and easily found and 
because they are 'less tolerant of pest attack due to poorer 
nutrition. Examples of this scenario include rot rots on beans 
and weevils on sweet potatoes in the Great Lakes region of Africa 
and the parasitic weed Striga on cereal crops in more arid areas 
of the continent. 

3. A vegetatively propagated plants that are important' 
subsistence crops, including sweet potato, Andean potato, 
cassava, banana and plantain, are prone to virus diseases spread 
through stems or cuttings. These may build up over time and 
seriously diminish production, although the losses are often 
invisible to farmers. 

The choice of options for managing such problems is severely 
constrained by the limited purchasing power.of farmers in these 
environments. Where successful, classical biological control (the 
introduction of natural enemies from the plant's area of origin, 
as described in (1) is self-sustaining and cost-effective when 
evaluated in social terms, but requires significant initial, 
investment in searching out and evaluating candidiate agents. 
Other options, particularly to deal with situations as in (2), 
generally entail farmers changing their practices in some way. 
Success in developing these options requires an understanding of 
the reasons for farmers cultivating what, how, when and where 
they do, most efficiently obtained by involving farmers in the 
research from an early stage. 
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Market-dominated Systems 

At the other extreme from the subsistence-dominated environments 
ire situations where farmers are more specialized in their 
production and devote a considerable area to a.single crop, grown 
largely for the market. Cultivation is often continuous, in some 
instances developing into a perennial monoculture, supported by 
major subsidies of nutrients and water, in the form of synthetic 
fertilizers and- irrigation. Vertebrate pests. are of -lesser 
importance here due to habitat modification (birds, for example, 
find few trees for roosting);.insects are often oligophagous in 
their habits (specializing, as does agriculture, on one or a few 
plants), with short generation lengths that permit rapid evolu- 
tion in the face of control measures. These are the pests of the 
Green Revolution, the brown planthopper of Asian rice and the 
cosmopolitan diamond-back moth of cruciferous vegetables. 

Losses to pests in such systems are often considerably greater 
than those typical when cultivation was less intensive. Among 
the forces at play are the following: 

1) continual and often staggered planting prolongs the season for 
insect and pathogen multiplication; 
2) as rotations and intercropping give way to monoculture,. 
reduced vegetational diversity makes it easier for pests to 
locate their host plants and often diminishes the habitat for 
their natural enemies; and 

3) increased use of nitrogenous fertilizer and irrigation 
improves pest nutrition and rates of increase. 

The control measures typically brought to bear agAinst pests may 
create their own problems: 

- Breeding programs generally seek to incorporate simple forms:,' 
of genetic resistance Into widely adapted cultivars. In manyI 
cases, they have succeeded only too well: in the early 1980's, 
one rice variety, IR-36, was grown on more than 11 million ha 
across Asia. The:resultant- geneticuniformity creates strong 
selection for on pests, and strains of insects and pathogens. 
with renewed virulence have often quickly emerged., A "varietal 
treadmill" develops in which breeders have to work hard to keep 
up with pest evolution. Delays in selecting, multiplying and 
distributing .newly resistant varieties leave some farmers 
unprotected. The treadmill also reinforces the centralization of, 
varietal development, taking from farmers a good deal of choice' 
regarding the kinds'of cultivars they grow. 

- In many areas, ;synthetic, generally imported pesticides have 
been the preferred method of.pest control, their use spread by 
government extension, low-interest production loans, subsidies 
and aggressive marketing. Continued, widespread use has frequent- 
ly led to resistance in the target pests and reduction in the 
numbers of their natural enemies, leading to yet higher pest 
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levels and the need for more concentrated and more frequent 
applications. The "pesticide treadmill" speeds up with the 
appearance of secondary pests, formerly kept at low levels by the 
now decimated natural enemies. In several instances, rising pest 
control costs have reduced farmers' revenues to a point where 
some have abandonned the crop. 

Synthetic pesticides are the greatest source of externalities in 
tropical agriculture, yet nowhere do market prices reflect any 
part of these costs. Effects on the health of applicators are the 
most widespread, but accidental and reentry exposure and con- 
tamination of water may also affect farm families and agricul- 
tural labourers. Though ill-effects from residues in food may be 
experienced by consumers in urban areas and importing countries, 
in general, it is the rural population closest to the site of use 
that suffers most from pesticides. The same appears generally 
to be the case as regards the degradation of natural resources. 
In Central Luzon in-the Philippines, for example, heavy insecti- 
cide use led to marked reductions in the populations of wild fish 
and snails in rice paddies and downstream watercourses, resources 
to which the rural landless had privileged access. 

Contending with the pest and ancillary problems in such contexts 
requires action at a number of levels. 

1) Farmers first need tools that they can substitute for syn- 
thetic pesticides when pests reach damaging levels, products 
whose toxicity is much more specific to the insect, pathogen or 
weed that is causing loss and which give natural enemies a chance 
to reassert themselves. Several possibilities exist and are 
described in the following sections. 

2) There is also a need to alter the manner in which farmers make 
pest control decisions: pesticides, whether synthetic or biologi- 
cal in origin, must be used more judiciously if the evolution of 
resistance is to be slowed. In many instances, it has been shown 
that major reductions can be realized in the use of conventional 
pesticides merely by following "economic thresholds". Translating 
such concepts into practicable methods for farmers requires 
focused research into how they currently perceive and evaluate 
pests. 

3) To maintain pests at acceptable levels, durably and at minimum 
cost, will often require changes in the way crops and fields are 
managed. In Upper Egypt, for example, corn and sorghum stalks 
were previously burned to fire clay bricks, a practice that 
incidentally killed overwintering stemborers, but which has 
recently been outlawed in order to conserve soil. Stalks now 
remain piled in the fields and stemborers have reached very 
damaging levels. The most cost-effective solutions in this 
instance will be those that turn the problem into a resource: 
stalks might be used as fodder, transformed into briquettes, or 
employed in paper making (see Report 2). In Guangdong Province, 
China, a durable solution to the current crisis with vegetable 
pests may require finding new means to coordinate planting 
decisions among independent cultivators to replace the bureaucra- 
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tic directives that disappeared with the agrarian reforms of the 
late 19701's (Report 8). Progress in designing feasible and 
attractive preventive measures of this order will require careful 
attention to the interests of all actors affected and a search 
for options that provide multiple benefits (Loevinsohn et al., 
in press). 

4) The development of improved pest management requires support 
by appropriate policies. Key elements include: eliminating 
subsidies that distort patterns of pesticide use (Repetto, 1985); 
bolstering regulation so as to effectively limit hazards to the 
production environment, to natural resources and to human health; 
making regulation more transparent and responsive to stakeholders 
currently excluded; and increasing support to research and` 
extension. A striking example of the effect of improved policy 
is provided by Indonesia which in 1986 phased out pesticide sub- 
sidies, increased support to farmer training and banned 57 
insecticides damaging to natural enemies for use on rice. over 
the next 3 years, pesticide production and importation declined 
more than 50%, while rice production increased 12$ (Kenmore, 
1991). In the near future, genetically engineered plants and 
microbes will reach developing country markets, posing regulatory 
challenges of a kind not yet encountered, for which few govern- 
ments are prepared. 

5) other actors can contributions to improved pest 
management. Public interest and producer groups in developing 
countries have often had limited effect, for a number of reasons, 
in lobbying and raising issues ignored by regulatory bodies. in 
most countries, organized consumers have yet to flex their 
economic and political muscle in support of reduced pesticide use 
and residues in food. Effective self-policing on the part of the 
pesticide industry, which would complement formal regulation, has 
yet to make itself felt, despite much rhetoric. 

IDRC'S PEST MANAGEMENT PROGRAM 

The Centre's activities in response to these challenges can be 
divided into support for the development of pest management 
tools, analysis of and interventions in pest management systems 
and initiatives in the policy area. 

Pest management tools 

In subsistence-dominated agricultural systems, the Centre has 
primarily supported the development of pest resistant or tolerant 
varieties and the establishment of classical biological control 
programs. Striking success has been obtained with the latter approach against the cassava mealybug in Africa (Report 9) and there are promising reports regarding the effects of introduced natural enemies on the Leucaena psyllid in Asia. Biological control of this sort and in these contexts demands little of farmers and there have been those, in both cases, who would have preferred to bypass national programs themselves. Quite properly, 
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The Centre has sought to ensure the involvement of national 
scientists and the development of local capacity. 

Numerous Centre-supported projects have involved efforts to breed 
pest resistance or tolerance into improved varieties (e.g. Root 
Crops (Rwanda), Weevil Resistance (Mexico/Zimbabwe/CIMMyT/ 
Carleton) Barley Yellow Dwarf Virus (Chile/Morocco/CIMMyT/ 
Laval)), however, none were evaluated in this review. Pest 
management comes rolled up in the seed in this case, but is only 
effective if farmers judge that the cultivar meets their diverse 
needs, and if the seed is multiplied and distributed in suffi- 
cient quantity: both problems frequently limit the impact of 
breeding efforts in subsistence-dominated agroecosystems. 

IDRC has supported the development of a broader range of pest 
management tools for market-dominated systems. These have 
included: 

- Bacillus thuringiensis (Bt) biopesticides [Microbial Control 
(Egypt/Ag. Canada), Bt Production (Nicaragua/Mexico/Western 
Ontario) and Bt ELISA (Western Ontario)]; 

- inundative biological control methods using Trichogramma 
parasitoids [Biological Control .(China/Guelph)] and predatory 
midges [Aphid Control (China/ABL)]; and 

- plant-derived pesticides [Fish Poisons (Thailand/UBC), 
Botanical Pesticides (Thai land/Ottawa/UBC), Botanical Pesticides 
(Philippines/Ottawa)]. 

Several of these projects were visited in the course of the 
current consultancy (Reports 1, 3 , 4, 5, 7 and 8). In the case of the 
two Chinese projects, research served to refine an established 
pest management program, one of the most sophisticated in 
developing countries, which benefits from well-developed produc- 
tion and extension structures. My impression is that the results 
obtained with the Centre's support have been put to good use and 
that there are opportunities for obtaining yet wider benefits. 
In the case of Bt, results in small-scale trials are promising, 
in Egypt and Mexico as in Canada, but the ultimate impact of the 
research hinges on the still uncertain prospects for commercial- 
scale production. Those prospects are also uncertain with respect 
to botanical pesticides, even in Thailand where by far the best 
basic research has been carried out. For both the latter 
technologies, appropriate scales and organization of production, 
as well as sources of investment capital, must still be iden- 
tified. Too often, economic analysis has been an afterthought in 
these projects. I return to these issues in my recommendations 
for future Centre activities. 

Pest management systems 

Fewer IDRC-supported projects focus specifically on the context 
in which pest problems arise and are perceived and acted on by 
farmers. In subsistence-dominated agroecosystems, there is only 
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one such project, Root Crop Pest Management (Report 9); I am not 
convinced that there should necessarily be more. In many cases, 
the feasible management options either involve farmers very 
little, as in the case of classical biological control, or, on 
the contrary, imply changes, for example in planting dates, 
rotations, fertilization practices or varieties, which must 
satisfy the multiple constraints and desiderata of farmers and 
hence should be considered within projects with a broader 
perspective than pest management alone. 

The same may often apply in market-dominated systems. Finding 
means to deal with stemborers overwintering in cereal stalks in 
Upper Egypt or to limit the. availability of host plants for the 
diamondback moth in Guangdong will clearly require considering 
a wide range of issues. But in high-intensity agriculture, 
pests, and pesticides, -are more often dominant concerns, for the 
reasons outlined earlier, and it may make sense to focus 
attention more narrowly on pest management systems. The proper 
breadth of a project should be determined from an analysis of the 
pest problem, considering both its origin and the opportunities 
for intervention. 

IDRC supports two systems-oriented projects in high-intensity 
agricultural environments: one with a more narrow focus, just 
getting underway in Egypt (Report 2), the other, broader, now in 
its second phase in the Philippines (Report 6). Overall, there 
is a need for more such projects concerned with how pests are 
managed: they are underrepresented relative to initiatives aimed 
at generating products. Opportunities for synergy should be 
sought wherever possible, particularly in systems-oriented 
projects that draw on products in whose development the Centre 
has already.invested. 

Policy 

Only one of the projects reviewed during this consultancy, 
Integrated Nutrient and Pest Management, Extension and Women 
(Philippines), includes policy research as a major activity. As 
Report 6 indicates', some useful studies and papers have emerged 
and are feeding into a - national policy review, to which the 
researcher acts as consultant. It is still too early to,judge 
the effectiveness of these interventions, but one might expect 
in general that policy studies joined to technology generation 
and adaptation - in villages and farmers' fields - should gain 
in persuasiveness through their immediacy and concreteness. . 

The former AFNS and other divisions have jointly supported at 
least two other initiatives in the policy area, both on a global 
level. The first provided funds to the Pesticide Trust, and 
through it several Third World NGO's associated with the Pes- 
ticide Action Network, to conduct studies on the extent of 
industry compliance with the FAO Code of Conduct on Pesticides. 
These studies informed debate within the UNEP and FAO Councils 
in 1988 and 1989 regarding the principle of Prior Informed 
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Consent in the importation of highly toxic pesticides; a scheme 
embodying the principle is now operational. 

The second global policy initiative, in which the author played 
a central role, involved the development and diffusion of the 
concept of a "pesticide hazard auditor". This sought a market- 
driven mechanism for ensuring industry's compliance with accepted 
standards, including those embodied in the FAO Code, based on an 
authoritative, independent evaluation of a company's practices 
(Loevinsohn, in press). While attracting considerable interest 
and support from several sectors, it failed to win the backing 
of the industry association GIFAP. IDRC is now supporting a 
dialogue among key stakeholders in the pesticide problematique 
aimed at identifying similar "positive sum" solutions. 

% RECOMMENDATIONS 

Principles 
There exists today a plethora of terms to identify more sus- 
tainable pest management strategies than the current widespread 
dependence on synthetic pesticides. AFNSJNRD publications, such 
as MacKay and Rached (1989), speak of both "Integrated Pest 
Management" (IPM) and "Alternative Pest Mangement", without 
adequately differentiating the two; other authors have employed 
a range of qualifiers, including "appropriate", "improved" and 
"rational". While there are differences in emphasis between the 
definitions, there is more that unites than divides them. All 
consider reduced use of broad-spectrum synthetic pesticides 
crucial and seek the most appropriate among a range of management 
options, based on a better understanding of ecological dynamics 
and of the social and economic context in which pest problems are 
embedded. Not wishing to further add to lexicological confusion, 
I think it is nonetheless necessary to spell out what IDRC 
considers as its priorities in this area. From the Centre's 
perspective, Integrated Pest Management should entail the best 
practicable mix of measures to maintain pests at levels below 
which they cause significant economic or nutritional loss, while 
minimizing damage to human health and natural resources. 

This definition emphasizes that IPM evolves but must be within 
the grasp of those who are to use it; that IPM must be relevant 
to those producers little integrated into market economies and 
that the boundaries of the system within which IPM does its 
accounting must include the range of externalities to which 
control practices give rise. 

Tools for Pest Management 

The Centre is already supporting the development of several 
technologies that hold real promise as inputs into IPM for 
smallholder farmers. These should be pursued with focused, in 
some cases reoriented support, as detailed below. A major 
shortcoming of Centre-supported projects in this area has been 
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the near absence of economic and market studies and of explicit, 
front-end consideration of how the the tools that are developed 
will reach farmers. Putting these initiatives on a sounder 
footing in this respect should be an early objective. While 
small-scale,-decentralized production of these pest management 
tools may be feasible in principle and desireable on welfare 
grounds, experience suggests that it may be difficult to assure 
adequate quality, stability and competitive price under these 
conditions. Nevertheless, technical advances (e.g. in simple 
solid-phase fermentation of microbial agents) and organizational 
innovation may alter that judgement; the option should not be 
abandonned. 

1) Bacillus thuringiensis: I recommend that the 
Centre make the development of biopesticides based on Bt and 
related microorganisms a priority for its activities in pest. 
management. IDRC should follow up on the recommendations of the 
working group established at the international workshop in Cairo 
last November on Bt in developing countries (Report 2). A key 
area for future support will be in helping to identify viable 
options for production: many national programs appear to be 
stalled now after having obtained encouraging results at a pilot 
level. Issues include the scale, location and organization of 
production and possible sources of investment capital. Among the 
possibilities to be considered are joint ventures with developed 
or developing country companies, regional initiatives, and small- 
scale rural-based production. Possibilities for collaboration on 
these issues should be explored with 'other institutions, includ- 
ing UNIDO, particularly its ARSAP programme in Asia, WHO, FAO, 
CIDA and IIBC. 

Bt is the best understood of the microbial biopesticides and 
there is some evidence that national scale production can 
successfully compete in price and efficacy with imports, par- 
ticularly where production draws on inexpensive local substrates 
and local Bt strains. However, quality control has proved the 
nemesis of many small-scale initiatives in developing countries: 
at the height of the Cultural Revolution, there were 16 rural 
factories in Guangdong Province producing Bt. None remain in 
operation, in large measure-because of difficulties in assuring 
quality (Report 8). There are also potential safety hazards 
arising from contamination of the fermentation medium. 

Synergies should be sought where feasible to reduce production 
costs: Bt shares at least some of the facilities required to 
produce antibiotics and other biopesticides, including some fungi 
and Bt israelensis and B. sphaericus (the latter are effective 
against fly and mosquito vectors of disease). Bt is an active 
focus of research worldwide and there exists a range of ways to 
exploit the organism, at different levels of sophistication. 
National programs can grow with the technology, for example, 
moving from the selection of existing strains to creating their 
own, active against specific local pests, through conjugation or 
genetic engineering. However, some of the more advanced options 
currently being researched present real hazards. The most 
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plausible threat is that widespread transfer of Bt's toxin genes 
into crop plants and other microorganisms will degrade a common 
property resource, the susceptibility of insects pests to Bt. As 
indicated in Report 2, support to regulation on this issue may 
be required. 

2) Trichogramma The artificial egg 
machine being developed at the Guangdong Academy of Agricultural 
Sciences has the potential to make much more widely available a 
"living insecticide" of proven worth. In principle, it should 
relax a key constraint to the use of Trichogramma and related 
parasites in pest management: rapid, large-scale production, free 
of the seasonal cycles imposed by natural hosts. 

There are several questions that should be further clarified 
before IDRC commits itself definitively to further support. These, 
include the utility of the machine if the complementary technique 
of diapause manipulation, that would permit long-term storage of 
parasites and hence more efficient production, has yet to be 
mastered; and the effect of some residual reliance on host insect 
tissues in the artificial egg (Report 8). Assessments of these 
and other issues should be sought from several knowledgeable in- 
dividuals. Assuming the Centre's judgement is favourable, 
vigorous support to the development of this technology, possibly 
beyond what the proponents themselves are requesting, would be 
indicated. 

Even more than in the case of Bt, there is a need to better 
assess the economics of production, both of the machine itself 
and of wasps produced by it. Though used on some 460,000 ha 
across China, I have seen no report that compares Trichogramma, 
whether produced in natural or artificial eggs, to other manage- 
ment options in terms of cost-effectiveness. This should be an 
early concern of any Centre-supported initiative. Studies are 
also required of the potential market for the machine, within and 
outside China. 

A f irst priority should be to schedule the international workshop 
on Trichogramma, one of whose purposes is to highlight Chinese 
accomplishments in this field. Funds for the workshop were 
allocated under both phases of the Biological Control (China) 
project but apparently never spent. GAAS has had indications of 
interest in such a meeting from researchers in Pakistan, India, 
Thailand, the Philippines and Japan. Some of the questions 
regarding the wider utility of the artificial egg technology 
might be taken up at such a gathering. 

3) Botanical pesticides While support should 
continue for the two current initiatives in Thailand, I recommend 
that IDRC reorient its future activities in this area. The 
identification of pesticida1ly-active compounds should be one aim 
in a broader effort to characterize the plant resources of 
developing countries; other potential uses are as sources of 
medicines and industrial chemicals. The aim of such a program 
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would then be not merely to produce better pesticides or whatev- 
er, but to create additional sources of revenue for countries 
that harbour these plants and, particularly, for the communities 
whose intimate knowledge of their biotic environment is often the 
surest guide to plants and their uses. These revenues would add 
an incentive for conserving botanically-diverse habitats which 
are sources of known plant and animal products harvested on a 
renewable basis and which protect soil, water and climate. An 
essential condition for obtaining such benefits is that the right 
to explore and exploit wild plants be controlled in some manner, 
possibly but not necessarily by attributing property rights, and 
that mechanisms be established to channel benefits to the 
communities concerned. In Thailand currently, as in many countri- 
es, access to the country's flora is for all intents, completely 
open. 

Several programs along the lines sketched here, with a broader 
or narrower focus, have been established in tropical countries 
(Bird, 1991; Joyce, 1991), and the Centre should consider 
carefully how and where it involves itself. It may have a 
comparative advantage in its multidisciplinary perspective which 
would permit it to develop national capacity in characterizing 
and exploiting wild plant resources, as well as to stimulate 
appropriate policy. 

Rudimgntary processing at the household or community level of 
material collected from the wild or from garden-scale cultivation 
has been the traditional means of employing pesticidal or 
medicinal plants. One aim of the envisaged program should be to 
safeguard these uses, which may be of considerable importance 
locally. However, any significant expansion in production will 
require that the plant be grown on a wider scale, particularly 
for pesticidal uses which consume large quantities of plant 
material. More sophisticated extraction, purification and 
formulation will also be needed if the botanical product is to 
overcome the common constraints of variable quality apd short 
shelf life and compete successfully with synthetic products in 
domestic or export markets. 

The economic feasibility of extraction industries based on,a 
single product are uncertain and unstable. Large-scale cultiva- 
tion means that the plant must compete for land with crops whose 
agronomy and market value are better understood and more familiar 
to f armers (Reports 3, 4). The demand f or an extract or purif ied 
product may also be undercut if a persistent laboratory somewhere 
in the world manages to synthesize the active ingredient, 
possibly improving on it in the process. This was the fate of 
pyrethrum in the aftermath of the synthetic pyrethroids and may 
be that of India's neem tree: chemists can now create the two 
halves of its active ingredient, azidarachtin (Emsley, 1991). 

A developing country institution could reduce its risks were it 
to play both sides. If after screening many plants, it iden- 
tifies and characterizes chemically one that is highly active, 
it might sell the rights to the active ingredient to a company 
interested in the possibility of synthesis. The institution can 
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then continue its research on the feasibility of local cultiva- 
tion and extraction. If that does not pan out, it would still 
gain, through royalties on sales, should the company bring a 
synthetic product to market. An efficient local extraction-based 
industry might coexist with an internationally-marketed synthetic 
product, particularly if it can develop more than one useful 
product from the plant, based on different active ingredients 
(Reports 3, 4). As national capacity increases, other commercial 
arrangements besides simply selling the rights to a compound and 
its derivatives could be considered, such as joint ventures. 

one area that deserves attention and that will require inter- 
divisional support is in developing guidelines for testing the 
toxicity of plant extracts intended for use as pesticides 
(similar issues may apply to medicinal products). Protocols and 
standards used in developed countries have been established for 
pure compounds (Report 4); indeed it is extremely difficult to 
register extracts as pesticides for food crops in N. America. 
Procedures *are needed which take account of the complex and 
sometimes variable composition of extracts and that provide 
farmers and consumers an adequate margin of safety. A workshop 
on this issue might be considered. 

The goals of a program on wild plant resources as sketched above 
go beyond pest management per se and it is in terms of these 
broader interests that the Centre should decide its level of 
financial support. Judged solely from the perspective of pest 
management, however, investment in the development of Bt, other 
microbial pesticides;' and artificial host egg technology for 
Trichogramma appears likely to have greater benefits, sooner, to 
end-users. 

4) Classical biologi al control The pest 
management tools described thus far in this section will be of 
greatest use to farmers producing in large measure for the, 
market, those who can afford to purchase them. In the past, 
however, IDRC's support has been critical to developing one 
measure that has proven of considerable benefit to subsistence- 
oriented farmers, classical biological control. The Centre should 
continue to view this field-with favour. 

Invasions of exotic pests are sporadic and essentially unpredic- 
table occurrences, a consequence of the widespread interchange 
of crop plants during the past 500 years. Classical biological 
control is somewhat akin to fire fighting and possibly not the 
most attractive use these days for the Centre's scarce resources. 
Urgent requests for support are disruptive of planning. The 
specialist and expensive fire fighters, IIBC, are an internation- 
al organization. Finding and releasing effective natural enemies 
is a top-down process, requiring little in the way of farmer 
involvement. 

Nonetheless, as pointed out above, when it works, the approach 
is cost-effective, the results highly visible and generally 
durable. Greater national and regional involvement can help 
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reduce costs and, in some instances, South-South collaboration 
may be an alternative to the IIBC firemen. There are other donors 
who can and do support such research, but my experience with the 
Lei.:-::aena psyllid in SE Asia and the Centre's in the early days 
e the cassava mealybug is that they are difficult to waken when 
the alarm bells first ring, particularly when it is a poor man's 
crop that is on fire. 

Pest Management Systems 

Whether from IDRC directly or other collaborating donors, 
expanded support is required to the development of IPM systems 
adapted to the needs and conditions of small farmers. Investment 
in pest management tools may have little impact if, for example, 
farmers do not understand that continuing to spray synthetic 
pesticides is harmful to the Trichogramma parasites they have 
just released. Similarly, policy recommendations to cut sub- 
sidies may fall on deaf ears if administrators see no evidence 
that pesticides are not the crucial input they have long been 
made out to be. 

Investment in decision tools and farmer understanding can have 
important long-term and multiple benefits, including improved 
equity. Reductions of 50% or more in rice farmers' use of insec 
ticides have been recorded in several Asian countries after 
intensive field-based training on the importance of conserving 
natural enemies, often accompanied by a slight increase in gross 
output (Kenmore, 1991). Besides reducing risks to health and. 
natural resources, risks which we have seen are dispropor- 
tionately borne by farming communities, such cost-saving tech- 
niques put the economic benefits disproportionately into the 
hands of those same communities. This is in contrast to typical 
Green Revolution technology, such as fertilizers, which are cost 
and yield-increasing, and which benefit consumers in greatest 
measure, in some cases leaving producers worse off in absolute 
terms. 

There are few successes of the kind that we are beginning to see 
in Asian rice farming. In too many cases, training in pest 
management, where it has occurred, has been conceived by pest 
management specialists, with insufficient attention to how 
people, both farmers and extensionists, actually learn. Part of 
the success of the rice IPM program in Indonesia has been due to 
its widespread use of non-formal education approaches. Heavy- 
handed extension of set recipes, which leave farmers no leeway 
to adapt practices to their conditions, also limit the adoption 
of IPM practices (IPM Working Group, 1991). 

IDRC should select its targets carefully. A focus on particular 
agroecosystems should be considered, ones where there - is a 
pest/pesticide problem of major dimensions. They should preferab- 
ly also be ones where the tools whose development the Centre is 
supporting might readily be put to use and where there is 
potential for collaboration with regional structures and other 
donors. Coordinated studies supported by HSD on the health impact 
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of pesticide use would help in creating a consensus for change, 
which might be stimulated by focused support to the development 
of policy (see below). Suggestions along similar lines were made 
some years ago, when the Centre was differently organized and 
oriented (Loevinsohn, Forget and Krugmann, 1987). 

Systems which should be considered include: 

1) Low to mid-elevation vegetable growing areas in Asia. Problems 
of operator exposure and food residues are severe, in many cases. 
The IPM Working Group has identified this as one of its priori- 
ties: IIBC and ACIAR are interested and IDRC has been considering 
a proposal for more than two years from GRAS in China for 
vegetable IPM (Report 8). A SE Asian network on vegetable pest 
management has been created, coordinated by AVRDC. The INPM 
project in the Philippines has been working in part in this area 
and has generated some useful experience (Report 6). 

2) Mid to high-elevation potato growing areas in Latin America. 
Potatoes are among the most frequently sprayed crops in both 
developed and developing countries. This is an agroecosystem 
where pesticide impacts have been relatively little studied, 
although a just concluded Rockefeller-funded project has at- 
tempted to right the imbalance. I believe the Centre is consider- 
ing a proposal for a project based at CIP which would consider 
some aspects of pest management, within the framework of the 
PRACIPA network. 

Policy 

As indicated above, policy initiatives integrated with research 
aimed at creating feasible alternatives to the current reliance 
on synthetic pesticides may have a greater impact at decision- 
making levels within government than when free-standing. IDRC 
should continue to look for other opportunities, particularly 
with NGO's, to influence or in some cases initiate policy debate 
regarding pests and pesticides. 

In many fora, at both national and international levels, NGO's 
find themselves unable to forcefully and authoritatively put 
across their viewpoint due to a lack of technical competence. 
Although they face a host of other constraints on their ac- 
tivities, this problem appears to be widely and acutely felt by 
many within these organizations. Researchers working on pest/ 
pesticide problems may not want to help put the NGO's straight 
because they perceive the latter as either extremist or simply 
naive (Report 6). Situations are diverse and there can be no 
simple prescription. However, one initiative that may prove 
useful would be for IDRC to support an NGO or NGO grouping in 
hiring a scientific advisor, possibly on secondment from a 

national research institution, to cogently argue the technical 
case and liaise with researchers. Such advisers have been of 
great value to international organizations like Greenpeace. 
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Finally, IDRC should continue to consider initiatives on a global 
level that would improve the regulation and speed the replacement 
of hazardous chemicals, including synthetic pesticides. The 
Keystone dialogue on pesticides that. the Centre is currently 
supporting may suggest some innovative options in this area. 
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BOTANICAL PESTICIDES (Thailand) 

Date Institutions Persons Met 

10-12/2/92 Chiang Mai Dr. Pichaet Wiriyachitra, Project 
University, leader, Research Centre for 

Natural Products; Drs. Prachaval 
Sukumalanand, Vichian Hengsawad, 
Entomology; Dr. Wandee 
Taesothikul, Biopharmacy; Mr. 
James Maxwell, Botany. 

RESULTS TO DATE 

Good progress has been made towards most of the project's 
objectives, 6 months before its completion. Two plants have been 
identified that demonstrate useful levels of insecticidal 
activity in laboratory and field trials: Piper retrofractum.' the 
source of "Instantkill" (ITK) and laia odorata, from which 
"S1topfeed" has been extracted. 

The first is a vine found in dry forest, whose berries have 
traditionally been used against heartburn and constipation. These 
same berries contain the highest concentrations of the compounds 
most active against insects, compounds also present in pepper (P. 
nigrum). Solutions of 0.25-0.50% of the hexane extract of P. 
retrofractum have been shown in a series of field trials to be 
as effective as a commonly used synthetic pesticide (the 
pyrethroid Ambush) - in controlling the diamond-back moth on 
crucifers. ITK appears. to act primarily as a contact poison 
against eggs and larvae, although there are indications from 
these same trials that it may also be stimulating Plutella 
females to lay more eggs (it should be confirmed in future trials 
that the insecticidal effects cancel the stimulatory ones). Lab 
tests have shown ITK to be active in varying degrees against 
other pests of field crops (Sbodoptera i tura, Nilaparvata 
u en ) fruit .( a us orientalis) and stored products 
(Callosobruchus maculatus and Sitophilus zeamais), while 
preliminary field trials show it also to be effective at 10 ppm 
against the larvae of Culex sp mosquitoes that are of concern in 
public health, the effect persisting for about 3 days. 

Thus far only ITK's acute toxicity to mammals, as an extract, has 
been investigated, but the results (LD50 = 1.6 g/kg in the rat) 
suggest no reasons for concern in this regard. On the other 
hand, there are indications from the field trials that ITK may 
be quite toxic to natural enemies, an area that merits further, 
more focused investigation. 

A. odorata, the other promising plant, has an advantage over Ps 
retrofractum: its leaves contain appreciable levels of the active 
ingredients and can be harvested sooner than fruit, and 
repeatedly. Stopfeed works as an antifeedant - research conducted 
in Ottawa suggests it may be a "post digestive toxin" - possibly 
more active, at least at higher concentrations, than 
azidarachtin, the active component in Neem. It acts relatively 



slowly however, taking 5 days to kill all Spodoptera larvae at 
20 ppm, which may cause problems in terms of farmer 
acceptability. The active ingredient has been identified as 
rocaglamide, known from Japanese research to have anti-cancer 
properties. Stopfeed's acute mammalian toxicity is.acceptably 
low, 2.5-4.8 g/kg. 

Studies on Stopfeed have thus far been limited to the lab and to 
micro-plots. A major constraint has been the lack of plant 
material: the project has located an individual plant from the 
south of Thailand with conspicuously high activity which it is 
seeking to multiply through tissue culture. In the meantime, Dr. 
Wiriyachitra and the entomologists are unwilling to conduct 
larger scale trials with material from other, more accessible 
specimens which they fear may differ =taxonomically. The 
researchers should bear in mind, however, that the high activity 
of their "elite clone" may be due -at least in part to the 
particular conditions in which it grows and that its progeny may 
be less productive elsewhere., 

In May 1990, a supplemental grant was awarded to enable the team 
to examine the fungicidal properties of certain of the plants it 
was investigating, particularly Maesa ramentacea, the source of 
the piscicide STOPFEED. Aqueous extracts of the plant have been 
shown in lab studies to be fungistatic and fungicidal to a 
certain number of crop pathogens at concentrations of 0.1%. A 
small scale field trial against Alternaria on Chinese kale, 
however, proved less conclusive. The active compound(s) have yet 
to be identified but the fact that Maesa plants that were most 
active against fungi were also the best sources of fish poison 
suggests that the same chemicals may be involved in both 
functions. 

The team is to be congratulated for its success to date, for the 
speed with which it has identified these promising leads and for 
the "human efficiency" with which it has gone about its work. 
The friction that had arisen between the Thais and their Canadian 
collaborators over secrecy appears, from the documentary evidence 
and Dr. Wiriyachitra's recounting, to have been resolved. At a 
meeting between the two groups in Ottawa last year, agreement was 
reached regarding joint publications and patents. Dr. 
Wiriyachitra has sent the draft of an article for 
"Phytochemistry" to the Canadians for review and will submit two 
patent applications in Thailand by the end of February. These 
will be "use" patents for the two plants and their active 
ingredients as insecticides. The inventors of ITK will be listed 
as the Universities of Chiang Mai and Prince of Songhla, several 
Thai investigators and IDRC; for Stopfeed the inventors will be 
listed as the two Thai universities, 3 of the Thai investigators, 
3 scientists at UBC and IDRC. I return to the issue of patent 
protection below. 

NEXT STEPS 

The project is to complete on July 31 and the Thai team has 
prepared a second phase proposal which it will shortly submit. 
I recommend that, within the Centre's budgetary and programme 



constraints, continued support be granted, given the above-noted 
results and the team's track record in two IDRC-supported 
projects. However, several points in the proposal bear further 
consideration. 

The first is that the proposal does not pursue in a sufficiently 
balanced fashion the principal remaining unknowns that together 
will determine both the ultimate value of the plants as sources 
of pesticides and the feasibility of the various approaches, the 
"developmental pathways", to exploit this potential. The first 
phase served to identify the most promising pesticidal plants 
among those screened. In the next phase, research should seek the 
limits of that promise to permit an informed determination of the 
"best bet": focusing is essential as further development (e.g. 
toxicology, agronomy) will be increasingly time-consuming and 
expensive. 

In this light, the team's proposal to screen additional promising 
plants for pesticidal activity (objective 4) might be questioned. 
There appears enough promise already on the project's plate: the 
priority now should be to determine whether and how that 
potential can feasibly be exploited. The one specific plant that 
is mentioned, Aglaia oligophylla, may be of chemical interest but 
its extracts are no more potent than those of As odorata, and 
from what is known of its ecology, it is probably slower growing. 

In terms of the further development of SWIMTOP, a key question 
for research is to what extent the two potential uses of the 
plant, as a fungicide and a piscicide, are complementary. In 
particular, do they rely on the same chemical fractions? If they 
compete for active ingredients, the further development of the 
fungicidal use-will not help establish an extraction industry for 
SWIMTOP as a fish poison. The proposed mixing of SWIMTOP with 
other plant extracts should also be carefully considered: 
bringing a second plant under cultivation raises a whole new set 
of issues. 

Some other areas that I suggest should be considered in the 
second phase: 

1) agronomic studies should identify the physical and nutritional 
factors that influence both the yield of the useful plant part 
and the concentration of active ingredients. Preliminary 
estimates are also needed of productivity under field conditions 
and costs of production. 

2) Focused botanical exploration is needed to identify other 
individual plants and populations with high concentration of the 
active ingredients. The multiplication and diffusion of single 
"elite clones" of Aglaia and Piper through tissue culture, as has 
been proposed, may put future growers in a very vulnerable 
situation. The performance of these clones may also be 
disappointing if there is a significant effect of environment on 
the production of the active ingredients. 

3) Improved extraction methods should be sought to increase Che 
chemical yield and biological activity of the active ingredients, 
with the priority placed on simplicity of operation and cost 



effectiveness. One possibility that came up in our discussions 
and that Dr. Wiriyachitra will examine with the Canadian 
collaborators is the use of cellulolytic enzymes. 

4) Selected toxicological studies on non-target organisms should 
be carried out. These cannot and should not be as comprehensive 
as would be needed to support registration: it is still unclear 
whether registration is.desireable and production economically 
feasible, and by whom. Further studies should, however, consider 
certain key organisms and exposure routes, e.g. mammalian dermal 
toxicity, effects on natural enemies and fish. The results will 
be critical in evaluating the utility of the products in 
integrated pest management and the interest of institutions, Thai 
and international,' in supporting further-R&D. Some indication 
of toxicity to natural enemies will be available from the field 
trials that are planned, but it may be difficult there to 
disentangle cause and effect (spiders, for example, may be few 
either because they have succumbed to the test product or because 
they have left the plot for lack of prey). Lab studies are 
needed which focus on the products' contact and oral toxicity to 
particular natural enemies. Again, this may be an area where 
collaboration with the Canadians could be useful. 

The second concern involves the role of the current Canadian 
collaborators in the next phase. The proposal was drawn up 
apparently without consulation and envisages only a training role 
for the scientists at the Universities of Ottawa and British 
Columbia. The Thai team should be allowed to define the type of 
cooperation that. it requires and, certainly, that can be expected 
to evolve as its skills improve. However, even if the research 
is conducted in its entirety by Thais, the Canadians may yet play 
a very useful consultative role, helping to evaluate findings 
from the lab and field and discussing with the team which avenues 
bear pursuing. Such cooperation will be of particular importance 
in the coming phase as, increasingly, strategic decisions must 
be made that turn on questions of feasibility and not just on the 
more straightforward ones of biological activity and chemical 
structure. My sense is that the U of O scientists would welcome 
a collegial role of this order (I do not know Dr. Isman at UBC), 
one that requires only minimal financial support (communications 
and possibly some travel). IDRC can do no more than encourage 
such a relationship; the Thai team inevitably will seek collegial 
support where this is most easily obtained and most appropriate. 

Other Concerns 

1. The Thai proposal puts greatest emphasis on ITK, in large 
measure it appears because of the present scarcity of highly 
active Stopfeed plants. However, Stopfeed may be of greater 
inherent usefulness in integrated pest management if further 
sudies confirm that it acts primarily as an anti-feedant or 
stomach poison: a contact toxin is more likely to destroy natural 
enemies. Moreover, the absence of ovicidal activity suggests 
that Stopfeed might be used in combination with egg parasites 
such as richogranma. These considerations should be borne in 
mind when deciding the balance of research activities between the 
two plants. 
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Dr. Wiriyachitra is primarily interested in pursuing the path of 
commercial-scale extraction of one or both of these plant 
products. There is still considerable uncertainty regarding the 
feasibility of this approach: we still have no idea, for example, 
about the productivity of the plants under field conditions. It 
is important therefore, that other options not be closed off 
should industrial extraction. prove unfeasible; indeed these other 
options are not necessarily competitive and might be pursued by 
other actors independently and at the same time as the extraction 
option. 

Consideration should be given, for example, to the possibility 
of licensing a Thai or foreign agrochemical company to produce 
rocaglamide as an insecticide. The compound has already been 
synthesized by the Japanese and at some point commercial interest 
should be assessed. I suggest this decison be put off until the 
viability of a local extraction-based industry and its ability 
to withstand competition from a synthetic product are clearer. 
If the Thais and Canadians feel synthesizing rocaglamide may be 
of commercial interest, the adequacy of the current patent 
protection, in Thailand alone, should be reviewed and, if 
neccessary, strengthened. While synthesis on a commercial scale 
may be beyond the capacity of Thai industry, licensing the 
technology would help make rocaglamide available to farmers and 
bring financial rewards to the researchers and institutions that 
have participated in elucidating its utility. 

As with Maesa, it is important that any licensing agreement with 
industry leave room for "subsistence" use of the plants (on-farm 
production and application) as well as small-scale, rural 
extraction enterprises. The project should make an effort to 
disseminate to local and international NGO's active in this area 
those of its findings that may be of use. A brief publication, 
aimed at this audience and produced with IDRC support, should be 
considered. 

2. Should cultivation of Piper retrofactum (ITK) not prove 
feasible, one option that might be considered would be to work 
with R. nigrum, which as mentioned earlier, contains the same 
active ingredients. It is not clear what contribution if any, 
these compounds make to pepper's taste. If none or little, it may 
prove possible to produce both flavouring and pesticidal extracts 
from the same berries. Such multiple uses would increase markedly 
the value of the plant to farmers and render more economical the 
extraction process. A major constraint in pursuing this option 
may be the Japanese-held patent on the pesticidally-active 
compounds in pepper. 
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1. FISH POISONS (THAILAND) II . 2. SWIMTOP TOXICOLOGY 

Date Institution Persons Met 

Project 1: 

13-14/2/92 Chiang Mai Dr. Pichaet Wiriyachitra, Research 
University Centre for Natural Products; Project 

leader, Consultant on (2). 

Prince of Mr. Nitti Rittibhonbhun, Dept of 
Songkla Aquatic Science. 
University 

Project 2: 

Chiang Mai Drs. Duangta Kanjanapothi, 
University, Pharmacology, Project leader; Ampai 
Faculty'of Panthong, Pharmacology; Nirush 
Medicine Lertprasertsuke, Pathology; Bunpapao 

Laohajinda, Clinical Chemistry; 
Puongtip, Anatomy. 

This research, which IDRC has supported through two initial 
phases (now terminated) and a mammalian toxicology project (still 
in progress) has resulted in the identification of a very 
promising piscicide for Thai aquaculture and its development to 
a stage where a local company has committed itself to commercial 
distribution of substantial quantities of the product. From a 
standing start, IDRC and the institutions it has supported find 
themselves on the threshold of commercial production after a bare 
7 years. The rate of progress has been impressive, due to the 
sustained.ef forts of researchers from three Thai universities and 
UBC and Dr. Pichaet Wiriyachitra's unflagging drive in 
coordinating the undertaking. The group's experiences in 
developing a botanical pesticide for a mass market help to 
illuminate several strategic issues relevant to other Centre- 
supported projects in this area which have not progressed as far 
towards exploitation. 

Several key questions remain regarding the economics of 
cultivating Maesa ramentacea (SWIMTOP) and of.preparing a useable 
product from it. It is sobering that, even at this point, with 
commercial production in sight, the very feasibility of the 
enterprise is still unclear. This is not a reflection on the 
organization of the research or on the quality of the work that 
has been done: there have been a large number of unknowns, many 
of which had to be addressed sequentially. It is possible,, 
however, that some of the final ones may yet hold a sting. 

Of the various possible ways of exploiting Maesa as a fish 
poison, Dr. Wiriyachitra and his colleagues have opted to pursue 
industrial-scale extraction, considering chemical synthesis as 
unfeasible and smaller scale extraction or on-farm cultivation 
and use as unattractive to the principal target group, commercial 



shrimp farmers. Industrial extraction is, in certain respects, 
the most complex and problematic option: the plant's cultivation, 
the extraction and formulation of a product and its use are each 
the responsibility of different actors who will remain in the 
chain only so long as they find their respective operation 
economically rewarding. 

Economics of Cultivation 

Will farmers want to grow Maesa? The answer turns on the 
productivity of the useful plant part (the leaf), the costs of 
production and the farmgate price farmers receive. Maesa does 
appear to be rather productive: at Chiang Mai it reached 2.5 m 
in height 7 months after transplanting and it is estimated that, 
after establishment, 6 t/ha of dry leaf material would be 
harvestable each year. However, no estimates are yet available 
of the plant's productivity in the south of Thailand where it 
must be grown if transport costs to shrimp farms are to be 
minimized. The costs of production are equally uncertain, though 
results from Chiang Mai suggest the need for some fertilization 
(optimal rates have not'yet been determined). A major expense 
will be the cost of plantlets produced by tissue culture, around 
1 Baht/plant. The price that can be paid to farmers for Maesa 
leaves will ultimately be limited by the cost of tea seed cake, 
the currently used product: about 4 Baht/kg at dockside in 
Bangkok, it is sold to shrimp farmers at 10 Baht/kg. Dr. 
'Wiriyachitra estimates that to' make extraction profitable, 
Maesa's farmgate price can be 4-4.5 Baht/kg. Whether farmers 
plant the crop for a gross return of some 25,000 Baht/ha/yr will 
depend on what else they can-do with the land. The project feels 
the best prospect will be to intercrop Maesa with rubber, 
particularly in young plantations. Pineapples currently occupy 
that niche and are probably more remunerative, but the market for 
pineapples is said to be limited. 

Economics of Extraction 

The project first considered marketing Maesa as a dry leaf powder 
with minimal processing, i.e. simply competing with tea seed cake 
on its own terms. However, an analysis by CIDA's venture capital 
arm in Bangkok indicated that the investment required to bankroll 
a contract farming scheme, handling -and packaging the leaves, 
would earn an unattractive 8-10% annually. That low return 
results from the high transport cost for bulky leaf material and 
by the price limit set by tea seed cake, a waste product of 
Chinese tea production. More extensive extraction would relax 
at least the first of these constraints. Together with engineers 
from the University of Chiang Mai, the project is now proposing 
a simple mechanical extraction process which it reckons could be 
operated profitably and repay the investment in a few years. 
Overruns in the estimated cost of the plant could seriously alter 
the picture, however: for example, drying the extract may .ell 
prove more costly than suspected. 

The development of an extract would facilitate the opening of 
export markets in Asia and possibly more widely, with significant 



consequences for the economics of both extraction and production. 
Most importantly, the constraint imposed by the price of tea seed 
cake would be reduced: its competitors would now be more 
expensive synthetic and natural products. The shelf life of a 
SWIMTOP extract would be key to opening these markets; this is 
an area that has yet to be studied. 

Economics of Distribution and Use 

If the project does succeed in marketing an extract in Thailand 
for about the current price of tea seed cake, it should have 
fairly clear sailing: Shrimp farmers may be willing to pay a 
little extra for a less bulky and more convenient product. The 
extraction process would also make possible adjustment for 
natural variation in the concentration of the active ingredient, 
yielding a more reliable product and permitting more accurate 
dosing. Distributors, for their part, would likely prefer a 
secure, domestic product to an import that may disappear if China 
alters the way it manages its tea plantations. Finally, the 
competitive balance could rapidly shift in favour of SWIMTOP 
should the reports of tea seed cake being adulterated with 
cyanide gain wider circulation, certainly a less than -desireable 
way to have SWIMTOP promoted as the market for Thai shrimps would 
likely be depressed for some time. 

Multiple Uses 

The economics of SWIMTOP's production and extraction could be 
greatly improved should Maesa be found to have other desireable 
properties which can be commercially exploited. Indeed, Dr. 
Wiriyachitra's team has shown that Maesa extracts have antibiotic 
activity and has developed a dermatological creme which is now 
marketed in Thailand. In this case, however, the additional use 
would not aid the establishment of an extraction industry for the 
piscicide as both uses rely on the same saponin fraction; "waste" 
is not turned into resource. Although there appears no likelihood 
of it happening in this instance where Dr. Wiriyachitra's group 
controls development of both SWIMTOP and the antibiotic, 
competition for the saponin fraction could make the development 
of the piscicide less likely by driving up the cost of Maesa 
extracts. The consequences of exploiting SWIMTOP as an 
agricultural fungicide are considered in the report on Botanical 
Pesticides (Thailand). 

Toxicology of Extracts 

HSD supports a separate project at Chiang Mai University on the 
toxicology of SWIMTOP and while I was unable to discuss it 
beforehand with Lee Kam Wing, I had the opportunity to meet with 
the researchers involved for most of one day. The team appears 
to be making good progress towards its objectives: results are 
already in hand from acute, subacute and subchronic toxicity 
studies and from two tests on mutagenicity. They are having 
difficulty, however, in evaluating certain risks. Perhaps the 
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chemicals or their brgakdown products in organs: what compounds 
ghould one look for? The leaf powder or extract is a chemical 
soup and, while saponins may be the obvious thing to look for in 
f ish, there may be other constituents to worry about in mammals. 
The team needs to discuss this issue with colleagues: Dr. Kacew 
from U. of O might reflect on this issue before he visits in a 
few weeks. It is a problem that is common to botanically-derived 
pesticides and a major constraint in getting plant extracts 
registered in developed countries. 

A related issue is the relevance of focusing on ingestion of 
SWXMTOP itself when in actual use the more likely and significant 
exposure will be via residues.in aquatic organisms, both target 
(fish) and non-target (shrimps). Perhaps the greatest concern 
will be where fish are harvested and consumed: what 
compounds/breakdown products accumulate in the fish's organs and 
muscle?- While the gtratggy of focusing on the effects of direct 
exposure to SWIMTOP itself. in very high doses, is certainly the 
most straightforward. some consideration should be given to how 
its constituents are transformed and concentrated in the aquatic 
environment before they reach humans in food. 

Other Developmental Pathways 

As indicated above, the team is focusing on developing an 
extraction-based industry for SWIMTOP. Would-be users will thus 
have to purchase the extract and, depending on its .price and 
availability, the poorest and those living in areas where it is 
not being marketed may not have access to a very useful product. 
Trials the project has conducted in inland fishponds show that 
SWIMTOP can appreciably increase the harvest over netting, more 
than doubling it in one village pond, and increasing the capture 
of larger fish. 
It is important that the arrangements the project negotiates with 
commercial interests such as Chemstar Ltd. leave open the 
possibility of communities or individuals growing and using 
SWIMTOP, if necessary doing simple processing themselves. It is 
unlikely that this would create any difficulty with the company, 
as by far the most lucrative market is with the commercial shrimp 
farmers on the coast. These operators would likely be 
uninterested in growing and processing the plant. But beyond 
ensuring that "subsistence" uses of SWIMTOP are protected, the 
project should seek to diffuse its findings to NGO's working with 
groups who might thereby benefit. The preparation of a brochure 
in Thai should be considered. 

Institutional Issues 

The experience of the Thai team has served to highlight a number 
of issues regarding the institutional capacity to exploit results 
from research on natural products. 

1) The universities involved in the project appear to have made 
few, arrangements for aiding in the commercial development of 



research results or even in profiting thereby. The Prince of 
Songkla University, though listed as co-inventor on one of the 
patents, appears uninterested in the fact. Researchers have had 
no help in assessing the financial viability of potential 
applications, in seeking venture capital or in approaching 
industry. 

2) Chemstar Ltd. has committed itself to promote SWIMTOP and 
distribute it to Thai shrimp farms. An enterprise must be 
created, however, to organize Maesa production under a contract 
farming scheme and to undertake the extraction. Venture capital 
is scarce and researchers themselves are considering investing 
in the enterprise; indeed,' they have invested in the 
commercialization of products resulting from previous research 
on Maesa and other plants. Their actions speak of their belief 
in the value of their work and I do not wish to suggest any 
impropriety. One can imagine similar situations, however, where 
a conflict of interest might arise. According to Dr. 
Wiriyachitra, no guidelines on this subject exist at the 
universities. Should IDRC itself formulate its own guidelines? 

3) In Thailand, there is no legal framework governing the 
exploitation of indigenous plants: they are accessible to all, 
nationals or foreigners. The problem is of course not unique to 
Thailand and touches on issues of current international debate. 
Numerous cases can be cited where foreign interests have reaped 
substantial benefits from tropical plants, in many cases 
isolating and synthesing pharmacologically or toxicologically 
active compounds. Vesting ownership of wild plants in the 
countries and communities that harbour them would permit a fairer 
sharing of these benefits while increasing the incentive to 
conserve natural habitats, with possibly wider and longer term 
advantages. I return to this complex subject in the final report 
of this consultancy. 

Recommendations 

ASRO should continue to closely monitor the progress of Dr. 
Wiriyachitra and his colleagues in bringing SWIMTOP to market in 
Thailand. Some modest financial support may still be required to 
carry out feasibility studies for the production and marketing 
of SWIMTOP, a weakness in the project thus far. IDRC should 
consider providing such support if other sources, particularly 
CIDA, are not forthcoming. 

The Centre has a direct interest in the team's progress: the 
project's MGC gave IDRC proprietary rights to the exploitation 
of SWIMTOP technology outside Thailand and Canada. The Centre 
must carefully consider how it will go about pursuing that 
interest; the issue will come to the fore as the feasibility of 
marketing SWIMTOP in Thailand becomes clearer. To serve export 
markets, additional investment will be required in product 
development, and possibly in registration and patent protection. 
Can the Centre legitimately use its funds in this manner where 
the development rationale may be minimal or nil? 
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