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Foreword

More than 32 years ago, Rachel Carson's Silent Spring appeared upon the
scene as a landmark of literary achievement which contributed greatly to
the foundation of the modern environmental movement.

Rachel Carson had designed Silent Spring to shock the public into action
against the misuse of chemical pesticides. More than anything else. the book
also served as an ecological primer, demonstrating the interrelationship of
all things and the dependence of each on a healthy environment for survival.

Today, Silent Spring is generally credited with providing impetus to the
whole range of anti-pollution laws that came into force in the 1970s. It
is also perceived as having played a crucial role in the eventual banning
of DDT as well as in the restricted use or total phasing out of the most
notorious hard pesticides identified in the book.

The vigorous growth of the chemical industry geared to the production
of newer and ever more powerful pesticides can be traced to the introduc-
tion of the organochlorine insecticide DDT in the 194()s. These pesticides
were meant not only 1o control insects but also animal pests, disease and
weeds. Initially their development was based on the belief that they would
provide a definitive solution to pest and vector problems,

On the contrary, they created many problems. which have been
documented profusely in the scientific literature, including development
of pest resistance to pesticides; existence of toxic residues in food, feeds,
soils and animals; lethal effects on nontarget organisms (plants, livestock,
wildlife, humans); and damage to the environment.

Today. we can add vastly to Rachel Carson’s list. Humankind is exposed
to thousands of other chemical substances in ¢ver increasing quantity and
variety. Of the 11 million substances known, some 60 000-70 000 are
in regular use. Yet toxicological data are only available for a fraction of
the more than 3000-odd chemicals which account for 90% by mass of
the total used. The data on the environmental and ecotoxicological
properties of such substances are even more scanty.



FOREWORD xi

The final chapter of Silent Spring is entitled ‘The other road’. 1t gives
the results of Carson’s research into alternative, more selective ways of
controlling pests with biological metheds. *All have this in common,’ she
wrote, ‘they are biological solutions. based on the understanding of the
living organisms they seck to conirol, and of the whole fabric of life to
which these organisms belong.’

An important positive consequence of this statement is the concept of
integrated pest management (IPM). This approach involves a judicious
combination of nonpesticidal tactics with minimal pesticide use. While
chemical pesticides aim at the elimination of the maximum proportion of
pests, IPM stresses maintaining pesis at low levels that cause no economic
damage but provide hosts to sustain natural control agents.

With the scientific and technological advances made in recent years, it
has become necessary to develop new paradigms for IPM. Contemporary
trends point towards plant health management and biointensive [PM,
where the problem-solving equation includes not only the pest but also
the agro/sylon-ecosystem relevant to particular pest problems. The con-
cept of plant health now increasingly carries the message of prevention
not cure. Similarly, there is a need felt to examine the impact of increasing
use of other chemicals and of discovering ways and means for their
environmentally sound management.

It is in the above context that the United Nations Environment
Programme (UNEP) and the International Centre of Insect Physiology and
Ecology (ICIPE) thought it appropriate to revisit Silent Spring to evaluate
the progress made in the past 30 years in the field of chemical safety and
IPM in particular.

The two international organizations have taken up the joint challenge
to produce this fitting sequel to Silent Spring. This volume, with a particular
focus on the tropical world, has two main objectives:

1. {o enhance and update public awareness of the potential adverse
impaclt of pesticides and other chemicals on the environment, animals
and public health; and

2. to promote and foster acceptance by governments, international
organizations, donor agencies, farmers and consumers of environ-
mentally safe practices for the management of pests and chemicals,
but above all of the need to invest in the development of truly
sustainable alternatives to these chemicals.

To achieve these objectives. UNEP and [CIPE jointly invited various experts
{Table 1) to prepare reviews on different topics in order to assemble:

1. asurvey of IPM-related activities and their impact during the past two
decades in tropical regions of Asia, Africa and Latin America;
2. an appraisal of the scientific and technological advances in areas that
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Table 1 Resource papers presented at the Nairebi workshop on IPM and Beyond
Silent Spring

A critique of the pesticide age, its philosophy, its approaches and its death-knell
T. R. Odhiambo (ICIPE) and A, A. Abdelrahman (Agricultural Research Corpaoration,
Wad Medani, Sudan)

Concept of integrated pest management
R. C. Saxena and S, Mihok {ICIPE)

Changing role of pesticides in pest management
G. A. Schaefers (Cornell University, USA)

Pesticide application technology in pest management
G. A Matthews {Imperial Coliege, London, UK)

Population biology in integrated pest management
J. C. van Lenteren (Wageningen Agricultural University, The Netherlands) and W. A
Overholt {ICIPE)

Social and economic aspects of integrated pest management
G. Goodell (The Johns Hopkins University, Washington, DC, USA), J. Ssennyonga and
G. T. Lako {ICIPE) and S Tadla {Addis Ababa University, Ethiopia)

Practice of integrated pest management in the tropics and subtropics, 1970-90
Africa — Q. Zethner (DANAGRO, Glostrup, Denmark)
South and South-East Asia — A. K Raheja (indian Council of Agricultural Research,
New Delhi, India)
South America - C. Campanhoia (EMBRAPA, Jaguaraiuna, SP, Brazil)

Growing role of bictechnolegy in integrated pest management
F. Gould {University of Raleigh, USA} and E. O. Osir (ICIPE}

Issues of biodiversity in pest management
H. F. van Emden {University of Reading, UK} and Z. T. Dabrowski {ICIPE}

Environrentally sound management of chemicals and toxic wastes
D. Peakall (King's College, London, UK)

could set new trends for IPM that would be environmentally friendly
and sustainable; and

3. activities in the field of chemical safety in general and pesticide-related
problems, for suggesting approaches to environmentally sound
management of toxic chemicals and wastes.

The papers of these experts were presented and reviewed in a workshop
convened in Nairobi in September 1992 (Table 2). Based on the reviews
presented at the Nairobi Workshop and on the suggestions made there,
the framework for the volume was prepared by Professors K.N. Saxena
(ICIPE) and H.N.B. Gopalan (UNEP). UNEP and ICIPE entrusted the task
ol compiling the book based on the framework to Professor Helmut van
Emden and Dr David Peakall. Professor Pimentel graciously peer reviewed
the entire book. UNEP and ICIPE are grateful to Professor van Emden, Dr
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Table 2 List of resource persons, consultants and reviewers at the Nairobi workshop,
September 6-8. 1992

A. A. Abdelrabhman {Agricultural Research Corporation, Wad Medani, Sudan}
K. Ampong-Nyarko (ICIPE)

C. Campanhola (EMBRAPA. Jaquaraiuna, SP, Brazit)

Z. T Dabrowski {ICIPE)

H. N. B. Gopalan {(UNEP, Nairoki, Kenya)

J. W. Huismans (UNEP, Geneva, Switzarland}

J. H Keeman (Wageningen Agricultural University, The Netherlands}
G. A. Matthews (Imperial College, London, UK)
3. Mihok {ICIPE)

A. Ng'eny-Mengech (ICIPE)

T. R. Cdhiambo (ICIPE}

E. O. Osir (ICIPE)

W. A, Overholt (ICIPE}

D. Peakall (King's College. London, UK)
A. K. Rahegja (Indian Council of Agricultural Research, New Delhi, India)
A Renzoni (University di Siena, Ttaly)

K. N. Saxena (ICIPE)

R C. Saxena (ICIPE)

G. A. Schaefers (Cornell University, USA)

5. Tedla (Addis Ababa University, Ethicpia)

B. Waiyaki (UNEP, Nairobi, Kenya}

Peakall, Professor Pimentel, the invited reviewers {Table 1} and the
participants at the Nairobi Workshop (Table 2} for making their joint
revisit to Silent Spring most rewarding and exciting.

We hope that this volume will lead to an enhanced appreciation of the
problems posed by excessive use of synthetic chemicals, and thai the
solutions offered can, through practical implementation, mitigate their
adverse effects,

Hans R. Herren Ms. Elizabeth Dowdeswell
Direclor-General, Executive Director,
International Centre of Insect United Nations Environment

Physiology and Ecology, Programme,
Nairobi, Nairobi,

Kenya Kenya



Preface

We are grateful (o Elizabeth Dowdeswell of UNEP and to Dr Hans Herren
of ICIPE for writing the foreword to this book and explaining the
background to Beyond Silent Spring. We would like to join them in thanking
all those who have contributed to the gestation of this volume. and
especially those who gave of their expertise to provide the review papers
originally designed to form the basis of the book.

The Nairobi Workshop in September 1992, however, changed our
remit. Instead of editing the various review papers, we were asked to write
the book on a new framework agreed at that meeting, although much of
the matertal provided in the reviews proved indispensable to that task. We
can only apologize to colleagues who feel their contributions have not
been utilized as they would have wished. We have therefore avoided
attributing information to individual reviews, and the names of those
providing material are instead listed as part of the Foreword.

We would also join the writers of the Foreword in expressing our
personal thanks to Professor David Pimentel for reviewing our draft
manuscript and making very useful suggestions, especially in relation to
omissions in our coverage of the subject. His suitability as a peer reviewer
was evident in the valuable comments he was able to make across all the
many subjects covered in the book. However, we do owe it to Professor
Pimentel to make it clear that the opinions expressed in the {inal version
of the book are not necessarily his, but our own. He clearly feels that the
future of pest management involves considerably less use of pesticide than
we envisage, and would not share our view that much successful pest
management will continue to require the use of some pesticide. He would
also disagree with another major point we make, that biological control
(with the accent on control} is not a natural phenomenon, though this
point of debate is perhaps more semantic than fundamental in nature.

ICIPE and UNEP felt it was important to limit the authorship of the
book to two persons in order to maintain continuity and ensure smooth
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development of the theme. It will scon become obvicus to the reader that
we have somewhat distinet and contrasting styles of writing, Neither of
us felt it was possible to adapt to the style of the other, neither did we feel
either style should be edited to the alternative form. So the book has been
written by the two of us, in harmony but not in unison.

We are grateful to Professor Sir Colin Spedding for the East Asian
proverb ‘He who takes the middle of the road is likely to be crushed by
two rickshaws.” Neither environmentalists nor the chemical industry are
likely to be satisfied with the middle road we have taken in this book.
Those who hold the middie position are not usually as vociferous as those
who put forward more extreme arguments; hence the phrase ‘the silent
majority'. However, the middle road is but an alternative and equally valid
one; one can espouse it just as fervently as others hold their opinions.

We arc the first to admit, and clearly state in Chapter 3, that the
‘integrated’ of integrated pest management is an integration of the
disciplines of zoology (especially entomology), plant pathology and weed
science. So we must also admit that we have. to a large extent, been
blinkered, and used entomology for the main examples both of the
principles and practice of pest management. We have been restricted by
our lack of competence in plant pathology and weeds and by an emphasis
on entomology in most of the review material we had to work with. To a
large extent, therefore. ‘pest’ in this book relates more to the English than
the American usage of the word. The alternative would have been to
involve more authors in drafting the book. We take refuge in the perhaps
arroganl notion that pest management is still dominated in its develop-
ment by pests in the English sense; nevertheless we hope workers
emphasizing other disciplines will not find our basic concepts and prin-
ciples irrelevant.

H.v E.
D.P.
November 1994
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Introduction

Previous books reviewing Silent Spring have been Since
Silent Spring published in 1970 and Silent Spring
Revisited published in 1987. Since Silent Spring was
published in 1962 environmental concerns have be-
come much broader. and this book reflects this change
by examining the integrated approach, often at an
international level. to the use and control of chemicals.



2 INTRODUCTION

This is, as far as we know. the third book to use "Silent Spring’ in the title
since Rachel Carson’s original Silent Spring burst on the scene in 1962,
Our predecessors have been Since Silent Spring by Frank Graham Jr (1970)
and Silent Spring Revisited published by the American Chemical Society in
1987,

Irank Graham's book is written very much along the lines of Silent
Spring and gives the impression of being the work of a devoted disciple.
The style is shown by phrases such as ‘many Americans live perpetually
in a sea of pesticides’ and "the spectre of cancer has hung about pesticide
use ever since Silent Spring was published.” The first six chapters are taken
up with descriptions of the controversy over the publication of Sifent Spring.
Then there are several chapters on the problems caused by the organo-
chlorine pesticides, such as "Miss Carson’s "nightmares” unfold’. This is
an account of the poisoning of fish in the Mississippi by endrin. Another
such chapter is 'The human toll" which covers such instances as endrin
in flour in the Middle East and parathion-contaminated sugar in Mexico.
Graham's book dated very rapidly as it was written at the very end of the
era of organochlorine usage (at least in the Western world). Bans on most
of these materials came in the early 1970s,

Silent Spring Revisited, edited by Marco. Hollingworth and Durham and
published by the American Chemical Society in 1987, is a very different
style of bool. It consists of a series of papers by distinguished scientists
and is, considering the publisher, remarkably sympatheltic to Silent Spring.
The changes in regulation and outlook since 1962 are described: Jack
Moore of the [lnited States Environmental Protection Agency ([ISEPA)
describes the changes in regulations in the US since Silent Spring and
discusses the slow progress of alternatives to pesticides. David Pimentel
answers the question ‘Is Silent Spring behind us?” with a qualified Yes',
He notes that the most serious problems which were caused by organo-
chlorine pesticides have decreased during the past two decades. However,
he notes that some pesticide problems have increased, and cites reduced
populations ol natural enemics, the increase of resistance of pest species
to insccticides. fishery losses and poor performance of integrated pest
management as examples. He concludes that crop losses continue to
increase despite the increased usage of pesticides.

The chapters are individual units with little sign of general editing to
malke a unified assessment, This is clearly shown in opinions expressed in
Silent Spring Revisited about Silent Spring itself. Shirley Briggs, the driving
force behind the Rachel Carson Trust, says many reviews included pat
phrases, such as "Of course she exaggerated and made mistakes, but in
general she was on the right track.’ These face-saving phrases have taken
on 4 kind of immortality: they turn up repeatedly from people who admit,
when questioned, that they do not know of any inaccuracies or mistakes,
but ‘so many people said there were some.” She continucs 'We at the
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Rachel Carson Council have yet to be shown a valid example.” Two
chapters later Chris Wilkinson writes ‘Despite many scientilic inaccuracics
and broad unsubstantiated conclusions, Silent Spring had an enormous
impact on the way that pesticides were viewed.” Kohn of the Zoccon
Corporation makes the following assessment, "Not all Carson's predictions
have come true. Birds do sing and we are living longer than ever before.
The legacy of Carson may be found in the legislation, some good and some
not so good and the public belief, well justified. in the need to defend the
environment against further deterioration.” He does mention specific
inaccuracies, 'With the advent of man the siluation began to change, for
man alone of all forms of life can create cancer-producing substances’
{p. 219); ‘Natural carcinogenic agents are few in number’ (p. 220); and
‘We are now aware of an alarming increase in malignant disease’ {p. 221).
These were, apparently, not passed on by the editors to Shirley Briggs for
comment,

The last chapter includes the editors’ {one each from industry, academia
and government) final comment:

Was Rachel Carson right? In many respects, ves. In her time, the environ-
ment was relentlessly assaulted by a society hoping for total control. Nature
was not as self-cleansing as we believed. Many of Carson's predictions about
environmental toxicity, human health effects, water contamination. and
waste site problems have proved correct. Was Rachel Carson wrong? In
fewer respects, ves. Nature, not just humans. generates its share of carcin-
ogens and other poisons, Nature and humans both use chemicals for their
own advantage. Human life span is still increasing. Society has responded.
and, of course, birds stili sing. Riological controls alone have been able 1o
replace chemicals only in a few species cases.

Silent Spring was based on those studics that had been made and were
available at that time. This may sound like an obvious statement. but it
is surprising how many persons think that environmental studics started
with Silent Spring. Certainly Silent Spring had a major influence on the
environmental movement, Thirty years after its initial publication it is still
available. Tt was on sale at a bookshop at Heathrow Airport recently and
the total sales are around the 2 million mark, surely much greater than
any envirenmental book published since then. The 25th Anniversary
Edition sold 130 000 copies. One of the most interesting stories on the
circulation of Silent Spring is that it was immediately translated into
Russian and 200 numbered copies were run off for distribution to high
officials for secret use only. Although Silent Spring was the first book
written to expose ihe overuse of chemicals, it is surprising that it made
such an impact and was raised (o the position of a cult. The impacts of
Einstein’s theory of relativity in the 1930s and of Steven Hawkings™ Brief
History of Time in the late 1980s on a public that did not understand either
theory are other examples,
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In the present book, which has been entitled Beyond Silent Spring, we
look at a broader picture, emphasizing the integrated approach. We are
looking both at pesticides and at other industrial chemicals. In both cases
we are interested in ways of reducing their impact on man and the
environment.

Public awareness of environmental issues has changed markedly since
1962 and this has been reflected in international activities. The two most
important events on the international scene have been the United Nations
Conference on the Human Environment in Stockholm in 1972 and the
United Nations Conference on Environment and Development (UNCED)
held in Rio de Janeiro in 1992.

The basic Declaration of the Stockholm Conference was that ‘the
capacity of the earth to produce vital renewable resources must be
maintained and. wherever practicable, restored and improved’. The im-
portance of the Stockholm Conference was that it provided directives for
national and international action. It brought into being the United Nations
Environment Programme (UNEP). This included such important programs
as the Global Environmental Monitoring System (GEMS), the International
Register of Potentially Toxic Chemicals (IRPTC) and the International
Referral System for Sources of Environmental Information (INFOTERRA}.
During the same period, concern for marine pollution led to the London
Convention on Dumping. Conventions on wetland conservation, world
heritage sites and the control of trade in endangered species (CITES) were
also signed in the early 1970s.

The UNCED confercnce reaffirmed the Stockholm Declaration and
sought to build on it by ‘establishing a new and equitable global partner-
ship through the creation of new levels of cooperation among states, key
sectors of societies and people’ to work towards ‘international agreements
which respect the interests of all and protect the integrity of the global
environmental and developmental system’. The basic theme was sustain-
able development, expressed in Principle 3 of the Rio Declaration as ‘the
right to development must be fulfilled so as to equitably meet developmen-
tal and environmental needs of present and future generations’. A detailed
document, Agenda 21, was produced. Those sections of Agenda 21
relevant to chemicals are considered in more detail in Chapter 1(.

There has been a dramatic change in the role of pesticides in the 30
years since Silent Spring, though not the same in different parts of the
world. In developed countries, pesticide use continued to rise steeply
during the 1960s and 1970s. For example in Japan, there was a sevenfold
increase between 1960 and 1970. That this was a ‘pesticide treadmill’
phenomenon is evident from the fact that no yield increase was associated
with the rise. During a similar period, insecticide expenditure in the USA
doubled, yet again losses from pest attack did not decrease. Resistance to
pesticides has been the principal driving force behind the introduction of
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IPM methods in the developed countries, with cotton and glasshouse and
orchard crops among the first areas where resistance to insecticides has
forced the abandonment of routine reliance on pesticides, The first case
of resistance to pesticides was detected in 1914: by 1990 nearly 500 cases
ol resistance in insects and mites could be listed (Roush and Tabashnik,
1990). To these cases can be added ever increasing numbers of plant
diseases, weeds, nematodes and rodents that are also showing pesticide
resistance,

The development of resistance affects integrated pest management
(IPM} by reducing the number of pesticides that remain effective. and by
applying pressure for application at higher dosages and frequencies (with
potentially devastating implications for biological control). There is also a
decreased incentive for industry to market more highly specific com-
pounds. This. coupled with the escalating costs of pesticide development.
suggests there will be a fall in the number of materials available for use
in new [PM programs. Metcalf (1980) claims that resistance to insecticides
is the greatest single problem facing applied entomology. Since the
judicious use of pesticides is a critical part of [PM, it is vital that the current
pesticides are not allowed to be lost through resistance. This danger is
perhaps the most cogent reason of all for using IPM methods to reduce
the quantity and frequency of current insecticide applications.

More recently, the banning of several compounds has removed the
passihility of routine chemical control of some pests. Increasingly, public
pressure is influencing both pesticide legislation and grower attitudes in
favor of IPM. Long delays are now occurring in pesticide registration and
re-registration, to the point where many growers are severely limited in
the pesticides they may legally apply. As soon as choice of materials
becomes very limited, growers themselves see the danger of pesticide
resistance as a motive for switching to IPM (p. 62). The result has been
an increasing implementation of IPM and a decrease in pesticide use in
developed countries. Even so, examples of practical IPM remain few and
it is clearly still in its early days. However. one has the feeling that, at
long last, IPM is taking off. Pesticides are, however, still very much a part
of many TPM programmes. but increasingly used as a stiletto instead of
as a scythe. As pointed out earlier, there are excellent pesticides if used
judiciously. IPM will develop more rapidly and successfully if they are
accorded a proper role among the IPM strategies available for integration
than if attempts arc made to "go it alone’ with more biological methods.

At the time of Silent Spring, most pesticides were highly persistent (e.g.
the organochlorines) and were applied either according to the calendar
or when the pest was observed. The lirst major change was the introduc-
tion of ‘economic thresholds’. when treatment was only applied when
warranied by established relationships between pest densities and crop
yield. For a while, much of the practice of what we now call IPM was little
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more than medified spray programs involving the more intelligent use of
pesticide. There is still probably an over-reliance on the use of pesticides
in [PM programs. This is because the third phase, in which the maximum
use is made of more biclogical tactics, is still only in late infancy. Pesticides
can often cope with pest problems as a sole control measure, but at an
environmental cost and with the danger of the development of pesticide-
resistant pest strains. ther control measures {e.g. host-plant resistance,
biological control etc,) olten may not provide an acceptable level of control.
The remaining gap then has to be filled, Thus pesticides are still, and are
likely to remain, a component in the majority of IPM programs where the
cconomic threshold for pest damage is low. The key to their use in TPM
is that the chemical input must be designed so as not to prevent the
operation of the more biological contrel components. How this may be
achieved will be discussed in Chapter 3. It then ceascs 1o be necessary for
the chemical to provide the total required control on its own. Thus less
toxic and more environmentally friendly chemicals are likely to be effective
and used less frequently and even at reduced dosages. However, some
countries (we think mistakenly} legislate against reducing the
manufacturer’s recommended application rate by making it an offence to
deviate from that recommendation. The accent will often be on selective
compounds and on ingenious solutions for applying broad-spectrum
compounds selectively (p. 77-81), The shift away from emphasis on chem-
icals in TPM does not detract from the logic and appropriateness of their use
in a multiple. all-suitable-techniques strategy for sustainable pest control.

Thus IPM, including some pesticide use, is the route by which it has
been possible to reverse the pesticide treadmill in developed countries. The
same strategy is also appropriate to preventing the pressures for greater
food production in developing countries leading inexorably to the same
pesticide problems that have been experienced elsewhere. Here, as de-
scribed in Chapters 3 and 4. international agencies are being at least
partially successful at introducing and encouraging the use of insecticides
in an IPM context. Here pressures for vield increases and the lack of
regulation make routine pesticide applications the casy option.

The IPM philosophy also makes it possible to envisage very worthwhile
increases in yield by introducing minimal insecticide use for that third of
the world agricultural hectarage that currently receives no pesticides.
Whereas full protection with pesticides would be prohibitively expensive
there, the increases in vield with IPM could justify a limited pesticide input.

Another major change since Silent Spring was published is the nature
of chemical pollution problems. In 1962, problems tended to be acute and
local, Now more subtle but widespread effects on populations, communi-
ties and ecosystems caused by acid rain. global warming and the ozone
hole are our chief concerns. This makes it more than ever important not
only to view the life cycle of the chemical from production to ultimate
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destruction, but to take account of the interaction of the chemical and its
breakdown products with other processes. Various names have been
proposed, 'integrated life-cycle management’, ‘integrated substance chain
management’, etc. The newsletter of the Society of Environmental Tox-
icology and Chemistry, has a large section headed "LCA-News' without
any definition of LCA. Presumably, if one does not know what LCA stands
for, then one will not be interested in reading that section of the newsletter.
Still the term ‘life-cycle assessment” does seem to be most widely used,
Therefore, although it would be convenient to use the word ‘integrated’
in the title to show the relationship to IPM. we have decided to use LCA.

Ideally one should take a "cradle to grave’ approach for each chemical.
Regrettably we still do not have an adequate information base to make
this feasible. The Organization for Economic Co-operation and Develop-
ment (OECD) has estimated that, of the 10 000 chemicals for which the
overall production is above 1000 tons yr ', we have ecotoxicological
information on only 10%. The first question Lo be asked is ‘How many of
the remaining 90% are likely to pose an environmental threat?’ One
approach is a desk exercise examining the manufacture, usages and
disposal of each chemical to decide which are likely to pose a threat and,
if so. at which stage. As the horror of Bhopal showed, the initial chemicals
from which plastics are made can be highly toxic while the finished
products in usc would seem to pose little threat to the environment.
ITowever, at the time of disposal there is the possibility of material being
slowly leached out or toxic compounds created by combustion.

Another possible approach is to look. in the most likely places, to see
if specific chemicals are in the environment. Their presence should trigger
detailed investigations, whereas their absence would increase our confi-
dence that the siatus quo was acceptable. Dioxins were discovered in the
environment by deliberate looking, and polychlorinated biphenyls (PCBs)
fortuitously while examining for other organochlorines. These families of
compounds are considered in more detail later (pp. 3(}. 248-9).

International cooperation can play an important role. UNEP maintains
a register (IRPTC) of the basic information on the toxicity of environmen-
tally important chemicals. The OECTY has developed a registry to list hazard
assessments that are under way by national organizations. These can be
exchanged and thus duplication avoided. The OECD itself is undertaking
a study of 147 compounds with an annual production of over 1000 tons
yr ' on which there are no good toxicological data. Freedom of information
would greatly increase the amount of data that are available. The rights
of the companies producing the data need to be protected, bul some way
should be devised to make this information available to regulatory
authorities. Determined efforts have to be made to reduce our ignorance
on many widely used chemicals.

The experience of the industrial world maukes it clear that prevention
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of pollution is cheaper than clean-up. This is true of local problems such
as effluents from mining. of regional problems such as acid rain, and also
of more global problems such as the chemicals that cause ozone layer
depletion. While prevention is cost-effective it may well be difficult to find
the money. Take, for example. the position of a country producing its
electricity using soft coal with power plants that do not have the means
of removing acidic oxides. The cost of altering existing plants is enormous.
while switching to other fuels may require foreign currency that is not
available. It is important that pollution standards are realistic. Recent
water quality regulations issued by the Furopean Economic Community
(EEC) have been criticized as too stringent. This is not the forum to debate
any specific issue. However, even in the most affluent country it does not
make sense Lo spend large sums of money to clean water beyond what is
necessary. It can be a difficult balance, and there is the obvious tendency
to make regulations very tough so that there is no possibility of being
wrong from the viewpoint of safely to human or environmental health.
But the wasting of resources can also have a negative impact on human
and environmental health, since funds are then no longer available for
more worthwhile programs, Realistic pollution standards that can be met
world-wide should be the objective.

While we do not disagree with the principle that the ‘polluter pays’, we
would point out that it has serious limitations regarding determining
blame and extracting payment. Additionally, although the polluter may
pay. the polluter then passes on the cost. A fuller discussion of the *polluter
pays’ principle will be found in Chapler 8.

This international aspect of pollution control is going to become
increasingly important with the ratification of the Uruguay Round of
GATT {General Agreement on Tariffs and Trade). The proposals of this
round of negotiations are designed 1o strengthen GATT's basic commit-
ment to free trade. ‘Free trade’ is an attractive slogan, but 'deregulated
international commerce’ maybe a better description (Daly, 1993). From
an environmental point of view it is vital that the environmental costs of
manufacture are included in the pricing of the goods. In the jargon of
economists, costs should be ‘internalized” (borne by the producer); if they
are 'externalized’ (borne by someone else), then not only is the competition
basically unfair, but there is the potential for major environmental
problems. A specific example is that if factory wastes are allowed to be
dumped untreated then the cost is externalized; it is borne by the persons
and wildlife around the factory. If the waste is cleaned up before dumping
by the manufacturer then the costs are internalized. Even if it is agreed
that costs should be internalized and that countries that do not compl
are excluded under the GATT agreement, there is still a problem. While
standards are set nationally, the firms that produce under the most
permissive standards are at the greatest advantage. Countries with higher
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standards are at a disadvantage and thus free or unrestricted trade has
the potential to support lower standards. Internationally agreed standards,
such as those put forward by the World Health Organization (WHO), are
the best way to mitigate this problem. The question of international
cooperation is discussed more fully in Chapter 10.

In this book. drawing on the resources of many international agencies,
we try to give a holistic view of where we are 30 vears alter Silent Spring.
The emphasis is on the integrated or life-cycle approach.
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The world of chemicals

A vast number of different chemicals have been syn-
thesized, although the number in production of over
10 000 tons yr_] is only 1000-2000. Chemicals may
be considered both in specilic classes, the most import-
ant of which from environmental considerations are
the heavy metals and the petroleum hydrocarbons. and
bv use pattern. In the latter category. pesticides. by-
products of energy production and those highly stable
synthetic compounds, the polychlorinated biphenyls
and the chlorofluorocarbons, which have escaped into
the environment, are the most important. All these
categories of environmentally important chemicals are
considered in this chapter.
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Introduction

We live in a world of chemicals. The chemical industries supply us with
the materiais that are the main basis of our comfortable way of life. In
considering the problems of environmentally sound management of
chemicals and wastes one has to have some idea of the scope of the
problem. This chapter has no equivalent in Silent Spring, which was
concerned exclusively with pesticides. In recent times it has become clear
that it is not practical to treat pesticides and nonpesticides in isolation,
The discovery by Jensen that polychlerinated biphenyls (PCBs) occurred
widely in the environment meant that the actions of these chemicals had
to be considered in relation to those of dichlorodiphenyltrichloroethane
{DDT). PCRs, although not used as a pesticide, are similar in structure and
in many ways act like DDT. Acid rain is a by-product of encrgy production
and use, but it, like pesticides. has effects on forestry and agriculture
{Chapter 9).

Natural and unnatural chemicals

There is a tendency to relate ‘unnatural’ with "harmful’, whereas there is
no such relationship. Some natural chemicals can be very harmful and
many unnatural chemicals do not pose a threat.

Harmful chemicals have always been present in the environment. ‘The
radioactive gas, radon, has been formed by natural processes and has been
leaking from the ground since the beginning of time. The heavy metals,
such as lead and mercury, also occur naturally. Most of the adverse effects
of these metals are due to man’s use. These uses go back to ancient times.
Lead poisoning in workers extracting this metal was described by Hippoc-
rates in the second century BC, but it greatly increased with the industrial
revolution. Petroleum products are also naturally occurring compounds,
but until the development of the internal combustion engine most of them
remained locked below the surface of the earth. Now huge amounts of
them are extracted, some are spilled in transportation and the rest are
burned to alter the composition of the atmosphere. The “green revolution’
in farming in the 1940s produced an explosion of chemical use. This has
involved the use of many chemicals. Some. such as pesticides, can be
natural but are mostly synthetic, Natural compounds, such as phosphate
and nitrate as fertilizers, are used in large amounts,

Numbers of chemicals and information available

The total number of chemical compounds that have been synthesized is
enormous, perhaps as many as 10 million. The European Inventory of
Existing Commercial Substances lists 110 000 chemical cornpounds that
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are produced commercially, and 1000-2000 are added to this list
annuaily. Most of these are produced in small amounts and many are
used only as intermediates in chemical processes. For new industrial
chemicals, many countries have a requirement for a basic package of data
to be produced: often this is the minimum pre-market data (MPD) set
proposed by OECD.

TIn 1984 the US National Research Council reported that sufficient
information available for a complete hazard assessment to be made was
available for only 2% of chemicals produced commercially. Even for a
partial hazard assessment this was only 14%. These are low figures,
although it should be said that their data requirements for hazard
assessment are rather high. In 1990 the OECD produced a list of 1338
chemicals that are produced in high volumes (defined as more than
10 000 tons yr' in any member country) (Brydon et al.,1990). These
high-volume chemicals account for 90-95% of the total global chemical
production. An examination by the QECD, completed in 1990, revealed
that there was suflicient information for a detailed hazard assessment with
only 434 of the 948 organic chemicals on the list. For 147 organic
chemicals, no safety data were available. The OECD is now undertaking
a detailed review on these 147 chemicals. The initial hope is to find the
data necessary for hazard assessment. Where they are not available, it
will be necessary to generate these essential data.

Many lists of toxic chemicals that assign a priority to the degree of
hazard have been compiled. The EEC divides priority chemicals into a
‘black list" and a ‘grey list’. These lists are given in Table 2.1. It will be
seen that some categories, for example ‘persistent synthetic substances’,
are quite vague. The US Environmental Protection Agency (USEPA)
Priority List gives all the compounds of concern by their chemical names.
It includes many organohalogen compounds, but does not list any
organophosphorus compounds. The USEPA List contains 13 metals,
compared with 22 in the EEC list.

The situation with the information available on pesticides is better. For
this group of compounds there are always some toxicity data, since they
are developed to kill something. and some information on exposure, since
they are added to the environment during their normal usage. While the
exposure side of the question is not straightforward as pesticides are
transported, accumulated, metabolized and degraded, nevertheless it is
normally better known than for nonpesiicidal chemicals,

Hazard assessment

How many chemicals in commercial production in the world are actually
hazards? Hazard is generally considered to have two components, toxicity
and exposure. Put in the simplest terms. if there is no exposure there is
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Table 2.1 ‘Black’ and ‘Gray’ lists of the European Economic Community

Black list
1. Organchalogen compounds and substances that may form such compounds n the
aqguatic environment
Organophosphorus compounds
Crganotin compounds
Substances. the carcinogenic activity of which is exhibited in or by the aguatic
environment
Mercury and its compounds
Cadmium and its compounds
Persistent mineral oils and hydrocarbons of petroleum
Persistent synthetic substances

B

@~ oo

Gray list
1. The following metalloids/metals and their compounds:
1. Zinc 2. Copper 3. Nickel 4. Chromium 5. Lead 6. Sefenium
7. Arsenic 8 Antimony 9. Motybdenum 10 Titanium 11, Tin
12 Barium 13. Beryllium 14. Boron 15 Uranium 16 Vanadium
17. Cobalt 18. Thallium 1%, Tellurium 20. Silver
Biocides and their derivatives not appearing above
Substances that have a deleterious effect on the taste and/or smell of products for
human consumption
Toxic or persistent organic compounds of silicon
Inorganic compounds of phospherus and elemental phosphorus
Nonpersistent mineral oils and hydrocarbons of petroleum origin
Cyanides, flucrides
Certain substances which may have an adverse effect on the oxygen balance,
particularly ammonia and nitrites

e 1o

no hazard and if there is no toxicity there is no hazard. To be accurate,
there is no such thing as zero toxicity. As the sixteenth century Swiss
physician Bombastus von Hohenheim put it “sola dosis facet veninum' (the
dose is the poison). Furthermore if you give an analytical chemist a large
enough budget, he will devise an instrument that will find incredibly small
amounts of almost any compound.

Another approach to the hazard assessment of chemicals is to look
carefully at the exposure side of the equation. The Great Lakes of North
America have some 36 million people and a vast array of different
industries around their shores. Extensive analytical work on fish from
the Greal Lakes has identified nearly 500 differcnt man-made chemicals
in their flesh. While this list is probably not complete, and certainly
additional compounds could be expected to be found in other contami-
nated areas of the world, it does suggest that chemicals present in the
environment in detectable amounts represent only a small proportion of
the chemicals in use.

A hazard ranking of these compounds has been made by the US Fish
and Wildlile Service (Passino and Smith, 1987), They divided them into
19 chemical classes, testing the toxicity of representative compounds and
combining this toxicity with the amounts present in the fish and source
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ranking. The source ranking was to separate the degree that the chemicals
were estimated to have come from man-made sources compared with
natural ones. This gave the highest contribution to the hazard ranking,
which was therefore greatest for purely anthropogenic compounds such
as the organochlorines. By contrast, the polycyclic aromatic hydrocarbons
that occur naturally, but also have anthropogenic inputs, were ranked
lower.
The top five classes of chemicals on their hazard ranking list are:

DDT and PCBs;

phthalate esters;

toxaphene;

polyaromatic bydrocarbons; and
chlorinated polycyclics.

U e b

The important role of organochlorines, with the stable carbon—chlorine
bond. in environmental problems is clearly shown by this listing. Numbers
1, 3 and 5 are all organochlorines, and all except the PCBs are used as
pesticides. The least investigated of these five classes of compounds is the
phthalates. Their high hazard ranking comes from their moderate toxicity,
moderate occurrence levels and a high source ranking. The appearance
of DDT in the first category may come as a surprise considering its
moderate toxicity and the fact that it has been banned in North America
for many years. It is, in fact, likely that now the greater contribution comes
from the PCBs. One of the most exciting developments — the result of a
combination of the fields of molecular biclogy and wildlife toxicology -
has been to express the toxic effects of these compounds in terms of dioxin
equivalents. This concept is discussed in Chapter 8.

Classes of chemicals

Chemicals can be classified cither by their chemical composition or by the
uses to which they are put. Both approaches have their merits and here
a combination of the two is used. Chemicals of very diverse structure,
many synthetic, some natural, have been used as pesticides, and it is
convenient to consider them together. Other pollutants, such as the heavy
metals and the petroleum hydrocarbons, are more conveniently
considered as groups of chemicals,

From the viewpoint of the environmental problems, the three usage
patterns of greatest concern are pesticides. by-products of energy produc-
tion and highly stable chemicals used to resist high temperatures and
pressures. ‘Pesticide’ is a broad term, literally meaning ‘pest-killer’. Pesti-
cides can be subdivided into insecticides, fungicides, herbicides, rodenti-
cides and other ‘-icides’. Pesticide use has given rise to serious concerns
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for humans and wildlife; as pointed out above they are poisonous by
definition, at least to some forms of life, and are deliberately added to the
environment.

The use of pesticides by regions, in the mid-1970s and early 1980s (the
latest data that are available) is given in Table 2.2 (UNEP, 1991). There
was, overall, a small decrease in the usage of insecticides between the two
dates. This decrease resulted from significant reductions in the Americas
which counterbalanced the increases in other parts of the world. Some
decreases may have been due to using more toxic chemicals in smaller
amounts and to better delivery systems, such as ultra-low-volume tech-
niques. These reduce the amount of the pesticide used. although not
necessarily the area sprayed. The largest increase was in herbicides, with
increases in all areas except North America: growth was particularly
marked in the former Soviet Union. This region also showed the largest
proliferation in the use of fungicides: the future pattern of usage in that
area will be watched with interest. However, the pesticide usage pattern
given by Pryde (1991) for the Soviet Union over the period 197688 is
rather different. The insecticide usage is quite similar, but Pryde’s figures

Table 2.2 Consumption of pesticides by region. Comparison of mean value in tons
active ingredient per year for 1975-77 with 1982-84 (from UNEP (1991/92)
Environmental Data Report, Blackwell, Oxford. with permission)

All pesticides nsecticides Fungicides Herbicides
75-77 82-84 75-77 8284  75-77 82-84 75-77 82-84
Africa
68 181 66 608 25570 30362 34758 34362 n/a n/a
-23% +187% 0.0%
Asia
284 476 31591C 126429 140229 123087 128306 31530 39 663
+11.0% +10.9% +4.2% +25.8%
Europe
506 830 585405 53154 57 806 258795 277 178 1915862 243 878
+8.6% +7.1% +27.3% + 15.4%

North America
529 194 484 052 114986 113519 143753 145408 238618 224 764

-85% ~-217% +11% -0.6%

Qceania
62 289 66 993 3487 4667 12988 13963 45814 48 217
+76% +338% +7.5% +52%

South America
108 324 99350 48325 31945 29525 28159 27 271 38 199

-83% - 33.9% -1.2% +37.8%

USSR
348 767 535 400 65500 69 333 186333 230067 86933 236 000
+535% +59% + 23.5% + 143.5%

World

1908058 2153718 467 451 448008 789232 858 713 632526 832 338
+12.9% -42% +88% +316%
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do not show the massive increase in fungicides, His figures for 1988 are
68 000 tons of insecticides, 242 500 tons of fungicides and 155 600 tons
of herbicides.

Another point that can be made from Table 2.2 is that the use of
pesticides in the developing world, especially in Africa, is smail compared
to that in the developed world. The differences in the classes of chemicals
between North America and Furope are interesting; the amounts of
insecticides used in North America are much higher and the amounts of
fungicides much lower compared with Europe.

Silent Spring is, essentially, a book aboul organochlorine pesticides. An
examination of the index shows many entries under all the well-known
organochlorines — aldrin, BHC (benzene hexachloride), chlordane, DDT,
dieldrin, endrin, heptachlor and lindanc — whereas there are only brief
entries under carbamates and organophosphates (OPs). Only two OPs,
malathion and parathion, are mentioned specifically. Data on the irends
of pesticide use by chemical class are hard to obtain. Most organochlorines
are now banned in the developed world, but even elsewhere the usage of
this class of pesticides has decreased. In Egypt the use of DDT stopped in
1971. lindane in 1978 and endrin in 198 1. By 1990 the pesticides used
most heavily were organophosphates and pyrethroids (El-Sabae, 1989}
Nevertheless, organochlorines continue to be used extensively in some
parts of the world. DDT and BHC still comprise over 50% of the pesticides
used in India, and their use is still increasing. In the late 1980s, 10 000
tons of DDT and 47 000 tons of BHC were used annually (Ramesh et al..
1993),

Even though Silent Spring was largely about the organochlorine pesti-
cides, there is a section on the mode of action of the organophosphorus
pesticides. Later in the book, some concerns are expressed regarding the
long-term eflects of these matertals.

Organophosphates

Although the organophosphates and carbamates are often called the
‘second generation’ of pesticides, actually they were developed over the
same period as the organochlorines. Organophosphates were first devel-
oped by the military as nerve gases and only subsequently as insecticides.
The mechanism of action of the OPs and carbamates is well established.
Impulses of the nervous system pass from nerve to nerve across minute
gaps between them, known as ‘synapses’, with the aid of the chemical
acetylcholine. This compound is formed, performs its function of trans-
mitting nervous impulses and then is destroyed by an enzyme called
acetylcholinesterase { AChE). The action of OPs and carbamates is to inhibit
this enzyme so that acetylcholine is no longer destroyed. Thus the nerve
fires continuously: this can lead to tremors, convulsions and death.
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Compared to the organochlorine pesticides, the organophosphates are
often said Lo be more toxic. less persistent and their effects more transient.
While these points are true, in the main, they are an oversimplification.
The range of toxicity of OPs is considerable. The acute oral LDs, {the lethal
dose for 50% of the population) of parathion to mallard is 2 mgkg™
whereas that of malathion is 1500 mg kg™'. Endrin. one of the most toxic
of the organochlorines, has an TDs, of 5.5 mg kg ' whereas for DDT the
value is greater than 2000 mg kg™* (Hudson, Tucker and Haegele, 1984).
Thus the range of toxicity of both groups of compounds is great and there
is a large degree of overlap.

Although organophosphates can under some circumstances (on the
surface of leaves, in the soil) persist for some time, they are for the most
part metabolized and eliminated rapidly. This usually makes their detec-
tion by chemical analysis difficult, and it is normal to assay the degrec of
inhibition of AChE of an animal (o test for exposure to the compounds.
The initial recovery of AChFE in mammals and birds following exposure is
rapid to 50-60% of the normal level, followed by slower further recovery.
In birds the time to recover to normal levels of AChFE is about a month
(Fleming and Grue, 1981). There are concerns about possible chronic
effects, both in humans and in wildlife. These are considered later.

A number of esterases other than acctylcholinesterase are inhibited by
organophosphorus compounds and carbamates. For ecxample,
butyryvlcholinesterase has sometimes been studied in parallel with
acetylcholinesterase.  However., the precise physiological role of
butyrvlcholinesterase is unknown. although it is often regarded as a
marker enzyme for the glial cells and other non-neuronal elements. The
neurotoxic esterase is also inhibited, and the interaction of OPs with this
enzyme has been extensively studied by Johnson and co-workers (reviewed
inJohnson, 199(}). While the covalent binding of some organophosphorus
esters to the neurotoxic esterase (NTE} has been shown (o lead to
trreversible polyneuropathy. the physiological function of the esterase is
unknown. Johnson himself, after 20 years’ research. merely concludes
that ‘it seems likely that the whole NTE protein which is tightly bound to
neuronal membranes does serve a physiological function.’

A large number of instances of mortality of birds caused by OPs are
known. In North America three-quarters of the incidents reported involve
diazinon, fenthion. parathion or phosphamidon. whereas in Europe car-
bophenothion and chlorofenvinphos are the principal pesticides causing
problems {Grue ¢t al., 1983). Among the carbamates, carbofuran has
caused the most problems. Some instances of bird mortality involve
considerable numbers. For example 10 000 American robins on berry
fields in Florida and 300 greylag geese in Scotland.

In these cases the mortality was confirmed by direct counts, but
potentially more serious are much larger losses that have been
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extrapolated from losses in small areas to the total area sprayed. Pearce,
Peakall and Erskine (1976} used the reduction of singing males to estimate
that 2.9 million songbirds were killed following spraying of the forests of
New Brunswick with phosphamidon. Based on the number of carcasses
found at specific sites and multiplying this by the total area treated. the
USEPA estimated that the use of carbofuran on corn in the United States
killed 1.3—1.6 million birds per year. Pimentel et al. (1993) have estimated
that 67 million birds are killed annually in the United States. There is
obviously considerable uncertainty. but the figures do suggest that
pesticide usage could be a significant mortality factor.

Arethere long-term effects on organisms from exposure to OPs? In Silent
Spring Miss Carson gives some cases in which persons exposed to this class
of chemical suffered from prolonged ill-effects. She concludes that “all these
consequences of organic phosphate poisoning, if survived, may bc a
prelude to worse. In view of the severe damage they inflict upon the
nervous system. it was perhaps inevitable that these insecticides would
eventually be linked with mental diseasc.” Tt can be argued that the few
cases cited in Silent Spring 30 years ago are anecdotal. An article in the
New Scientist (Bartle, 1991) suggests that many persons in Britain are
suffering from serious chronic effects because of exposure to organo-
phosphates. The writer interviewed 46 persens and detailed their failure
to get help or recognition of the problem from British bureaucracy. An
organization, PEGS (Pesticide Exposure Group of Sufferers), has been set
up in the UK, but its function is to provide support for sufferers and it is
not involved in scientific studies. PEGS states that it has case histories on
several hundred persons and that these are le be made into a database,
However, no firm scientific data are available at this time.

Concerns have becn raised about sheep-dips, but again scientific data
are hard to obtain. In the UK, the pesticide officer of the National Union
of Farmers was unable to supply any definite information on the adverse
effects of OPs on their members. Recently (March 1994) the UK Ministry
of Agriculture, Fisheries and Food (MAFF) announced the formation of a
Medical and Scientific Panel to look inte reports of long-term ill health
effects claimed to arise from exposure 1o organophosphorous sheep-dips.
Al the moment the emphasis of MAFF has been on the use of the correct
protective clothing. However, from April 1995 operators will also be
required to have a certificate of competence. In short, the evidence that
OPs can cause long-term ill health is as anecdotal now as it was when
Silent Spring was written.

Although the organophosphates had been available long before the
problems with the organochlorine pesticides werce recognized, their higher
cost and lower safety (from the human health viewpoint) had restricted
their use. Sometimes environmental problems caused switches from
organochlorines to organophosphates before formal bans were introduced.
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For example, in the forest spraying programs in New Brunswick to control
spruce budworm. DT was the insecticide chosen from the start of the
program in 1952, and remained the only one used until 1957, Alter this
initial period, it was used together with carbaryl and malathion until
1968. The pattern of insecticide use in the United States to control the
gypsy moth was similar (Peakall and Bart, 1983). In recent years
fenitrothion has been the main insecticide used, although the pathogen
Bacillus thuringiensis has been used operationally since 1984. Between
1988 and 1992 it had been used on up to a third of the area sprayed.
initially the main problem with DDT was the loss of the important salmon
fisheries. The problems with raptorial birds were not recognized until the
late 1960s, although they formed part of the evidence that was to lead to
the banning of DDT in the United States in 1972.

Another reason for the shift from organochlorine pesticides was the
onset of resistance. For example, by 1960 two major cotton pests
(bollworm and tobacco budworm) had become difficult to control with
DDT: by 1965 they could no longer be controlied by DDT or a range of
other pesticides (Botirell and Adkisson, 1977). The problems of resistance
and the strategies used to combat this problem are considered in
Chapter 4.

Pyrethroids

Although naturai pyrethroids have been in use from as far back as 1828,
synthetic pyrethroids have only been in wide-scale use since the early
1980s (Hirano, 1989). The pyrethroids are highly toxic to insects. Dosages
of the formulated material are typically less than 200 g ha ' and with the
most active compounds such as dellamethrin may be as low as
10-25 g ha™. They are quickly metabolized and have low toxicity to
warm-blooded animals. The negative side of pyrethroids is their high
toxicity to beneficial insects, fish and aquatic arthropods. In a review of
the impact of insecticides on the ecology of ducks in the Canadian prairies,
Sheehan et al, (1987) showed that synthetic pyrethroids can substantially
damage aquatic ecosystems at rates recommended for control of cereal
crop pests. A substantial decrease in invertebrate species diversity and
abundance with little recovery during the breeding season was noted.
These workers calculate that the loss of aquatic biomass is so great that
it is impossible for ducks to obtain enough food 1o raise normal broods.
In contrast, fish mortality has, despite the low LCss, rarely been observed
following application of pyrethroids. It is considered that this is due to
adsorption of the pyrethroids to other materials (Demoute, 1989). Regu-
lators face a difficult choice; pyrethroids are among the safest pesticides
from the viewpoint of vertebrate toxicity, but can be highly hazardous to
the breeding habitat of waterfowl and beneficial insects including bees.
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Herbicides

Herbicides are widely used in large amounts and their usage is increasing
at a greater rate than that of other categories ol pesticides (Table 2.2).
The phenoxyacetic acids such as 2,4-D {2,4-dichlorophenoxyacetic acid)
and 2,4,5-T {2,4.5-trichlorophenoxyacetic acid), the ureas (e.g. diuron)
and the triazines (e.g. simazine) typically have low toxicity to warm-
blooded animails unless contaminated (see below). Some other herbicides
such as the bipyridinium group (e.g. paraquat} can be extremely toxic.
Another widely used herbicide, glyphosate, is an organophosphorus
compound.

The greatest concern from a wildlife point of view about the usage of
herbicides is the alteration of habitats. In Silent Spring there is a strong
attack on the use of herbicides and some examples of successful alterna-
tives are given. However, the progress towards alternative controls has
not been great in the period since Silent Spring. The use of herbicides has
increased greatly and they are currently the most widely used type of
pesticide in many parts of the world. The most basic question is how far
we are prepared to manipulate habitats for the benefit of wildlife rather
than agriculture, and the extent to which it is possible to accommodate
both needs. This fundamental question is outside the remit of this volume.
How to alter the habitat once the basic question has been answered is a
secondary consideration. However, in much of the world there is no
possibility of returning to labor-intensive practices.

The concern about habitat changes extends to entire ecosystems.
Detailed, long-term studies on the grey partridge in the British Isles (Poitts,
1986) have shown that the decreased availability of food caused by the
use of herbicides is the main cause of the marked decline of this species.
World-wide, Potts estimates that the population of this species has
decreased from 20 million before 1940 to some 4 million by 1984,

Decreases have been noted for a wide variety of birds on farmland in
the UK (Gibbons, Reid and Chapman, 1993). Their Atlas, compiled over
the period 1988-91, compares the bird fauna of the UK with that in the
first Atlas project compiled from 1968 to 1972. Significant declines have
been found for several species for which open farmland is an important
habitat. Declines were as great as 75% for the corn bunting and 50% for
the skylark. The causes of these declines are complex. However, alteration
of habitat (from herbicide use and changes in other farming practices) is
likely to have been more important than direct mortality from chemicals.
Current ‘set-aside’ programs give the opportunity for some interesting
studies of this problem.

The expanding use of herbicides {Table 2.2) needs to be monitored
carefully. A recent survey of herbicide contamination ol Mediterranean
estuarine waters, sponsored by the Food and Agriculture Organization
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(FAQ), has shown the presence of several herbicides in estuaries on the
European side (Readman et al., 1993). These authors consider that the
concentrations of herbicides detected would be unlikely to have acute
effects on most organisms, including man, but did consider that there
could be changes in phytoplankton communities,

In Silent Spring it is stated that it is a matter of controversy whether or
not herbicides such as 2,4.3-T are actually toxic to humans. The evidence
that they are is, not surprisingly, anecdotal. The sirongest cvidence that
human health problems can be related to the usage of herbicides comes
from the massive use of herbicides in the Vietnam War, although even
here the issue was not clear-cut. However, it is likely that the problems
were caused by dioxin impurities {Chapter 8). On physiological grounds,
herbicides {other than glyphosate) are far less likely 1o cause long-term
problems to humans than would organophosphorus compounds which
are known to act by attacking the nervous system.

Fungicides

Fungicides were not considered in Silent Spring, which is surprising since
the early fungicides caused considerable environmental concern. One of
the earliest fungicides was Bordeaux mixture which contained copper
sulfate and quicklime. Runoff in rivers has caused local problems, and
orchards treated over a long period with copper sulfate were almost devoid
of life (Mellanby, 1967).

Several organomercury compounds have been used as fungicides.
Studies in Sweden have shown mortality of wildlife associated with the
use of these compounds. These studies and other problems associated with
mercury are considered in more detail in Chapter 8. The modern synthetic
tungicides have much lower toxicity to higher organisms.

Chemicals associated with energy production

Energy use is fundamental both to industry and for domestic comfort and
vet it cannot be produced without environmental cost. An important
consideration is the changing pattern of energy use. The changes between
1965 and 1990 for the least and most developed countries are given in
Table 2.3.

Several interesting peints emerge from the table. The percentage
increase has been much greater in the developing world and it is this
figure that expresses the improvement to the standard of living. An
increase of two and half times suggests a substantial improvement. The
ratio of energy used in the developed and developing countries has also
changed considerably, with the ratio being only hall what it was 25
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Table 2.3 Changes in energy use in the least and most developed countries

1965 1990 % Absolute
increase increase
Least developed 125 330 264 205
countries
Highly develcped 3640 4870 134 1130
countries
Ratio x2% x14

Units: kg oil equivalents person”’

years ago. In the industrialized world the rate of increase of the use of
energy is slower. Yet when one looks at the figures in absolute units,
the picture is quite different. A much slower rate of increase in the
developed world amounts to over 1100 units whereas the larger rate of
increase in the developing world amounts to only 200 units. The amount
of pollution is, to a large extent, related to the amount of energy
consumed.

Carbon dioxide

Carbon dioxide emissions from fossil fuels are an important by-product of
energy production. Carbon dioxide emissions for the largest contributing
countries and for certain regions of the world are given in Figure 2.1. The
United States is the largest single contributor of carbon dioxide, followed
by the former Soviet Union. Coniributions from the developing world are
small, but the rate of increase here is much more rapid. Some projections
suggest that China may be the largest single producer of carbon dioxide
by the middle of the twenty-first century.

The direct measurement of carbon dioxide in air has been carried out
systematically at Mauna Loa in the Hawaiian Island since 1958, During
this period the concentration has risen from 315 p.p.m. to the current
level of 351 p.p.m. A longer series of measurements has been possible by
examining the carbon dioxide trapped in the Greenland ice cap {Neftel
et al., 1985). Their data are plotted in Figure 2.2. The relationship between
the increase of carbon dioxide and climate change, and its effect on
agriculture, is discussed in Chapter 9,

Oxides of sulfur and nitrogen

The global input of SO, [rom man-made sources is currently close to 100
million tons yr' and that of NO, a little over 60 million tons. A major
difference between the oxides of sulfur and nitrogen is the large difference
in the relative importance of anthropogenic (man-made) and natural
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Figure 2.1 Emissions of carbon dioxide, 1971, 1980 and 1988 (data from OECD, The
State of the Environment, OECD, Paris, 1991).

sources. S0, has only a small natural input. perhaps 5 million tons, largely
from volcanic sources. In contrast, the natural inputs of nitrogen oxides
are much larger than those from man-made sources. Bacterial action of
the soil has been estimated {(Henderson-Sellers, 1984} to liberate over
1000 million tons of NO and NO, and another 500 million tons of N,O,
which does not have any major anthropogenic sources, into the atmo-
sphere. The impact of these acidic gases, and also ground-level ozone
{(which in some areas causes as many, or more, problems as SO, and NO,),
on forests and agriculture is considered in Chapter 9.

The main sources of S0, are shown in Figure 2.3. Coal used in power
plants is the predominant source. In the case of NO,, transportation is the
largest single source, followed by utilities. While coal is the most environ-
mentally unfriendly source of energy. it is also the most abundant (with
reserves approximately 10 times that of oil) and is the cheapest of the
fossil fuels. The cost of installing scrubbers is considerable. In new plants
in Germany desulfurization of 80-95% has been achieved at an increase
of 10-15% in the cost of producing electricity. To modify existing plants
would be more expensive and such modifications have not yet been tackled
on a large scale. Measures for the decrease of NO, emissions have as yet
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Figure 2.2 Rise in carbon dioxide in the Greenland ice Cap (data from Nefiel et al., Nature,
Lond., 315. 45-7, 1985).

received little attention, although stringent regulations for both N, and
80, have been introduced in Japan. These regulations add roughly 25%
to the cost of generating electricity, but give an air quality that again
allows one to see Mi. Fuji from the skyscrapers of Tokyo.

Heavy metals

An organism’s eye-view of the periodic table of the elements that comprise
our world is given in Figure 2.4, Members of one important group are the
main components of biochemical compounds. These are the elements
hydrogen, carbon, nitrogen, oxygen, phosphorus and sulfur. Many other
elements have known physiological functions. Some, such as iron (hemo-
globin) and calcium {bone) have very vital functions. Several of these
elements, although having physiological functions, can still cause toxic
effects. Again, ‘the dose is the poison’. Those identified as toxic and
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Figure 2.3 Sources of (a) sulfur dioxide and (b} nitrogen oxide (data from Postel, S.,
Worldwatch Paper. No, 58, 1984},

nonessential have no known physiological function but are well known
to cause toxic effects.

The term ‘heavy metals’ is used to cover the metals in the lower part
of the periodic table. They are naturally occurring elements, but industrial
usage has greatly increased the amounts in the environment. The relative
impertance of natural and man-made emissions is given in Figure 2.5,
based on Nriagu {1989). The metal for which the ratio is highest for
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Figure 2.4 Periodic table.

man-made emissions is lead. This is largely because of the use of lead in
gasoline; it is calculated that in the mid-1980s 80-90% of lead in ambient
air came from the combustion of leaded gasoline. Considerable efforts have
been made to switch over to lead-free fuel since this time. Total removal
of this source would reduce anthropogenic emissions from 332 000 1o
84 000 tons yr ', Lead production would then be reduced by 75% and it
can reasonably be assumed that the emissions from the production process
would be reduced by a similar amount. At this point mining operations
for other metals would beceme the major sources of heavy metal pollution.
Figure 2.6 shows the changes in the sources of lead. The contrast between
the two diagrams is marked. The bottom right-hand quarter of the pie is
now expanded to a full circle. Il further improvements are considered
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Figure 2.5 Natural and anthropogenic emissions of metals (data from Nriagu, J.()., Nature.
Lond., 338, 47-9, 1989).

necessary, then reducing mining/production operations would appear to
be the best approach to reducing the pollution. These operations now
account for over half the emissions and further removal of a small amount
of lead from large quantities of coal, oil and wood before combustion is
likely to be very difficult.

The changes in global contamination by lead have been dramatically
demonstrated by examination of the levels of lead washed out of the
atmosphere by rain and deposited as snow in Greenland. The levels started
to increase in the 1700s, with a sharp rise in the 1950s, followed by a
marked decline in the past 15 years. These changes since the 1950s
correlate well with the increase and subsequent decrease of lead additives
to gasoline. The measurement of the levels of lead is only one of the many
measurements that can be made on the ice in Greenland; in fact the main
driving force of the studies is to examine changes in climate. A major
project has been set up to examine ice cores of this, the oldest ice in the
world. Scientists from eight European countries are cooperating in the
venture. Ice up to 100 000 years old has aiready been recovered from
cores that are 2000 m in depth. It is estimated that the ice just above the
bedrock is 300 000-500 000 years old.
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Figure 2.6 (a) Anthropogenic sources of lead; (b)) sources excluding leaded petroleur (data
from Nriagu, [.O. and Pacyna, [.M., Nature, Tond., 333, 134-9, 1988).
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Highly stable compounds of environmental
concern

There are two very different, highly stable synthetic compounds (or rather
series of compounds), used for a variety of purposes, requiring the ability
to withstand high temperatures and other adverse conditions, which have
caused serious environmental problems. These are the PCBs and the
chlorofluorocarbons (CFCs).

Polychlorinated biphenyls

The first commercial synthesis of PCBs was announced in 1930 in the
American trade journal Chemical and Engincering News, The article that
announced their synthesis predicted a wide variety of uses — in varnish,
waterproofing, flameproofing and electrical insulation — based on their
high chemical and physical stability. The PCBs were, indeed. a success
story. The largest uses have been in the manufacture of capacitors, in
plasticized products and in dielectric and hydraulic fluids. In short, they
are used in almost every aspect of life in an industrialized society. PCBs
{there are 210 possible compounds) are manufactured in various grades,
containing different quantities of chlorine. By 1970 (the peak year before
restrictions were introduced) the total global production was estimated by
Risebrough and de Lappe (1972) at 100 million kg.

Despite the amounts used, PCBs gencrated little interest outside indus-
trial circles until their discovery in the environment in the mid-1960s. A
modest note in the New Scientist, reporting the work of the Swedish
scientist Soren Jensen (1966). who discovered that these compounds had
been found in several different species of wildlife in Sweden, generated
enormous interest. Many scientists making measurements on the levels
of environmental pollutants began to look for PCBs in their samples and
it scon became apparent that PCBs were global contaminants.

The main uses of PCBs and their routes of entry into the environment
in the USA, just before the voluntary restrictions were made in 1971, are
shown in Figure 2.7. The routes of entry are complex. Leaks from the
wide variety of equipment that used PCBs because of their stability were
the largest source: leaching from landfills, which continues, is another
major source. The effects of PCBs are considered in Chapter 8.

Chlorofluorocarbons

Like the PCBs, CFCs were first synthesized in 19 30. Initially CFCs appeared
to be both useful and harmless: they were chemically stable, almost
completely inert and nontoxic. They were used as a propellant in spray
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Figurc 2.7 {a} Reutes of entry of PCBs into the envivonment. US 1970: b} uses of PCHs,
US 1970 (data from Nisket, LC.T. and Sarefim. A.F. Enviren. Hith Perspectives, 1,
21-38, 1972).
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cans and fire extinguishers, as the compressor liquid in refrigerators and
air-conditioners, as the blowing agent for the production of plastic foam
and in other useful applications. The person credited with their discovery
is Thomas Midgely, who also formulated tetraethyl lead. Whatever
environmentalists may say about these inventions, he must have seemed
to his emplovers, Chevron Corporation, to have had the Midas touch.

There are several different CFCs and the shorthand numbering svstem
is widely used. The two most commonly used compounds are F-11 and
F-12. The first digit is the number of fluorine atoms and the second the
number of hydrogen atoms plus one. Thus F-11 contains one fluorine and
no hydrogen atoms; its full chemical name is trichloroflucromethane
(CCLF). Similarly F-12 contains one fluorine and one hydrogen atom.

It was not until the 1970s that studies were undertaken to find out the
fate of the CFCs. It was estimated that 800 000 tons yr™' were entering
the atmosphere. These studies showed that nothing happened to the CFCs
in the lower atmosphere. They do not interact, they do not dissolve in the
ocean, they do not get washed out of the air by rain: they just float around.
slowly working their way upwards into the stratosphere. This focused the
attention of scientists on what might be happening to the CFCs in the high
reaches of the atmosphere 20-25 miles above the earth’s surface. The
possible effects of the interaction of CFCs with the ozone layer on primary
productivity are considered briefly in Chapter 9. Major international efforts
have been made to control CFCs (Montreal and London protocols) and
these are outlined in Tolba's recent book Saving Our Planet.

Petroleum hydrocarbons

These are naturally occurring compounds, but man’s extraction of them
and subsequent transportation across the globe have vastly increased the
environmental exposure to this group of chemicals. World production of
oil totals 3 billion metric tons. In 1980, 1588 million tons of petroleum
were transported by sea. and the offshore production was 658 million
tons (NRC, 1985},

The total annual input of petroleum hydrocarbons to the oceans of the
world has been estimated by the US National Research Council at 3.2
million tons. Figure 2.8 gives a diagrammatic representation of the relative
importance of the major routes of entry to the environment, Waste disposal
and transportation are the two largest sources, each of which contributes
approximately a third of the total.

The single largest component of waste disposal is that from municipal
wastes, which accounts for over half the total. In the case of transporta-
tion, normal operations account for the largest proportion. These figures
are described in the report as ‘best estimates’. Even allowing for the
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Figure 2.8 Inputs of oil to the marine environment (data from NRC, Oil in the Sea.
National Academy Press, Washington, DC, 1985),

uncertainties in the details of the calculations, it is clear that most of the
input of o1l to the oceans occurs from a wide variety of small sources, both
land-based and marine. Spills, despite the attention that they receive,
account for only about one-seventh of the total.

Other high-volume chemicals

As mentioned earlier in this chapter, the OECD is now investigating all
high-volume chemicals. The first group ol high-volume chemicals assigned
10 member countries for evaluation did not divide readily into any
particular classes of chemicals. The group included six chloro-compounds
{four silanes and a substituted pyridine and butene), a number of pyridine
compounds, several nitro-compounds and some purc hydrocarbons, such
as pentadiene and cyclododecane.

Conclusions

The total volumes of chemicals liberated in the environment every year
are staggering. There are over 6000 million tons of carbon dioxide, 170
million tons of carbon monoxide and 100 million tons of sulfur dioxide.
to list three gaseous pollutants alone. Annual volumes of 2.5 million tons
of pesticides are produced, 300 000 tons of lead and even 2000-3000 kg
of that most toxic of compounds, tetrachlorodioxin.
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It appears that any reasonably stable high-volume chemical will escape
and can cause problems in the envircnment. The cases of PCBs and CFCs
indicate the potential for “sleeper’ chemicals. Both were in widespread use
for over 3() years before the problems were realized. The mode of discovery
of their presence in the environment was quite different in each case. PCBs
were discovered by identifying unknown peaks on a gas chromatographic
printout of an extract of environmental samples. Once discovered in the
environment, these compounds were looked for by other workers, and
were soon shown to be a global problem. CFCs were discovered by Rowland
and Molina, who set out to discover where CF(Cs were going. Once they
had predicted that these compounds would move into the stratosphere —
and potentially react with the ozone layer — they looked for CFCs high
above the earth.

Have we identified all the serious chemical pollutants? This is a very
difficult and. in an absolute sense, impossible question to answer positively.
The two examples of ‘sleeper’ chemicals — PCBs and CFCs — already cited
do not give confidence in our ability te predict environmental effects of
chemicals produced on a large scale. A note in Ambio (Wesen, Carlberg
and Martinsen, 1990) suggests that we have identified only 15% of
organochlorine compounds present in the environment.

There is a sirong case for an international program to discover the
extent to which potentially pollutant chemicals are present in the en-
vironment. For high-volume chemicals, not only should calculations be
made to see which compartment of the environment it is most likely that
they will reach. but also that compartment should then be examined to
see if the compound is present.
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The integrated approach

The concepts of integrated pest management (IPM) and
life-cycle assessment (LLCA) of chemicals. Comparison
of IPM today with the predictions in Silent Spring. The
regulation of pesticide usage, cspecially in the develop-
ing world. Means of decreasing the impact of chemicals
on human health and the environment, such as in-
creasing biodegradability and/or recyclability, decreas-
ing toxicity. The importance of devising processes that
make long-lasting products with less energy and using
a minimum of harmful materials is stressed.
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Introduction

The word ‘integrate’ is not a technical word that one would normally put
in a glossary of scientific terms. The Oxford Dictionary defines it as ‘to put
or bring together to form a whole® — simple enough. but in environmental
terms difficult to do. One of the difficulties. and fascinations. of ecology is
the complexity of its interactions. This book considers the management
of both pesticidal and nonpesticidal chemicals, from the viewpoint of
integration. Agriculturalists have now agreed on the term ‘integrated pest
management” (IPM), but dilferent terms for the same principle are used
in the environmental field. Although the importance of integration is
clearly recognized, several ditferent combinations of words have been used.
such as ‘integrated life-cycle management’, ‘integrated substances chain
management’ and more recently ‘life-cycle assessment’ {(LCA). Although
we would have liked to retain the word ‘integrated’, it seems that LCA
has become the most widely used term and it will therefore be used in this
book.

There is also a need for integration between concerns over food
production and the use of chemicals, of which only some are pesticides.
Modern developments in agriculture require increasing amounts of energy
to produce the fertilizers and pesticides, to transport them to the farm. and
for ever-larger larm equipment. The energy inputs in corn production in
the United States rosc threefold between 1945 and 1970 (Pimentel et al.,
1973), although this was more than compensated [or by increased yiclds.
Thus the yield per unit of energy increased over this period. Nevertheless
agriculture. particularly Western agriculture. is a major user of energy
and thus a contributor to such problems as acid rain and global warming.
These problems can, in turn, affect the agriculture from which they stem.
The effect of acid rain on forestry and the predictions of effects of global
warming on agriculture are considered in Chapter 9.

Integrated pest management

The term ‘'integrated pest management’ is not mentioned by Rachel Carson
for the very good reason that it was not coined until nearly 15 years after
the appearance of Silent Spring. Yet the sceds of the concept were sown
before that book was published. In Peru, California and in greenhouses
in the UK, overuse of insecticides caused pest crises in the 1950s. In cach
case they were solved by a combination of biological control with judicious
use of insecticide. In a landmark paper in Hilgardia in 1959. the Califor-
nians Vernon Stern, Ray Smith, Robert van den Bosch and Kenneth Hagen
described their work on lucerne in California. where they had solved the
problem of aphids resistant to organcephosphate insecticide by applying
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organophosphate insecticide at reduced dose! Some aphids had still been
killed at this dose. but damage to biological control systems had been
greatly reduced. In their seminal paper, the Californians defined “inte-
grated control’ as ‘applied pest control which combines and integrates
biological and chemical control’. This integration was found immediately
practical, and many scientists were able to devise similar integrations of
chemical and biological control for other crops. Perhaps unfortunately for
the implementation of integrated control, other scicntists (particularly in
Europe) proposed that integrated conirol should be an integration of pest
control methods without the involvement of pesticides (‘harmonious
control’). The result was that in 1967, at a mecting of the UN Food and
Agriculture Organization (FAQ), ‘integrated control’ was redefined in
terms very similar to ‘harmonious control’ (i.e. avoiding pesticides as far
as possible).

The next stage in the evolution of IPM came in 1970. The term ‘pest
management’, first proposed by Geier and Clark in Australia in 1961, was
defined at a conference in Raleigh, North Carolina as 'the reduction of
pest problems by actions selected after the life systems of the pests are
understood and the ecological as well as the economic consequences of
these actions have been predicted, as accurately as possible, to be in the
best interests of mankind’. Thus single-component biological control
would be as valid a pest management solution as an integrated approach.
The term caught on and effectively replaced ‘integrated control’; little
distinction was made between the two terms after that.

Although the term ‘integrated pest management’ was first defined (by
Lawrence Apple of the University of North Carolina and Ray Smith of the
University of California) in 1976 merely to broaden pest management to
cover all pests rather than all control methods, this definition of IPM has
been Lotally ignored. Today ‘integrated control” equals 'pest management’
which equals ‘integrated pest management’ in most pecople’s minds. Thus
the definition of pest management given above is usually equally accepted
as a definition of TPM.,

The current status of IPM is given in detail in Chapters 5 and 6 of this
book. Here we examine, briefly, the extent to which the visions put forward
by Miss Carson in 1962 have been achieved. In contrast to the integration
of methods in early ‘integrated control’ of the late 1950s, Rachel Carson
saw the meore biological alternatives to pesticides very much in isolation.
The final chapter of Silent Spring discusses, in the following order, insect
sterilizalion by radiation and chemicals. insect growth regulators, phero-
mones, attractants and repellents, insect pathogens and, finally, biclogical
control. Each method is described with reference to specific pest targets in
relations to which some success had already been achieved or might be
anticipated. However, the chapter lacks critical evaluation of the already
known disadvantages and specificity of the methods for particular target
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pests. Silent Spring is in many ways an astoundingly nonprophetic book!
Rachel Carson’s account of the alternative methods of pest control are
given in an order very much the reverse of how they are viewed today.
Here we discuss briefly how the various methods have progressed over
the past 30 years; a more detailed account of the methods is given in
Chapter 5.

Sterilization

Sterilization, Rachel Carson's number one suggestion, is hardly used in
practice today. Although the chemical industry has searched actively for
chemosterilants and has found several, very few have been marketed.
Those that were, were generally not marketed for very long. They were
usually not safe for release in the environment and had to be contained
in traps or had other serious commercial drawbacks. Radiation steriliza-
tion was riding on a crest in 1962 with the successes at eliminating the
cattle pest, screw-worm. Although the technique has been used against
this pest ever since, most recently to prevent invasion of the 0ld World,
attempts to use it commercially against other pests have not yet been
reported. Screw-worm appears to have unique characteristics as a suitable
target {p. 131).

Insect growth regulators

Insect growth regulators interfere with the internal hormone balances
of insects and thus with growth and metamorphosis. At the time of Silent
Spring, they were heralded as selective compounds to which no resistance
would evolve, These claims, alas, proved false. Research is still in progress,
and the early promise of this approach to pest control has not been
fulfilled.

Sex attractants

Natural or synthesized sex attractants for male insects (sex pheromones)
are used routinely in traps to estimate pest numbers to aid decisions about
when to apply pesticides. For direct control, however, only isolated
successes have been obtained with trapping out pests by combining
pheromones with insecticides. More promise is shown by the ‘confusion
technique’. Here the release of artificial pheromone at many sources can
confuse the orientation behavior of male pests. Clearly this ecologically
desirable methoed can reduce or delay the need for insecticides. This is
excellent [PM, but pheromones are still too expensive to be economically
viable if they have to be used in combination with pesticides. Attractants
(other than pheromones) and repellents have continued to be investigated
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over the past 3 decades, but until recently there have been few prospects
of commercial use. The search for suitable chemicals has received the
recent stimulus of industrial interest in the muliiplicity of plant chemicals
in tropical plants. New strategies for the deployment of such chemicals in
pest control are emerging; it is a strong research and development areca
and may well assume practical importance in the near future.

Biological control

The method mentioned last in Silent Spring. biological control, has proved
to be the most generaily available method to substitute for at least some of
the control previously achieved by total reliance on pesticides. Many
successes have been achieved in the past 30 years with the introduction of
biological control agents in systems where insecticides are not feasible or
totally uneconomic. Such agents have also been introduced into systems
{e.g. greenhouses} to supplement or replace pesticides. Also, IPM research
and practice is increasingly targeted to maximizing the impact of natural
enemies already present in systems, rather than (as in Rachel Carson’s day)
seeking to inoculate new species. Rachel Carson implied that we should be
able to solve all pest problems with beneficial insects; today this view is
totally outdated. Insect pathogens have many advantages over animal
carnivores as biological control agents. In many ways their properties make
them ideal for use in IPM, and in dealing with insecticide-resistant pests.
However, they have limitations in efficacy and field viability: more serious.
however, are registration and commercial difficulties. If' these can be
overcome, then the future for insect pathogens looks very encouraging.

It is astonishing that Rachel Carson does not even mention host-plant
resistance. The mcthod was well established for insect control from the
1950s onwards, and much earlier for plant diseases. More recently.
particularly in the tropics with the establishment by the Consultative Group
on International Agriculiural Research (CGIAR) of a chain of international
research stations. the breeding of cultivars that are less damaged by pests
is seen as the principal aim of pest management research.This emphasis on
host-plant resistance has spread world-wide. Potentially, plant resistance
can provide a highly farmer-acceptable method of pest control that haslittle
impact on the environment and requires little additional input.

Thus the visions of Rachel Carson have not been really fulfilled in any
detail. She fatled to appreciate the integrated approach to pest control that
was gaining ground even as she was writing. Nor could she have realized
how long it would take for world opinion to force moves to end routine
reliance on pesticides as a sole pest conirol strategy, Her book was
published in the early 1960s, vet a real pressure to change, especially in
high-input agriculture, did not develop till the very late 1980s.
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Role of pesticides in integrated pest management

An important philosophical differcnce between the views put forward in
Silent Spring and those of today are that many proponents of IPM consider
that pesticides must remain in the arsenal of weapons to be used against
pests. Although it is stated carly in Silent Spring (p. 12) that it is not my
|Rachel Carson's] contention that chemical insecticides must never be
used’, the implications of the last chapter of Silent Spring are that pesticides
can be phased out completely.

This view is clearly spelled out in the first seven words of the final
chapter ('The other road’) of Silent Spring: *“We stand now where two roads
diverge.’ These words, however, stand out as among the most misleading
statements in the history of applied entomology. Rachel Carson presented
the analogy of man having reached a crucial fork in the road. Now was
the time to choose the narrow road to salvation and abandon pesticides
in favor of biological control. The misleading nature of this analogy is only
too evident when we consider the contemporary events that occurred in
Peru, California and the UK referred to on p. 38, In Peru, the solution of
pesticide resistant pests on cotton was based on restoring biological control
under the protection of a selective insecticide (a stomach poison). As
mentioned earlier, the solution in California was to supplement biological
control with low-dose pesticide applications. In the UK all-year-round
chrysanthemum crop, pesticide-resistant aphids were controlled by sub-
stituting a new insecticide, but one so selective that biological control of
other pests could continuc.

Far from representing two diverging roads. chemical and biological
control were shown to be converging in those carly days of integrated
control. This convergence is still a key principle of IPM today. One of the
most important developments stemming from the first definition of ‘inte-
grated control’ was avoiding prophylactic pesticide treatments as far as
possible by establishing ‘economic thresholds’ for pests. This principle has
been widely practised from the late 1950s onwards, and has probably led
to as great a reduction in pesticide use as all other components of TPM
put together, The concept is not mentioned as part of “The other road’ in
Silent Spring.

Regulation of pesticide usage

Silent Spring certainly played an important role in the development of the
movement to ban the organochlorine pesticides. Legal action to phase out
DDT started in the developed world in the late 1960s with the realization
of its undesirable persistence and danger to wildlife. In the decision handed
down by Ruckelshaus. the first administrator of the then newly formed
USEPA, it was stated that there was compelling cvidence for adverse
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impacts of DDT on fish and wildlife. The decision continued that, while
there was no adequate epidemiological evidence for effects on man, DDT
had been demonstrated to be a carcinogen in experimental animals
{(Dunlap, 1981). Although the environmental evidence was clear, whereas
the evidence of carcinogenicity of DDT remained a matter for debate, it
seems that it was the latter aspect that was vital in the final cancellation
procedure. This cancellation of virtually all uses of DDT in the USA in
1972 was [ollowed by cancellation of several other organochlorine
pesticides within a few years. There are now over 40 pesticides on the
suspended, cancelled or restriclted list of the USEPA, while others are
restricted o use by certified operators. It is important to distinguish
between banned and nonregistered compounds. Nonregistration may not
be the result of a known problem, but merely due to lack of a market large
enough to justify the cost of re-registration. Therefore the fact that many
pesticides not registered in the USA are registered in other countries is not
in itself a matter for concern.

Some 1015 years behind the industrialized nations. several African
countries have recently banned DDT, aldrin and other chlorinated hydro-
carbon insecticides (Brosten and Simmonds, 1989). Several developing
countries still lack pesticide control legislation. In others that have such
legislation, it is not strictly enforced. In Kenya, the Pest Control Products
Actl of 1982 was implemented in 1983 by the establishment of a Board
which is responsible for managing pesticides in accordance with the FAO
code of conduct. By 1985, 51 African countries had adopted the code
(Brosten and Simmonds. 1989}, Most countries in Central America have
statutes or decrees to prevent problems associated with pesticides, but
none are equipped for adequate enforcement.

An organization, Pesticide Aclion Network, campaigns to ban the use
ol ‘undesirable’ pesticides and documents the degree 1o which these
materials are restricted throughout the world. In 1985 this organization
launched a campaign to outlaw the use of the so-called dirty dozen
pesticides, which has subsequently been increased to 18. The original
‘dirty dozen' (aldrin. chlordane, chlerodimeform, dibromochloropropane
(DBCP). DDT, dieldrin, ethylene dibromide {(EDB), endrin, hexachloro-
cyclohexane (FHICH), heptachlor, lindane and toxaphene) had been banned
in 23-42 countries and severely restricted in 2-16 others by 1992. There
are major differences even in neighboring countries. For example, Guate-
mala has banned all of them whereas Honduras has banned none and
placed severe restrictions on only two.

Nevertheless, the trade in restricted pesticides remains considerable. In
1990 over [JS$12 million of pesticides that were banned or had their
registration canceled were shipped from US ports (Smith and Beckmann,
1991). This includes over US$1.5 million of chlordane and heptachlor.
Additionally, US$7 million of unregistered pesticides and US$60 million
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of pesticides whose use is restricted were exported. This total of US$68.5
million of restricted pesticides is out of a total of US$400-600 million
worth of pesticides exported from the United States.

FAQ/WHO established the Codex Alimentarius Commission in 1963,
which set acceptable maximum residue levels for food coming into
international trade. These levels are then offered for acceptance to
countries that wish to participate and the code is being taken up, even if
stowly. Quarantine provides the policing and helps to avoid the ‘circle of
poisoning’ phenomenon that involves the shipping of food contaminated
by unregistered products into foreign countries.

An International Code of Conduct on the Distribution and Use of
Pesticides was developed by FAQ in 1985, and amended to include prior
informed consent in 1989. The voluntary code is intended to serve as a
point of reference, particularly for countries that have not yet established
their own adequate regulatory infrastructures.

The environment«l procedures of the US Agency for International
Development (USAID) require that agency to assess the public health and
environmental impact of any pesticides before funding for their use and
supply is approved. Although USAID missions are in a country only by
invitation and cannot enforce procedures. the desire for aid can influence
acceptance of reforms significantly. Many countries still consider environ-
mental management to be a luxury and view the regulations as too strict,
but changes have nevertheless resulted from the implementation of USAID
regulations. These changes include reductions in the amounts of pesticides
used, restrictions on use to protect public health and the environment,
reconsideration or revision by countries of their pesticide use policies and
the initiation of projects that address environmental concerns directly.

Most pesticides used in the tropics originate in developed countries and,
under current legislation, may be exported from the country even if
prohibited or severely restricted there (Bottrell, 1983). Taking the USA as
an example, some $400-600 million worth ol pesticides is exported
annually. with most going to Asia and Latin America. The USA export
trade is, however, only 16.3% of such exports world-wide. The USA, along
with other developed countries, has been accused of dumping their banned
pesticides on developing countries. These exported pesticides include
highly toxic insecticides such as aldicarb, methyl parathion and carbo-
furan as well as persistent hydrocarbons such as DDT (Bottrell, 1984). US
exporters must now inform foreign buyers of known hazards of the
materials as well as of any changes in the regulatory status of the chemical
in the USA (USAID, 1990a,b}. Further, the FAO code recommends that
‘prior informed consent’ should be obtained from the governments of
destination before shipping of the pesticides. However, il is important to
realize that some chemicals. banned in the country of manufacture, may
still have virtues for the receiving country. Nonvolatile insecticides such
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as DDT may be the only safe option for farmers without mechanized
application methods and protective clothing, or unable to afford safer but
much more expensive compounds such as the synthetic pyrethroids, Some
developing tropical countries, such as Sri Lanka, which have restricted
the use of DDT, are now at the top of the league table of occupational
deaths from insecticide poisoning. In 1974, it was estimated that there
were 500 (000 acute pesticide poisonings resulting in over 900 deaths of
which 99% were in the developing world {Wasilewski, 1987). A more
recent estimate by WHO in 1991 is 1.1 million cases per year of which
20 000 are fatalities.

Mellanby (1992) in his recent book The DDT Story suggested that DDT
still had a future. He considered that if we accept the advice offered by
WHO ‘some years ago'. that the indoor spraying of DDT in routine
antimalarial operations does not involve significant risk to man or to
wildlife and that the outdoor use of DDT should be avoided if possible,
then DDT could, and should, continue to be used in antimalarial
campaigns.

Regulation of nonpesticidal chemicals

Although bans have also been used to control nonpesticidal chemicals,
none has been as confrontational as the banning of DDT in the United
States. The hearing that led to the ban on DDT lasted for 7 months. It
involved 125 expert witnesses and generated over 9000 pages of testi-
mony (Dunlap, 1981). When it became obvious that PCBs were a
widespread environmental contaminant, Monsanto (the sole US producer)
put into place voluntary restrictions (Chapter 8). Initially ‘closed-circuit’
uses, such as the use of PCBs in electrical generators. continued. However,
not even the best generator lasts for ever, and eventually the problem of
what to do with the PCBs has to be tackled. This ‘cradle to grave’ or the
I.CA approach has been used by agencies such as the UUSEPA to ensure
the safe use of chemicals.

However, sustainable development calls for more than the LCA ap-
proach to ensure that harm is not caused by chemicals. Continued
economic development will require drastic adjustments of the use ol energy
and materials to produce products and services. Two major factors are
involved in the need for drastic action. First, there has been a call for
major decreases in emissions to stabilize the atmosphere. For example. the
Intergovernmental Panel on Climate Change (IPCC) (cited by Schmidt-
Bleek, 1992) has recommended the following reductions: CO; by 50%,
CFCs 80-100%, methane 20% and NO, 70-80%, Secondly. the aspirations
of the developing world to increase their standard of living, with their still
rapidly increasing populations, have to be accommodated.
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Carbon emisions per person (tons)
w

Figure 3.1 Carbon emissions per person, 1988 (data from Flavin, C., State of the World.
1992, Norton, New York, 1992).

Regulation of carbon emissions

The difficulties can be illustrated by an ¢xamination of the implications of
reducing carbon emissions by 50%, The emissions in 1988 on a per person
basis are given in Figure 3.1 for various regions of the world. The North
American figure of 5.007 tons per person is 3.5 times, and that of western
Furope 1.4 times, the world average. whereas Asia and Africa are well
below the average. The high figure for Latin America. roughly comparable
to western Europe, is due more to forest destruction than to high energy
use (Figure 3.2). If. globally. we were to meet a 50% reduction in carbon
emissions but also to give each person an equal share. this would call for
drastic changes. Emissions in North America would have to be cut to only
14% of current usage and cven Africa would have to make a modest
reduction {Figure 3.3).

While a 50% reduction in carbon emissions and equal shares for all
may be dismissed as utopian, it does illustrate the difficulties ahead as we
try Lo control the ‘greenhouse’ gases. At the moment, three-quarters of
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The negative value for land use changes
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Figure 3.2 Imissions of CO2 from humar activities (from UNEP, Chemical Pollution: a
Global Overview, UNEP, Geneva, 1992, with permission).

the world’s energy is produced by fossil iuel. Obviously achieving decreased
dependence is going to take a considerable amount of time and investment.
The best solution in the short term is likely to be to decrease as rapidly as
possible the use of coal, which contributes more carbon per unit of energy
produced, as well as other major pollutants, than any other source. and
to increase the use of natural gas, which produces 43% less carbon per
unit of energy produced (Flavin, 1992). Oil is intermediate between coal
and natural gas both in carbon (17% less than coal) and in sulfur content.
The expanded use of natural gas is a stopgap measure, since world reserves
are small compared to coal. Beyond this stage it will be essential to move
into an era of dependence on renewable energy sources.

The nuclear industry is in difficulties world-wide, because of high
maintenance costs and problems over waste disposal (considered later),
Commercial nuclear fusion ~ the dream of an artificial sun to provide
power on earth — seems as far away as it has been for the past 30 years.
However, several renewable sources of energy (wind power, geothermal



48 THE INTEGRATED APPROACH

. 1,600
w

5

800 |+ oo oo D
-

=3

2 1200 R

2

E 1‘000 B e rraarasaciaaeiasreasesan earran .
Z

'9 800 - | DT T P P LT TT T TN R, B

v

R

5 600 - TRV SO U .

5

_Q 400 YA

b=

3

E 200 |- 31

[+] i

= 0

N. Am, E. Eur. Oceania Latin Am. W. Eur. Mid. East Africa China Rest Asia

| RECE
Equal shares

Figures in squares are percentage of current emissions that
would give a 50% reduction and equal emissions per person

Figure 3.3 Tolal carbon emissiions for various regions of the world, Figures in squares are
percenatge of current emissions that would give a 50% reduction and equal emissions per
person (data from Flavin, C., Worldwatch Paper, No. 91, 1989).

and solar) are breaking into the commercial market, and solar phote-
voltaic technology (which converts the sun's radiation directly to elec-
tricity) seems likely to follow (Shea, 1988). The transfer from fossil fuels
to these forms of energy production will, however, require a good deal of
realignment of capital. This is particularly a problem in the developing
world already saddled with huge external debts, One proposal has been a
‘carbon tax’ on fossil fuels. A tax of US$50 per ton of carbon would,
world-wide, generate US$280 billion per vear. In the United States this
would amount to US$240 per person and in India to US$9 per person. It
has been calculated that a tax at this level would provide the stimulus for
investment. both in efficiency and in the transfer to renewable sources of
energy production (Flavin. 1989).

The other side of the carbon dioxide equation is the amount fixed by
plants. In all continents except Europe, deforestation is contributing more
carbon dioxide to the atmosphere than reforestation is removing. The
relative importance of fossil fuel emissions and land use changes is shown
in Figure 3.2. While reforestation is not a strategy that can offset all, or
even most, of the carbon emissions from power plants, it could play a role.
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In the United States, for example, converting 12 million hectares of poor
cropland to trees would absorb 60 million tons of carbon annually. This
equals a reduction of about 4% in emissions. The carbon balance due to
land use is negative in all continents except Europe, and a reversal of this
would not only help this balance. but also reduce the loss of biodiversity.
Maintenance of biodiversity is critical to one of the two major themes of
this book, integrated pest management.

Regulation of oxides of sulfur

Reducing SO, emissions is going (o require cither a substantial move away
from coal as an energy source or a substantial investment into devices to
remove sulfur, So far there has been little movement in either direction.
That the industrialization of China is based almost entirely on ceal has
sertous implications for the acidification of large areas of Asia (Chapter 9),
as well as for the global carbon balance.

Regulation of CFCs

The control of CFCs has been one of the success stories of international
cooperation. The Montreal Protocol. which called for first holding the lcvel
of consumption and within 10 years reducing consumption to half existing
levels. was adopted in September 1987. This protocol came into force in
January 1989 and has been signed by 73 countries and the EEC. As
information became available on the ‘ozone hole’ this protocol was
amended in 1990 to call for complete elimination of the use of CFCs by
the year 2000.

So far we have been considering chemicals that end up in the
atmosphere. Currently these are of great concern because of the impact
that they have. The problems for agricultural production of climate
change, acid rain and ozone depletion are considered in Chapter 9.
Although, in the broadest sense, the liberation of carbon dioxide and other
gases into the atmosphere is waste disposal. the term ‘waste disposal’ is
usually reserved for putting liquid and solid chemicals into landfills,
incinerations or discharging them in water.

Waste disposal

The most difficult and intractable case is the disposal of nuclear waste.
This is because many disposal methods — incineration, conversion to other
materials — are not possible, and also because of the long time these
materials remain hazardous. The hall-life (the time it takes for 50% of the
original activity to decay) of plutonium is 24 400 years, which means
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that this isotope can be a problem for a quarter of a million years. The
world's 400 commercial nuclear reactors, producing about 5% of the
world's energy, created some 9500 tons of radioactive waste in 1990.
This brings the accumulated total to 84 000 tons, double the 1985 level
(Lenssen. 1992). From the beginning of the nuclear industry, this problem
has not been adequateily addressed. The favored option is deep (half a
kilometre or more) burial in specially constructed facilities. Technically
this poses no insuperable problems, but the time-frame for which such
facilities would have to be secure is tens to hundreds of thousands of years.
There is no certainty that volcanic action or another geological force
would not later release the radioactive malterial, Certainly, major changes
to the earth’s surface have occurred within this time-frame. For example,
10 Q00 years ago the English Channel did not exist.

With these problems it is not surprising that the NIMBY (not in my
backyard) syndrome has made it virtually impossible to agree sites for the
disposal of nuclear waste. In the United States, the site selected is in the
Yucca Mountains of Nevada. However, faced with technical difficulties
and firm opposition, the carliest possible date — if it is approved at all - for
the opening of the site would be 20100, In France, which generates a higher
proportion of its energy from nuclear power than any other country, the
situation is similar. Sites are being investigated. but final selection is at
least 15 years away. The situation is no better elsewhere, No waste
disposal sites for high-level nuclear waste have been constructed any-
where in the world. At the moment the ever-growing amount of nuclear
waste is being stored in surface facilities near to the nuclear plants. The
problems of waste disposal, compounded by the accident at Chernobyl,
have caused the massive und probably irreversible decline of the nuclear
industry. There is considerable international concern about the safety of
the obsolete nuclear power plants in eastern Europe, The cost of upgrading
or decommissioning them will be enormous. Also. the loss of their
production will be serious and likely to lead to increased pollution.
Virtually no new nuclear plants have been started in the past 5 vears
anywhere in the world. For the first, but perhaps not the last time, an
industry has been killed by its failure to deal with waste disposal.

Within the chemical industry as a whole there are much broader
opportunities for safe disposal. Just over half the total industrial waste of
Japan was recycled and reused in 1983 (Postel, 1987). with a further
31% reduced through treatment (incineration, dewatering, etc.). This left
only 18% to be disposed off. In contrast, two-thirds of the hazardous waste
in the United States was placed in land fillings and a further 22%
discharged in sewers. rivers or streams. Tolba (1992) gives similar data
for chemical waste in the United Kingdom in 1985, where the vast
majority of the material was disposed of in landfills. These figures are not
strictly comparable, as the Japanese figures refer to all industrial waste,
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the American ones only to hazardous waste and the UK ones {o all
chemical waste, Differences in definitions presumably also account for the
huge percentage of the global total of hazardous waste being generated
by the United States (81%. some 10 times more than OECD Europe) cited
in Tolba’s (1992) recent book Saving Our Planet.

While mast countries rely on land disposal methods for their hazardous
waste, advanced systems have sometimes been put in place clsewhere.
Denmark has introduced a system that treats, detoxifies or destroys most
of the nation's toxic waste generated since the mid-1970s, In outline the
system consists of a central disposal facility capable of a wide range of
detoxification systems and high-temperature incinerations. This is sup-
ported by 21 transfer stations throughout the country for industrial wastes
and 300 smaller collection points for household wastes such as paints and
solvents.

The problem of transhoundary transfer of hazardous waste began to be
tackled seriously in the early 1980s. At this time some 2 million tons of
hazardous waste crossed OECD European frontiers each year: in addition
some 250 000 tons were transported annually to eastern Europe. It has
been estimated that 120 000 tons of hazardous waste were exported
annually from North America and Europe to the developing world. The
hazards to both human and environmental health of disposing of highly
toxic waste by shipping it to developing countries are obvious. The recent
atlempt by an Italian company to site an incineration plant off the shores
of war-torn Somalia indicates the need for international controls. Principle
14 of the Rio Declaration deals directly with this issue: ‘States should
effectively cooperate to discourage or prevent the relocation and transfer
to other States of any activitics and substances that cause severe environ-
mental degradation or arc found to be harmful to human health.” There
is a need for Third World governments and leaders not to give way to the
temptation of short-term gain in exchange for long-term problems.
Hopefully the Basel Convention on the Control of Transboundary Move-
ments of Hazardous Wastes and their Disposal, which was adopted by 116
governments and the Furopean Community in March 1989 but so far has
been ratified by only a handful of countries. will tackle this problem.

Life-cycle management of chemicals

A recent review (VNCI, 1991) on integrated life-cycle management of
several chemicals has been carried out by the Dutch chemical industry at
the request of their government. A diagram of the life cycle of a chemical,
consisting of six stages and four valves (Figure 3.4), is taken from this.
The review states that 'the art of integrated management is to control the
outflow of the substances into the environment by manipulating the valves
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as ellfectively and efficiently as possible.” One of the case studies published
was the life cycle of an organochlorine compound referred to only as
‘HCFC-22". HCFC-22 is currently in the process of replacing CFCs in a
wide range of applications. Although HCFC-22 contributes substantially
less to ozone depletion than other CF(Cs, it does have some impact. When
the life cycle of HCFC-22 was examined, it was found that the two most
critical areas were reduction of leaks by improving maintenance practices
and establishing a collection and recycling process. A review of the process
established that these improvements could be made without serious
economic cost.

LCA can be, and usually is, carried out at the level of the individual
chemical. While the objectives of the Dutch review are laudable, they
could usefully be extended to include the concept of the reduction of the
amount of raw material used and the energy used during the process.
Schmidt-Bleek (1992) has recently stated that ‘de-materialization by
technology is the only real hope. particularly in the Third World, to make
room for economic growth under condition of not forcing the ecosphere
to additional catastrophic reactions’. His diagram on the changes neces-
sary in energy consumption and material usage is shown in Figure 3.5.
He emphasizes that it is vital that products and services should be much
less material and energy intensive than they are today. Such changes are
going to require increased prices for natural resources as the market itself
will not internalize environmental costs (OECD, 1991). One possibility to
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Figure 3.5 Energy consumption and open material streams (from Schimdt-Bleek, F.,
Fresenius Environ. Bull.. I, 417-22, 1992, with permission).
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avoid increased sirains on budgets would be to transfer some part of
personal income taxation to taxes on natural resources.

The concept of LCA can also be used to decide which chemicals should
be used. Take for example the plastic industry. Plastics are widely used
and, for many purposes, have advantages over glass or metals. The
problems of recycling are. however, greater than for cither alternative.
There are difficulties over collection, and the separation of plastics and
breaking them down to the original chemical constituents are difficult and
often economically unattractive. With polyvinyl chloride (PVC), there is
an additional difficulty in disposal. Although PVC contains roughly as
much energy as wood, its chlorine content poses problems. Incinerators
that burn PVC need scrubbers to prevent emissions of hydrochloric acid.
Also, the possibility of forming dioxins. considered powerful carcinogens,
has to be addressed. As a result the incineration of PVC is discouraged.
Recycling and disposal problems are less serious with other plastics such
as polyethylene, suggesting that a move away from PVC would be, from
an environmental point-of-view, advantageous.

The ideal would be for industrial processes Lo use waste from one process
as the raw material for the next, analogous to biological ecosystems. While
it is unlikely that industrial processes could match the biological system
by which plants synthesize nutrients that feed herbivores, which in turn
feed carnivores whose wastes and bodies cventually support further
generations of plants, we need to move in this direction. Even the biological
system is, of course. not a closed system since energy from the sun has to
be supplied. However, unlike most of the energy we consume, this is
renewable.

Conclusion

We need to think broadly about the relationship between industrial
production and environmental concerns. Too often the positions of
industrialists and environmentalists are polarized. To the former, effluents
and other waste are things to be deall with as cheaply as possible; to the
latter any effluent is bad. We need 'industrial ecologists’, a breed of persons
who can think through the processes involved and reduce the
environmental impact of industrial processes to a mimimum.

The use of pesticides is. in most countries. covered by specific legislation.
In addition to national laws, which vary greatly in their strength both in
the actual legislation itself and even more on the degree of enforcement.
there are legislative measures and also pressures at the international level.
These are considered in Chapter 4.

It is clear that the use of both pesticidal and nonpesticidal chemicals
requires an integrated approach. [n the case of pesticides, there are
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concerns for both the safety of the operator and for unwanted environ-
mental side-effects; these concerns may often be in conflict. The choice of
a pesticide to control a pest needs to include consideration of the problems
of future resistance of the pest species, and alterations to the community
structure that can affect natural controls need to be considered when the
eflicacy of the pesticide to control the pest is concerned. The IPM
philosophy makes it possible 1o envisage achieving worthwhile increases
in yield by introducing minimal insecticide use in that third of the
agricullural hectarage that currently receives no pesticides, largely for
economic reasons. Full protection with pesticides would be prohibitively
expensive. besides making it likely that problems of resistance and
environment damage would occur. In contrast. the increase of yield with
IPM using limited pesticide input could be expected to have no serious
side-effects.

Equally for nonpesticidal chemicals, the ‘broad canvas’ approach
should be used. The concept of LCA can be applied from the individual
chemical to complex processes involving the use of many chemicals. It is
essential to apply these principles in order to continue our industrialized
society, let alone to allow for increasing industrialization of the developing
world.
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Pressures on pesticides
in [PM

Pesticides still have an important place in sustainable
pest control. Their role is changing, however. This is
influenced by international pressures from world agen-
cies, and by local national legislation and policy. Public
pressure arising from real and perceived health and
environmental risks is also important. Industry is under
pressure to produce more IPM-compatible products.
However, the greatest pressures come from the devel-
opment of resistance to pesiicides in the target pests.
While there are pesticide-based solutions for this
problem, most are still controversial. IPM is probably
the ideal solution, but this depends on the availability
of suitable programs involving alternative control
methods.
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Introduction

It was pointed out in the previous chapter that the role of pesticides in
IPM in the past 30 years has been very different from the future envisaged
by Rachel Carson in Silent Spring, and that real public and government
pressure to reduce pesticide use in agriculture is a comparatively recent
phenomenon. Partly, the slow progress of IPM is due¢ to low financial
investment for the development of alternative approaches. particularly in
the ability to match the level of control provided by pesticides. Partly, it
reflects the possibilities for coping with pesticide resistance by switching
to alternative compounds. Moreover, much of any evolution from reliance
on chemicals to IPM has been controlled by attitudes of governments and
international agencies.

The evolution of concepts

Pesticide use has moved a long way since Silent Spring, when most
pesticides were highly persistent {e.g. the organochlorines) and were
applied either according to the calendar or when the pest was observed.
The first major change was, as described earlier, the introduction of
‘economic thresholds’, when treatment was only applied when warranted
by established relationships between pest densities and crop vield. The
early introduction of this concept meant that. for a while, much of the
practice of what we now call IPM was little more than modified spray
programs involving the intelligent use of pesticide. There is still probably
an over-reliance on the use of pesticides in 1PM programs: this is because
the third phase, the maximum use being made of more biological tactics,
is still onliy in late infancy. Pesticides can often cope with pest problems
as a sole control measure, but at an environmental cost and with the
danger of the development of pesticide-resistant pest strains. Although
there are many examples where other control measures (e.g. host-plant
resistance, biological control. cultural control) have, on their own, proved
as, or even more, effective than pesticides, such other measures more often
fail to provide an acceptable level of pest reduction. It is a pity to ignore
their contribution and replace it with sole reliance on pesticides. The
remaining gap can often be filled with minimum pesticide use, Thus
pesticides are still, and are likely to remain, a4 component in many, if not
most, IPM programs where the economic threshold for pest damage is
low. The key to the use of toxic chemicals in IPM is that the chemical
input must be designed so as not to prevent the operation of the more
biological control components. As pointed oul above, it then ceases to be
necessary for the chemical to provide the total required control on its own.
How this may be achieved will be discussed in Chapter 5. Less toxic and
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more environmentally friendly chemicals are likely to be effective (even
when used in smaller amounts), and the accent is on selective compounds
and on ingenious solutions for applying broad-spectrum compounds
selectively. The shift away from emphasis on chemicals in IPM does not
detract from the logic and appropriateness of their use in a muiltiple,
all-suitable-techniques strategy for sustainable pest control.

Factors influencing the changing role of
pesticides in IPM

Besides the conceptual shifts described above, the selection and extent of
pesticide usc in IPM has been strongly influenced by several outside
factors. These have exerted often unseen or unrecognized, positive or
negative pressures on the need for pesticides in agricultural and public
health situations. They have also affected the availability and selection of
materials. and the extent to which they have been used. These factors
have had an importance equal to that of the cvolution of concepts in
changing the use of pesticides since Silent Spring, particularly in the tropics.

Pesticide policy and legislation at the international level

The use of pesticide in developing countries has been affected by several
international actions aimed at avoiding misuse of pesticides and the loss
of their effectiveness from resistance.

USAID and FAG/WHO have been in the forefront of international influ-
ence on the use of pesticide in developing countries. The linking of aid to the
use of less-damaging pesticides by USAID and FAQ's code of conduct on the
distribution and use of pesticides has already been described in Chapter 3.

Pesticide legislation in the USA has grown in complexity from the
Federal Insecticide Act of 1910 to the Federal Environmental Pesticides
Control Act of 1972, Each proliferation of legislation has increased the
stringency for registration or re-registration of pest control products. This
has had a significant world-wide impact on the availability, selection and
use of crop protection chemicals and has increasingly raised the economic
incentives for farmers to use nonchemical methods. Certainly the lowering
of tolerances for pesticide residues has forced changes in the kinds and
quantity of pesticides used,

National efforts and legislation governing import and use of
pesticides

Reference was made in Chapter 3 to the increasing legislation against
chlorinated hydrocarbons in developing countries and the problems of
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enforcing such legislation in many such countries that have adopted the
FAO code of conduct.

Economic conditions and the need to stimulate crop production often
lead to government pricing controls and subsidies for pesticide inputs.
Senegal, for example, subsidizes pesticide use on rice to avoid losing foreign
exchange on rice imports. Such practices can, of course, lead to increased
use {and misuse) of pesticides. In a study of nine countries (Repetto, 19853),
the average subsidy of total retail cost of crops was 44%. with Honduras
having the highest per capita subsidy. This resulted from giving pesticide
importers a favorable rate of exchange and exempting pesticides from sales
taxation. The use of alternative methods was thus discouraged, and the
use of economic thresholds undermined. Often such policies benefit larger
farmers over smaller ones, and mostly on cash crops (Repetto. 1985}
Similar consequences result from subsidies in vector control programs,

The introduction of structural adjustment programs in some West
Alfrican countries has forced the removal of government subsidies on
pesticides and their replacement with the incentive of high producer prices.
Farmers are then able to purchase pesticides, even at the higher prices,
Indeed, pesticide consumption has continued to rise. The GATT agreement
{Chapter 1) may well affect the issue of subsidies.

Excessive pesticide use can also stem from the economic pressures that
cause governments to give more funding and support to ministries of
agriculture and commerce than to environmental ministries. Control
measures that are perceived to require little extension support are preferred
by policy makers. Thus pesticides included in simplified technology
packages (incorporating resistant varieties and biological control releases)
remain under centralized government control. However, pesticide man-
agement is not so simple, and requires high levels of extension if pesticides
are to be used appropriately in IPM.

Public perception of pesticide-associated risks

Despite the greatly increased stringency of registration procedures, agri-
cultural pesticides are still perceived as intrinsically hazardous to health
and the environment. Such perceptions take no account of the amount
used or of the care taken. It has been argued by a journalist that this
perception is based on three false premises (Tucker, 1978):

First is the myth, which environmentalists have fashioned, of an ideal,
pre-pesticide past, when crops were good. living was easy, and insecticides
were few. This is a complete fantasy. Second. there is the false distinction
between natural and unnatural chemicals and implicit assumptions that
chemtcals like pesticides never occur in nature, Third. there is the myth that
these unnatural chemicals are causing an equally mythical, epidemic
increase in cancer. Unfortunately the genesis of all three of these ideas can
be traced directly to Silent Spring.



FACTORS INFLUENCING THE CHANGING ROLE OF PESTICIDES 61

On the other hand, neither have pesticides proved to be a panacea.
Increases in pesticide usage have often not been associated with decreased
losses from pests (p. 65). Also, insecticides do carry both environmental
and health risks. especially where they are misused or overused
(Chapter 8). We would, however, agree with Tucker that the risks,
especially of modern pesticides used appropriately, tend (o be highly
overstated.

The development of ‘organic farming’ in developed countries has been
partly motivated by a minority of consumers who have a pronounced
distaste for pesticides. The market is still very small; it is less than 1% of
vegetable and {ruit sales in the UK, for example. More important, perhaps,
is pressure being put on farmers in some countries to adopt IPM practices by
offering certification or other inducements likely to lead to participating
farmers increasing their market share. In Europe, the International Or-
ganization for Biological Control (IOBC) is offering certification labels to
growers (especially in viticulture) producing crops to their IPM standards
(which include pesticide recommendations). In the UK, a number of large
supermarket retailers have combined with the Ministry of Agriculture to
provide production protocols, which specify crop protection by IPM so long
as suitable methods can be suggested, for several vegetable crops. The aim
is gradually to expand the range of crops covered, and for the supermarket
chains concerned to place their purchasing contracts preferentially with
growers complying with the protocols. This seems a particularly promising
approach for increasing the uptake of IPM by farmers and growers.

IPM itself has a credibility problem with farmers. It is often seen as ‘pest
control without chemicals™ or just another version of ‘biological control’;
moreover, it does not carry the security provided by pesticides that the
farmer may be able to seek compensation from the agrochemical company
for a control failure. Thus farmers are reluctant to relinquish pesticides as
dependable pest-control tools.

Industrial pesticide development and production

Older chemicals are often used in developing countries. Such chemicals
are relatively inexpensive; they are no longer patent protected and may
be manufactured in the developing country, often without the safety
standards of the larger companies, as was illustrated dramatically at
Bhopal.

The larger international companies have redirected their efforts towards
‘more IPM compatible products’, i.e. chemicals with increased target
specificity, such as cuticle inhibitors (p. 155). There are several benefits
of such compounds to industry: better resistance management and
therefore longer product life, improved grower satisfaction, support from
the public and policy makers, and compliance with the FAQ code of
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conduct. However, these compounds are more expensive and chiefly
directed to markets that can afford them. The costs of developing and
marketing a new insecticide are now around US$75 million. Escalation
of these costs is linked with the more sophisticated structures of newer
compounds, general inflation and the more stringent requirements for
registration. Based on increases observed in the 1970s, a doubling time
in the cost of developing pesticides of about 3.2 years has been calculated
{Metcalf, 1980). In view of likely future resistance problems, this outlay
needs to be recouped by the pesticide industry with the minimum of delay.

In addition, in developed countries. re-registration requirements for
older compounds have resulted in the voluntary withdrawal of compounds
by agrochemical companies, who often feel the costs of re-registration are
not economic for many older products. Even those submitted for re-
registration face a considerable delay and are, meanwhile, unavailable to
growers. Where growers are left with a severcly limited range of products,
they can see the danger of resistance developing, and many turn (for the
first time) to IPM.

Resistance to pesticides

The first case of resistance o pesticides was detected in 1914, By 1990,
nearly 500 cases of resistance of insects and mites could be listed
{Schulten, 1990). To these cases can be added ever-increasing numbers
of plant diseases, weeds, nematodes and rodents which are also showing
pesticide resistance. Among the arthropods listed as resistant in 1986
{Georghiou, 1986), 59% were of agricultural importance, 38% of
veterinary or medical importance and only 3% were beneficial insects.

The development of resistance affects 1PM by reducing the number of
pesticides that remain effective, applies pressure for application at higher
dosages and frequencies (with potentially devastating implications for
biological control). and decreases the incentive for indusiry to market more
highly specific compounds. This, coupled with the escalating costs of
pesticide development. suggests that there will be a decrease in the number
of materials available for use in new IPM programs. Metcalf {1980) claims
that resistance to insecticides is the greatest single problem facing applied
entomology.

How to manage pesticides to prolong their useful life is still the subject
of controversy. Severdl strategies have been proposed; these are discussed
briefly below.

High v. low kill strategy

There is still argument about even this simple dichotomy of possible
strategies. Georghiou and Taylor (1976) considered biological and
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operational {actors accelerating the development of resistance based on a
population genetics model. They concluded that a ow kill strategy would
delay resistance in comparison with aiming for maximum kill. Important
elements in the argument were that a high kill strategy must inevitably
lead to resistance, whereas alow kill strategy would maintain susceptibility
in the population. Breeding could then dilute any resistance that developed.

The principal opponents of this conclusion have come from the
agrochemical industry. Not surprisingly, the industry is worricd about
reduced pesticide use. The main argument against the low kill strategy is
that heterozygote pests with partial resistance would survive the pesticide
application and pass on higher resistance levels through offspring
homozygous for resistance. The counter-argument of proponents of 1PM
is, of course, that other control components would then provide mortality
for most of the heterozygotes surviving the pesticide.

Sequential v. rolational use of pesticides

It is surprising that, in view of man's long experience of pesticides and
resistance development. this second dichotomy of strategies has also not
been resolved. Will a number of compounds in total last longer if used one
at a time until resistance forces a switch, or is it better not to wait for
resistance to develop and rotate their use? The latier approach carries the
danger of multiple resistance to all the compounds in the rotation. Again,
there are disciples of both viewpoints. The history of resistances in the
field, however, suggests the following conclusion. Resistance in insects
appears to be delayed by sequential use, whereas the rotational strategy
scems the more effective with mites.

Switching the life-stage target

Georghiou and Tavlor (1976) conciuded that resistance to insecticides
would develop more rapidly if applications were direcied against larvae
rather than adults, and more rapidly still if targeted against both stages.

Most insecticides are applied to control insects in the larval stage.
Georghiou and Taylor's conclusion immediately suggests that a switch to
attacking the adult when resistance develops in the larva should prolong
the useful life of an insecticide. It is relevant that rotations of acaricides
against mites usually involve compounds with differential activity against
eggs, immalture stages and adults.

Windows of pesticide use

Once resistance to the older insecticides has appeared in a pest population,
farmers often swiich to a synthetic pyrethroid and continue with it from
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thenn on. This has often led to selection for rapid resistance to the
pyrethroids. Many pests are migratory, and there is no reason why the
arriving pests should have the degree of pesticide resistance that was
present in the farmer’s crop at the end of the previous season. Thus the
usefulness of pyrethroids can be extended by reveriing to older insecticides
early in the season and restricting pyrethroid use to a window towards
the end of the season, if or when resistance to the older compounds again
appears,

Restricted spray windows are used in a number of cotton systems. The
best-known example comes from Australia, where bollworms rapidly
developed resistance to the synthetic pyrethroids. It was decided to restrict
the spraying of pyrethroids to a window between January 10 and February
20 (in the middle of the crop season). The aim was that only one
generation of bollworm would be exposed to this group of insecticides.
However, after initial apparent success of the strategy. the level of
pyrethroid resistance in bollworm appears to be rising again {Matthews,
1989).

In Zimbabwe, the pyrethroid window is 9 weeks during the main
flowering and boll development period, when bollworm is most likely to
infest the crop. In the Philippines, it is betwcen 84 and 112 days after
planting.

Pesticide rejuvenation

If the biochemical mechanism of the pesticide resistance is known. it may
be possible to add to the formulation a compound (svnergist) which blocks
the mechanism.

Such rejuvenation has been attempted with synthetic pyrethroids by
adding the synergist piperonyl butoxide. Adding a synergist unfortunately
does not change the mode of action by which the organism is killed. It
merely means the organism will need the same mechanism considerably
strengthened to develop resistance to the synergized pesticide. This raises
the danger of ‘super-resistance’, which could render a pest immune to a
wide range of pesticides with a similar mode of action.

Diversification of control methods (1PM})

The selection pressures on pests can be diversilied by increasing the
centribution of other sources of control. This is probably the ideal way of
delaying or preventing resistance to pesticides developing.

In a few of the organochlorine pesticides (e.g. endosulfan), in the
organophosphates and in the systemic carbamate insecticides, we have
an arsenal of considerable flexibility in [IPM programs, with a variety of
routes to the target. This variety is not shown in the newer insecticides
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{e.g. the synthetic pyrethroids). Thus, to be able to do IPM at all, it is vital
that the current pesticides are not allowed to be lost through resistance.
This danger is perhaps the most cogent reason of all for using IPM methods
to reduce the quantity and frequency of current insecticide applications.

Availability of practical IPM programs with alternative control
tactics

A follow-up survey after a pest-monitoring training session in the
Philippines revealed that adoption was low because of the tedium, time
taken, marginal benefits and requirement for new skills {(Medina, Velasco
and Soriano, 1992). The count and record system proved too advanced
for the farmers’ capabilities and needs. The complexities of impractical
IPM systems, particularly monitoring and the determination of crop loss
and economic thresholds, will discourage the adoption of the IPM ap-
proach and encourage reliance on the single tactic of pesticide application.

The use of economic thresholds alone usually results in a worthwhile
reduction in pesticide use. It is nevertheless only a first stage towards IPM.
There are still few pest- and disease-resistant varieties being released. They
tend to be designed for monocultures rather than for the less profitable
mixed cropping systems of small farms in the tropics, There are also many
scenarios where no proposals are available for increasing the impact of
biological control agents. Cultural controls were the cornerstone of pest
control in pre-insecticide times and could still reduce dependence on
pesticides. However, without an IPM system in which cultural controls
can find inclusion, the effect of cuitural control seems unspectacular and
is little appreciated. Unless research has produced, for example, a success-
ful biological control measure that requires no manipulation by the
farmer, cultural controls are often replaced by the insecticide tactic to save
the time and labor they involve.

Conclusions

The role of pesticides, particularly in agriculture, has therefore changed
dramatically in the 30 years since Silent Spring, though in different ways
in different parts of the world.

In developed countries, pesticide use continued to rise steeply during
the 1960s and 1970s. For example in Japan, there was a 3 3-fold increase
of insecticide inputs between 1950 and 1974: that this was a ‘pesticide
treadmill’ phenomenon is evident from the fact that little vield increase
was associated with the rise (Kiritani, 1979). Similarly. Pimentel ef al.
(1978) estimated that crop losses from pests in the USA had doubled in
the previous 35 years despite a tenfold increase in pesticide use. However,
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Pimentel et al. conceded that the return per dollar invested in control with
pesticides was 1JS$4. Resistance to pesticides has usually been the driving
force behind the introduction of IPM methods in the developed countries.
Cotton and glasshouse and orchard crops have been among the [irst arenas
where resistance to insecticides has forced the abandonment of routine
reliance on pesticides. More recently, the banning of a number of
compounds has removed the possibility of routine chemical control of
some pests for growers. Increasingly, public pressure stemming from
environmental and health concerns is influencing both pesticide legisla-
tion and grower attitudes in favor of IPM. Long delays are now occurring
in pesticide registration and re-registration, to the point where many
growers are scverely limited in the pesticides they may legally apply. The
result of all these changes has been an increasing implementation of IPM
and a decrease in pesticide use in developed and developing countries.
Examples of practical IPM remain relatively few and it is clearly still early
days. One has the feeling, however, that at long last IPM is taking off.
Pesticides are still very much a part of IPM programs, but increasingly
used as a stiletto rather than as a scythe. As poinied out earlier, there are
excellent pesticides if used judiciously and IPM will develop more rapidly
and successfully if they are accorded a proper role among the IPM
strategies that are available for integration than if attempts are made to
‘go it alone’ with more biological methods. Indeed, the appropriate use of
insecticides remains the key to translating the incomplete control often
available from other methods into a grower-acceptable [PM package.

Thus IPM. including some pesticide use, is the route whereby it has
been possible to reverse the pesticide treadmill in developed countries,

The same strategy is also appropriate to preventing the pressures for
greater food production in developing countries leading inexorably to the
same pesticide problems that have been experienced elsewhere, at least in
countries or crops where it is not already too late {Chapter 6). In
developing countries, as described above, international agencies are being
at least partially successful at introducing and encouraging the use of
insecticides in an [PM context. Without such influences, pressures for vteld
increases and the lack of regulation and lack of alternative control
measures would be likely to lead to routine pesticide applications as the
easy option.
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Principles of IPM
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Introduction

The last chapter of Silent Spring, entitled 'The other road’. describes Rachel
Carson’s view of what today would be described as the principles of IPM.
The development of IPM has been quite different from Rachel Carson's
vision of the future of pest control, and is better described as a road network
linking her two distinct and opposing roads. This is because several new
approaches to pest control have emerged since Silent Spring. and because
modern pesticides are more environmentally friendly than those discussed
by Rache! Carson. Thus modern pesticides can be used effectively in IPM,
and most proponents of IPM consider pesticides as part of their armory.

The fundamental principle of IPM is relatively simple. It is to prevent, or
at least delay, counter-adaptation by pests to control measures by diversi-
fving the latter. This should be accomplished by maximizging the use of
nonpesticidal methods; pesticides may then have to be used to fill the gap
between what is attainable without them and the level of control required
by the grower. It is then important that the pesticides be used with
minimum disruption to the other measures, particularly biological centrol,

As the need for IPM arises from pest mismanagement in the past, the
causes of this mismanagement are highly relevant to how IPM might
proceed. These causes are generally considered to include:

1. Overdosing with pesticides, leading to development of resistance.

2. Loss of biological control. Pesticide use is an important cause, leading
to increased severity of pest gutbreaks and the appearance of new
pests. A second component is the reduction of biodiversity in
agroccosystems.

3. The introduction of high-yielding, genetically uniform and pest-
susceptible varieties to large areas of monoculture.

4.  Agronomic changes such as the abandonment of cultural controls
such as crop rotations and the move from mixed cropping to
monocultures.

These causes of pest mismanagement translate into the lollowing aspects
of [PM:

1. Use of economic thresholds to guide spraying decisions.
When pesticides are needed. they are used in a way that is least
damaging to biological control. Biological control agents can also be
purposefully introduced and/or promoted by habitat modification,
including the planned diversification of the agroccosytem.

3. Introduction of host-plant resistance (o pests, as far as possible
involving several mechanisms.

4. Introduction of cultural controls if these can be compatible with larm
management systems.
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Since the recognition of the causes of pest mismanagement, several other
techniques (e.g. pheromones, male sterilization) have been added to the
IPM armory.

The purpose of this chapter is to discuss the development of the diverse
approaches to pest control listed above. Their potential role in pest
management, particularly in the integrated approach represented by [PM,
will be emphasized.

Economic thresholds

Economic thresholds are used to decide when a pest has reached levels
requiring a control intervention. They have now been evaluated for many
pests of many crops to replace reliance on routine prophylactic treatments,
This change of emphasis to applying pesticides only when necessary, has
been a major development since Silent Spring. Reductions in the amount
of pesticide used on a crop of at least 20-30% can normally be achieved.

Stern et al. (1959) defined the economic threshold as the ‘density at
which control measures should be determined to prevent an increasing
pest population from reaching the economic injury level.” They defined
the economic injury level as ‘the lowest population level that will cause
economic damage,’ i.e. the cost/benefit ratio of the control measure rises
above unity. Therefore the economic threshold is normally lower than Lhe
economic injury level to give time for control measures to be mobilized
and for them to take effect.

The cost/benefit concept has, of course. the two ¢lements of ‘cost’ and
‘benefit’. ‘Costs’ are now recognized as considerably greater than the direct
ones of pesticide and the labor and fuel charges involved in their
application, Pesticide application may cause crop damage by phytoloxicity
(e.g. reduced yield), stem or leaf breakage, soil compaction, etc. Increas-
ingly, environmental pollution (Chapter §8) and damage to biological
control and wildlife are seen as additional costs. A further cost may be a
reduction in the value of the crop if customers are prepared to pay a
preminm for reduced or zero pesticide use. This may be either for reasons
of conscience or because of a real or percetved benefit in crop quality.
Another example was the premium customers in the UK were prepared
to pay during the 1970s for the more natural and pleasing appearance
of the foliage of chrysanthemums grown under a biological control (as
opposed to a pesticide) regime.

‘Benefit’ also has several aspects. At very low densities, pests may
actually increase the quantity or quality of the yield. For example, some
carly thinning of fruits or buds by pests may reduce the competition
between them and lead 1o increased size and quality of those that remain.
Some removal of leaf area by pests, especially on the lower leaves, may
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reduce plant respiration while hardly reducing photosynthesis. There are
also examples where a little wounding by insects provides a stimulus to
plant growth.

A second aspect of ‘benefit’ is that no benefit is obtained by controlling
pests at densities at which the plant can compensate fully for the degree
of attack involved. Here cotton is a particularly good example. Provided
the crop is not stressed by lack of nutrients or water, the harvested crop
will be formed on only about 12 of the 90 or so flower buds that each
plant produces. The extra buds are shed naturally even if they are not
damaged early by pests. Cereals are an example where interplant compe-
tition in a densely sown crop results in yield ha’ remaining unchanged
over a wide range of tillers m . Even total loss of some individual plants
from pest attack will not result in a yieid loss. Reduction in leaf area on
individual plants can also be compensalted; it has been claimed that sugar
beet can fully compensate for up to 0% defoliation, but these experiments
were carried out with manual and not pest damage. Pests usually reduce
the yield far more than the equivalent simulated damage (see below).
Indeterminate crop varieties will continue to produce new fruiting/pod-
ding points after damage if nutrients and water remain available; thus
early damage can be compensated, although there is a penalty of a delay
in harvest. The potential for compensation in lealy indeterminate crop
varieties Is high, but both lealiness and the potential {for an extended period
of fruiting and podding are undesirable characters in modern crop
improvement breeding programs. Newer high-vielding varieties tend to be
selected under full secticide protection and then unfortunately usually
require such protection to be maintained if they are to produce good yields.
Without the protection, they may well yield less than the older varieties.

Economic thresholds are based on cconomic injury levels, which can
be determined by several methods (van Emden, 1978). Surprisingly
enough, the most obvious approach of comparing the yield of plants with
artificially imposed different insect burdens has frequently proved unsat-
tsfactory. Many insects are mobile between plants, so that original
differences in numbers become evened out. The effects of cages on plants
and on the reproduction of the contained insects are so drastic, that
attempts to confine the insects can lead to misleading results. More
satisfactory, in spite of possible direct effects on yield, is to use insecticides
to cut off pest population increase at various points in time, Many workers
have attempted to simulate the effects of pests on yield by artificial damage,
especially in relation to chewing insects and the defoliation they cause.
However, much of the vield loss of insect-chewed plants results from insect
saliva rather than removal of plant tissue. The damage to the plant of leaf
area removed by a multiplicity of small bites is very different {rom the
effects of a single cut with a pair of scissors. Thus. as pointed out earlier,
the equivalent defoliation by insects results in much higher yield loss than
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when the defoliation is artificial. Yet another approach has been to seck
a relationship between pest density and yield loss from figures obtained
in farm surveys. Such relationships may also be very misleading. That a
range of pest densities can be obtained may be due to latitudinal.
environmental (e.g. soil, temperature, rainfall), discase and even cultivar
variations that themselves directly influence crop vield. A further ap-
proach used in apple orchards in the UK has been to persuade larmers to
compare two pesticide regimes in different blocks of the crop. Routine
spraying was continued on one block, but the other block was monitored
for pest occurrence. Season by season, originally very low pest thresholds
for spraying were raised until the grower complained of economic damage.
Whether the complaint was justified or not, it enabled the really practical
threshold, the ‘grower worry’ threshold. to be determined.

Finding out whether a threshold is exceeded or not can also take a
variety of forms, partly representing an evolution in sophistication, The
first form of threshold monitoring introduced for a pest usually requires
the farmer to count the insects on a small sample of his crop. This form
of monitoring is often called 'crop inspection’ or ‘scouting’, and would
normally be carried out by the farmer himsell or a crop consultant
employed by him. An example is monitoring for red bollworm in cotion
in Central Africa, where it is recommended that crops are examined twice
weekly from 6 weeks after germination. T'welve plants are sampled for
bollworm eggs along each diagonal of the field. The economic threshold
for such a sample is an average of 1).25 eggs plant™' (Matthews, 1989).

Such a basic threshold can be refined by, for example, scoring only
caterpillars over a certain size. as recommended in soybeans in the USA.
Alternatively, different size categories of a pest can be given a different
weight in determining whether the threshold has been reached. Increas-
ingly, monitoring is becoming morce detailed. For example, thresholds for
phytophagous mites in apple orchards are varied according to the densities
of predatory mites that are monitored simultaneously.

Farmers can find such self-operated crop inspection too complicated or
time-consuming. The UK threshold for cereal aphids referred to above
requires the tarmer to count small insects on 20 tillers, and specifically
well away from the field edges. Few farmers therefore carry out such
inspections, though they will readily claim to do so to government
advisers. It is therefore often hard to cstablish whether recommended
thresholds are or are not widely used.

It is therefore better if crop monitoring can be provided as a service {o
the farmer, or to replace it by procedures such as trapping where the
farmer has only few locations to monitor with a simple check.

The former approach may be possible where only a single sampling
occasion is involved and where the resulting recommendation can be
applied over a large area. As an example, advice in the UK on the need



74 PRINCIPLES OF IPM

to spray against black bean aphid (Aphis fabae) has been based on counts
by the Advisory Service of winter eggs on selected bushes of the over-
wintering host, the spindle tree. A separate forecast is given for cach of
16 areas in southern England (Way et al.. 1981). Farmers are then advised
whether economic damage to spring-sown field beans is unlikely. posstble
or probable. The 'unlikely’ and ‘probable’ forecasts have proved very
reliable. A second sampling of spindle in mid to lale May enables advice
to be given on the timing of any necessary chemical treatments.

Monitoring by trapping may also be a scervice rather than a farmer-
operated tool. The UK Advisory Service monitors adult Agrotis segetum
activity by light and pheromone traps (i.e. traps baited with the female
moth sex attractant}. The monitoring is carried oul in carly summer and
uses temperature and rainfall data to estimate egg development and larval
(cutworm) survival. Each 0.1 mm of daily rainfall is estimated to kill 1%
of surviving small larvae and any daily fall of 10 mm or more effectively
destroys all pre-third-instar larvae. Based on all these data, warnings are
issued in relation to particular types of crops (Emmett, 1984).

The UK pea moth monitoring scheme combines the operation of
pheromone traps by farmers themselves with further calculations by the
Advisory Service (Emmett, 1984}, The farmer sets up two pheromone
traps at right angles in a corner of the pea field and inspects them three
times a week. The threshold is reached when 1() or more moths have been
caught in either trap on each of two consecutive sampling occasions.
However, this is not a threshold for commencing spraying. but a warning
that damage is likely. It provides a date from which the Advisory Service
can predict the appropriate spray date for the individual farmer. This
prediction uses forecast temperaturcs to estimate when females will lay
eggs and the subsequent development time of those eggs. This is computer
predicted, and is updated with actual weather records as the days pass.

Often, however, the decision if and when to spray is based entirely on
the farmer’s own operation of his traps. Pheromone traps catch only males,
since the synthesized attractant is based on the female-produced phero-
mone. The use of pheromone traps for monitoring is theretore only possible
if there is a predictable relationship. not only between male and female
numbers, but also between male numbers and the timing of female
oviposition on the crop. Where such relationships can be established,
pheromone traps provide a very timesaving monitoring method. Codling
moth is an example of a simple and satisfactory system. Only one trap is
needed per hectare, and the action threshold for applying sprays is reached
if five codling males are found per trap in two consecutive weeks (Emmett,
1984).

The ultimate step is not to base spray decisionns on monitoring or
trapping in the field, but on a centrally managed computer stmulation of
the field situation driven primarily by weather variables, and incorporating
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models for crop growth and development. Such a level of sophistication
is still largely for the future, but impressive strides have been made in
developing such a model for cereal aphids in Europe, both in the
Netherlands and in the UK. The models still need to be ‘synchronized’ with
the situation in crops by periodic reference to field data, but can already
produce rcalistic forecasts.

The integration of pesticides into IPM

The role of pesticides in IPM has already been described in general terms
(Chapter 3). Here, it is relevant to consider the ‘proactive’ (i.e. positive)
use of pesticides to improve the IPM package. This is in total contrast to
regarding pesticides as a ‘necessary evil’, and merely considering how to
use them to cause as little damage as possible to biological control and
the environment.

The principle of the proactive use of pesticides in IPM is that they can
be used to improve biological control if their application results in an

Natural enemy:

pest ratio
% % % H Unsprayed 13
Non-selective 1:4
pesticide application
Partially selective 1.0.5

pesticide application

Figure 5.1 The importance of natural enemypest ratios after pesticide applications.
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improvement of the natural encmy:pest ratio. In other words, we accept
that kill of both beneficials and pests will occur. If, however, there is even
partial selectivity in favor of natural enemies, then biological contral of
the pest will have been improved rather than damaged by the application
of a pesticide (Figure 5.1).

Use of a selective pesticide

This is the obvious approach when possible. Some products such as sprays
of insect pathogens have considerable selectivity by the very nature of
insect-pathogen relationships (p. 86). Other 'novel” insecticides, such as
insect growth regulators (p. 153). tend to show similar selectivity, at least
to a definable type of pest (e.g. caterpillars}.

Selectivity is harder to find among the traditional toxic insecticides,
since they are nearly all targeted at a site of action, the nervous system.
which is biochemically similar in insects and most other animals, includ-
ing man. Moreover, at least until recently. there was little incentive for
agrochemical companies to market compounds that were not broad
spectrum, since such a property narrowed the potential market. None the
less, selectivity is known for some insecticides and, for any particular crop
and pest situation, experiment may reveal unsuspected selectivity. This is
sometimes the consequence of behavioral differences between the pest and
its principal natural enemies. The flexibility of route to the target (residual,
fumigant, translaminar, systemic, etc.) offered by the organophosphate
insecticides and somce carbamates is particularly valuable in this context.
Even the uniformly residual and contact synthetic pyrethroids possess a
contact irritancy that varies between insect species, and could be a source
of partial sclectivity.

A lew insecticides show true selectivity for biochemical reasons. Most
striking is the carbamate insecticide pirimicarb, which is toxic to aphids
and Diptera, yel not to other insects at equivalent doses. This is because
acctylcholinesterase. the enzyme in the insect nervous system that is
inhibited by pirimicarb, varies in insects and in most is insensitive to the
pesticide. The organochlorine endosulfan is also biochemically selective
and Hymenoptera, an order containing many species valuable in biclogical
control, are far less affected than other insect groups.

Sclective use of a pesticide is also, of course, possible where the biological
control agent at risk is resistant to that pesticide. Mite predators of orchard
spider mites have developed resistance to organophosphates, and were
first reported in 1958 from British Columbia. Such resistant predators
have been transferred or discovered elsewhere and form an important
component of orchard [PM in many countries. Pesticide resistance has
also appeared of its own accord in at least eight other beneficial species,
as listed by Croft and Brown (1975).
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In America, the natural organophosphate-resistant predatory mites
found in both orchards and vineyards have been artificially selected in the
laboratory for resistance to additional pesticides. including pyrethroids.
The field population of predatory mites has to be reduced to a very low
level with pyrethroid insecticide before release of the multi-resistant mites.
Otherwise interbreeding might occur and dilute the resistance. Under these
circumstances the resistant mites have maintained their resistance with
time, allowing simultaneous use of insecticides. The system has been
adopted by about 60% of Californian almond growers, and savings due
to decreased pesticide use are estimated at US$60-100 per hectare
(Headley and Hoy, 1987).

That resistance occurs naturally and can be supplemented or acceler-
ated by sclection in the laboratory suggests greal potential for this source
of selectivity. Molecular biological techniques now make the transfer of
genes between species a real possibility. It is attractive to think that the
source of resistance for a genetically engineered natural enemy may well
be its pest prey! However, at present entomelogists lack the kind of efficient
techniques for DNA transfer possible with plants (p. 140)}. Also. worries
have been expressed that availability of pesticide-resistant natural enemies
would encourage continued pesticide use. A further constraint is that the
economic feasibility of the whole approach is limited by the need to develop
new strains each time a new pesticide is adopted by growers.

In IPM, one is more usually faced with the challenge of how a
broad-spectrum pesticide can be made at least partially selective by the
way it is used.

Formulation

Formulation (the form in which the active ingredient of a pesticide is
marketed) can impart some selectivity. Wettable powders, emulsions,
flowables, etc. have different additives such as wetters and emulsifiers that
can affect persistence on the leaf and contact with target and nonlarget
organisms. Systemic insecticides applied to the scil as granules are taken
up by the plant to poison sap suckers such as aphids, without leaving a
residue on the leaf to be toxic to other insects, Many insecticides can be
encapsulated so that the ‘droplets’ are contained in a sticky polymer shell
that adheres to the plant. This imparts the properties of a ‘stomach poison’
to an otherwise broad-spectrum compound {i.e. only insects chewing the
leaves and ingesting the capsules will be poisoned).

Reduced dose

The variability in insecticide tolerance between individuals of a plant-
feeding insect species tends to be greater than for carnivorous insects such
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as biological control agents. It is usually suggested that this is because the
plant feeder has had to evolve an armory of enzymes to detoxify plant
secondary metabolites: such enzymes can equally be turned against
insecticides, Possession of the armory inevitably results in quantitative
variation within the population. and there will be a wide pesticide
concentration range between 1% and 100% mortality. Carnivorous
insects. on the other hand, do not have to detoxify plant secondary
compounds to the same degree. They may therefore show a much smaller
variation in insecticide susceptibility between individuals. This explana-
tion accounts for the fact that mortality of many carnivores rises more
steeply than that of herbivores as pesticide concentration increases
{Figure 5.2).

Figure 5.2 illustrates a situation where the carnivore is more susceptible
to the pesticide than its herbivore prey. This is probably the norm where
parasitoids and their prey are compared by laboratory bioassay. Croft and
Brown (1975) reported this relationship for 11 out of 15 parasitoid (see
p. 86 for definition) and prey combinations. However, il should not be
assumed, as often it is, that carnivores are invariably more sensitive te
pesticides than their prey. Even in laboratory assays, many predators show
great tolerance to pesticides. possibly because their thick cuticles are a
barrier to penetration. Thus Croft and Brown found that in 77 cases of
predator—prey combinations, the predator showed greater pesticide toler-
ance in 63, often by a large factor (in 34 cases the predator was a
coccinellid beetle). Thus, particularly in the field where differences in
herbivore and carnivore behavior may increase pesticide selectivity to-
wards the carnivore. it is far too glib to generalize that pesticides will
destroy biological control.

100 - C
H
80
T 60f
ae
ar
20
213 Full DH
Insecticide dose 2 Full DC

Figure 5.2 Theoretical selectivity inherent in pesticide application. H, dose mortality curve
of a herbivore; C, dose mortality curve of predator or parasitoid; DC, dose seale for carnivore:
DH, dose scale for herbivore. ( From van #mden, H.F., Proc. Br. Crop Pret. Cond.. Pests
and Discases, Brighton., 1990, p. 945, with permission.)
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Whatever the relationships in detail of the two mortality curves shown
in Figure 5.2. clearly dose reduction will progressively benelfit the carni-
vore till, in the theoretical example shown, a pesticide selective against
the carnivore at high concentrations becomes equitoxic to both carnivare
and herbivore; at still lower concentrations a ‘selectivity window’ opens,
in which a higher percentage of the herbivore than the carnivore is killed.

Application of pesticide in time

The arrival or emergence in the crop of natural enemies is usually later
than that of pests. This can provide the opportunity for an early pesticide
application of an ephemeral compound without risk to biological control.

A second possibility is that pesticides with a short restdual life can be
applied selectively when most of the natural enemy population on the
crop is protected in some way. For example, the first generation of aphid
parasitoids is sufficiently synchronized that there is a possibility for
applying an aphicide while the parasitoids are pupated within the protec-
tion of the skin of the dead aphid (the ‘mummy’). A short-lived compound
is necessary, as adult parasitoids can pick up a toxic dose from the surface
of the mummy while emerging. A similar philosophy has been used for
coccinellid predators of cowpea aphid in Nigeria (Morse. 1989). Here,
aphid populations were not sprayed before ladybirds had oviposited on the
crop. The rationale was that oviposition by ladybirds tends to be quanti-
tatively dependent on the density of the aphid prey and the maximum
number of eggs was obviously desired. It was found that dimethoate could
be used safely while the coccinellids were still in the egg stage and yet it
greatly reduced aphid numbers. The result was a very favorable ratio of
ladybird larvae hatching from eggs (o the number of aphids remaining.

Many pest and beneficial insects move about the plant diurnally, but
the two types of insect do not necessarily show the same or a synchronized
pattern, Thus leathoppers in cotton and grain legumes are difficult daytime
targets for sprays since they sit on the underside of the lower leaves. In
the evening, however, they move up the plant to sit on the upper surfaces
of the higher leaves. They then become as easy target, and good control
may be achieved with a little ephemeral insecticide with little harm to
their natural enemies.

Apart from selectivity between a pest and its own natural enemies,
selectivity between a pest and the natura) enemies of other pests on the
crop needs to be considered. Here a fundamental principle is to use
pesticides against a pest at a time when natural enemies of other pests are
either absent or protected. A typical example comes from Pennsylvania
apple orchards, where the peaks of adult leaf roller moths and their
oviposition occur in June and September, Spider mites and their ladybird
predators do not build up until July and August, and this makes it possible
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to time leaf roller control not to interfere with the biological control of the
mites.

Application of pesticide in space

Localizing the application of pesticide is an extremely effective and valuable
technigue in IPM for obtaining contact of the pest with the pesticide while
avoiding or minimizing contact by natural enemies. Insecticide-treated
traps baited with a specific attractant for the pest are an example. Such
baited traps were used some years ago in the control of fruit flies, The
females respond to a cheap bait of molasses or protein hydrolyzate which
mimics the odor stemming from microbial activity on fruit surfaces. More
recently, screens treated with a pyrethroid insecticide and baited with
octanol have been used in control of the tsetse fly. Similarly, pheromones
have been used as baits: for example, in Egypt there has been work on
applying bollworm pheromone plus pyrethroid as a small smear on cotton
leaves at intervals along the row. In Nicaragua. the aggregation phero-
mone of boll weevil has been used to concentrate weevils emerging from
hibernation on to small, early planted areas of cotton, where the pest is
then controlled with a pesticide. The problem of the approach is, of course,
that natural sources (the crop to be protected or insects there) give off a
similar odor in competition with the traps. The specific use of pheromones
for "trapping-out’ is further discussed on p. 125,

A very general approach to limited application in space is ‘band
spraying’, where swathes covered by the pesticide are purposefully not
adjacent, leaving unsprayed crop areas between them. This concept
capitalizes on the greater mobility of adult natural enemies than of most
pests, and therefore their ability to avoid the spray. The unsprayed refuge’
crop areas thus tend to have a higher natural enemy:pest ratio after than
before spraying. If necessary, the areas spraved and unsprayed are
reversed at a second pesticide application. The band-spraying concept has
been ingeniously combined with the potential selectivity of reduced doses
(see above) in orchards in Pennsylvania. In this ‘alternate-row middle’
technique (Lewis and Hickey, 1964), half-dose insecticide is sprayed down
alternate rows. Each tree is thus only sprayed from one side on each
spraying occasion, but receives spray from the other side at the next
application. Predators build up with this spray regime to a point where
the frequency of spraying can-be greatly reduced. ]

Where resistance to pesticides has developed in pests, it may become
essential to modify spraying practices to leave unsprayed refuges for
natural enemies. In USA citrus orchards, sprays against fruit flies were
directed as far as possible to the bottom half of the tree. where the pest is
more abundant than in the top half. Some natural enemies then survived
higher up. The system was improved in Australia by adding to the
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insecticide a bait which attracts the fly. Thus iruit flies in the upper part
of the tree were lured down to contact the insecticide.

A classic success with pesticide selectivity in space was achieved on
coffee in Kenya as long ago as the 1950s (Wheatley, 1963}, Remarkably
enough. the ‘selective’ insecticide was the notoriously broad-spectrum
DDT. This was painted around the trunks of the coffee trees early each
season. Whenever pests, particularly large looper larvae, became too
numerous in the coffee canopy, the tree was sprayed with natural
pyrethrum at a sublethal dose, yet sufficient to ‘knock down' both pests
and beneficials. These then fell out of the tree on to the ground. Many
beneficials flew back to the tree after recovery, but the caterpillars could
only regain the leaves by crossing the DDT band and picking up a lethal
dose. Each use of the DDT/pyrethrum system therefore greatly improved
the natural enemy:pest ratio in the canopy.

Insecticide application technique in relation to
IPM

Since Silent Spring, pesticides have largely continued to be applied by
conventional hydraulic sprayers with nozzles that have a simple orifice.
These systems produce a wide range of droplet sizes that are dispersed into
the environment. The destinations of these drops are determined by an
iteraction between their size, air movement and the collection efficiency
of surfaces in their path. With any air movement, winnowing of the
droplets occurs with gravity. This affects the larger drops; those smaller
than 50 um remain airborne, In the field these small drops will be lifted
by convection and travei considerable distances from their source. Better
control of the fate of droplets can reduce the environmental hazard of
pesticides as well as contribute to the provision of ‘refugia’ for natural
enemies inside and outside the crop.

Droplet spectra can be measured directly in the air using the diffraction
of laser light and computer interpretation. As hydraulic sprays are the
principal method of application world-wide, reference fan nozzles have
been used to define categories of spray quality in the UK (Doble et al.,
1985). The main categories are ‘coarse’, ‘medium’ and ‘fine’. Sprays with
higher numbers of droplets below 1100 um in diameter than in the ‘fine’
sprays are categorized as ‘very fine’. These are not recommended for arable
crops due to the drift hazard.

Most public perception of hazards due to spray applications focuses on
this downwind drift. Although in practice only a small proportion of the
spray volume drifts outside a treated field, the effects of the many very
small airborne droplets of some pesticides can have significant impact
several meters downwind, such as herbicide damage and the death of bees
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and other beneficial organisms. The smaller the droplet, the greater is its
movement in natural air currents. Thus the shrinkage of drops by
evaporation of water increases drift in hot, dry conditions. The smallest
droplets remain suspended in the air and do not readily deposit on surfaces.
They are therefore likely to remain carried around in the air and finally
remain airborne over long periods as concentrated particles of pesticide.
Paradoxically, wind may reduce drift by increasing the impaction of drops
on leaves or other surfaces.

Habitats. including other crops, hedgerows or woodland, next to treated
crops provide refuges for natural enemies (including when overwintering).
Contamination with pesticide may affect the survival of the beneficial
fauna there. Increasing droplet size by, for example, using a larger orifice
nozzle may reduce aerial drift. but merely results in drift of a different kind.
Only a small window in droplet size for anv combination of environmental
conditions (including the plant surface) contains droplets likely both to
impinge and 1o be retained on the plant leaves. The coalescence of large
droplets on a leaf will cause runoff to the ground. and very large drops
bounce from leaves instead of depositing on them. Most pesticide in larger
drops directly contaminates the soil; thus a broad-spectrum insecticide
and some other pesticides can directly affect soil-inhabiting natural
enemties, including the generally prevalent ground beetles and spiders.
That part of the spray spectrum which reaches the soil aiso provides the
potential for groundwater contamination, though many pesticides remain
bound in the surface soil layers and are then degraded by microbes.
Registration authorities tend to favor the use of larger droplets to minimize
drift, but it is droplets around 100 pm that deposit on plants. Even smaller
droplets are caught by the hairs on leaves and insects. In terms of biological
efficiency, therefore, there is a need for spray application techniques that
can deposit small droplets with least risk of drift.

Today we have more selective chemicals and more active molecules,
such as the synthetic pyrethroids, requiring only a few grams per hectare.
In contrast to these significant improvements in the chemistry of pesticides
since Silent Spring, investment in improving application technique has
been small. A few specialized techniques such as granule application, seed
treatment and weed wipers enable treatments to be more localized and so
appropriate for IPM. However, the number of pesticides available for these
techniques is small. Most pesticides are still applied as aqueous sprays.
Although volumes of spray applied have decreased over the past 3 decades,
100 liters of water or more per hectare are still the norm. In the semi-arid
tropics, for example many countries in Africa. ultra-low-volume applica-
tion using hand-operated battery-powered spinning-disc applicators have
been introduced. However, this technique, originally conceived for locust
control, dees rely on air movement to disperse the 50-100 um droplets
downwind from the nozzle into the crop canopy. Drift beyond the crop
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boundary is small in large areas of a crop, but in many multicrop situations
the height of plants and the resultant air turbulence can cause loss of the
small droplets Lo drift. Slower disc speeds increase droplet size, but increase
deposition on the soil.

An alternative approach to increase the proportion of a spray deposited
on a crop is the electrostatic charging of spray droplets. When charged
sprays are applied to foliage., most droplets are deposited on the nearest
earthed surface, i.e. the outer and upper foliage. Mutual repulsion of
droplets of the same polarity inevitably means that the spray cloud not
only expands, but also that some droplets are carried upwards to driit
downwind. Others may be lifted further by convective air movement.
However, charged droplets displaced downwind are likely to be deposited
on foliage nearby, especially if an oil-based formulation, which prevents
droplets shrinking in flight, is used.

A perceived disadvantage of charged droplets is lack of penetration into
the crop canopy. However, for IPM, this may be a real advantage. Much
depends on the pest complex and the individual crop involved. On cotton,
for example. most of the major pests attack the young buds and tend to
be found on the outer section of lateral branches; in cowpeas post-
flowering, it is the pods that most need proiecting. Electrostatic spraying
therefore provides the potential for ‘selectivity in space’. resulting in
greater survival of predators of both the target and other pests. Apart from
this potenttal advantage, it is likely that electrostatic spraying will result
in less pesticide reaching the soil in and between the rows. This will reduce
the impact of a pesticide on the often very valuable soil-inhabiting
beneficials.

More studies are needed to assess the full potential of electrostatically
charged sprays. The distribution of charged droplets on crops is sometimes
unsalistactory for the control of certain pests (Cayley et al., 1984}, The
equipment requires skill to use and limits the range of products that can
be applied. Evidence to date suggests thal charged, ultra-low volume
cil-based sprays are more appropriate for some pesticides, such as the
pyrethroids, than others in IPM, where selective deposition of droplets can
be exploited. However, development of electrostatic spraying systems has
been constrained by patent protection o one multinational company.
There have also been difficulties in developing the necessarily oil-based
formulations for the system.

There is also the problem of operator contamination to consider, This
may arise during preparation of the spray or during actual spraying. The
first problem has been tackled by the agrochemical companies with new
types of packaging (e.g. water-soluble sachets}, recycling of pesticide
conlainers, changes in formulation and a trend towards closed filling
systems, cspecially for large, mechanized equipment. For the small-scale
farmer a disposable container, via which the pesticide is automatically
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diluted, has been developed though not vet commercialized. The develop-
ment of ultra-low velume (ULV) formulations in closed containers (e.g.
the electrodyn ‘bozzle’) is another attempt to eliminate operator contam-
ination during mixing. Without such closed systems. farmers frequently
miscalculate the amount of product to use and may spill pesticide over
their hands when mcasuring out concentrate. Contamination during
spraying is a widespread hazard with most types of equipment, and
protective clothing and sealed tractor cabs are among the counter-
measures which are available to those in temperate climates with adequate
finance. In the tropics, protective clothing is seldom worn. Moreover, most
small, manually operated sprayers are designed for the hand lance to be
carried in front of the operator, who thus walks directly into the sprayed
area and is usually heavily contaminated on the front of his or her body.
This contamination is often further aggravated by leakages from junctions
on the machine and hoses. Holding nozzles downwind, as with hand-held
controlled-droplet-application (CDA) sprayers or using a sprayer with a
‘tail boom’, is a better alternative. However, although such improvements
were developed for spraying cotton in Zimbabwe in 1960, they were not
widely promoted because of a perception that the operator needed to see
where the spray was going.

Few countries have demanded improvements in the cause of operator
safety. In the UK. the Health and Salety Executive requested the British
Standards Institute to produce a specification for lever-operated knapsack
sprayers (BS4711). This is already influencing equipment design: a similar
specification for compression sprayers is being prepared. An Asian Devel-
opment Bank initiative has made a start to improve the specification and
safety standards of knapsack spravers in Asia, but litile progress has yet
been achieved. Even when better equipment becomes available, it is
difficult to persuade farmers to purchase a replacement for still-functioning
older models.

The partially selective use of broad-spectrum insecticides has usually
been seen as an exercise in formulation, timing or placement. It is clear
from the above that application technique can play a major role in respect
of placement. More research is surely needed to compare the effects on
natural enemies of different application techniques.

Biological control

If the use of insecticides is to be reduced through IPM, then the consequent
reduction in pest control clearly has to be replaced in some way. Biological
control represents the most widely available source of such additional pest
control. Nearly all pests, in all situations, will be subject to some level of
this control.
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In Silent Spring, Rachel Carson saw natural enemies as an ideal
alternative to pesticides. since she saw biological control as the main way
‘nature’ prevents overpopulation by insects. It is true that one rarely sees
explosions of plant-feeding insects on noncommercial plants. The often
quoted figure is that insects and other herbivores consume less than 1%
of the plant biomass in the wild, though other estimates go as high as 7%.
Either figure is a stark contrast to the average of 30% for feod crops.
However, it is important to realize that biological contral takes place
against a very different background in the two situations. First, our crop
plants have, through plant breeding, lost many of their chemical barriers
to herbivore attack. Secondly, the plant species mosaic in more natural
ecosystems makes the discovery of, and movement between, suitable host
plants difficult compared with a monoculture. Thus pest status of a
herbivore is usually man-induced; we cannot expect that the reductions
in plant genetic and floral diversity wrought by agriculture would favor
carnivore populations as they have the populations of herbivores. It is
inevitable that evolution should lead to behavioral and other adaptations
in both natural enemy and prey to maximize the survival of both trophic
levels. Any natural enemy that overexploited its food resource would be
destined for the fossil record. Thus we cannot be surprised that such a
finely tuned population dynamics relationship between carnivores and
their prey is destroyed by the ecological catastrophe of agriculture. The
very features of agricultures that encourage pest status discourage natural
enemies (pp. 99-123).

Biological control only retains coherent meaning if defined as the use
as pest control agents of living organisms that are natural enemies, This
is because many other approaches to pest control, such as host-plant
resistance and pheromones, are also ‘biologically’ based.

The agents used for biclogical control by this strict definition are
predators, parasitoids or pathogens.

Predators

Predators are natural enemies that consume several prey during their
development. They are usually considerably larger than their prey and
are active hunters or ambushers. Many orders of insects include predatory
groups and species, especially the Hemiptera, Neuroptera, Diptera and
Coleoptera. In the latter three orders it is often the larvae that are the
predatory stages (e.g. hover flies). However, it is not uncommon for both
larvae and adults to share the predatory habit (e.g. ladybirds). In a few
examples (e.g. robber and assassin flies), it is primarily the adults that are
predatory. The order Hymenoptera also contains predatory ants and
wasps. Other important predators are found in the class Arachnida, the
spiders and mites. Polyphagous predators such as spiders and ground



36 PRINCIPLES OF IPM

beetles can exercise valuable control of pests in many crop situations. That
such predators can feed on many different prey species limits their use. in
the eves of many workers. as a single control measure, but they may often
be of greater value than more specific predators in the integrated approach.

Parasitoids

Parasitoids complete their development on {exoparasitoids}, or more
usually within (endoparasitoids), a single host that is eventually destroyed
in the process. The larva is thus the stage that feeds on the pest, though
in a few examples the adults may also kill prey as predators to obtain food
as adults. Most parasitoids are found in just two orders, the Hymenoptera
and Diptera (Tachinidae). Hymenopterous parasitoids have received far
more atiention in biological control than have the parasitoid Diptera.

Pathogens

Diseases of insects are widespread in nature, and break out as epizootics
particularly when their insect hosts arc stressed, especially by over-
crowding. Fungi infect their hosts by penetrating the cuticle; they require
both high humidity for the spores to germinate and proximity of infected
and uninfected hosts for the diseasc to spread. The humidity requirement
has made soil-inhabiting pests particularly suitable targets. Most successes
with fungi have involved Deuteromycetes. All other 'microbial insecticides’
rely on ingestion by the host for entry. They have thus evolved an infective
stage that can survive outside insects for a little while: they are therefore
less humidity-dependent than the fungi. Buacteria have been particularly
successful commercially. All are in the genus Bacillus, and B. thuringiensis
is the predominant species. Death of the host results from the liberation
of a toxic protein crystal when the wall of the ingested stage of the
bacterium (the parasporal body) ruptures in the gut. Amoeng the viruses,
most interest has centered on the Baculoviridae because they are totally
different in structure and biochemistry to the viral diseases of vertebraltes.
Maost are either granulosis or nuclear polyhedrosis viruses. Protozoa also
cause diseases in insects but have two serious drawbacks for insect control.
First they are obligate parasites, and cannot be multiplied outside the host;
this makes their commercial production uneconomic. Secondly, their
effects on their insect host are slow and debilitating, rather than causing
the rapid death of the pest that the grower requires. A few genera of
insect-parasitic nematodes are also used in biological control. They are
included here under 'pathogens’, since death of the insect results from a
bacterium carried by these nematodes.

Although, like insect natural enemies, pathogens of insects are natur-
ally occurring mortality factors, their use in IPM has been limited. Their
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use is very much more dependent on commercial development than is
true for insect natural enemies, yet they are made subject to expensive
safety testing and registration procedures. Moreover, a virtue of biological
control agents, specificity to target, becomes a market limitation for
commercially developed pathogens.

Principles of biolegical control with insect natural enemies

Biological control is selective, and without the kinds of environmental
hazards presented by insecticides. Undesirable side-cffects can nevertheless
occur, even if rarely. Nontarget insects, for example insects related to the
pest but valuable for biological control of weeds, have been adversely
affected in at least two instances. Also, a potentially serious disease of
sugar cane was introduced into Trinidad on the ovipositor of a parasitoid
imported against sugar-cane borer {(Bourne, 1953).

Biological control can be self-perpetuating following the original intro-
duction. It may spread over large areas after release and reach targets
inaccessible to pesticides (e.g. pesis concealed in fruit or stems). The
research and establishment costs of biological control are very moderate
(less than 10%} compared with the development of a new pesticide, and
are often borne by national or international agencies. For the farmer,
biological control is often free. It may be the only economic selution for
protecting the staple crops of poor farmers in developing countries or in
forestry and pasture,

Pesls are not without defences against biological control agents.They
have immune systems against pathogens, they can encapsulate eggs of
parasitoids laid in their bodies, and can sequester toxins from their host
plant to render them unpalatable to predators. Falling from the plant or
running away arc just two of several behavioral defence mechanisms,
Pimentel (1964) has argued that natural enemies will select for ‘resistant’
prey. However, the natural enemies will face similar selection pressure
to overcome such resistance, and the natural enemies of today must
have coevolved countermeasures to mechanisms for resistance to them.
Although resistance to biological control cannot be ruled out, its chances
are very small in comparison to the likelihood of resistance to insecticides.
We know of no unambiguous evidence of a biological control system
with insect natural enemies failing for this reason. Pimentel {1963) cites
two examples involving insect natural enemies: strains of prickly pear
cactus which were not readily destroyed by the moth Cactoblastis, and
a parasitoid of larch sawfly in Canada which suffered from increasing
encapsulation by its host. Carl {1982} states ‘The examples he [Pimentel]
quotes are not very convincing,” and °‘If his hypothesis were true,
hiological control would be a pointless endeavour.” However, insect
diseases are often used more as pesticides than as sell-perpetuating
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biccontrol agents (p. 96). and examples of pest resistance to discases
have already occurred {p. 96).

Unfortunately, these very potent advantages of biological control are
offset by some serious disadvantages. Pre-eminent among these is, except-
ing most microbial control agents other than some fungal pathogens, an
inherent incompatibility with insecticides. Potentially cffective bioconirol
of one pest may therefore be difficult where a pest complex attacks the
crop, and pesticides are still needed against these other problems. In TPM.
however, in contrast to single-component biological control, the challenge
of reconciling the two ‘incompatible’ approaches of chemical and
biological control can frequently be met (p. 75).

A second disadvantage of biological control is that it is usually slow to
act unless natural enemies or pathogens are ‘overdosed’ as ‘biological
pesticides'. Otherwise it takes time for them to build up to adequate
numbers and spread from the point of release to impact on the pest
population. Meanwhile, the pest may increase to intolerable levels, yet the
use of pesticides is likely to endanger the biological control system.

Most self-perpetuating biological control systems require the pest to
remain present, but at a low level. This level may be too high for the
farmer to accept if the pest adversely affects the quality of high-value crop
units such as fruits, or if the pest is a problem at low densities as a vector
of plant diseases.

Biological control has the further disadvantage of being ever unpredict-
able. The ability of natural enemies to respond to increases in the density
of their prey is often weather dependent: they can easily lose their control
impact totally once the population of the pest has reached a critical ‘escape’
level. Glasshouse growers, using the parasitoid Encarsia for control of
whitefly, are only too aware of this danger. Under other conditions, it is
possible for the natural enemy gradually to reduce its prey population to
virtual extermination. and then in turn die out itself. Such an event may
not be noticed by the farmer, who has learnt to trust biological control,
until new pest individuals arrive on the crop. Such an unexpected pest
outbreak occurred in 1953 in Puerto Rico after 15 years of successful
control of mulberry scale by ladybird beetle. Of course, this example still
compares very favorably with the much shorter effective life of many
pesticides before resistance shows in the pest population.

As mentioned earlier. the nature of agriculture makes biological control
which is satisfactory to the farmer an unlikely phenomenon; farmers also
require far greater pest reductions than are found in natural situations.
A biological control intervention has therefore to involve some ‘trick’ to
make the control successtul. Biological control in practice therefore is
unnatural, and represents an ecological disturbance of the population
system just as does the use of pesticides, though admittedly to a lesser
degree.
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In population dynamics jargon, the key principle of self-perpetuating
biological control is the concept of ‘density dependence’. Unless the
percentage impact of the natural enemy rises with prey density, the pest
population cannot be brought under control. Similarly, as pest density
then falls again, the impact of a density-dependent mortality factor itsell
decreases. This results in ‘regulation’ rather than overexploitation of the
pest population. Direct density dependence of a natural enemy thus not
only prevents the pest population from becoming too large; it equally
prevents it falling to very low levels. The result is oscillation of the prey
population around an equilibrium. In agriculture this equilibrium level
may still be economically damaging, i.e. biological ‘control’ is nat occur-
ring. Moreover, as pointed out above, any sudden population increase of
a pest may change the natural enemy:pest density relationships to an
irrevocable extent. A pest epidemic then results from the failure of
biological control. Sudden changes in the rate of increase of pest popula-
tions may be caused by a sudden change in weather or a sudden change
in host-plant quality. Southwood (1977} has likened the regulation of
prey by natural enemies to a ridge on which regulation occurs
(Figure 5.3). Any escape by the pest on the far side of the ‘natural enemy
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Figure 5.3 Synoptic model of population growth relationships (modified from Southwood,
T.R.E., Proc. 15th Int. Congr. Entomol., Washington. DC.. August 1976, p. 45, with
permission).
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ravine' inevitably leads to & population explosion up an “epidemic’ ridge.
This explosion continues until overpopulation results in competition for
resources and the population declines into ‘crash valley’,

The density dependence of natural enemies can sometimes be delayed
in action, in which case an increase in pest numbers only results in greater
natural enemy impact in the next generation or season. This still provides
regulation of the pest population, but with greater oscillations in numbers
around the long-term equilibrium.

Patchy distribution of pests, as commonly results when the offspring of
immigrant pests do not disperse widely, can lead to spatial density
dependence. The biological control agent is then concentrated in patches
of high host density, where it may have arrived too late to prevent pest
populations reaching damaging levels. Meanwhile. new patches of pests
develop elsewhere in the crop. i.e. the biological control agent is always
‘one step behind' its prey. In the confined space of glasshouses, this
limitation for effective biological control can be overcome by artificially
introducing the pest evenly before distributing biocontrol agents.

Whether biological control agents show the positive density dependence
necessary to achieve regulation of pest populations depends on the nature
of the responses shown to pest density. These responses are classified as
‘numerical’ or "functional’.

Numerical responses of natural cnemics are their reactions to changing
prey density in terms of numbers. Such reactions include migration to or
aggregation in areas of higher prey abundance, and enhanced production
of offspring in such areas. Functional responses, on the other hand, refer
to the impact per individual natural enemy. Te simplify a little, this
response has the components of ‘searching time” and "handling time’. As
prey density increases, biocontrol agents may find a higher proportion of
their prey since less time has to be spent searching for food or hosts.
Handling time refers to the time that a predator or parasitoid spends on
each prey individual. both in the time taken for the attack and in actual
consumption, This may set an upper limit to the number of prey each
individual natural enemy can deal with (*satiation’), but can be to some
extent compensated for by less time spent on each individual. For example,
some predators only eat parts of their prey when it is abundant instead
of extracting all the potential food.

The high incidence of responses that are not positively density
dependent provide considerable scope for integrating biological control
with other control measures within the context of IPM, This integration
introduces the kind of ‘trick’ referred to earlier that is often required to
make biological control effective. Especially, the partially selective use of
pesticides, habitat modification {(p. 105-113) and some forms of cultural
control can shift the numerical response of biocontrol agents in our favor.
Partial host-plant resistance, however, although having a similar potential
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to improve the numerical respense. has the unique property of giving us
scope for manipulating the functional response of natural enemies as well
{p. 151}, Such integrations may well convert ‘failure’ of natural enemies
to keep a pest below the economic threshold into success. As pointed out
earlier. the massive unnatural intervention in insect population dynamics
that agriculture represents usually requires a parallel unnatural man-
ipulation of biological control.

Techniques of biological control

There are several different approaches to biological control; each has its
own opportunity for incorporating the principle of ‘tricks” to increase the
effectiveness of the control achieved.

Tnoculation

Often called “classical biological control’, this approach involves the
transfer of natural cnemics from one environment to another, in the hope
that they will establish and that the control will become sclf-perpetuating.
It has been particularly successful in bringing pest species imporied [rom
another continent under control. and has worked best with sedentary
pests of perennial crops. Although the emphasis has been against pests
imported into new agriculture as in California and Australia, it is relevant
to any situation where a paucity of natural enemies exists. Such sttuations
include those where intensified agriculture, including widespread pesticide
use, has upset a previous pest/natural enemy equilibrium situation. Only
a limited number of beneficials are relecased, with the aim of long-term
regulation of the pest population. Inoculation of natural cnemies (insccts,
mites, etc.) has been tried against 292 insect pests {(involving 563
beneficial species) and 70 weed species {involving 126 beneficial insect
species). This has happened in 168 and 55 countries. respectively. Far
biological control as a sole control measure, the ‘substantial success’ rate
of establishments has been 40% against insect pests and 31% against
weeds (Waage and Greathead, 1988). Classical biclogical control using
pathogens is a very recent development by comparison, but can already
claim about four successes against insects and two against weeds.

Classical biological control has had a long history. The first well-
documented example of an introduction for biological control purposcs
dates from 1762, when a myna bird was taken from India to Mauritius
to control locusts. Most people, however, regard the control of cottony
cushion scale in California (by vedalia beetle introduced from Australia in
1888) as the founding landmark of modern biclogical control. An initial
shipment of 100 [adybirds was all that was needed to give control of the
scale insect within as little as 15 months.
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Another early example of classical biological control is the importation
from Malaysia of the tachinid fly Bessa remota to control coconut moth,
Levuana iridescens, in Fiji in the mid-1920s (Tothill, Taylor and Paine,
1930). This example has the interesting feature that B. remota is a
parasitoid of a different genus of moth (Brachariona catoxantha), also
feeding on coconut. In Fiji, 32 750 parasitized L. iridescens larvae were
released. and complete control over the whole of Fiji was achieved in 2
yedrs.

However. it still took many ycars before the scientifically based biolog-
ical control inoculation programs of today were developed. The first step
is an evaluation of whether biological control is a viable control strategy.
This involves assessing whether the pest is a problem only at high
densities, whether it is a pest over large areas, whether it {or a similar
species) has been controlled successlully biologically elsewhere, and
whether existing natural enemies leave any scope for introducing hiolog-
ical control against a different life-stage of the pest. The question relevant
to [PM, whether biological control might succeed in an integrated context,
is only just beginning to be asked, 30 years after Silent Spring and more
than a century after control of cottony cushion scale in California. If
biological control appears a viable option, natural enemies of the pest in
question are usually sought abroad. The part of the world searched is that
assumed to be the evolutionary home of the pest species. However,
Hokkanen and Pimentel (1984) argue that ‘new associations’, where the
natural enemy comes from a different area than the pest, or attacks a
different but related pest species, are more promising. This is because
previous exposure 10 the natural enemy would be expected to lead to
increased resistance to it in the host (p. 87). Hokkanen and Pimentel
believe that ‘new associations’ might increase the success rate of biological
control programs from what they estimate (but see Waage and Greathead,
1988, above) to be about one in seven to one in four. The example of
coconul moth above is indeed a successful ‘new association’ accomplished
70 years ago. A well-documenited example where the natural enemy came
from an area different from the assumed centre of origin of the pest is the
control of sugar-cane borer (Diatraea saccharalis) in Barbados (Carl, 1982),
This pest is assumed to originate from the Amazon Basin. Here attempts
at biological control, mainly involving mass releases of the egg parasitoid
Trichogramma, over 30 years had failed. Success came with the introduc-
tion of the alien parasitoid Apanteles flavipes from India. Carl points out
that this parasitoid fails to suppress D. saccharalis in India! Carl concludes:
‘success may be achieved where it appears highly improbabie.” The debate
over ‘old’ v. ‘new’ associations has adherents of both viewpoints. Based
on an analysis of a database, Greathead (1989) argues that failures of
biological control have been more frequent with new than with old
associations.
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Table 5.1 Criteria for pre-introductory evaluation of natural enemies (from van
Lenteren, J. C. (199 2) Biological Control of Pests: Course Manual, Agricultural University,
Wageningen. p. 123, with permissicn)

Type of release program

Criterien Incculative Seasocnal Inundative
inoculative

Seasonal synchronization with host
Internal synchronization with host
Climatic adaptation

No negative effects

Good rearing/production method
Host specificity

Great reproductive potential

Good density responsiveness

b+ o+

P I
R B S S

I+

Most workers in biological control would agree that it is virtually
impossible to identify the most suitable agent during a search abroad. This
is because the host/prey densities arc likely to be much lower and the
agent that can respond rapidly to pest populations may be quite rare in
the indigenous setling. Thus many potential agents are usually sent back
home, to be reared and studied in expensive quarantine facilities to
preclude unintentional liberation. It is in these quarantine facilities that
attempts are made to increase numbers of the agent and simultaneously
evaluate their potential for successful establishment and performance.
Table 5.1 shows the criteria that are assessed.

The most important trick introduced during quarantine is the elimina-
tion of the beneficial insect's own parasiteids and diseases; this gives the
benelicial an unnatural increase rate when released. Climatic adaptation
may not be assured by collecting agents at the evolutionary origin of the
pest; this is well illustrated by attempts to control walnut aphid in
California with the parasitoid Trioxys pallidus collected in France in 1961.
This succeeded on the coast, but failed in the Central Valley with its greater
temperature extremes. A search for agents in an area of greater climatic
similarity. the Central Plateau in Iran, revealed an adapted ecotype of the
same parasitoid species. This ecotype was successful when released in
1968 into the Central Valley in California (van den Bosch et al., 1970).
One way in which beneficials avoid overexploiting their prey is that they
often requirc a larger temperature sum for development, and thus emerge
later in the crop scason than their prey. It may therefore be worth using
another ‘trick’, and seeking the beneficial in a climate colder than that of
the region to which it is to be imported; such beneficials should be adapted
to a lower temperature sum for development and thus synchronize better
with the appearance of the pest on the crop.

If studies during quarantine identify a good candidate for release, larger
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populations are bred and releases made al several points, typically of
1000-5000 individuals at each point. Such releases may be repeated at
the same sites annually for up to 5 years. In many ways, the successful
establishment of biological control agents in a new environment faces the
same problems as the establishment of rare species in nature conservation.
This latter discipline has shown the importance of having the release sites
closer together than the dispersal range of the beneficial. Previously,
biological control workers have tried to cover as wide an area as possible
with their release points. If these are sufficiently close together, then any
sites where some temporary event causes establishments to fail may be
recolonized from more successful sites. Release sites must be monitored
for about 10 years to check whether the pest is declining. It is also
important to ascertain that the biological control agents are not them-
selves a new resource for indigenous natural enemies, such as hosts for
predators and parasitoids (or hyperparasitoids. i.e. parasitoids of released
parasitoids).

The control of cottony cushion scale in California by the vedalia
fadybird beectle in the late 1880s has already been mentioned as a
landmark in early biological control. By contrast, one of the most recent
successes is the control of cassava mealybug in Africa (Herren and
Neuenschwander, 1991). This shows the contribution to success made
by research before releasc of the chosen agent. The cassava mealybug was
accidentally introduced into Africa in the early 1970s. [t was first found
in Zaire and rapidly spread to 30 African countries. Cassava originated in
South America. so it was here that the search for potential biological
control agents was concentrated. The mealybug was located as a common
insect in northern South America, but its natural cnemies there failed to
establish in Africa. It was then discovered that the mealybugs in northern
South America and Africa were different species. A further search revealed
the right species much further south, in southern Brazil and Paraguay.
Eventually a small specific parasitoid (Epidinocarsis lopezi in the family
Encyrtidae) was released. This was nol promising in terms of its rate of
increase, bul the researchers realized that this was outweighed by its
ability to locate mealybug-damaged cassava tissue. This enabled it to find
the small isolated remnants of the mealybug population bridging the dry
season. Here the parasitoid, although unable to keep pace with the pest
during the rest of the vear. could dramatically reduce the very slow-
breeding perennating populations. The parasitoid was first introduced in
Nigeria in 1981, was subsequently released at 30 sites, and by 1986 was
established and successful in 13 countries.

Inoculation of imported natural cnemies is also used to forge ‘new
associations’ (see above) with indigenous pests, although it has often been
argued that such pests already have their complex of natural enemies and
that there may even be dangers in adding 1o that complex. An existing
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enemy might be displaced or interspecies competition between natural
enemics increascd. Both these outcomes could cither improve or lessen
control of the pest, but there are two other possibilities. The imported
natural enemy could occupy an unfilled niche. when control would
probably be improved. or die out, with no change in the level of control.
Examples of successful new associations with indigenous pests include the
control in Fiji of the indigenous coconul leaf-mining bectle (Promecotheca
reichei). This was achieved by the parasitoid Pleurotropis parvulus from
other species of Promecotheca in Java {Taylor, 1937). There have been
similar successes in the biclogical control of weeds: lor example. of
Leptospermum scoparium in New Zealand by an introduced scale insect
{Eriococcus orarienses) (Hoy, 1949). Carl (1982) gives further examples.
However. although inoculation seems to have been most successtul
against imported pests. Waage (1992) believes by the next century . . .
we will see a substaniial increase in classical biological control
programmes against indigenous pests’.

Pathogens seem rarcly to be used for biological control using the
inoculation technique. Seil-inhabiting pathogens. such as some Metarhiz-
ium species, have been injected to give long-term control of chafer grubs,
but generally pathogens are applied to give levels of kill equivalent to
insecticides (see below). Perhaps more research is needed to see how
pathogens might be used more subtly to introduce disease into pest
populations, to flare up as an epizootic when pests get stressed when
crowded. This would not be of much value for most crop pests. However,
it could be the ideal control for scrious problems like locusts and army-
worm that spend most of the time in low numbers in wild vegetation and
only ‘'swarm’ when food scarcity arises. Swarming might then be prevent-
able by the introduction ol pathogens into the wild breeding arcas. if it
were practical to identify and treat a high proportion of such areas.

Inundation

In this technique. the biological control agent is mass-produced and used
against the pest as a single introduction to achicve a high kill (analogous
to a pesticide); i.e. an outrageously high inoculum of agent is applied to
obtain immediate control without any expectation of a subsequent carry-
over to subsequent generations. Indeed. the agent normally dies out scon
after application, following the virtual disappearance of the host/prey. It
is therefore most often targeted against pests with only one generation on
annual crops. as exemplificd by the mass release of the egg parasitoid
Trichogramma against bollworm of cotton in parts of the USA and against
the European corn borer in parts of Europe, As the gencration time of
Trichagranima is only about 10 days at 25 °C, and lepidopteran eggs can
be produced in vast numbers in a little space, it is possible to have billions
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of puarasitoids ready for release. Many similar releases of Trichogramma
have also been carried out in developing countries, especially in Latin
America (p. 203).

Pathogens are nearly always used as inundative applications. This is
mainly because their spread is too slow and [imited unless the pest density
is very high. Pathogens have the advantage that they can be applied with
the equipment the farmer already has for spraying chemical pesticides.
They are compatible with most pesticides and are well used in combination
with them; it may seem obvious, but there have been instances where it
has been overlooked that insect pathogenic fungi may not be compatible
with fungicides! Pathogens are particularly valuable for dealing with cases
of pesticide resistance or in situations where pesticide use is particularly
undesirable. Such situations arise close to harvest and in forestry or
pasture where pesticide use is usually uneconomic.

Pathogens are disease organisms, but most can be multiplied outside
the insect by fermentation procedures. Unfortunately, their shelf-life is
limited and they are subject to rapid destruction in the field at high
temperatures, under strong sunlight and from leaf surface exudations from
the plant. These are additional features that lead to their use in inundation
rather than inoculation,

Table 3.2 shows the features of the various groups of pathogens that
need to be considered when planning an inundative application, Commer-
cially, the most successful pathogen has been Bacillus thuringiensis, which
is used on several million hectares annually world-wide for the control
mainly of caterpillars in agriculture and forestry. It is also used extensively
in medical entomology for vector control, particularly in Alrica. Although
a humber of strains have been available for some years, more recently the
bacterium has become a prime target {or genetic modification. Such work
has concentrated on the gene responsible for producing the toxic protein.
Today, preparations with especial virulence against diflerent target pests
are available, but they are increasingly preparations of the toxin without
the living bactertum. The increased specificity to target unfortunately adds
an additional market limitation. Also, the greater the virulence and
specificity of the toxin, the greater is the danger of resistance developing
in the target pest; there are already reports of this having occurred
{Marrone and MacIntosh, 1993). Resistance of rabbits to myxomatosis
happened many years ago. The first documented example in insects was
resistance to Bacillus thuringiensis in the Indian meal moth, reported in
1979. In 1990, resistance to the same pathogen was reported in the
diamond-back moth. Since then, resistance in caterpillars has also been
reported elsewhere. including in the USA,

QOver 1600 viruses rom over 1100 insect and mite species are known,
but commercial considerations and registration difficulties have led to very
few having been marketed. A virus was used for some time against



Table 5.2 Comparative propertics of the principal microbial agents used te control insect and mite pests ({rom Smits, P. H. and
Eilenberg. |. (1992) Biological Comtrol of Pests: Course Manual, Agricultural University, Wageningen, p. 144, with permission}

Host range

Speed of kill
Stability

Capacity to
spread

Production
Costs

Ideal
ecosystem

Strategy of
use

Majer infection
routes:
maouth
anus
spiracle
integument
transovarial/ovum

Bacteria
{Bacillus
thuringiensis}

Lepidoptera,

some Coleoptera
and Diptera

1 day

Spores killed by
Uv. Crystals
persist longer

Do not spread

Iy vitro
Cheap

Field and forest:
vectors in
ponds and
rivers

Inundative

Nematodes Fungi Viruses
(insect-parasitic {Deuteromycetes) {Baculoviruses)
rhabditids)
Very broad, Very broad, Principally
>1000 insect but strain Lepidoptera and
species speciicity Hymencptera
2 days 4-10 days 4-10 days
Unstabie to UV Unstable to UV. Unstabie to UV.
and desiccation. Good spore Prolonged persis-
Reasonable survival in tence in soil
persistence in soil soil

Localized spread
within soil. Seeks
out host

in vitro
Expensive
Soils, composts

Inundative or
inoculative

S |

Some spread by
air currents, rain
and host
movement

In witro
Moderate

Seils, protected
crops and
ather humid
envirgnments

Inundative or
inoculative

Rapid local spread
and long distance
by passive vectors
{birds)

in vivo

Moderate

Forests, field crops,
greenhouses

Inundative or
inoculative

Protozoa
{Microsporidia)

Very broad

Chronic, =2 weeks
Unstable to UV

Often transmitted
vertically through
the egg

In vivo
Moderate
Forests, pastures

Inoculative
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Heliothis on cotton; today the widespread use is in apple orchards,
particularly against codling moth. Viruses are rapidly inactivated by
strong radiation, and are best applied at dusk and to the underside of
foliage. Although viral diseases multiply and spread through populations
better than bacterial diseases, the process still takes 2—3 weeks. This is
why viruses are normally used for inundation rather than inoculation.
Viruses are attractive vehicles for genetic engineering, including the
incorporation of natural pesticides. Recently, snake venom has been
transferred to a nuclear polyhedrosis virus to kill forest caterpillars. The
aim is to provide a faster kill than achieved by the virus alone. Indeed,
the fast kill is necessary to limit the degree to which the virus can replicate
in the caterpillars and thus spread snake venom in the environment.

Commercial fungal preparations (Verticillium lecanii) have been used
against aphids in glasshouses: since aphids feed on the phloem, the
bacteriaand viruses {(which have to be ingested by pests from the leaf
surface) would be totally ineffective. Until recently, high humidity require-
ments have greatly limited the use of fungi for inundation, but now they
may have a future against a much wider range of insect pests.

Despite good results in the laboratory. spray applications of pathogens
have often achieved limited success in the field. The causes of failure
include: insufficient pathogen reaching the parts of the plant where the
pest is to be found, insufficient persistence outside the insect. poor
formulation and hostile environmental conditions. particularly high radi-
ation from the sun and low humidity. However. there has recently been
a breakthrough in relation to low humidities. Work with the fungus
Metarhizium flaveviridae in locust control has shown very good results with
correct droplet size and an oil-based formulation. The oil prevents the
conidial spores of the fungus desiccating before germination (Bateman,
1992).

Concern has been expressed about the safety of releasing insect
pathogens, particularly if they are genetically engineered rather than
naturally occurring strains. The concern is particularly that they may
infect nontarget organisms. including man. Other potential hazards are
poisoning from bacterial toxins, allergy and persistence or multiplication
in the environment. These risks are taken into account in registration
procedures for commercial products. However, it is a little early to be
certain that., with this safeguard, the risks are negligible. The matter is
discussed more fully in Lundholm and Stackerud (1980).

Seasonal inoculative releuse

This is used particularly against fast-breeding pests of short-lived crops,
and thus has found its major use in greenhouses. A large number of
natural enemies, often obtained from specialist suppliers, are liberated to
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obtain rapid control, but also then to hold pest populations in check for
as long as possible. Before release of natural enemies, the pests may cven
be introduced into the greenhouse to ensure their presence in an even
disiribution. This is to prevent the biclogical control showing spatial
density dependence (p. 90}. The method is frequently combined with
chemical control. One pesticide spray may be used towards the end of the
season to clean the crop of insects before sale and/or to cope with any
gradual loss of biocontrol effect. Natural enemies and protocols for their
use have become available during the past 20 vears for all the principal
pests in Buropean greenhouses, i.e. aphids, whitefly, red spider mite.
western {lower thrips. mealybugs and leaf miners.

Figure 3.4 illustrates the differences of principle between inoculation.
inundation and seasonal inoculative release as biological control
techniques.

Conservation

For many decades the inoculation method, very largely as a single control
method, predominated. There is now increasing etfort towards conserving
and enhancing the action of indigenous natural enemies, particularly in
relation to their integration with other pest control methods. Conservation
has two main aspects:

1. to eliminate or reduce the destruction of natural enemies when
pesticides have to be applied; and

2. to manipulate the environment to provide requirements of natural
enemies that would otherwise be absent or insufficient.

This latter approach is often called "habitat modification’, and morce details
are included in the section on ‘Biodiversity” which follows. The integra-
tion of natural enemies with pesticide use has been discussed earlier

{p. 75).

Biodiversity in IPM

The convention on Biological Diversity (IINEP, 1992), recently prepared
during the Rio Conference in Brarzil. defined biodiversity as "the variability
among living organisms from all sources including inter alia terrestrial,
marine and other aquatic ecosystems and the ecological complexes ol
which they are a part; this includes diversity within species, between
species and of ecosystems.” Thus the term encompasses different genes.
species, ecosystems and their relative abundance.

Habitat destruction and species overexploitation are the main immediate
causes of biodiversity loss. The underlying problems arc well known:
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Figure 5.4 Different biological control strategies. Top. Inoculative releases; middle,
inundative releases: bottom, seasonal inoculative releases. ( From van Lenteren, J.C. and Smits,
P.H., Biological Control of Pests: Course Manual. Agricidtural University, Wageningen,
p. 114, 1992, with permission.)

1. development pressure, arising from. for example, population growth
and economic development;

2. actions economically rational in the short term, or for an individual
or country acting alone; however, they are not necessarily sensible
for the community or for the world as a whole; also, they m not take
account of the needs of future generations;

3. inappropriate policies, like fiscal and other incentives for deforestation,
or distorting pricing policies in the agricultural sector.
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Definitions of diversity

The simplest concept of diversity is ‘richness’, the number of species per
the number of individual organisms. Biodiversity, however, is a more
recent term that relates species number as much to localily as to the
composition of a given number of individuals. The concept of ‘equitability”’
is often added to that of ‘richness’ in assessing diversity. Equitability places
more emphasis on the more common organisms and thus the relative
frequency of the species in the mixture. Equitability is less important than
richness in those aspects of pest management concerned with the preser-
vation of genetic resources. By contrast. it is clearly very important in
relation to how far biodiversity impinges on pest problems in farmers’
ficlds.

The fundamental value of biodiversity

A reduction in biodiversity may or may not affect biological productivity
or ecological processes. There is no direct and obvious link between the
diversity of ecosystems and their importance in maintaining essential
global processes. Such processes include biogeochemical recycling, climate
regulation and maintenance of soil fertility and water quality. It is not
known how far biodiversity can be reduced before crucial ecological
processes are affected. Biodiversity is not synonymous with ‘biological
resources’, although it is a characteristic of them - a distinction un-
fortunately rarely made.

It is a common belief that natural ecosystems are characterized by a
great diversity of plant and animal species. The simplification of the
ecosytem inherent in agriculture has been coupled with the assumption
that pest oulbreaks represent ecological ‘instability’. This coupling has
been used to justify a dogma, deeply rooted in the literature, that diversity
begets stability, and strongly expressed in the following quotation: ‘... the
more diverse and complex the ecosystem the more stable it is. And yet we
tremble over our wheatfields and cabbage patches with a desperate battery
of synthetic chemicals, in an absurd attempt to impede the operation of
the immutable law we have just mentioned’ (Goldsmith et al.. 1972).

Experimental tests of the dogma have shown, however, that the ‘faw’
is not ‘immutable’, and that the correlation between diversity and stability
often fails (van Emden and Williams, 1974). This is because it is the
‘quality’, and not just the ‘quantity’, of the diversity which is refated to
stability. Contrasts between simple and complex ecosystems need to be
put into the context of how ecosystems evolve from simple to more diverse
up the seral succession. Early in plant succession. floral diversity is low
but productivity of biomass is high. Annual crops are a good example: a
definition of agriculture might be that it is an attempt to halt the natural
process of plant succession. There is a rapid arrival of organisms ('pests’)
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which can advance succession by opening up spatial heterogencity of the
flora to allow the ingress of new producer species. These species, as a
consequence of food conversion processes. then channel biomass into
respiration. This is the first step in the stabilizing influence that more
mature ecosystems have on the less mature. This direction of movement
continues with more, but less rapidly reproducing and mobile, herbivares
and species from higher trophic levels (i.e. carnivores). It is therefore
inevitable that ecosystems evolve, though increasingly slowly, towards
greater diversity until @ maximum is reached. Adding new species per se
will, if anything, lead to decreased stability if they merely replace existing
biomass through competition (see p. 95 in relation to biological control}.
Thus simple systems with a limited inflow of energy may be perfectly
stable, and equal community organization {expressed as stabilizing the
productivity:respiration ratio) will probably be more stable the lower the
diversity. The key point is that ecosystems evolve towards both increased
stability and increased diversity: the two have a parallel evolution but not
a cause and cffect relationship. However, because diversity increases the
range of outcomes from which evolution can select for greater stability,
the chances are greater that a stable system will be more diverse than a
simple one. Thus evolved diversity. once destroyed, cannot easily be
recreated. However, with due regard to 'quality’, man can sometimes add
smzll amounts of the right diversity (habital management) as a potentially
potent force for improved pest management.

The effects of agriculture on diversity

Agriculture requires alteration of the natural habitat to fit the needs of
the crops or animals to be produced. Systems of plant cultivation and
intensive animal production. both in developed and developing countries,
have led to the loss of many plant and animal species. Sometimes they
have also done irreparable damage to the land. However. in Africa there
are still extensive arcas where the natural habitalt has been largely
preserved in the presence of domestic livestock kept by pastoralists or
ranchers.

Some 850 million ha world-wide have been converted to agriculture
in the past 100 years, Of these, 90.5 million ha were converted in Alfrica
between 1920 and 1978 (Richards, 1984). The process is ongoing, and
cataclysmic forecasts of the rate of loss of modern species regularly appear.
One such prediction for the tropics is a 25—33% loss of plant species in
the next 30-40 vears {Batten, 1983).

The population explosion in Africa demands intensification of produc-
tion, greater use of land-saving technologies and provision for increasing
pressure on the land. Increasing cropping intensity should receive high
priority to save land for other uses. This can best be achieved through
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better management of diversity. including in the temporal and spatial
arrangement of cropping patterns.

Today, we face a projected dearth of new groups of synthesized
pesticides. The realization that the plant kingdom is a largely untapped
source of new molecules with biclogical activity and short persistence in
the environment has led to a great interest in exploiting the plant diversity
still remaining. but also rapidly shrinking, in the tropics. A recent review
(Simmonds, Evans and Blaney, 1992) lists 58 plant families that between
them show about 18() genera containing compounds with insecticidal,
antifeedant or insect growth regulator activity. The families Asteraccae,
Compositae, Labiatae, Leguminosac, Meliaceae (including the well-known
neem tree} and Solanaceac are particularly well represented in the list.
Yet this list is clearly only the tip of the iceberg whenne compares the
genera that have been investigated with the diversity that is available.

The traditional approach to plant breeding has been to produce cultivars
that are genotypically and phenotypically homogeneous. This has resulted
in the production of high-vielding cultivars well suited to intensive farming,
but with a very narrow genetic base. Thus approximately 70% of US maize
is probably based on as few as six inbred lines (Simmonds. 1979).

Hybridization continually produces different combinations of existing
genes. As a result, after 50-70 years of breeding. further progress becomes
slow and new adaptability (e.g. host-plant resistance) is unlikely unless
new genelic variability is introduced into the breeding program. This has
to come either from wild relatives of crop species or from the many land
races used by subsistence farmers, The genetic variability tied up in these
wild relatives and land races is phenomenal; they are naturally outcrossed
and adapted to local pests, diseases, climate and soil environment.
However, the problem now is the rapid erosion of this great resource of
genetic variability. A few crop cultivars are replacing the myriads of land
races. The migration of people from the land to urban areas means loss
of locally adapted material (Sattaur, 1989). Drought and famine can result
in the consumption of seed stocks. Once plant genetic material has been
lost, it can never be recovered.

The International Rice Research Institute (IRRI) in the Philippines
predicts that the annual world production of rough rice must increase at
1.7% a year by the year 202() to meet the projected demand. High-yielding
varieties already represent 50% of the rice grown in South and South-Fast
Asia. Although the incorporation of resistance to major pests has pro-
gressed, the first distributions were bred for high yield under high inputs.
Pest and disease problems are often more intense in these cropping svstems
than in the traditional ones; moreover, the upright crop habit suppresses
weeds less effectively than do traditional varieties. Meanwhile. the wide-
spread replacement of traditional varietics has led to a considerable loss
of genetic diversity.
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Soil cultivation is another change wrought by agriculture, and a
particularly devastating one. After all, its aim is temporarily to reduce
floral diversity to zero. For one plant species in the UK, Pulsatilla vulgaris,
ploughing was responsible for its disappearance at 25 out of the 39 sites
at which it has become extinct (Hawksworth., 1968).

Pesticides have also been often blamed for loss of diversity, especially
for the loss of species of conservalion interest. The older organochlorine
insecticides (e.g. DDT. lindane, aldrin, dieldrin, endrin) used extensively
in the 1950s and 1960s were threats to beneficial insects. Herbicides have
dramatically reduced the diversity of annual plants in agricultural areas
and therefore also the food of many invertebrates. including beneficial
insects. There is, however, no evidence that pesticides have affected
biodiversity of arthropods in untreated areas in the way they have reduced
the populations of some birds and mammals. Populations of arthropods
that are highly dispersive recover rapidly, even on crops if pesticide use is
stopped (Burn, 1988},

‘Islands’ of uncultivated land are important in maintaining biodiversity
in otherwise intensively farmed landscapes. In the UK such islands often
take the form of hedgerows at the field edges. Great concern has been
expressed at the rate of hedgerow removal (7000 km between 1946 and
1970 (Hooper. 1984)) with the enlargement of fields and the replacement
of hedges by post-and-wire fencing. Hedges provide a refuge for the
biodiversity associated with the woodlands that preceded agricultural
development in the UK.

The question that arises in relation to pest management is: ‘How much
biodiversity needs to be retained in the agricultural landscape as a general
principles” Here the dramatic reduction in the abundance of wild plants
in East Anglia in the UK, resulting from hedgerow destruction and use
of herbicides, singularly fails to provide an answer. There is no sign that
such changes have affected the severity of pest problems or that there
has been a need to increase insecticide use. Beneficial insects still occur
in the crops. The most likely conclusion is that wild plants are still
sufficiently abundant in spite of the declines that have undoubtedly
occurred.

Non-crop plants as insect reservoirs
Uncultivated land acts as a reservoir of crop pests in three main ways:

1. Adults overwinter in the leaf litter and other shelter provided in field
boundaries and adjacent woodland.

2. Wild plants are sources of alternative tood for pests early in the season
or between cropping seasons.

3. Wild plants can maintain the pest when different cropping seasons
also involve different cropping patterns; for example the summer/
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winter alternalion of soybeans and wheat across large parts of
southern Brazil.

Many pest—-weed associations involve weeds related to the crop. for
example the ubiquity of grasses and the abundance of cereal crops. wild
Malvaceae and cotton, and also wild Solanaceae and potatoes. Destruction
of crop-relaled weeds is a common pest control recommendation, but
unfortunately the mobility of insects means that weeds outside a farmer's
control may be important. Morcover, many pest insects are sufficiently
polyphagous that weeds unrelated to the crop may alse be pest reservoirs.
For example, Aphis gossypii feeds on over 20 unrelated weed species in
and around cotton fields.

Associations of sucking insects with weeds related to the crop hoeld a
particular potential for the transmission of crop discases. Thus in Africa,
many examples of disease transmission from wild plants occur over
enormous distances. In the USA, beet curly top virus is spread by the
leathopper Circulifer tenellus from the western States to Utah and Colorado,
where the vector itself is unable to survive the winter (Thresh, 1981).

One positive aspect of the ‘pest reservoir’ is that wild plants provide an
additional arena to the crop for breeding, intraspecific competition and
regulation by natural enemies. These will all delay the adaptation of a
pest species to host-plant resistance and insccticides.

Of course, non-crop plants also provide a reservoir of beneficial insects,
Any pest management program incorporating a component of biological
control by indigenous natural enemies depends on the presence of some
non-crop plants in the agroecosytem. Alternative prey on weeds may
enable natural enemies to colonize the crop earlier and in larger numbers
than otherwise (Table 5.3} This is especially importanit where the crop
has been temporarily abscnt (fallow, crop rotation} or where it has been
treated with insecticide.

Sometimes natural enemies require alternate prey (i.e. a second prey
species is essential to the life cycle). When this phenomenon is recognized.
economic importance can suddenly become attached to an insect pre-
viously regarded as ‘economically neutral’. An example is the
Yponomeutid moth Swammerdamia lutarea on hawthorn. This was iden-
tified as the overwintering host of Angitia fenestralis (an important
parasitoid of diamond-back moth on brassicas in the UK) more than 20
years after it was realized that the annual life cycle of the parasiteid could
not be completed on diamond-back moth alone (van Emden, 1965).

The practical exploitation of plant diversity

This section will review only those topics where real attempts have been.
or are being, made either to utilize existing diversity or to modify habitats
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Table 5.3 Examples of increased parasitism due to the presence of alternative hosts
(modified from Powell. W. {1986) in Insect Parasiteids, {eds [. Waage. and D.
Greathead), Academic Press, London. p. 322, with permission)

Parasitoids Pests Crops Alternative hosts

Macrocentrus spp. Cydia molesta Peaches Lepidoptera on weeds
(Braconidae)

Archytas spp. Heliothis virescens Cotton Cutworms on flax
(Tachinidae)

Scelionids Eurygaster integriceps Cereals Pentatomidae in nearby

natural habitats

Lydella grisescens Ostrinia nubilalis Maize Papaipema nebris
(Tachinidae) on giant ragweed

Anagrus epos Erythroneura elegantula Vines Dikrefla cruentata
{(Mymaridae) on blackberry

Lysiphiebus testaceipes  Schizaphis graminum Sarghum  Aphis helianthi
{Aphidiidae) on sunflowers

Emersonelia niveipes Chelymorpha cassidea Sweet Stolas sp. on
{Eulophidae) potato maorning glory

Braconids Rhagoletis pomonelia Apples Tephritidae on weeds

for pest management purposes. These ideas stem largely from developed
agriculture in tempate countries rather than from the tropics. This is no
coincidences it is in the former scenario that plant diversity has disappeared
from agricultural landscapes to the greatest extent.

Monitoring

That pest species also feed on wild plants has an obvious use for monitoring
the potential for pest status in crops. The classic example must be the
monitoring of locust breeding areas to give advance detection of outbreaks.
Another example is that, since 1970, winter eggs of Aphis fabae have been
counted on selected spindle bushes in south-castern England. Separate
forecasts are then provided for each of 16 arcas of the likely necessity for
chemical treatment of field beans later in the season (p. 74). This is
supplemented by a sampling of the aphid populations on spindle in mid
to late May.

Trap plants

Trap plants are usually sacrificial crop plants sown at the edges of fields
earlier than the main crop area. However, a remarkable example from
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Canada concerns the use of sterile brome grass as a trap plant for the
wheat stem sawfly, Cephus cinctus (cited by van Emden. 1989). The brome
grass traps many of the incoming sawtlics; they lay their cggs there and
the larvae bore into the stems. The elegant feature of this system is that
the larvae die in the brome stems before pupating, but after larval
parasitoids have emerged. No control of the insect on the trap plants is
therefore necessary. Moreover, the grass acts as a filter which converts
the pest into beneficial biomass.

Creation of diversity adjacent to the crop

The importance of llowers of wild plants in providing adult food (pollen
and nectar) for natural enemies has been recognized since 1938 (Thorpe
and Caudle, 1938). Where crops are kept free of weeds and harvested
hefore flowering, flowers outside the crop may be the only available pollen
and nectar sources for natural enemies. At least one biological control
project has suffered from a lack of suitable flowers for the released
beneficials (Wolcott, 1942). The purposeful culture of potted Umbeliiferac
for placing in cabbage fields has been practised in Russia for cutworm
control. Table 5.4 lists some examples where increased parasitization of
pests on crops has been attributed to weed sources of nectar. Unfortu-
nately. flower feeding is similarly essential for the adults of several pest

Table 5.4 Examples of increased parasttism due to the presence of adult food sources
(modified from Powell, W. (1986) in Insect Parasitoids, (eds . Waage and D, Greathead).
Academic Press. London. p. 325, with permissioni

Parasitoids Pests Crops Food scurces
Tiphia popiliavora Fhyilfophaga spp. Various Nectar from weeds;
(Tiphiidae} Lachnosterna spp. honeydew from scale
insects
Aphelinus mali Aphids Apples Nectar from the honey
{Aphelinidae) ptants Phacefia and
Eryngium
Apanteles medicaginis Colias philodice Alfalfa Nectar from weeds;
(Braconidae) honeydew from
aphids
Aphytis proclia Quadraspidiotus Orchards  Nectar from the honey
(Aphelinidae) perniciosus plant Phacelia
lanacetifolia
Various Malacosoma americanum  Apples Nectar from weeds

Cydia pomonelia

{ixophaga sphenophori  Rhabdoscelus obscurus Sugar Nectar from weeds
(Tachinidae) cane (Fuphorbia spp.)
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species, including some root flies. Eight Anthriscus sylvestris plants per
meter of field boundary produce sufficient nectar to feed at least 2000
cabbage root flies before oviposition (Coaker and Finch, 1973).

The past 10 years have produced some exciting new research aimed
at cereal farmers in the UK. Since it was shown in 1985 that the grey
partridge has 2—6 times larger broods in cereal areas where a 6 m strip
at the edge of the crop is left unsprayed, a much reduced spraying schedule
has been developed for farmers who seek to make profits from partridge
shooting. Except when certain highly selective herbicides are sprayed (e.g.
for control of grass weeds), the outside boom of the spraying machine is
shut off at the edge of the field (Figure 5.5). The loss in cereal yield is not
great since crop yield from the headland is always lower than elsewhere.
It is also unimportant when set against the profit from shooting
(Sotherton, Boatman and Rands, 1989). It is quite clear that the flowering
headlands sustain high numbers of predatory arthropods and are heavily
visited by Syrphidae, which are attracted to the flowers. Any effect of
enhanced biological control further into the crop still has to be shown.
There is a danger that the natural enemies could be held in the field margin
by the abundance of food, and not disperse into the rest of the crop.

Field boundaries are the preferred overwintering sites for ground
beetles, especially those boundaries that combine good drainage and grass

Figure 5.5 Cereal field with selectively sprayed 6 m margin at left of picture (photograph
courtesy of Dr N.W. Sotherton).
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Figure 5.6 Raised bank sown to Dactylis glomera running across a cereal field (photograph
courtesy of Dr N.W. Sotherton).

cover. This has made it possible to design simple ‘mini-hedgerows’ under
post-and-wire fencing. Nothing more complicated is involved than a ridge
sown with grasses, Dactylis glomerata being particularly suitable. These
strips can develop overwintering predator densities approaching 1500 m™,
greater than in the best natural habitats. Since the even dispersal of
predators extends for only 100 m from the boundary, experiments have
continued with wider ridges at 200 m intervals across cereal fields
(Figure 5.6). These within-field ridges are grassy banks (.4 m high and
1.5 m wide. They do not extend all the way to the field margins, in order
to allow machines to move from one side to the other (Wratten, van Emden
and Thomas, 1996). An economic evaluation suggests that the costs over
3 years (including yield lost from the area devoted to the strips) would be
doubly recouped by 1 year with no spraying against aphids.

Further work is being developed on the drilling of pollen and nectar
plants across and around fields (Wratten, van Emden and Thomas, 1996).
Here the emphasis has been on the American plant Phacelia tanacetifolia,
which is very attractive to beneficial insects, and a favorite with bee-
keepers. Preliminary results are encouraging in that fields with added
Phacelia show higher syrphid egg numbers and lower aphid numbers per
plant than control fields.
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Provision of alternate prey

Where it is known that the annual life cycle of a natural enemy is
dependent on a switch of hosts. it can be very simple to make the necessary
addition to the local diversity.

The famous practical example here stems from the vineyards of
California, and concerns the grape leathopper. Erythroneura elegantula
{Doutt and Nakata. 1973). The effective egg parasitoid Anagrus epos
cannot use eggs of E. elagantula for the overwintering generation, because
this leafhopper overwinters as an adult. However, the parasitoid will
switch to the blackberry leathopper, Dikrella cruentata, which does over-
winter in the egg stage. Thus the planting of blackberries was the only
specific and purposeful diversification needed to establish biological control
of grape leafhopper in the vineyards.

Manipulation of within-crop diversity

Undersowing

Undersowing is practised by farmers for improving soil fertility and to
provide winter feed for catile. Any pest management contribution is
therefore an added bonus and would not conflict with farmers’ interests
as would recommendations to retain weeds in their fields.

In a study of cabbage, with or without clover in the inter-row spaces,
cabbage root fly eggs were consistently reduced by 25-649% in the
intersown plots (Ryan. Ryan and McNaeidhe, 1980). Laboratory experi-
ments suggested that intersowing had not deterred oviposition: neither
did pitfall traps provide evidence of higher numbers of cpigeal predators.
However, predator exclusion experiments revealed that the presence of
clover alone reduced oviposition (by 18%), and that predators further
reduced egg numbers to 41% of control values,

Potatoes undersown with perennial rye grass have been found to have
aphid populations reduced by up to 66% compared with plants in bare
ground. Since the number of colonizing aphids was not aflected by
undersowing, increased mortality from natural enemies was suspected.

Undersowing has also been used specifically to manipulate natural
enemies. Rve grass undersown in wheat was purposefully infested with
Myzus festucae, followed by a release of the parasitoid Aphidius rivopalosiphi.
Thus a parasitoid population was established on the rve grass before
Sitobion avenae invaded the wheat in the spring (Powell, 1983). Popula-
tions of the pest aphid on wheat were smallest on those plots which had
developed the largest M. festucae populations in the spring.

In Switzerland, major improvements in IPM for vineyards with ade-
quate precipitation have been effected by establishing a semi-permanent
‘green cover’ between the rows. An alternating mowing regime maintains
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a constant supply of flowering plants on 30% of the ground surface.
Floristic (104 species) and faunistic (about 2000 arthropod species)
diversity of the vineyard has been greatly increased. Insect pests have
remained at a Jow level, accompanted by a significant increase in beneficial
and ‘cconomically neutral” arthropods (Boller, 1992).

Intercropping

Traditional farming has many contrasts with modern larming. The former
is characterized by small farms, polycultures. heterogeneous germplasm,
little or no artificial fertilizer or other agricultural chemical input, mini-
mum tillage and often varying periods of fallow. The primary concern of
the traditional farmer is to produce enough food to feed his family until
the next harvest.

Growing two or more useful plants simultaneously in the same area is
comumon practice with small farmers in the tropics. When the crops are
intermingled it is called ‘'mixed intercropping’ and where planted in rows,
‘row intercropping’. The advantages of polycultures over monocultures
are agronomic. socio-economic and nutritional.

Most of the food consumed in Africa (e.g. from 80% of the cultivated
area in West Africa), tropical Asia and Latin America is produced in such
systems. A mixed or intercropping regime provides a greater total land
productivily as well as insurance against the failure or unstable market
value of any single crop. In addition, intercropping systems may improve
soil fertility. provide alternative sources of nutrition and reduce the
incidence of pest attack, reducing pest conirol costs.

The International Centre ol Insect Physiclogy and Ecology (ICIPE)
commenced extensive studies on the effects of intercropping on pest status
in 1978. Eight different systems were involved, and the target pests were
sorghum shoeot fly {Atherigona soccata). the stem borer Chilo partellus and
the cowpea pod borer (Maruca testulalis), The experiments showed that,
when two crops of similar type and particular insect host range were
intercropped, colonization and population increase of pests was favored.
[fowever, intercropping with non-host plants caused a considerable
reduction in the incidence of most insect pests on the host-plant species.

The ICIPE researchers concluded that scientists {particularly in devel-
oped countries) must recognize that there are sound reasons tfor maintain-
ing the concept of intercropping. After all, it is based on the indigenous
knowledge of the farmers in tropical sustainable agriculture. Ignoring this
indigenous knowledge and introducing monocrops on large-scale farms
in Africa (as happened during the oil boom in Nigeria) quickly led to
environmental problems (erosion) and high pest damage, in spite ol high
inputs of fertilizer and pesticides.

Combinations of tall and short annuals such as sorghum with cowpeas.
or maize with beans, are traditional cropping patterns in the tropics. These
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traditional systems have a low risk of pest cutbreak, although the reasons
have rarely been elucidated.

The pest control effects of intercropping have been termed "associational
resistance’, and two hypotheses have been proposed:

1. The natural enemy hypothesis. The diversity of polycultures and micro-
environmental effects will result in a greater abundance and diversity
of natural enemies than occur in monocultures.

2. The resource concentration hypothesis. The total concentration of attrac-
tive stimult for a pest species will be determined by the number of
host-plant species present, the relative preference of the pest for each
and their density and spatial distribution, and interference effects from
non-host plants. Thus recapture over 25 m of mated onion fly females
at traps baited with host plant odor was reduced by 80% when the
area was grassy as compared with bare soil (Judd and Borden, 1988).

A survey by Risch, Andrew and Altieri (1983) of the effects of intracrop
diversity on almost 700 herbivorous species showed a decrease in numbers
in 53% of the examples. increased numbers in 18%. no change in 9% and
variable responses in 20%. Many of these examples came from the
literature on intercropping. In only about 10% of the reports were any
ecological mechanisms that might account for the observed differences
assessed, In even fewer cases was the impact of natural enemies measured,
but in these cases the effect proved to be negligible.

The main effect of intercropping in lowering pest numbers is therefore
probably the disruption of visual and odor cues, and the reductions seem
to be more effective for host-restricted than for polyphagous pests. How-
ever, when intercropping systems have been subject to detailed study by
entomologists, other factors have also been identified. The various types
of intercropping effects on insects are listed in Table 5.5.

Intercropping maize and beans reduced numbers of leathoppers
{Empoasca kraemeri} and leaf beetles (Diabrotica balteata) on beans. The
reduction was greater when maize was planted before beans than in
simultaneous plantings (Altieri, van Schoonhoven and Doll, 1978). It was
suggested that the absolute height of the maize plants might be the
important determinant, perhaps through shade or effects on air currents.

Several workers have stressed the importance of the diversity per se.
However, disruption of pest behavior is itsell one result of diversity. That
highly susceptible cowpea varieties can be protected from pests by sowing
them among more resistant cultivars (S.R. Singh, personal communica-
tion} may show how sophisticated the cues can be. Researchers using a
mosaic of cultivars in screens for host-plant resistance to pests often find
it hard to get similar pest pressure to that on crops in the surrounding
area.

Nevertheless, in spite of the evidence that even intracultivar diversity
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Table 5.5 Overview of intercropping
effects on insect pest populations {from
van Emden, H. I, and Huis, A, (1992).
Biological Control of Pests: Course
Manual, Agricultural University.
Wageningen, p. 144, with permission)

Colonizaticn and establishment

Visual effects
crop background
phenotype
wider spacing
camouflage

Olfactory effects
masking host plant
masking host insect
repellent chemical stimuli

Fopulation develcpment and survival

Microclimate

humidity, shade
Feeding

quality

confusing olfactory stimuli
Natural enemies

favorable habitat

alternative host/prey

supplementary food
Dispersal

trapping

physical interference

loss of dispersing individuals

can have pest management potential, the choice of partners for intercrops
remains important in relation to shared pests. Only when a non-host was
included in maize, bean and squash di- and tri-crops, did individual beetle
pests show reductions: otherwise increases in pest incidence were observed
{Risch, 1980). Cotton and maize together can promote Heliothis damage
on cotton. However, clever timing can produce the opposite effect. i the
emergence of maize tassels coincides with bud formation on cotton, then
the attractive tassels cause Heliothis to oviposit principally on the maize.
On maize, if several larvae enter a cob, they then cannibalize each other.
and the insect does not develop as a serious pest (Reed, 1963},

Cultural control

Cultural control is pest control by the manipulation of agricultural
practices. It was man's chief weapon against pests before the arrival of
modern synthetic pesticides, and thus represents most pest control used
in the long 10 000 year history of agriculture, If we condense this history



114 PRINCIPLES OF 1PM

into a time span of just one calendar year, cultural control ruled till 6
a.m. on December 29, and already by 8 p.m. the overuse of the ‘new’
method {pesticides) had stimulated the publication of Silent Spring. The
Review of Applied Entomeology, an abstracting journal published since 1912,
shows a sudden switch from experiments on cultural control to insecticide
trials in the early 1940s.

The reason for the sudden acceptance of insecticides was, of course,
that the new insecticides offered a previously unattainable leve] of control.
Given that cultural measures were also often labor-intensive and thus
expensive in the developed world. it is not surprising that they were rapidly
abandoned once insecticides became easily available.

Conversely. until recently it has been labor and not pesticides that have
been cheap in developing countries in the tropics. Thus cultural measures
for pest control are still widely practised there. although continuous
cropping limits the opportunities.

Pesticides originated lor the developed world in the developed world,
much of which is temperate in climate. Thus pests have fewer generations
compared with the tropics. Where irrigation can be used in the latter to
provide crops in the dry season, the long quiescent season characteristic
for pests in temperate climates is missing. Although cultural controls
usually give inferior control to pesticides, they do greatly reduce average
pest densities in a region. Both these differences result in more rapid
breeding of insect pests in tropical than in temperate climates. The pest
problems in some tropical areas have already shown that they cannot be
restrained where cultural controls have been replaced by total reliance on
pesticides. Particularly the larger number of insect genecrations per vear
has favored the rapid appearance of resistance to insecticides; the same
problem has not becn so striking in temperate countries. An important
principle of IPM for the tropics is therefore the retention of cultural control
measurces.

A sccond principle of IPM relevant to cultural control is not related to
maintaining existing agricultural practices, but to the IPM consequences
ol new ones. The contribution that cullural measures can make to pest
control becomes evident, not only in purposeful attempts to reduce pest
problems, but equally in changes to the pest spectrum that may occur
when agricultural practices change for purely agronomic reasons, Both
sides of the cultural measures ‘coin’ are reviewed in the account that
follows. The available strategics on which cultural control can be based
are (Coaker. 1987

1. to make the crop or habitai unacceptable to pests by interfering with
their oviposition preferences, host-plant discrimination or location for
both adults and larvae;

2. tomake the crop unavailable to the pest in space and time by wtilizing
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knowledge of its life history, especially of migration and overwintering
patlerns;

3. io reduce survival on the crop by enhancing natural enemies or by
altering crop suitability.

Sources of cultural controls

Cultivation

Soil tillage

Many pest insects live or pupate in the soil, selecting a suitable depth in
terms ol temperature and humidity. Other pests live or shelter in crop
debris or weeds before a new crop is planted. When ploughing is carried
out, insects in both categories may be buried to a depth from which they
cannot emerge. (Others die of the temporary drought created in the upper
soil layers or are exposed on the surface where they are desiccated or caten
by predators, including birds, There is also some insect mortality from
simple abrasion on the soil clumps in motion.

The importance of tillage as a pest control measure has been amply
demonstrated in many parts of the world. including the tropics, following
the introduction of zero or minimum tillage systems. Here seed is drilled
into otherwise undisturbed seil, though often a weedkiller is used as a
chemical flame gun to replace the weed control effects of ploughing. Where
minimum tillage has been introduced. damage from general soil-living
pests such as cutworms. wircworms and slugs has increased dramatically.,
In Europe, wheat scedlings drilled into herbicide-ireated pasture became so
sericusly attacked by mature frit fly larvae, moving from the dying grasses.
that the practice of direct drilling into leys was ended (van Emden, 1989).

Little is known about the effects of ploughing on beneficial insects.
However, it is known that adull cereal leal beetles (Qulema melanopla)
disperse from the fields to overwinter, whereas their larval and pupal
parasites remain in the soil and many arc destroyed by ploughing in the
spring (Carl, 1979),

Compaction

Running a roller over voung plants has been used to stimulate tiller
production in cereals to save crops badly "gapped’ by stem borers. Rolling
also limits between-plant movement by many soil pests, For example,
rolling has been used against shiny cereal leaf beetle (Nematocerus spp.).

Mulching
Plant materials (milled bark, crop remnants) or even black polythene have
been used to cover the ground between the rows of the crop. mainly to
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suppress weeds. Muiching reduces drought effects, cven in plantation
crops, and cenditions then become less favorable for the reproduction of
aphids and thrips. In coffee, one scason without mulch may be enough
to elevate thrips to pest status: thrips problems can be very serious in
un-mulched cowpea but rarely in mulched crops, The damper conditions
also favor natural enemies moving on the soil surface, However. care
needs to be taken with the choice of mulch so that it is not a source of
plant pathogens for the mulched crop.

Irrigation

In dry seasons or areas, particularly thercfore in parts of the tropics,
irrigation inevitably means that the crop is the only lush green vegetation
in an otherwise barren environment. Pest incidence on cotton sometimes
rises dramatically after irrigation, and irrigated crops become a ‘magnet’
for generalist herbivores. None the less, natural enemies may also benefit
from the continuity irrigated crops provide. For example, the irrigated
cotton crop in California and Peru enables a bollworm/natural enemy
system to persist. This then becomes of equal value to the rain-fed crop
in reducing the importance of this pest.

The extreme example of using irrigation to reduce pest numbers was
probably the attempt in France many years ago to deal with Phylloxera
by flooding the vines. Paddy rice, of course, is a crop where water levels
can be controlled: raising levels can suflocate Lepidoptera eggs or drive
active stages off into the water where they are taken by aquatic predators.
In China, ducks may be put into the paddy for this very purpose.

Also, the swelling of soil particles in irrigated crops can kill soil pests
with pressure. Additionally, irrigation changes crop physiology to make
plants less suitable for thrips and aphids.

Stopping irrigation to give early cotton boll maturity reduces over-
wintering numbers of the bollworm Pectinophora and restricts the
development of late-season populations of whitefly (Matthews, 1989),

Manuring

That well-manured crops are ‘resistant’ to pests is one central belief of the
‘organic farming’ movement. This belief is far from erroneous, for good
fertilization induces maximum crop tolerance to pests by promoting rapid,
healthy plant growth.

First, this shortens any restricted susceptibility window. For example,
the cotton stainer, Dysdercus. can only breed successfully during a short
period in the development of the cotton boll (Pearson, 1958). Most
stem-boring larvae, after hatching from the egg, need to enter stems young
enough to be penetrated. Yet these stems must also be sufficiently mature
to have sufficient suitable internal tissue to sustain the larva for its
development.
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Secondly, rapid healthy plant growth is essential for plants to achieve
maximum compensation for damage that does occur, Here an example is
compensation by tea for damage by shot-hole borer, Xyleborus fornicatus.
Provided nitrogen fertilization is adequate, the weakened branch becomes
supported by rapid production of new wound-healing tissue over the
gallery entrance (Judenko, 1960).

Thirdly, it is probable that even allelochemical defence mechanisms are
maximized. Fourthly, the uniformity and high foliage density of a well-
manured crop can reduce colonization by aerially dispersing pests, such
as chinch bugs and aphids.

However, just as fertilization promotes plant growth, so it can equally
promote the population of small, fast-breeding insects such as aphids,
leathoppers, thrips, whitelly, leaf miners and mites. Nitrogen availability
in plants has been recognized as a major limiting factor for many
herbivorous arthropods {Southwood, 197 3). Cotton agronomists will often
tell you that they can identify high nitrogen plots in their experiments by
the vastly increased numbers of whitefly. Such disadvantages of nitrogen
fertilization, especially in relation to sucking insects (which are limited by
levels of soluble nitrogen in the sap stream}. can to some extent be
minimized by preventing any deficiency of two other nutrients, potassium
and phosphate. The former is especially subject to loss from leaching, with
the result that nitrogen and potassium are often out of balance unless
supplementary petassium fertilization is given.

Sanitation

Destruction of crop residues

This is probably the most important single cultural control measure worth
including in IPM programs, if applicable. It has becn used particularly
extensively against stem-boring insects, in crops including rice, banana,
cotton, maize. sorghum and sugar cane.

Destruction of crop residues removes and destroys populations that
could otherwise carry over to another crop, and removes shade and shelter
which many pests need. It is obviously particularly effective where the
pest does not have alternative wild hosts (e.g. the cotton bollworm,
Platyedra). Destruction of the old cotton crop and a synchronized gap
before cotton is replanted are mandatory in many countries, including
many in Africa. However, the regulation is often neither policed nor
enforced.

Stalk destruction is commonly practised in maize against the stem
borers Busseola and Heliothis; the latter, however, pupates in the soil and
stalk destruction should therefore be combined with ploughing. Two other
crops where crop sanitation is used are cocoa and banana, In these crops,
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respectively, stems are peeled to control rhinoceros beetle (Oryetes) or
banana weevil (Cosmopolites sordidus); the peelings dry out fast and. once
the pests are dead. the peelings can be used as a mulch.

However biologically feasible it might be to break the life cycle of a pest
by crop residue destruciion. the measure is unlikely to be practical where
those same residues have an important place in the local economy. Thus
cereal straw (e.g. sorghum) is often 4 valuable building material. especially
in parts of Africa where it is used for fertcing. roofing and even walling,
A good example is the vellow-headed borer of deepwater rice in
Bangladesh, the caterpillars of which tunnel in the long stems below
floodwater level. This pest could probably be controlled easily by burning
the straw once the floods have receded and the crop has been harvested.
However, with a virtual absence of trees on the flood plains. the straw is
an essential resource for the local population, and becomes the fuel for
cooking the very rice grains the straw supported.

Destruction of standing crop material

Destroying infested plants or parts of plants within the crop (‘roguing’) is
an obvious way of limiting the spread of an infestation. and is particularly
suitable for small crop areas. In sisal in East Africa, one contribution to
control of sisal weevil {Scyphophoerus) has been the roguing of attacked
dead or dying plants. Similarly, the vellow-headed Cerambycid borer
{Dirphyu nigricornis) of coffee has been controlled by cutting out branches
on which the larval frass is visible (Le Pelley, 1959),

With several pests feeding in the fruit of orchard and plantation crops,
the plant abscises the infested fruits long belore the uninfested ones are
picked at harvest. These fallen fruits are often an important source of the
pests concerncd, and gathering the fruits on the ground and destroying
them can reduce pest populations significantly. This can have particular
benefit in citrus and coffee against fruit flies and coffee berry borer
respectively. The cost of such a laborious exercise has become prohibitive
in large citrus and coffee plantations, only to be replaced by the cost of a
heavy pesticide program. Other pests in banana and cocoa breed in fallen.
rotting leaf and stem material, removal of which is obviously recom-
mended. In Europe, before the breeding of resistant blackcurrant varieties,
a major control measure for blackcurrant gall mite was the grubbing and
burning of whole bushes. The mite carrics the yield-reducing reversion
virus, and it was known that a bush with more than 12% buds showing
symploms ('big-buds’) could not be saved by spraying pesticides. Control
with pesticides is difficult anvhow. for the peak mite presence outside the
buds and on the leaves coincides with flowering and pollination. This is
because the mites swarm on to the leaves {o disperse by phoresy on the
pollinating bees.
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Destruction of weed hosts

That weeds arc important alternative {optional) or alternate (obligatory)
hosts for many crop pests has already been discussed under ‘biodiversity'.
Sometimes pests that are a local problem for a particular farmer can be
traced to specific weeds on the larm; such problems can be dealt with by
dealing with those weeds. Cotton farmers are often advised to destroy
volunteer cotton and Malvaceous weeds around their fields, especially as
a control for the cotton stainer bug, Dysdercus. However, weed destruction
is often impractical and anyway not too cffective. This is because many
pests are sufficiecntly mobile that weeds outside a farmer’s control are
probably as important a source of pests as his own.

Pruning

Many pesis of plantation crops are reduced if the density of the foliage is
limited by pruning. Particularly cilrus and coffec pest management
henefits from pruning. and pest problems alleviated include antestia bug
of coffee. Where biological control of scale insects is practised (e.g. of
helmet scale of coffee), it is advisable not to remove the prunings from the
plantation floor until the parasitoids have emerged from parasitized pest
individuals.

Mixed cultivation

Intercropping

This has already been discussed under biodiversity {see earlier). It only
needs to be added here that shade trees. oflen planted for agronomic
reasons in low plantation crops such as coffee, generally cncourage
biological control of, for example. antestia bug. Where coconut palms are
used as shade for cashew or citrus, the presence of the lower crops
encourages the ant Oecophylle, a predator of the coconut bug
{Pseudotheraptus wayi) (Le Pclley, 1939).

Strip farming

The farming of different crops in small strips is still common in developing
countries. The practice arises partly from cultivation purely to mect family
demand and partly from the brealk up of larger crop areas by inheritance
traditions. Such strip farming systems therelore tend to persist, even
without any understanding of their valuable pest-reducing characteristics:

1. A strip of a different crop can act as a barrier to the spread of pests,
though of course the choice of crops is important in respect of shared
pests.

2. The crops are likely to share unspecialized natural cnemies (e.g.
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predatory bugs, ladybirds. ground beetles and spiders) which can
move if pests begin to build up on an adjacent crop strip.

The abandonment of strip farming in Peru over 40 years ago has been
blamed for the bollworm outbreak that followed on the cotton mono-
cultures that replaced the older systems. and re-diversilying the cotton
agroecosystem there greatly reduced bollworm incidence,

However, strip farming may also suffer from greater pest problems than
other cropping systems. This can happen where adjacent strips share
important pests (e.g. wheat and maize) or where the pests breed and feed
mainly at crop edges (e.g. grasshoppers). In a strip, the edge is much of
the crop area.

Trap crops

The aim of trap crops is to concentrate the pest in a smaller arca, Here it
can be destroyed with insecticide or preferably with a measure to which
the pest cannot develop resistance, such as a flame gun, ploughing in or
feeding the trap crop to animals. The use as traps of plants other than the
crop species has been discussed carlier as an aspect of ‘biodiversity'.
However, sacrificial plants of the same crop are often used.

larlier sowing, as of maize for corn carworm, is one technique of
mabking the sacrificial trap plants more attractive than the main crop. The
trapping ability of earlier sown plants is often mainly due to the height
differential between the trap and main crop plants. The higher carly sown
plants filter out aerially borne arriving pests. Also. that trap crops tend o
occupy the field edges holds pests moving on to the field in the trap rows.

Spraying the sacrificial plants with attractants for the pest is another
technique currently gaining interest: this is discussed under
semiochemicals (p. 129).

Trap crops need not be specially sown plants. Heaps of cotton seed have
been tried, although with very limited success. to trap cotton stainer bugs,
and cut banana stems have been laid on the ground to trap banana weevil.

Crop rotation and isolation

Altempts to separate the crop from its pests and diseases represent one of
the oldest forms of cultural pest control. The main plantation crops of the
world are now grown in continental isolation from their origin, to escape
the pest, and particularly the disease, problems of the indigenous situation.
By contrast, less dramatic isolations within the distribution range of pests
have tended Lo fail. This is because many pests also utilize wild hosts, and
such hosts have been present in the new areas in which the crops were
planted.
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For similar reasons, and because many pests are highly mobile, crop
rotation on a farm often does little more than reduce or delay attack.
However, crop rotation can be highly effective in the control of nonmobile
pests, cspecially those in the soil. Crop rotation is still the most effective
control for some celworm problems. The common temperate rotation of
cereals, legumes and root crops does not mean that any of these crops are
missing on a farm during the season. None the less. crop rotation can be
effective against the soil-inhabiting wireworms, chafer grubs and
leatherjackets. Also, the various crop midges (e.g. of sorghum and wheat)
arc sufliciently weak fliers to be controlled by crop rotation.

Rotation relies for success on there being only a few shared pests across
the rotation. Thus, of the 50 secrious pests of the maize, wheat and red
clover rotation, only three are important pests of all three crops.

There is at least one example. however, where a pest benefits from crop
rotation, presumably because a rotation-based strain has been selected
over centuries. This is the case of the wheat bulb fly (Leptohylemyia
coarctata). Strangely, this fly does not lay eggs in the soil of its host crop
{wheat}, but only in fallow soil or in the soil of other crops in the rotation,
such as brassicas or root crops. Thus the pest is not a problem where
wheat follows wheal. as has become possible with modern herbicides and
direct drilling techniques.

Sowing and harvesting practices

Variation in sowing and planting practice

Where conditions allow, particularly in relation to availability of water,
a change in the sowing/planting date may have pest control value. Either
the crop escapes pest attack (e.g. by avoiding the main oviposition period
of the pest) or it may be in a resistant growth stage when the pest appears.
Thus delays in sowing wheat have provided very effective control of the
hessian {ly (Mayetiola destructor), which has a very short peak of flight
activity for oviposition (Metcalf, Flint and Metcalf, 1951). Similarly. in
Indonesia, delayed sowing of rice until after the first flight peak of the
white borer (Scirpophaga) has been practised. By contrast, early planting
of sugar cane, provided this is carried out for a whole region. cnables the
crop to be beyond its susceplible stage when borers attack.

However, tampering with the normal phenology of the crop Lo control
one problem may make the crop more vulnerable to attack by another.
For example, early planted maize to give tolerance to maize streak virus
vectored by leathoppers may lead to increased damage by borers; also
bollworm {Heliothis) is 4 greater problem in cotton planted early to lessen
damage [rom Lygus bugs.

Thus it is not surprising that changes in sowing date introduced for
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agronomic reasons can be accompanied by changes in pest problems. A
classic example of this has been a general switch from spring-sown cereals
in FEurope to cercals sown ever carlier in the autumn or cven late summer
(‘winter' cereals). The major crop protection problem this has created is
that of the aphid-transmitted barley yellow dwarf virus (BYDV). This is
transmitted to spring-sown cereals by aphids arriving in the summer, and
the virus does not have sufficient replication time to produce severe
symptoms. However, in winter cereals, the plants have emerged in the
autumn when a different aphid {Rhopalosiphum padi) migrates from wild
grasses and introduces BYDV. This early virus infection can cause
significant yield losses. A second, less important. consequence of the switch
from spring to winter cereals was the appearance. as 4 new pest. of the
stem-boring grass and cercal fly Opomyza florion. This is a denizen of wild
grasses, but now finds cereal stems at a suitable growth stage when it
seeks to oviposit for its overwintering generation in late summer.

Seed and planting rate

In gencral, close plant cover reduces colonization by passively dispersing
insects such as aphids and thrips. There is clearly a ‘bare ground’ effect,
though whether this affects insect orientation or microclimatic variables,
including thermal air currents, is unknown. Virus incidence has often been
reported as reduced in densc plant stands. A good example here is rosetle
virus of groundnuts transmitted by Aphis craccivora (A'Brook, 1968),

Many crops are sown in excess of oplimum density: interplani compe-
tition then results in a plateau in vield ha™ over quite a wide range of
plant densities. Cereals are a good example where, provided pest attack is
on individual plants rather than patches ol plants. many plants can be
lost before vield is affected. The introduction of precision drilling in crops
such as cereals, therefore, has increased the importance of seedling pests
such as slugs and frit fly.

Sugar beet used to be a crop requiring extensive laborious thinning to
stand, partly because each polygerm sced produced a variable number of
seedlings. Together, precision drilling and the breeding of monogerm
cultivars have removed the need for thinning. As a consequence, seedling
pests (including Symphyla and pigmy beetle} have become of new major
importance,

Variation in harvesting practice
Early harvesting can enable crop residue destruction lo tuke place while
pests are still in or on the old crop plants, and before they can emerge.,
Damage to wheat caused by wheat stem sawlly {in terms of lodging of the
weakened stems) can be minimized by early harvesting.

In the USA, the carly harvesting of cotton is a major pest control
measure to reduce bollworm problems. This requires not only early
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maturing varieties, but also synchrony of opening of the bolls. Cultural
measures include uniform planting, early termination of irrigation and
the application of leal desiccants and defoliants.

Conclusions on cultural control

It may be possible to devise cultural control measures with pest control
potential, but they may not then be acceptable to the farmer. They may
be too labor-intensive, or they may not fit with his yield aspirations or his
other agronomic practices, They may also affect other uses he has for the
crop. the site. his machinery or his labor.

Tt is agronomists. soil scientists and cropping systems scientists who
experiment with new cultural systems for farmers. Perhaps the crop
protection scientist should gather data on these experiments. rather than
selting up his own experiments on cultural controls,

Not anly may a new and potentially acceptable cultural form of pest
control be identified by this approach, but at the very least any cscalation
of old problems or development of new ones inherent in the new cultural
technique would be noticed before widespread use by farmers.

Semiochemicals

Semicchemicals are chemical sighals that are released externally by
organisms, with information content for other organisms: they are some-
times also called ‘behavior modifving” or ‘behavior controlling’ chemicals.
Semiochemicals are called '‘pheromones’ il they cffect communication
between members of the same species, and ‘allelochemicals’ if they effect
interaction between members of different species. Table 3.6 gives
additional divisions for these two categories.

Pheromones

Pheromones have the particular advantages in IPM that they arc highly
specific to species. leave no undesirable residucs in the environment and
are effective in minute quantities. Sources of pheromeone used for manipu-
lating insect behavior have been caged insects, extracts from insects or,
increasingly, synthetic production of the pheromone itseli or a chemical
mimic of it. The high specificity of pheromones arises not only from the
production by different insccts of different compeunds {olten long-chain
unsaturated aldehydes, alcohols or acetates). but also from more subtle
variations of the same compound (especially isometry and in rate of
releasc) and precise ratios released of blends of several compounds. In
these blends, components that elicit a response on their own are known
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Table 5.6 Classification of semicchemicals
(Modified from Grifliths. D. C. (1990} Proc,
Br. Crop Prot. Conf., Pesis and Discases, Brigh-
ton, 1990, p. 487, with permission)

Semiochemicals (signal chemicals)
Pheromones {act on same species)
sex pheromones
alarm pheromcnes
epideiclic pheromones
Alleiochemicals {act on different species)
allomones (favor emitter)
kairomones (favor receiver)
synomones {favor both)
apneumanes (from noniiving sources)

as ‘primary components’. ‘Secondary components’ are ones that elicit no
response on their own but greatly enhance the response to a mixture. It
is likely that the ease with which primary components can be identified
has led to many single-component pheromones being synthesized. These
can often be used even if not identical to the natural pheromone, which
is perhaps only rarely a single component,

Sex pheromuones

The sex phcromones produced by female Lepidoptera were the first
insect-produced semiochemicals to be identified (Butenandt et al., 1959).
Their potential in IPM is great, though as yvet largely unrealized in practice.
Naturalists had for long recognized that maie moths fly upwind towards
females over large distances. However, it was the arrival of the technique
of gas—liquid chromatography that first made it possible to prove the
involvement of chemicals in the air at very low concentrations. The word
‘pheromone’ was not coined until 1959, and applied research on phero-
mones and other semiochemicals had not even begun at the time Silent
Spring was published. Semiochemicals thus represent an addition to the
I[PM armory unknown to Rachel Carson.

Since the initial identification of {emale-produced sex pheromones in
the Lepidoptera, such pheromones have been identified in an increasing
number of insect orders. It is likely they are used by nearly all insects.
After an exploration of the inscct orders. it has been the turn of the sexes.
There are now an increasing number of reports of male-produced sex
pheromones, though these seem to have a much shorter effective range
than those produced by females.

So far only the female-produced sex pheromones have been tested in the
field for IPM purposes. Most use of synthesized pheromones has been for pest
monitoring, This aspect has been described earlier (p. 74), with attention
drawn to the limitations imposed by the attraction only of males. However,
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there are also three possibilities for using sex pheromones directly for pest
control; these are as oviposition deterrents, for mass trapping of individuals
and for interfering with mate-finding (the ‘confusion’ technique).

Oviposition deterrents

Relatively high concentrations of female pheromone, perhaps by simulat-
ing the competition of high female pest densities, appear to have the
possibility of suppressing, or at least greatly reducing, oviposition.
However, this approach is still very much at the research level.

Mass trapping

This most frequently involves the use of a high density of pheromone traps,
often treated with insecticide. The aim is to remove sufficient males from
a pest population in order to reduce greatly the fertility of the females.
Unfortunately, the likelihood of success is remote. Mathematical models
suggest that a 90% capture of males is required to hold a population at
its existing level. let alone reduce it.

This is illustrated by a Norwegian exercise, when pheromone traps for
bark beetles were set out in nearly 4000 ha of spruce forest (Lie and Bakke,
1981). The exercise involved several thousand people, and 36 million beetles
were killed; however, no reduction in the pest population was effected.

Perhaps the most successful example of mass trapping of males is that
of bollworm in the USA. This is because spraying is only needed if more
than 10% of the bolls are attacked. Pheromone traps were set out at
12 ha™' in the spring, increasing to 50 ha™' as the season progressed. In
onc major trial, whercas pesticides were needed on 435% of the fields
without traps, they were only needed on 9% of fields with traps.

By contrast, grape berry moth in the USA remains a pest even at quite
low densities. When pheromone traps were set out on a 14 m grid and
no pesticide was used, grape infestation was reduced to 6.4% compared
to 15.5% damage in an area without traps: however, 6.4% infestation is
still too high o satisfy the growers.

Confusion
In this technique, mate-finding by the males is disrupted by creating
artificial pheromone trails or by saturating the whole crop environment
with sex pheremone. Large numbers of fixed sources of pheromone (akin
to traps) have been used in the past. Increasingly, however, pheromone
is now distributed by spraying encapsulated droplets (which tend to release
pheromone for a few days only) or broadcasting hollow polymer fibers
sealed at one end and a few centimeters in length.

Cotton, both in the USA and in the tropics, has again becn a major
target crop for the confusion technique (Henneberry et al., 1981). Between
1976 and 1978, the use of 1.73 cm fibers applied at 7 ¢ ha ' every 7 days
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was evaluated in California. This evaluation clearly showed an inherent
problem in the technique; it becomes less effective as the number of natural
sources of female phceromone inereases, In 1976, 1200 ha were treated
with pheromone and needed no insecticide, whereas other cotton areas
did. It 1977. the pheromonc treated arca was expanded to 9000 ha. As
in the previous year, the application of pheromone proved very successful.
However, a few fields next to untreated fields, where bollworm densities
were high. did need inseclicide. In 1978, the area treated with pheromone
was further increased to 20 000 ha. This proved a very favorable year for
the pest, and sufficiently high populations to force insecticide treatment
developed in July or August even on ficlds treated with pheromone.
Nevertheless, pheromone provided a valuable delay in the need for the
first insecticide treatment.

Most people probably now accept that the confusion technique is
unlikely to be totally reliable as a replacement for insccticides. but that it
is very likely to enable a considerable reduction in pesticide use to be
achicved. Unfortunately pheromones, partly because of their limited
market, are expensive and become uneconomic if pesticide is also nceded.

Alarm pheromones

The aphid alarm pheromone (B-farnesene) has been researched exten-
sively. The principal application of applying this compound is {o increase
the restlessness of aphids, and thus increase their contact with residual
insecticides or fungal entomaopathogens.

There has also been some interest in exploiting the production of
B-farnesene by some plants in plant resistance breeding,

Epideictic pheromones

Such pheromones affect the spatial distribution of members of the same
species; aggregation pheromoncs are the best known in this group. Often
both sexes are affected, giving cpideictic pheromones a considerable
advantage over sex pheromones in pest control.

A practical example comes from coiton. An aggregation pheromone
produced by the male boll weevil, but attractive Lo both sexes, is used for
trapping out (Ridgway. Inscoe and Dickerson. 199(}). This example of
trapping out has been very much more successful than similar attempts
for other pests with sex pheromones (see above),

Allelochemicals

Allelochemicals are important factors in host-plant resistance (see earlier)
but both volatile and nonvolatile allelochemicals alse have considerable
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potential for manipulating the behavior of pests and beneficial inscets.
Kairomones, allomones and synomones are terms given o allelochemicals
that respectively give some advantage {o the receiving species. the emitting
species or both.

Volatile allelochemicals

Often. volatile kairomones are produced by herbivorous insects, especially
in their oral secretions, their excreta and their constructions {e.g. cocoons)
or from damaged plant tissue. These kairomones aid the location of the
herbivores by their natural enemies; there is therefore considerable interest
in utilizing such volatiles to manipulate natural enemics and increase their
effectiveness.

Sex pheromones of herbivores are not infrequently used as kairomones
by natural enemies (e.g. by beetle predators of bark beetles). Recent work
in the UK has shown that at least one polyphagous aphid parasitoid ( Praon
volucre) can be attracted in large numbers to traps baited with
nepetalactone and nepetalactol, major components of the male sex
pheromone of many aphid specics. Also. the alarm pheromone for aphids
is thought to attract hover flies.

Volatile allelochemicals released by plants are widely used as cues by
both pest and beneficial insects. The detection by herbivores of their host
plants and avoidance of non-hosts is 1o a large extent governed by plant
volatiles, However, it is difficult to see a practical use of these semio-
chemicals in pest control. since the very volatiles that would deter one
pest species from colonizing a plant may well, and often do, attract
another.

More practical potential attaches to the use made by biological control
agents of these same volatiles. The general importance of this interaction
between plants and particularly parasitoids has been the subject of
extensive research in the past decade. For many parasitoids, location
from a distance of odors emanating from the host plant of their prey has
often been shown to be maore important than odors from the prey itself.
It is even possible experimentally to trick a parasitoid into attacking the
wrong prey species. This can be done by offering the prey together with
the plant odor to which the parasitoid is attracted. The plant odor
preferences of a parasitoid seem to relate {o the plant on which that
parasitoid individual itself developed. Experiments involving the transier
of parasitized hosts al various times after parasitization suggest that the
preference is fixed during the parasitoid's larval development. The plant
preference of emerging parasitoids can therefore be manipulated, cven
1o the extent of ‘training’ a parasitoid population to favor a particular
crop cultivar (Wickremasinghe and van Emden, 1992). Such between-
cultivar discrimination, however, only influences choice: in the absence



128 PRINCIPLES OF TPM

ol the preferred cultivar. other cultivars of the crop are usually totally
acceplable, unless their volatile spectrum is greatly different. The practical
implications are not, therefore, that we can train biolegical control agents
to spread from a point of release to seek a particular cultivar, bur that
we need to test, while breeding for plant resistance to pests, that we have
not altered the volatile spectrum to the point that our new crop cultivar
is no longer recognized by indigenous natural enemies. There is increas-
ing interest in ‘banker’ plants outside the crop or interspersed with the
crop in glasshouses to provide reservoirs of beneficials on alternative
prey. For these, we need to check that the natural chemies concerned
will, after all, readily disperse into an adjacent crop producing different
volatiles.

Nonvolatile allelochemicals

Such allelochemicals in plants tend to act as ‘antifecdants’, i.e. they do
not kill the pest directly but inhibit its feeding behavior. This is probably
the result of the allelochemical inhibiting the response of the pest's
gustatory sensors (o phagostimulants in the plant. One useful attribute of
many antifeedants is that they are not also repellents — the pests therelore
rematn on the plant till they starve. The pests are then available as food
for natural enemies for a time. Disadvantages are that antifeedants are
not usually persistent or systemic when sprayed. They would need
frequent application to give an adequate length of time of protection. and
areas missed by the spray or new growth appearing aller spraving will be
attacked.

Partly because of these disadvantages, synthetic chemicals with anti-
fcedant propertics have not met with commercial success, and more
potential attaches to the nonvolatile allelochemicals produced by plants.
These are widely distributed through the plant tissues. a property that can
now. theoretically, be transferred to crops lacking allelochemicals by gene
transfer techniques.

There is already one widely known and marketed plant antifeedant.
This is azidarachtin from the seeds of the neem tree in the family Meliaceae
(Rembold and Schmutterer. 1981). a family that also provides other
antifeedants. Neem is toxic to insects if they ingest sufficicnt quantities,
but ity strong antifeedant cffect means that such quantities are rarely
ingested. Other families with promising antifeedants include the Labiatae,
Polygonaceae and the Piperaceae. Ajuganin. from the Labiate genus Ajuga
is currently being rescarched. as is polygodial from the African tree
Warburgia. The latter is active against aphids, which is a useful property:
most antifeedants affect chewing rather than sucking insects.

Antifeedants. even if produced within the plant, do not have a long-
lasting effect. Insects will eventually eat the foliage through some form of
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‘habituation’. Antifeedants cannot therefore simply replace traditional
insccticides. and require strategies for their use to take account of their
transient effects. Thus. on a laboratory scale (Griffiths et ¢f.. 1991). it has
proved possible to apply antifeedants to the tops of plants to drive chewing
insects down to the lower leaves. Here, damage is less detrimental to yield
than damage to the young leaves, On the older leaves the pests could then
be killed with a localized application of a selective pestictde.

This experimental approach may be transferable to the field in a
modified form known as the ‘push-pull’ strategy, more arcanely desig-
nated the ‘stimulo-deterrent diversionary strategy’. Here the modification
involves adding a ‘pull’ towards trap plants (o the ‘push’ away from
the crop provided by the antifeedant. This involves applying plani-
derived attractive volatiles to the trap crops together with nonvolatile
phagostimulant allelochemicals. On the trap crops, pesticides. or prelerably
an insect pathogen. would be used.

The nonvolatile semiochemicals that could be used to manipulate
beneficial insects are usually contact stimuli which arrest the natural
enemy. They are usually kairomones produced by the insects themselves,
often in their excreta.

Probably the most explored of the contact katromones of insect origin
is the honeydew of aphids. Honeydew releases a volatile breakdown
product of tryptophan alitractive to natural enemics, but the contacl
stimulus to arrest natural enemies of aphids is also important. Fven in the
absence of aphids, natural enemies can be held in an area where honeydew
has been applied. This stimulus appears to be rather nonspecific: the
honeydew of maost aphid species will arrest most natural cnemy specics.
It remains to be seen how far a practical application can be found for this
phenomenon. Unfortunately. large amounts of honeydew can interfere
with the searching behavior of parasitoids of aphids. The parasitoid
becomes contaminated with honeydew and has 1o spend a considerable
proportion (this can be nearly hall) of its time in cleaning behavior,
seriously reducing the time spent searching.

Genetic controls

Several pest control methods seek to interfere with the reproduction of
pests by affecting the sex cells directly and thus inducing sterility, The idea
stems from the mid-1950s, and had alrcady been used successfully in one
instance by the time Silent Spring appeared. This one success is given a
high profile by Rachel Carson. It had resulted in the elimination of the
species in question, and there were then high hopes for the future of the
approach. Indeed, proponents of such techniques have erected the term
‘total population management’ (Knipling, 1966), with its acronym TPM,
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to compete with IPM. Not many people know this, which carries its own
message. One of the main virtues of genetic controls is that they operate
on the 'one to many principle’. This (we think) simply means that treating
one individual can transmit lethality to many individuals in terms of future
repraductive potential, Why a predator cating an aphid. already carrving
three telescoped future gencrations within it, is not an example of the
same principle is not entirely clear. Most genetic control methods arc also
extremely specific 1o the genelics of the target pest population. The other
characteristic that applies generally to genetic methods is that the
treatment can only be applied to a limited number of individuals. Thus,
in relation to most natural pest populations, the methods are best used
when pest populations are naturally low or after they have been reduced
by insecticide application.

v-Radiation sterilization

This was the method that had been successful before Silent Spring and
which Rachel Carson mentions with such enthusiasm.

The early successful use of y-radiation sterilization of males (the “sterile
insect release method” or SIRM ) was against Cochliomyia hominovorax, the
screw-worm fly of cattle, The adult fly lays its eggs in wounds, and the
resultant maggots feed on the flesh of the animal (a condition known as
‘myiasis’, causing severe weakening and loss in weight). This can lead to
death of the cattle if they are not treated. Before the SIRM program. the
estimated annual loss to farmers from screw-worm was estimated at about
[18% 200 million, The first trials took place on the island of Curacao in the
carly 1950s, since here there was a finite wild fly population without any
problems of immigration. The release of large numbers of artificially
cultured males. sterilized by exposure to a 5000 Rontgen unit cobalt bomb,
restilted in eradication of the pest across the island in just 8 weeks
(Kirchberg, 19553}. After the success of this pilot trial, the technique was
transferred to the real target on the US mainland. Here the screw-worm
population in the southern United States and Mexico was first reduced
with insecticide. At the height ol the SIRM campaign, more than 50
million flies were rcared. sterilized and released every week from a fly
‘factory” on a disuscd airfield.

SIRM is based on the release of artificially reared sterile males to mate
with the females in the wild population, matings that result in zero egg
production. Knipling (1955) illustrated the theory quantitatively by
assuming a wild population had been reduced to 1 million females. This
was followed by a release of 2 million males at each generation. In the
first generation, sterile:fertile matings would be in the ratio 2:1, producing
only 333 333 females in the next generation. Another release of 2 million
sterile males would lead to sterile:fertile matings in the raiio 6:1, and to
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ratios of 42:1 and 1087:1 in Iy and Fi, respectively. Numbers of wild
fermales would therefore decrease from 2 million and 333 3331047 619,
1107 and <1 ii.e. extermination) in the successive generations alter
commencement of the program. Thus the technique does rely on swamp-
ing the wild population with ecnormous numbers of sterile males. Knipling
further listed the conditions he considered were necessary for a successtul
SIRM program as:

a method for mass rearing males;

the released males must disperse rapidly through the wild population:
sterilization must not affect sexual competitiveness:

preferably the females mate only once.

= b —

It is perhaps the fact that Coclliomyia is an unusual insect in complying
with conditions 3 and 4 that resulted in the campaign against it being
so successtul,

The fly was eradicated successfully from the southern USA. and efforts
have continued to prevent reinvasion by the pest from Mexico and to
extend the eradication to all areas north of the Panama Canal. Flies are
released from the ‘factory’ to ‘intercept’ invading females along the
USA-Mexico border in a strip 400 km wide and more than 3000 km long
{Smow and Whitten. 1979). Sterile males are also provided for the
extension of the program. At peak production, the factory can produce
150 million sterilized pupae a week from an input of 50 tons of meat and
blood.

However, 90 000 cases of screw-worm were reported from the cleared
area in 1972 (Snow and Whitten, 1979). It became clear that continual
laboratory inbreeding had weakened the released stock with the result
that condition 3 was failing, i.e. the females would now mate less readily
with sterile males. Because of this experience. the rearing stock is now
periodically revitalized by addition of new wild-collected flics.

The success of the technique was repeated in Africa. when the fly
escaped from the western hemisphere into Libya, probably through
importation of infected animals., As screw-worm attacks both animals and
humans, the rapid build-up of the pest in Libya {to a peak of nearly 3000
new cases per month in September 1991) posed a very serious threat
indeed. It was difficult, for political reasons, to involve in Libya the only
real expertise in SIRM, which resided in the US. Instead. an international
multi-donor program led by FAO was organized to eradicale screw-worm
from Libya using STRM {FAQ, 1991). Releases of sterile males started in
December 1990, and the last case of screw-worm myiasis was reported
in April 1991. Sterile male releases ceased in October 1991 when the
program was declared a success.

It was inevitable that the original much-publicized success of SIRM
against screw-worm in southern America would lead to trials against
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other pests in many parts of the world. These programs have nearly always
ended in inadequate success, but this research is still being actively
pursued, particularly through and at the International Atomic Agency in
Vienna.

Various fruit flies have been eradicated from several small Pacific
islands. and in 1962 success was reported against sugar-cane borer
iLepidoptera) in Louisiana, USA. Partial successes have been reported
against several other insects, including species of mosquitoes, stable fly,
cockroaches and tsetse flies.

Next to screw-worm, the Mediterranean fruit fly (medfly, Ceratitis
capitaia) has been the principal target for SIRM. Programs have been
attempted in Central and South America. the USA and Egypt, in order
of amount of effort. Again, these programs have usually begun with
exlensive insecticide use to reduce wild populations. However, SIRM has
not achieved eradication. SIRM projects against tsetse fly have been
funded in Africa since the mid-1970s, In every case. local eradication
has been achieved. However. the lack of natural ccological barriers to
the movement of the fly would necessitate maintaining a high-cost
continuous sterile male release program, and reinvasion always occurred,
A recently funded attempt on the island of Zanzibar has a greater
potential for success.

When one adds to Knipling's { 1953) criteria for success of SIRM (see
above) that the male insect should not be economically harmful and can
survive the levels ol irradiation necessary to achieve sterilization, it
becomes obvious that the chances of the spectacular success achieved
against screw-worm being repeated with most other insects must be
slight.

Any feasibility of STRM is limited (o extremely damaging pests that have
the biological characteristics required for success. and are localed in an
ecologically or geographically delimited area. The high initial cost of the
method can then be recouped over years following elimination without
additional recurrent cost. As part of several controls in the IPM context.
SIRM is probably uneconomic because ol the high recurrent cost,
especially of the lacilities needed to produce sterile males.

The practical difficulties of separating the sexes of sterilized insects mean
that SIRM mostly involves the release of both males and lemales. Fiforts
are underway to find ways of limiting production to sterile males. This
would greatly improve the economic efficiency of any sterile insect facility.
It would also avoid problems of sterile females mating with sterile males
and reduce any crop damage {c.g. attempted oviposition in fruit by fruit
fly) caused by sterile females. It would be valuable to find a female-specific
deleterious trait, such as high temperature sensitivily or susceptibility to
a chemical. Then the insects destined for sterilization could. at some stage.
be exposed to the lethal factor to kill all females,
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Radiation-induced translocation

This has three advantages over sterilization. Both males and females can
be used, only one release is needed and this needs to be at only half the
wild population. So far research on the method has been limited to medical
entomelogy, but there seems no reason why it should not be applied to
pests of agriculture,

v-Radiation is used to create translocations {an exchange of chromatin
between chromosomes). The translocated individuals are then mated to
produce homozygotes for the translocation. Large numbers are then bred
and both sexes are released to mate with the wild population. Half the
potential offspring of such matings fail to be produced. as they receive the
translocation from only one parent and are nonviable. Half the remaining
viable insects carry the translocation in the homozygous form to hand the
lethality on to subscquent generations (Curtis, 1968).

Genetic engineering

An analogous approach is to seed the natural pest population with
luboratory-reared individuals that carry a deleterious trait (e.g. male
sterility) transferred by gene transfer methods. Such traits would. of
course, be expected to be eliminated rapidly from the wild population by
natural seleclion. However, geneticists have discovered methods for
increasing the chances that such deleterious traits will be maintained in
the population. One mechanism involved is meiotic drive. One chromo-
some, or part of a chromosome, is transmitted to the next generation in
d higher proportion than Mendelian genetics would predict. thus assuring
its spread. The deleterious gene is inserted in the genetic material involved
in meiotic drive (Cockburn, Howells and Whitten. 1949).

Chemical sterilization

Sterilizing chemicals are cheaper to use than radiation. They can be
applied to insects in the field without the need to release large numbers
of insects reared in the laboratory. Although atomic energy institutes are
interested in funding the use of radiation. chemosterilants have the
advantage that they can be manufactured and sold by the agrochemical
industry. This industry devoted considerable resources to an extensive
search for effective chemosterilants in the 1960s and 1970s. Many
compounds with sterilant activity were discovered. particularly among
alkylating agents and. to a lesser extent, antimetabolites. The former group
alkylate hydrogen groups in nucleic acid synthesis, producing lethal
factors in the sperm. The typical result is seen, for example. when
glasshouse red spider mites are treated with apholate, one of the alkylating
agents that was marketed. Matings by the sterile males result in male
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offspring and nonviable eggs representing the female fraction of the
population. Among the antimetabolites, which also interfere with nucleic
acid synthesis by competing as substrates for enzymes. {louracil was
marketed. However, these early chemosterilants have now been with-
drawn.,

The alkylating agents and antimetabolites. particularly the former, are
unfortunately also mutagenic in man. The concept of treating the field
population directly by spraying has thercfore been replaced by localizing
the chemosterilant. A trap. baited with a specific attractant for the pest
in question, is commonly used. This attractant is often a sex pheromone,
which is appropriate since it attracts malcs, the target sex for sterilization.
However. other attractants have also been used. For example, attempts to
sterilize cabbage root llies involved using traps with both visual (yellow)
and olfactory (mustard oil volatiles) attraction. theugh the technique was
never used commercially.

Although the search for chemosterilants has mostly resulted in male
sterilants, there arc examples, for example amethopterine against Diptera.
where the female is the more susceptible sex.

It is clear, therefore, that the development of chemosterilants by
industry has not proved a successtul commercial venture.

Host-plant resistance

As a principle of IPM. host-plant resistance has particularly valuable
properties. It is, 1o a large extent, compatible with other control measures,
and may often show useful synergism when used in combination with
other methods ip. 150). Host-plant resistance also requires no special skills
or equipment; it often consists in merely the replacement by the farmer
of one seed stock by another. 11 is also a very environmentally friendly
form of pest control; many mechanisms of host-plant resistance will have
no effect on the environmeni or human health. Clearly one has to guard
against the potential danger that exists in this respect (p. 145).
Although the above properties of host-plant resistance make it valuable
in agriculture world-wide, the method has received an especial impetus
in the tropics. This is not only because it is cheap and simple for the farmer
to usce: it is also because it can produce dramatic yield increases in crops
suffering high pest damage without necessarily attaining the full physio-
logical yvield potential the crop possesses, Such maximum yiclds are more
casily obtained with pesticides. This makes host-plant resistance less
attractive to farmers in developed countries, who have the money and
technology to use pesticide if they so wish. Host-plant resistance was
therefore seen as the key (and originally even as the only} pest control
thrust for the international rescarch institutes, These were established in
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developing countries by the Consultative Group on International Agricul-
tural Rescarch (CGIAR), with plant breeding as the principal method of
crop improvement. It is only recently that crop protection scientists at
these institutes have been encouraged to research more broadly in IPM.

There can be considerable variation in the degree of susceptibility to
pests shown by different varieties of a crop. This has been known to farmers
for a very long time. The many local land races of crops grown by farmers
in the tropics are selections their ancestors made, over past centuries. as
able to yield in spite of intense pest pressure. They are important sources
of pest resistance, and it is important that such genetic diversity is not lost
as they are replaced with potentially higher yielding varieties.

Host-plant resistance has long been a subject of research and practical
exploitation by plant pathologists and nematologists. This is because the
early chemical control of these crop problems was rarely as complete or
reliable as that of insect pests. Although some pest-resistant varieties have
been developed and grown for many years, the real impetus for host-plant
resistance to pests has come with the general acceptance of the need
considerably to reduce our use of agrochemicals. Host-plant resistance
does not appear to be mentioned in Silent Spring (p. 41).

The 1951 publication of Insect Resistance in Crop Plants by R.H. Painter
was the first definitive treatise on the subject. Painter presented a
classification of insect host-plant resistance that is still accepted and has
practical use. The three types of resistance are:

1. Nonpreference, A later alternative name, anlixenosis (resistance to
colonization), is now more commonly used. The rationale of the newer
term is that (like the other types of resistance) it is a property of the
plant, rather than of the insect. Antixenosis (Kogan and Ortman,
1978) refers to plant properties that reduce colonization by pests
arriving in search of food or ovipoesition sites. ‘Nonpreference’ and
‘antixenosis’ are not strictly synonymous. Nonpreference refers to the
insecl’s behavior in a choice situation, whereas antixenosis includes
van Marrewijk and de Ponti’s {1980) concept of ‘nonacceptance’ (in
a no-choice situation).

2. Antibiosis (resistance to biological processes). Antibioisis reduces the
survival or ‘performance’ of the pest on the plant. "Performance’
includes such pest characteristics as generation time, growth. fecun-
dity and longevity. Several of these indicators can be combined with
mortality into a single statistic, the "potential rate of natural increase”.

3. Tolerance. This is the ability of a plant 1o show a reduced response in
terms of damage {often measured as crop vield), compared with
another, given the same pest burden both in numbers and time.

At first sight, 1olerance would seem an ideal form of plant resistance, in
that there is pressure on neither the plant nor the pest to counter-adapt.
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However, tolerant varieties have the danger that a farmer would become
a source to other farmers of the pests and diseases he is allowing to multiply
and has no incentive to control. It is sometimes the only practical selution
to certain plant diseases, including viruses. but is better replaced by
antibiosis if this is available. even though the latter is more likely than
tolerance to lead to biotype problems (p. 146). Nor do the phenomena
necessarily occur in isolation. Plants with antibiosis often alsc show
antixenosis, and this combination is usually regarded as the form of plant
resistance most worth developing once it is identified.

As is discussed later, there are other classifications of plant resisiance
more used by plant pathologists and related to the genes possessed by
both insects and plants. Such classifications are theoretically equally
applicable to host-plant resistance to insects as they are to resistance to
diseases. However, two points need to be made. First, breeding for plant
resistance rarely involves the introduction of a new characteristic: it more
usually involves the enhancement of a characteristic already present.
Even so-called susceptible varieties present the insect with considerable
problems (Southwood, 1973) of tissue hardness. nutrient limitations or
unpalatable or toxic secondary compounds. Passively dispersing pest
species (which land on most plants and show their acceptance by whether
or not they remain) often abandon varieties rated as ‘susceptible” at rates
of 50-95%. Secondly. pests respond to plant characteristics more tangible
than genes. As pointed out carlier, susceptibility in the same genotype
can change with time and environment; there are often identifiable
anatomical. physiological or biochemical mechanisms involved. One
mechanism may require one or several genes in the plant; the same
number of genes is not necessarily required in a pest for it to overcome
that one mechanism,

The development of plant resistance requires sources of resistance. a
technique for identifying resistance and methods for transferring it to
varieties adapted for commercial production.

Sources of plant resistance

For most world crops, particularly important sources of genetic variation
are the germplasm banks. These are collections of either regional or
world-wide variation, kept as small stocks of seeds, budwood, etc., stored
or regenerated as necessary to maintain viability on a continuing and
permanent basis. In 1973 CGIAR. conscious of the danger of losing
genetic diversity as crop land races were replaced by newer varieties,
established the International Board for Plant Genetic Resources (IBPGR).
This has the aim of collecting together existing genetic diversity and
maintaining it in germplasm banks distributed between the international
research institutes in the tropics. IBPGR produces a list of world
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germplasm banks (IBPGR. 1984) which lists over 100 centers covering
between them some 60 crops. Another useful list of germplasm banks
for 22 crops has been produced by Harlan and Starks (1980}, Addition-
ally. the Information Scicnce/Genetic Resources Program at the Univer-
sity of Colorado, USA, maintains a database on the world germplasm
collections. Germplasm banks accumulate collections of seeds from
farmers’ fields. commercial varieties before they become obsolete and
cease to be available from seed merchants. and new hybridizations
produced by the plant breeders but rejected for commercial development.
Increasingly, the ‘wider gene pool’ is also assembled: modern methods
of gene transfer mean that crossing barriers between crops and
genetically very different related genera and species have become less
serious.

Apart from germplasm banks. commercial seed merchants market a
range of varietics bred for characteristics other than pest and diseasec
resistarice, Many of these have never been tested for the latter property,
and may well show a range of susceptibility. They are well worth testing,
especially since a partial rather than a high level of resistance may be
what is needed in IPM programs (p. 150).

Another way of obtaining genctic diversity is ‘random outcrossing'.
Here individual plants from the genetic diversity available are planted
with, at intervals across the field, rows of a single agronomically adapted
vartety unable to preduce pollen. For many crops, the plant breeders have
produced such ‘male-sterile lines'; if not, then manual emasculation will
be necessary. Any seed produced on the male-sterile line is a cross between
that line and an unknown pollen donor from the other plants on the ficld,
i.e. it is potentially a new variety.

Other techniques for producing variation involve inducing mutations
in seeds by irradiation with X-rays or by chemical treatment of the seeds.
especially with colchicine or ethyl dimethyl sulfate. Many such mutations
are, of course, not viable,

Finally. plants derived from callus tissue produced in cell and tissue
culture show considerable genctic variability through the phenomenon of
somaclonal variation. If has been possible to find resistance to sugar-cane
horer (Diatraea saccharalis) among 200(} somaclonal variants from a
susceptible cultivar (White and I[rvine, 1987).

It has been mentioned that the wider gene pool, especially wild
ancestors of present-day crop plants, are a rich source of genes for
host-plant resistance. Some of these genes have been retained in peasant
land races. but many have been lost in the course of crop improvement
over centuries. At first sight it is surprising that man did not retain
valuable resistance characteristics as he selected for more productive types.
There are, however, several good reasons why this loss of resistance
occurred:
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Table 5.7 Contrast between some wild and cultivated plants in levels of secondary

compounds
Chemical Plant Quantity  Reference
(units)
2-Tridecanone Lycopersicon esculentum 0.1 Keanedy (1986)
(ng cm leaf surface) (tomata)
L. fursutum 446
Allyliscthiocyanate Sisyrmtrium officinale 3660 van Emden {1900k}
(ug g~ dry weight) Brussels sprout 167
January King cabbage 847
1. Until this century, by which time much of the selection had occurred.

I

breeding was done in ighorance of the basic principles of genetics, I
was not realized that unproductive types might well contain some
valuable characters that it would be possible to retain (see "Yield
penalty’. p. 1453). Loss of resistance was particularly rapid in the early
stages of plant improvement. when man faced the initial challenge of
converting the small sceds of grasses into ‘grains’, or tiny fruits and
pods into much larger structures.

During ‘domestication’. unpalatable or toxic chemicals had to be
greatly reduced during the plant breeding process. These same
chemicals deter colonization by insects on the wild ancestors of our
crop plants. An example is the taste contrast between wild and
cultivated lettuce. Table 3.7 gives some examples of the contrast in
quantity of plant secondary compounds in wild and cultivated species.
Any resistance in crops that was selected carly in domestication may
since have been nullified by adaptation in the pest or through the
importation ol new races of pest species from abroad. Crop plants have
been subject to considerable {ransport and exchange of breeding
material across the world.

The important pests of a crop today are not necessarily the same as
those that were present in the carly stages of crop breeding. Importa-
tion, changes in agricultural technologies (such as abandonment of
rotations) and the side-effects of pesticides on natural enemies of
previously non-pest species have all changed the pest spectrum of
major crops. It would be possible to [ist many such changes. even
since Silent Spring. Major pests today that were unimportant then
include Heliothis, brown planthopper of rice and whitefly on cotion,

Detection of resistance characters

This usually involves a process known as ‘screening’. where different lines

ofa

crop are exposed to pest pressure. Preferably. this is done in the field,

though sometimes such work is carried out in the glasshouse to achieve
greater pest densities, Glasshouse data, however, can often be misleading.
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Because many lines may be available for testing (perhaps hundreds),
and because germplasm collections can often supply only a few seeds of
each accession, the first stage is usually unreplicated ‘negative’ screening,
Here. short single rows of a few plants of each accession are planted among
similar rows of a known susceptible variety planted at intervals. Because
of the large number of accessions usually involved, the results of the screen
tend to be scored on a visual scale (oflen 1-3), comparing each small row
with a nearby susceptible check row. This type of screen is called ‘negative’
because it can only identify susceptible lines. Lines with low damage scores
may merely have escaped attack by chance in the trial. However. a badly
damaged line must be susceptible in spite of the small sample and lack of
replication. Such lines can then be omitted, and the remaining ones
screened for a second. and alter further eliminations, a third time by the
same technique. For a line to escape by chance three times is an unlikely
event, and at this point the most promising lines are selected and multiplied
for replicated plot field trials. Chiarappa (1971} has compiled protocols for
evaluating such trials for a variety of crop pests. but a further useful
criterion is the yield of each line with and without insccticide protection.

From such trials, the most promising few lines should then be tested at
a number of sites spanning as far as possible the climatic and seil variation
of the areas in which the crop is principally grown.

Transfer of genetic resistance

Once plant resistance has been identified. it may be immediately uscful.
Partial resistance found in an existing cultivar may be sufficient to intro-
duce into an 1PM program. More usually, the resistance is detected in a wild
relative of the crop or in an agronomically poorly adapted variety. This then
becomes an input into a program to transfer the gene into adapted varieties.
The [ollowing are common strategies for the transfer of genetic resistance:

Grafting

In perennials, resistance may often be transferred by grafting a susceptible
commercial variety on to a rootstock of the resistant line. The classic
example here is Phylloxera resistance in vines based on American
rootstocks.

Plant breeding

Pedigree breeding

This is most appropriate where a single dominant gene is involved. The
hybrids of resistant x adapted crosses are self-fertilized for live or six
generations, with sclection to combine adaptation and resistance.
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Bulk breeding

Where resistance is based on scveral genes. many progenies of hybrids
between resistant and adapted parents arc sclected if they show resistance,
and are self-fertilized. Then a number (often 10) of the most resistant lines
considered the most acceptable for other characters are selected. and
re-hybridized in all combinations. Sclection and re-hybridization processes
are then continued until both adaptability and resistance are considered
satisfactory.

Convergent crossing

This aims progressively to increase the percentage of the adapted parent's
genotype. This is accomplished through repeated back-crossing of resistant
selections to the adapted parent. Finally, paired lincs with different sources
of resistance are crossed, then the oflspring of these paired crosses, and so
on until one final line is produced.

Transgenic plants

Biotechnological methods of gene transfer enable specific genes to be
introduced into commercially adapted crop varieties without the lengthy
process of traditional plant breeding. They may even enable resistance to
be transferred from nonrelated plants (Levin, 1979 Gatehouse. Boulter
and Hilder, 1992). In the past decade, these techniques have become
routine and reliable. This has stimulated a new interest in producing
pest-resistant crop varieties, particularly since the multinational
agrochemical companies have identified genetic engineering as a poten-
tially profitable diversification of their crop protection intercsts. Some
concerns this raises in relation to host-plant resistance to pests and diseases
will be raised later (p. 152). There are also valid ecological concerns that
the transgenes might "escape’ by invasion or pollination into plants in
semi-natural and natural habitats. Because of these. as well as other,
concerns, the release of transgenic crop varicties hus become subject to
rigorous governmental risk assessment not applicd to traditional plant
breeding.

There are many approaches to the production of transgenic plants; the
methods that have most been applied to transferring desirable
characteristics into crop species are described briefly below:

Indirect gene transfer

The most common method used to produce transgenic plants is that of
transfer mediated by Agrobacterivm tumefasciens. This is the seoil-borne
bacterium that causes crown-gall discase. For genetic modification proce-
dures, the T-DNA of the bacterial genes. which codes for enzymes involved
in the induction of the galls, is removed to produce ‘disarmed’ plasmids.
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The removed genes are replaced by plant-resistance genes, Material of the
adapted variety (e.g. leafl segments, leaf discs, even isolated protoplasts) is
then incubated with the disarmed bacteria for 1-2 days. Gene transfer
using Agrobacterium has not been as successful with monocotyledons
{including the world's cereals) or with grain legumes. It appears that these
plants do not respond to Agrobacterium infection in the same way as most
dicotyledons (roughly representing ‘bread-leaved plants’ as opposed to
plants such as grasses).

Direct gene transfer

‘Electroporation’ is a technique exploiting the fact that many plant species
will regenerate from protoplasts, and that protoplasts can be induced to
integrate foreign DNA when exposed to a suitable external clectric field.
A similar effect can be produced with exposure to certain chemicals,
including polyethylene glycol (‘chemically-mediated DNA uptake’). An-
other important direct method of plant transtormation is ‘biolistics’. Here
fine 4 um spherical tungsten or gold particles coated with the appropriate
DNA are fired into plant tissues, by an instrument akin to a minute
shotgun, at velocities at which the particles can penetrate plant cell walls.

Mechanisms of plant resistance to pests

Often the anatomical, biochemical or physiological mechanism of resis-
tance is unknown or poorly understood. A knowledge of the mechanism
can, however, be useful in two ways. First, monitoring the inheritance or
segregation of the resistance by assaying for the mechanism is often much
quicker than measuring pest populations. Secondly, identifying the mech-
anism makes possible predictions about the likelihood of problems arising
from the use of that resistance character (see later).

Figure 5.7 lists the major mechanisms, linking them to the three
resistance categories of antixenosis. antibiosis and tolerance, This book is
not the place for an extensive review of the mechanisms ol host-plant
resistance; however, since not all the titles on Figure 5.7 are sell-
explanatory, a very brief account (with characteristic examples) is pre-
sented below. This is based on van Emden (1987). and also provides
appropriate literature references:

1. Color. Here resistance has been based on foliage color (e.g. red
cabbages) and the UV reflectance of white flowers, both of which
are important in determining the altractiveness of crops to some
pests.

2. Palatability at host selection. The secondary substances that afttract
some insects to a crop presumably deter acceptance of the plant by
the vast majority of other insects. A classic example is gossypol in
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Figure 5.7 Classification of mechanisins of plant resistunce to pests (from van Emden, H.F..
in Integrated Pest Management (eds A.J. Burn. T.H. Coaker and P.C. Jepson), Acadernic
Press, London, p. 39, 1987, with permission),

cotton. which attracts boll weevil, Anthonomus grandis. Cottons bred
for reduced levels of gossypol are unfortunately then highly suscep-
tible to Heliothis spp. and blister beetles (Epicauta spp.). Levels of the
quinonc DIMBOA (2 ,4-hydroxy-7-methoxy-1.4-benzoxazin-3-one)
in maize varieties seem to confer some resistance to oviposition by
Ostrinia nubilalis.

Huiriness. In the early 1920s. a close relationship was cstablished
for cotton varietics between hairiness of leaves and reduced ovi-
position by leathoppers. This led to the breeding of resistant cottons
based on this character, though doubt was later cast on any
causative relationship. Hooked hairs on certain bean varieties trap
landing aphids and leafhoppers. Although glandular hairs in the
Solanaceae have a similar entrapping effect, they also produce a
liquid that hardens on the tarsi and mouthparts of aphids and
leathoppers.
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Waxiness. Several workers have found that glossy-leaved brassica

and cereal varicties are resistant to insects compared with the normal

waxy types. This effect may not be due to the presence of less wax,
but to higher levels of diketones and hydroxydiketones in the
cuticular wax of the glossy-leaved types.

Major morphological characters. The best example here is the extensive
cotton breeding program, largely with Heliothis as the target. Some
resistance has been obtained by breeding in (a) the character of
narrow, twisted bracts from the Frego mutant and (b) the nectariless
character (referring to the absence of leal nectarics) (Matthews, 1989).
Both characters reduce the attractiveness of cotton to Heliothis. Another
example is that cowpea varicties with long peduncles and erect pods
show some resistance to the pyralid pod borer Maruca testulalis. The
larvae of this moth penetrate the pods most successfully wherever
these are in contact with each other or the foliage,

Gummosis. The pods of some legume varieties produce gum when
damaged; this seems to drown young bruchid larvae attempting to
penetrate. In other crops, various exudations (e.g. latex} can also
cause insect mortality.
Necrosis. Hypersensitivity is a form of plant resistance well estab-
lished in relation to both plant pathogens and pests. Local damage,
as caused for example by stylet insertion by a sucking insect, liberates
both substrates and enzymes for a polyphenolase reaction. The
reaction causes rapid local death (necrosis) of cells that either inhibits
or deters further stylel penetration. Such local hypersensitivity is
involved in resistance of certain tomalto varicties to the nematode
Meloidogyne incognita and of apple varicties resistant to woolly and
rosy apple aphid. The whole-plant nccrosis of. for example, some
cereal variety seedlings when attacked by stem borers, may be a
resistance mechanism against pests. If these arrive randomly in crops
with high plant populations, the spread of infestation through the
stand is limited, and the loss of isolated plants may not affect vield
ha ' (p. 73).
Tissue hardness. Even minor differences in stem solidity greatly affect
susceplibility of cereals to stem borers. Often, for example in
resistance of rice to Chilo, the silica content of the tissues seems to
be an important component of "hardness'.
Phenological resistance, Such resistance can resull from the rate of
development of a particular cullivar or the timing of phenological
events such as flowcring. Varieties may appear resistant in the field
simply because they may be at a less attractive stage for ovipositing
adults or less susceptible when pest attack occurs. Such ‘pseudo-
resistant” varieties of pigeon pea. faba bean and pea have been
found for Heliothis, bruchids and peca moth. respectively.
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Toxins and feeding deterrents. Resistance can involve inorganics (e.g.
selenium). primary and intermediate metabolites (e.g. cysteine and
certain aromatic amino acids) and secondary substances (particu-
larly isoprenoids, alkaleids, protease inhibitors, glycosides,
flavonoids, condensed tannins and stilbenes), The many examples
in this category include DIMBQA in maize resistance to Osirinia
nubilalis and the steroidal alkaloid demissine against Leptinotarsa
decemlineata.

Nutritional factors. Sucking insects can be adversely affected by
nutritional changes in the sap without necessarily also affecting th=
value of the plant as foed for man or his domestic animals. For
example, resistance to pea aphid (Acyrthosiphon pisum) in three pea
varieties has been linked to lower concentrations of free amino acids,
and lentil varieties with low nitrogen:reducing sugar ratios are
resistant to bean weevil. a chewing insect.

Extrinsic resistance. This is the intcraction of plant resistance with a
second factor causing pest mortality, the most common example
being biological control. This is an important phenomenon in
relation to the role of plant resistance in IPM, and is discussed
more fully on p. 151. Two highly crop-specific examples of extrinsic
resistance can be cited. A ladybird (Cryptolaemus), which normally
feeds at cotton leaf nectaries, becomes a predator of Heliothis on
nectariless varieties. The second example concerns the partially
aphid-resistant 'leafless’ pea varieties. Ladybirds can maintain a
surer footing than on normal pea leaves, from which a high
percentage fall (Kareiva and Sahakian, 1990), and thus achieve
greater predation of aphids.

Compensation. Tolerance to pest attack is often based on some form
of compensation. For example, when plants or organs compete with
one another, the crop elements surviving attack can grow larger.
Full compensation for damage can also occur when the attacked
source of assimilates is larger than the physiclogical sink for yield.
Thus plants with a high leaf area index such as turnips can
compensate in root vield for damage by Plutella maculipennis. The
reverse situation, when the sink is larger than the source, pertains
in many crops with indeterminate growth which produce lowers
and even voung fruiting structures to excess. Here insect attack
reduces the amount of natural shedding without necessarily
alfecting vield, though perhaps delaying harvest (e.g. cotton).
Symptom expression. Tolerance may take the form of a suppression
of the severity of the plant reaction to, for example, toxic insect saliva.
Such tolerance is seen in cowpea varieties tolerant to leathopper
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attack, which normally results in debilitating "hopperburn’. It has
been suggested thal tolerance to aphids of certain wheat cullivars,
on which infested leaves do not curl, is the result of lower levels of
plant growth substances in the leaves.

Problems of plant resistance

Yield penalty

Many mechanisms of plant resistance (including tolerance) appear to
involve some diversion of resources to extra siructures or production of
chemicals. ‘Energy or other resources which the plant diverts for defence
cannot be used for growth and reproduction’ (Hodkinson and Hughes,
1982). It has been argued that any cost of resistance is not significant in
the total yield economy of the plant, yvet ICRISAT (1980) reporied ‘we
already have some evidence to show that selection of pigeon peas for yield
in pesticide-protected trials may produce materials with greater pest
susceptibility.” In the same report, data were given on 31 pigeon pea
varieties. These data show a highly significant negative relationship
between potential yield (i.e. under insecticide protection} and resistance
to insect damage to the pods. For 90% resistance, a potential 31% yield
loss can be predicted. Partial plant resistance (of the kind compatible with
IPM rather than a single control measure) therefore appears to give greater
compatibility with vield aspirations.

Health hazard

This is clearly a potential problem, perhaps especially when plant
chemicals are transferred transgenically. New or higher levels of existing
toxins may be incorporated into varieties destined for consumption by
man or his animals (p. 144), There could also be detrimental changes
of levels of vitamins and essential nutrients. In recent years, a new
cultivar of potato with a high alkaloid content in the tubers was
withdrawn in America following illness of consumers. It seems strange
that toxicity testing, a legal requirement on the producers of synthetic
and bio pesticides, is not necessary for the plant breeder. The USA has,
however, nutrient criteria that must be met by any new variety of a
crop which contributes 5% or more to the average US diet of any nutrient.
These criteria state that the quantity of any nutrient must not have been
reduced by 20% or more, and that no toxicant is increased by more than
10% (Spiher, 1975}.
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Disadvantageous effecis on natural enemies

Some secondary plant compounds involved in host-plant resistance can
be toxic to predators or to parasitoids within hosts (flerzog and
Funderburk. 1985}. If not lethal, sterility of the beneficial insect may be
induced. This sounds a warning for the transgenic production of resistant
varieties: the transfer of such secondary plant compounds has, up to now,
been the principal approach. Also, it can be shown that rearing in the
smaller hosts on resistant varieties results in smaller and less fecund
parasitoids, and that the effect increases in subsequent generations. Such
problems again suggest merit in not sceking higher levels of plant
resistance than are necessary in an [PM context.

Problem trading

Any anatomical or physioclogical change in the plant to impart increased
resistance to a pest may simultaneously increase ils susceptibility to
another pest or a disease. Well-known examples are the hairy cotton
varieties resistant to leafhoppers but extra-susceptible to aphids (Dunnam
and Clark, 1938), and Frego bract colton resistant 1o boll weevil but
highly susceptible to Lygus plant bugs {Tingey. Leigh and Hyer, 1975).
Many wilt-resistant lucerne varieties have proved especially susceptible
to spotted alfalfa aphid (Therivaphis trifelii) (van den Bosch and Messenger,
1973).

The need to ‘pyramid’ {i.e. combine) resistance to ditferent organisms
complicates and slows the breeding of a new variety. Pyramiding may
anyway be impossible if the mechanisms are mutually cxclusive (e.g.
hairiness and smoothness of foliage).

Biotypes

Biotypes capable of exploiting a resistant variety are analegous to many
examples of strains resistant to pesticides. A high selection pressure causes
a race of the pest previously atl low gene frequencies in the population to
increase in abundance.

The appearance of biotypes adapted to resistant varieties has been a
severe problem with plant pathogens for many vears; several hundred
such biotypes are known for wheat rust, Puccinia graminis,

Tolerant biotypes are always quoted as a major limitation to plant
resistance breeding for insect control. The most frequently quoted example
is the release of the rice variety IR26, which showed a high level of
resistance to brown planthopper and green leafhopper. This new varicty
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Table 5.8 Insect biotypes and plant resistance
Insect Crop No. of Reference
biotypes
Acyrthosiphon pisum Lucerne 2 Cartier et al. (1965)
{pea aphid) Pea 5 Frazer {1972)
Pca 3 Markkula and Roukka {1971)
Amphorophora rubi Raspberry 4 Keep and Knight {1967}
(rubus aphid)
Aphis craccivora Cowpea 2 Ansari {1984)
{groundnut aphid)
Brevicoryne brassicae Sprouts 2 Lammerink {1968}
(cabbage aphid) Sprouls 7 Dunn and Kempton (1872)
Dysaphis devecta Apple 3 Briggs and Alston (1962)
(rosy leaf curting aphid)
Eriosoma fanigerum Apple 3 Briggs and Alston (1969)
(woolly aphid) Apple 3 Sen Gupta (1969)
Apple ? Knight ef al {1962)
Mayetiola destructor Wheat 4 Everson and Gallun (1880}
(hessian fly)
Nephotettix cinctipes Hice 2 Sato and Sogawa (1981)
{green rice leafhcpper)
Nephotettix virescens Rice 3 Hewmrichs and Rapusas
{green leafhopper) (1985}, Takita and Hashim
{1985)
Nifapavarta lugens Rice 4 Pathak and Saxena (1980}
fhrown planthopper)
Pachydiplosis oryzac Rice 47 Pathak and Saxena (1980)
{rice gall midge)
Rhopatosiphum maidis Sorghum 5 Painter and Pathak {1962},
{corn leaf aphid) and maize Wilde and Feese {(1973)
Schizaphis graminum Wheat 8 Wood, Chada and Saxena
{greenbug) (1969); Puterka et af. (1988)
Sitobion avenae Wheat 3 Lowe (1981}
Thericaphis trifolii Lucerne 9 Nielson and Gon (1974);
(spotted alfalfa aphid) Manglitz af al. {1966)
Viteus vitifolfi Grapes (USA) 2 Stevenson (1970)
Grapes (Europe} 7

{phylloxera)

Angn. (1994)
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was planted over large areas in the Philippines, Vietnam and Indonesia.
The resistance was monogenic, and was only effective for 2-3 years. Yet
there are many other pest-resistant varieties which lasted for considerable
periods of time. Since the late nineteenth century, European grape varieties
grafted onlo phylloxera-resistant rootstocks remained free from the pest
until only very recently (Anon., 1994), when a resistance-breaking
biotype appeared on a few hundred hectares of vineyards in the Rhein
and Main region of Germany. In other examples. the resistance is still
effective after many years of use. Biotype problems have really arisen
remarkably infrequently with insect pests (Table 5.8}, Even in Table 5.8,
many of the examples derive from purposefully testing other strains of a
pest rather than from the breakdown of a resistant variety in the field.
The list {compiled in 1988, with one later addition) is certain to be
incomplete, but, equally, reports cannot all be guaranteed free from
identification errors.

Reasons why the biotype problem with insects is relatively rare
compared with pathogens probably include:

1. The frequent association of antixenosis with antibiosis. Some of the
mobile insects responding to the antixenosis can find a host plant
elsewhere.

2. Although a single mechanism for some plant resistances has been
supposed, other unsuspected mechanisms have often later been
shown to operate simultaneously. It is probably fairly rare for a
resistant variety to show only a hypersensitive reaction, only to
contain a specific toxin, etc. Biotypes in relation to any one mechan-
ism may therefore exist without these becoming apparent problems.

3. Inrelation to the gene-for-gene hypothesis, much resistance to insects
requires quantification to assess it, and thus would appear as
‘horizontal’ (see below]).

4. Insect generation times are slow compared with pathogens. It is
noticeable that the biotype problem has arisen most frequently with
aphids, among the fastest-breeding pests.

The concept of resistance-breaking biotypes of plant diseases is related to
the gene-for-gene hypothesis (Flor, 1942). This hypothesis states that
major genes for resistance in a plant are matched by corresponding genes
in the disease for overcoming that resistance. Thus the plant carrying a
resistance gene only appears resistant to those biotypes of the disease that
have an ‘avirulent' allele at the corresponding gene locus; if the allele is
‘virulent’, the plant appears susceptible. Where resistance to a pest or
disease is mediated by a single gene or a few genes {monogenic or
oligogenic resistance), it becomes clear-cut and race-specific (for example
Table 5.9). Van der Plank (1963) termed this ‘vertical' resistance.
Polygenic or "horizontal’ resistance is race nenspecific. The interaction
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Table 5.9 Response of three biotypes of Amphorophora rubi to
host genes and gene combinations in the raspberry (from Keep,
E. and Knight, R. L. (196 7) Euphytica, 19, 209, with permission)

Strain of A, rubi

Genes 1 2 3
Aq R 3 R
Ag 3 R S
Az + Aag S R S
As R S S
Ag R 5 S
Az R S S
Aq+ A R R R
A+ Ag R R R
A1+ Ay R S R

Plant response: R, resistant; S, susceptible.

between the several plant and pest/disease alleles shows as a quantitative
range of resistance to the various biotypes (Table 5.10). Unfortunately,
most plant breeding for yield and quality is carried out under chemical
protection. As selections are then made without reference to the effects of
pests and diseases, horizontal resistance becomes eroded in most plant
breeding programs.

Clearly vertical resistance is much more likely to suffer from biotype
problems than horizontal resistance. However, monogenic or oligogenic
resistance is very much easier to transfer into adapted varieties, espe-
cially by transgenic methods, and is likely to provide higher levels of
resistance.

Table 5.10 The horizontal resistance model (moditicd from Robinseon,
1980). Figures in body of table represent level of plant susceptibility of each
combination as a percentage of maximum (from van Emden, H. E. (1987)
in Integrated Pest Management, (cds A. |. Burn, T. H. Coaker and P. C.
Jepson). Academic Press, London, p. 52, with permission)

Host: percentage ‘resistance’ alleles

0 20 40 60 80 100

Pest: percentage

virulence'

alieles

100 100 80 60 40 20 G
80 80 64 48 32 16 G
60 60 48 36 24 12 o)
40 40 32 24 16 8 0
20 20 16 12 8 4 0

0 0 0 0 0 0 0
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Plant resistance in relation to insect vectors of plant diseases

It is often suggested in the literature (e.g. van Marrewijk and de Ponti,
1980) that insect-borne plant diseases, espectally if of nonpersistent
transmission, will spread more rapidly in varictics resistant to the vector.
The argument is that the pest may be more restless and increase probing.
A solution might be to breed high acceptability into varieties antibiotic to
the vector.

Atiri, Ekpo and Thottappilly (1984} showed experimentally (in cages)
that cowpea mosaic virus was spread more rapidly in two cowpea
varieties reststant to Aphis craccivora than in a susceptible variety.
although the resistant varieties carried only about one-tenth the number
of aphids found on the susceptible. However, no field example can be
cited where the introduction of a variety resistant to a vector has
increased the spread of a plant discase, On the contrary. there are several
examples from the field where disease incidence has clearly been reduced
{Knight. Keep and Briggs. 1959; llagel, Silbernagel and Burke, 1972:
Lowe, 1975).

Interactions of plant resistance with other IPM methods

‘Overdosing’ is usually regarded as the prerogative of chemical pest
control. However, as pointed out earlier, strong plant resistance (particu-
larly if allelochemically based and dependent on one mechanism} may
incur the maximum yield penalty, damage biological conirol and lead to
the most rapid appearance of adapted biotypes. Further (see below). such
resistance may also induce tolerance to insecticides.

In the IPM context. therefore, there seems little merit in seeking greater
levels of host-plant resistance than are needed in combination with other
methods: partial plant resistance may therefore be a suitahle goal. Insec-
ticides and biological control have both been identified as having the
potential for potentiation with such partial plant resistance (van Emden,
1990a).

Insecticides and plant resistance

Insects on resistant varieties are usually smaller than their counterparts
on susceptible ones, As insecticide toxicity depends on the body weight of
the target, it would be expecied that pests show enhanced susceptibility
on resistant plant varieties. That this does occur, has been established for
both sucking and chewing pesis. Even small levels of plant resistance scem
to allow the same kill as on a susceptible variety to be achieved with dose
reductions of about one-third. Just as one example of a ficld result, the
leathopper Empoasca dolichi on partially resistant and susceptible cowpea
varieties was sprayed with the same concentration of dimethoate, Only
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75% mortality was recorded on the susceptible variety. while mortality
was 94% on the resistanl one {Raman, 1977).

The reverse phenomenon has also been shown. However, decreased
rather than increased insecticide susceptibility on resistant varieties
appears to be associated with allelochemically based host-plant resistance.
This suggests that induction of resistance in insects by exposure 1o a
naturally occurring toxin occurs in the same way as it does by exposure
to a synthetic one (insecticide).

Biological control and plant resistance

Reference was made carlier to deleterious effects on natural enemies of
feeding on prey on resistant plants. Such effects result from toxic al-
lelochemicals, or (with respect to parasitoids) from developing in the
smaller prey found on resistant varieties.

Reference was also made under the plant resistance mechanism ‘ex-
trinsic resistance’ to crop- and situation-specific beneficial interactions
between plant resistance and biological control; however, there are also
more general potentiations between partial plant resistance and natural
cnemies that will apply in many situations. Such potentiations can be
defined as pest population reductions on partially resistant plant varicties
greater than expected from the equivalent reduction on a susceptible
variely.

Van Emden {1990a} summarizes the literature reporting such potenti-
ation of biological control on partially resistant varictics. Sometimes
varieties intrinsically less than 20% resistant show population reductions
of 60% compared with susceptible varieties. where biological control is
acting on both. Explanations for this unexpected result include:

1. Numerical responses of natural eneniies. There is increasing evidence
that parasitoids, in particular, respond to plant odors, and use these
as cues for locating their prey from a distance rather than cues from
the prey itself. Recent work (p. 127) has even shown that parasitoids
will select between cullivars of the same crop. responding to volatiles
from the cultivar on which they emerged. This will result in
parasitoids arriving at partially resistant varieties in spite of their lower
pest densities. However, the phenemenon also carries the danger that
plant resistance based on allelochemicals may well deter parasitoids.

2. Functional responses of natural enemnies. Not surprisingly, a predator will
require more of the smaller prey on resistant varieties before satiation
than of the larger prey on susceptible varieties. With smaller prey, the
impact of predation also rises with density to higher prey densities
than with larger prey. In addition, it has been found. both with aphids
and caterpillars, that the prey are more casily dislodged when
disturbed by natural enemies on partially resistant varieties. The result
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is mortality additional to direct mortality from consumption of the
prey.

Gould. Kennedy and Johnson (1991) have pointed out that any such
potentiation of biological control by plant resistance will affect unadapted
genotypes of the pest more than adapted ones. Thus, the reduced fitness
of such strains due to the plant resistance, compared with adapted
genotypes, will be further reduced by the biological control. This is bound
to lead to an acceleration in the spread of genes adapted to the plant
resistance. [ can equally be argued that positive synergism between partial
plant resistance and insecticides will accelerate tolerance developing to
both insecticide and plant resistance.

Such arguments should not discourage us from using plant resistance
in an IPM context. First, adaptation to plant resistance will be faster if we
replace partial plant resistance, plus biological control or insecticides, with
stronger plant resistance alone 1o obtain the same control level. Secondly,
partial plant resistance with a multigenic basis would greatly reduce the
rate of pest adaptation.

The three-way interaction

Natural enemies may or may not be killed by lower concentrations of a
toxin than those which kill their prey {(p. 78). More important in the plant
resistance context is the steeper slope of their mortality response to
increasing pesticide concentration (again. sce p. 78). This is especially so
in relation to achieving the same kill of the pest by a lower pesticide dose
on resistant than on susceptible varieties (see above). These considerations
combine to afford a remarkable opportunity for increasing the natural
enemy:pest ratio on resistant varieties whenever insecticides are used
{compare Figures 5.2 and 5.8). The curve for pest mortality shifts to lower
concentrations on resistant varieties (unless the resistance is based on
allelochemicals, see earlier). However, a similar shift for the natural enemy
only occurs to the extent of any weight reduction resulting from feeding
on smaller prey.

Conclusions on plant resistance in [PM

The interactions plant resistance shows with other control methods in IPM
may be advantageous or disadvantageous. Yet varictics are rarely tested
for extrinsic resistance in breeding programs. Moreover, such programs
tend to seek (especially if transgenic methods are used) levels of plant
resistarice higher than are necessary for use in IPM (van Emden, 1991),
We could seek resistant varieties on which pests are more easily killed
with insecticide. on which we can make insecticide applications more
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Figure 5.8 Theoretical effect of hoest-plant resistance on the selectivity of pesticide
applications (compare Figure 5.2). H. dose mortality curve of a fierbivore; C, dose mortality
curve of predator or parasitoid; DC, dose scale for carnivore; DH. dose scale for herbivore;
selectivity ‘window’ is stippled. {From van Emden. H.F.. Proc. Br. Crop Prot. Conf., Pests
and Diseases. Brighton, 1990, p. 945, with permission.

selective in relation to natural enemies and on which biological control
would be enhanced.

More commonly, we develop resistant varieties on which pests are
tolerant to insecticide and which are unfavorable environments for
biological control.

There are. alas, few commercial reasons for choosing the alternative
that is better IPM. Integrating methods has litile appeal for the end-user,
the farmer. Tt has no appeal for commercial organizations seeking to
market pest control in the seed by transgenic methods. 1t would only
interest plant breeders as a bonus property of varieties being developed
for quite other desirable characters.

Insect growth regulators (IGRs)

These are chemicals that can be applied to pest populations in the same
way as insecticides. However. instead of being traditional toxins, IGRs
interfere with the processes of growth and development of insects. usually
by their close relationship to an insect’s own internal hormones or by
acting as antagonists of the latter (Staal, 1975).

The late Professor Carroll Williams, an eminent insect hormone spe-
cialist in the USA, proposed that insect hormones or their analogs would
make excellent control agents. He argued that they should be specific, at
least to insects, and therefore safe to man; also resistance to such materials
would be unlikely te develop. The story, which is probably apocryphal, is
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told that Williams, while visiting the River Plata in South America. was
impressed by the lack of aquatic insects in the river. He analyzed a sample
of the water, and detected high levels of insect molting hormone that he
thought had come from aquatic vegetation. The paucity of insects was
attributed to these hormone levels. The story goes on that molting
hormone is not in fact found in the river, but that the persistent material
gotinio ihe analyzed sample from contamination on Williams' own hands!

Whatever the truth of this unlikely tale, the idea that internal hormones
that regulate growth and development of insects could be used against
them was eagerly taken up by others. These included researchers in insect
endocrinology as well as in industry, who saw a new opportunity for
marketing ‘chemicals’. Hormones and hormone mimics were synthesized
in some number. and several were marketed as the ‘'third generation
insecticides’.

Ecdysone

Ecdysone (molling hormone) regulates the destruction of the old insect
cuticle and the development and hardening of the new. Although ecdy-
sones interfere lethally with these processes in experiments, there proved
to be commercial problems in exploiting them, particularly the extremely
high costs of synthesis (Staal, 1987).

Juvenile hormone (JH)

JH is again involved in metamorphosis by inhibiting maturity to the adult
while it remains present in the bady of the insect. By contrast with
ecdysone, JHs are simpler to synthesize, as are analogs that possess the
advantage over the natural materials of being stable in sunlight. They are
of low toxicity to vertebrates and break down into harmless substances in
the environment. Typical effects of these compounds as pest control agents
are usually seen at larval to pupal metamorphosis, where lethal deforma-
tions and even intergrades between larva and pupa appear. Indeed, the
compounds need to be applied to the late larval stage of the insect. Other
uses of JH analogs are to disrupt embryegenesis in insects; thus they may
also be effective as chemosterilants. Two JH analogs that have been
marketed and used extensively are methoprene and kinoprene. Both have
been used particularly in public health and stored food products (Menn,
Raina and Edwards, 1989). two applications where the low toxicity to
humans of JH analogs is a major advantage.

Unfortunately, Williams’ prediction that resistance to such compounds
would not appear has been shown to be wrong. Resistance {o many
marketed JTH analogs appeared far faster than would be normal for a
traditional pesticide.
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JH antagonists

A problem of JH analogs is that they may prolong larval life and thus
feeding, and the larva is so often the damaging stage of the pest. This
problem, as well as the resistance danger, does not apply to JH antagonists
(Staal. 1987). Younger larvae arc more alfected than with [H, and
metamorphose into miniature pupae. with larger larvae metamorphosing
into sterile adults. This precocious development is the origin of the name
‘precocenes’ for the JH antagonists. With the potent advantages of
antagonists, much research has been devoted to them over what is now
many vyears. However, no commercially viable 'precocene’ has been
developed. mainly because activity of the compounds tested so far has
been too low to be practical.

Cuticle inhibitors

These represent the most important IGRs to have been developed com-
mercially, and for most practical crop protectionists cuticle inhibitors are
the only 1GRs. These compounds, the benzoyvlphenyl ureas, and their
action, were discovered as long ago as about 1970. Although the
formation of the new skin praceeds normally, cuticle inhibitors disrupt the
actual molting process itself. Affected insects either die totally within the
old cuticle or only partly emerge from it.

For many years onc compound, diflubenzuron (dimilin), was the only
cuticle inhibitor on the market. It has been widely used. particularly
against caterpillars, and has recently been joined by several newer similar
products. Several agrochemical companies are now involved in R & D and
marketing of cuticle inhibitors. They are still more expensive than
traditional insecticides. but have sufficient selectivity, including in favor
of purasitoids, that they are being used more widely. They are particularly
valuable as a part of IPM menus, or where the pest has become resistant
to insecticides.

Putting it all together

This chapter has explored the individual control techniques that can
contribute to IPM. It has, where appropriate, emphasized that the combi-
nation of two or more measures may lead to more than additive results,
L.e. the effect of the combination may be greater than the sum of the parts.

In the 30 years since Silent Spring, in which Rachel Carson discussed
the alternatives to chemical pest control also as alternatives to each other.
more control possibilities than were known in the late 1950s have
emerged. The well-worn phrase today used in other contexts, ‘“We have
the technology', clearly also applies o IPM, but far less clear is what we
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do with the technology we have. Many textbooks on IPM do not tackle
the integration of the various methods very seriously. Tt is in this
integration. rather than in technical advances in methods, that IPM
scientists have failed to have their potential impact.

Menu systems

The most highly developed pest management packages are probably to be
found in the USA. Cotton {Bottrell and Adkisson, 1977). the crop which
led the way in pesticide-induced disasters and thereby subsequently in
IPM. is probably the most comprehensive example. It is a ‘menu’ system.
inviting farmers. or the crop protection consultants they employ. to choose
elements as appropriate for their conditions.

Any use of insecticides is firmly related to scouting and thus to
economic thresholds, which are known for all the regular pests. When
thresholds are exceeded, farmers have advice available on what arc at
least partially sclective insecticides so that natural enemies are conserved
as far as possible. An obvious choice, before its use was discouraged
because it is an organochlorine compound, was endosulfan which, as
mentioned in Chapter 3, is selective in favor of parasitoids in the order
Hymenoptera.

Although any item in the menu that contributes to fewer pesticide
applications and the use of better compounds will contribute to increased
biclogical control, the menu also includes biological control specifically.
In the case of cotton., this is periodic releases of the parasitoid Trichogramma
against eggs of Lepidoptera, particularly of bollworm.

Many plant characteristics have been identified as leading to pest
resistance in cotton, and a number have been incorporated into commer-
cially acceptable varieties. Among the best known are carly maturing
cottons to enable the crop to escape late scason bollworm attack, and
‘Frego bract’ and ‘nectariless varieties', both resistant again to bollworm,

Several menu items are ones of cultural techniques. Most are designed
to capitalize on the possibilities early harvest gives for minimizing boll-
worm damage. Such earliness of maturity may be inducible by early
termination of irrigation and the spraying of leaf desiccants ta synchronize
early boll opening. Early harvesting needs to be coupled with early
destruction of the stalks remaining in the field after harvest. Other cultural
measures available are insecticide-treated trap crops against boll weevil,
and the possibility of holding Lygus bugs on any adjacent lucerne {and
thus away from cotton} by strip harvesting rather than total combining
of the former.

The sterile-male release has been developed for control of boll weevil,
as has trapping out of boll weevils using the male-produced aggregation
pheromone. The confusion technique with female-produced sex phero-
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mone against bollworm can often make spraying unnecessary, or at
least delay the need to spray when bollworm population pressure is
high.

Such a menu system can be offered to farmers because of the resources
that have been invesled in research on cotton insect pests and their control
at many research stations and universitics over many years, including
before Sifent Spring. 1t is not the kind of system that could be developed de
novo in response to a need for IPM within any reasonable time-scale, even
in the USA. The sccond feature of such a system is that it represents a
synthesis of target-specific controls: it is perhaps characteristic of a menu
system that exploitation of useful syncrgism between components has to
be foregone. Thirdly, the system is very crop-specific; the same menu
cannot be applied in any crop other than cotton. Fourthly, a feature of
the USA cotton menu is that several options, singly or in combination,
are specified for single pest species. Rather than ‘killing two birds with one
stone’ it is more a question of ‘hurling a basketful of stones at a single
bird'.

Another well-developed menu-based system is available, in various
forms, in many developed countries for orchards (Hardman, 1992}. Again,
it is crop-specilic and the outcome of putting together the results of many
years of rescarch. It is interesting that the growers themselves have often
requested this menu from the scientists. Such requests stem from a fear
of insecticide resistance in the pests as the number of insecticides registered
for use in orchards has shrunk dramatically.

The orchard IPM menus are buill around the use of insecticide-resistant
predatory mites {or the control of red spider mite, and use of pheromone
traps for monitoring moth pests. Other components developed around this
central core are more sclective malterials, such as cuticle inhibitors and
Baccillus thuringiensis (often in combination with a low dose of pyrethroid
insecticides), both for caterpillar conirol. Additionally there is emphasis
on careful timing of sprays when pests do occur. to avoid times when
biological control of other pests is most intense.

Computer-generated IPM

Developed countries such as the USA have not only synthesized such
menu-based TPM systems. but have also investigated how far IPM solu-
tions might be synthesized by computers. The computer programs are
based on systems analysis, life-table studies and mathematical modeling.
Theoretically, if the causes of population change can be understood
adequately, the dynamics of the populations can be modeled with the
influence of any abiotic driving variable, such as the weather, included.
As the effect of any pest control measure or measures could then also be
modeled. the whole system could then be ‘managed’ to best advantage.
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The immediate reaction of many scientists is that meaningful modeling
of a single pest population, let alone all the important pests of the crop as
well as their natural enemies, would require the collection and inter-
pretation of an impossibly large volume of life-table and other data.
However, in practice it turns out that predictable interrelationships
between the various elements in such models enable satisfactory simula-
tion to be achieved at a far lower level of cybernetic complexity than would
at first sight appear to be essential. It has sometimes been possible to use
just a few key parameters to predict pesticide outbreaks or the need for
pesticide treatment. Some very usable computer models of crop growth
and the effect thereof on pest populations have alrcady been achieved for
several crops. These models have already proved themselves in their ability
ta predict whether and when economic thresholds will be reached in the
field.

One of the fullest such IPM modecls has been developed for apples at
Michigan State Universily in the USA (Crolt, Howes and Welch, 1976},
The model simulates the assimilated flux of the whole tree, and also the
phenology of growth of the leaves, shoots, roots and fruit. This tree model
is driven by input of weather data, and is coupled with developmental
models for some eight pest species under the name of the Predictive
Extension Timing Estimator system (an unusual title, until one realizes
the acronym will be 'PETE!). As many US orchards use predators to
control their mite pests, four prey—predator modeis can be linked into the
system. When felt appropriate, synchronization of the model with the field
situation occurs, using data from monitoring of orchards. Models such as
PETE can include estimates of control costs and benetits, allowng decisions
to be made between control alternatives with regard to both long- and
short-term consequences.

The experimental approach

An experimental ficld approach to IPM packages has been developed at
the University of Reading, UK. with the aim of producing an IPM protocol
for a given crop. The protocol is based on the results of field trials rather
than on forecknowledge and collection ol basic biological and ecological
data {van Emden, 1989). Of course, to carry out a field trial with even
just six crop varieties, and four insecticides each at three doses, already
involves 72 treatments. If each treatment is then tested with and without
release of a biological control agent and with and without a change in
cultural measures (c.g. added floral diversity), even two replicates would
require nearly 600 plots. The approach adopted has sought to deal with
this multiplicity of possibilitics in three ways:

1. The experimental variables are based on a ‘pest management triad’
{Figure 5.9} of beneficial interactions between just three IPM
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Chemical
control

Increased
selectivity

Increases susceptibility

esticides . .
top : Biological

control

Partial
plant
resistance

Figure 5.9 Tite pest managemet triad: the interaction of chemical control, biological controf
and partial host-plani resistance (from van Earden, H F.. Pest Control, Cambridge University
Press, Cambridge, p. 100, 1989, with permission).

components — plant resistance, biological control and pesticides (but

including, for example, pathogens).

In the first instance, at lcast, biological control is by existing

indigenous natural enemies,

3. Experiments with a limited number of variables are performed in
sequence. These first tackle cultural control, then selection of varicty.
Then follows a sequence of insecticide trials. each examining just one
defined aspect {choice of material, dosce rate. application method.
timing, placecment, etc.).

T

The experimental approach seeks to engender variation for screening for
where IPM efficiency results, largely because ol interaction between
methods. The criterion for evaluation is the interval between the needs
for pesticides. just as much as the immediate effect, It is also recognized
that many IPM combinations are never tested, and that the sequence of
experiments plays a large part in making this selection. Other pest control
methods, including pheromones and release of biological control agents
are not excluded. However, they are regarded as too crop-specific to form
part of the generalized sequence of trials and remain available for inclusion
after the basic IP°M protocol has been developed.
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In many ways, as will be evident in the next chapter, this latter approach
ts the nearest of those mentioned above to the way in which IPM has been
implemented in the developing world. Some technology from developing
countries has been transferable in shared crops, e.g. cotton, and biological
control agents found effective elsewhere have been multiplied and released.
However, much of the development of TPM has been based on conserving
biological control through cultural measures and a modification of insecti-
cide use, with the introduction of host-plant resistance against major pests.
Yet there is an important difference between what has happened in the
developing countries and the experimental approach mentioned above. The
guestion asked in the developing countries has been ‘Does this work?"
based on the preconception that it might. The question asked in thc
experimental approach is ‘What does work?’ among a wide range of trials
without too many preconceptions.
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The practice of pest
management in
developing countries

Changes in crop protection in South and South-East
Asia, Alrica and South America are reviewed with
particular reference to pesticide use and the emergence
of IPM. The latter is discussed for each region hy
reference to case studies of particular crops and
livestock systems. Reasons for the differing evolution of
IPM in developing and developed countries are
mentioned.
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South and South-East Asia

In recent years, several workshops on IPM in the region have been held,
displaying the concern about the continued use of pesticides in Asia. In
1991 alone there were three international meetings, one in Japan and
two in Malaysia.

However, crop protection in Asia is still dominated by an increasing
use of insecticides, and the issues raised by Rachel Carson in Silent Spring
30 years ago are equally relevant today. Twenty years of the 'green
revolution' and unecologically sound control methods have ‘hooked’
farmers on to agrochemicals. Pesticides were big business in Asia at the
beginning of the 1960s and are even bigger business now. The principal
objective of crop protection policy for agriculture in Asian countries is to
minimize crop losses due to pest attack. Thus government recommenda-
tions are still limited very largely to pesticide treatment and not 1IPM
methods, Farmers are encouraged to use technology packages that involve
fixed chemical inputs at fixed times as part of the credit package. The result
is that prophylactic calendar-based spraying is still common. So is appli-
cation from the air, in spite of all that is known about the ecological
damage this practice can cause. Pesticide use in areas other than
agriculture, for example public health, is also increasing.

Promotion of pesticides emphasizes the extra yields obtainable and the
convenience. Moreover, farmers and the public are given the impression
that pesticide use is under strict government control. Often governments
spread the view that pesticides, if used properly, pose no risk to the
environment.

Not only do credit packages for farmers perpetuate pesticide use. but
government policies on subsidies also encourage farmers to use chemicals
excessively. The matter is compounded by crop insurance programs that
compensate for pest damage only if the prescribed prophylactic pesticide
applications have been made. By contrast, where subsidies for pesticide
use have been removed, as in Indonesia, the economic advantage of IPM
has tended to lead to its adoption. However, most governments in the
region try to ensure the desired levels of crop production by encouraging
pesticide use while, simultaneously, paying lip service to the desirability
ol IPM.

Growth in pesticide use in Asia appears to have been faster in the past
30 years than in most other parts of the world. The Asian Development
Bank {1987) reported that the average market growth rate for pesticides
in the Asian and Pacific region was 5-7% per annum between 1980 and
1985, This compares with the growth by only 4.5% per annum of the
world pesticide market (Johnson, 1991). Yet in this period markets in
Indonesia and Pakistan grew by as much as 20-30% each year. This trend
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Table 6.1 The pesticide market in Asia in comparison
with the world market, 1990 (data of the GIFAP Asia
Working Group)

Region Market (US§ x 10% % Share
North America 5.4 21.9
Western Eurcpe 6.6 26.7
Eastern Europe 18 7.7
South/South-East Asia 6.6 26.7
Africa and West Asia 1.4 57
Latin America 2.8 113
Total world market 247

has continued since 1985 in most Asian countries cxcept in Indonesia,
where pesticide use has actually decreased.

In 1990, the Asian share of the world pesticide market was estimated
4t 26.7% (Table 6.1), split as 45.8% insecticides, 21.9% fungicides, 29.2%
herbicides and 3.1% others (Table 6.2). Half this pesticide market is in
Japan, especially for fungicides and herbicides.

For pesticides. South and South-Last Asia is predominantly a market
for insecticides (Figure 6.1). especially for use on rice, cotton and veget-
ables. An exception is Malaysia, where insccticides only account for 13%
of the pesticide market, due to heavy use of herbicides on plantation crops
{rubber, oil palm and cocoa}. In Asia over 40% of pesticide is used on rice,
with fruits and vegetables accounting for 3 3% and cotton 8.3%. It must
be remembered, however, that there is considerable regional variation:
thus in India and Pakistan, cotton represents 50 and 7(0%. respectively.
of pesticide use.

The global value of the pesticide market for rice was cstimated at
US$2400 million in 1988, with Asia taking 90% of this. However, 60%
of Asia’s share is for Japan. which produces only 3% of the world’s rice.
On this small amount of rice, nearly half the world’s rice insecticides and
about two-thirds of rice fungicides and herbicides are used. In 1988, the
annual expenditure per hectare for rice agrochemicals was US$680 in
Japan. This compared with US$200 in South Korea, only US$14 in the

Table 6.2 The pesticide market in Asia by product
group. 1990 (data of the GIFAP Asia Working Group)

Pesticide group Market (US$ x 10%) % Share
insecticide 3.0 458
Fungicide 1.4 219
Herbicide 19 292
Others 0.3 3.1

Total Asian market 6.6
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(C)]

Insecticides (73%}

Others (2%)

Herbicides (11%)

Fungicides (14%)

Total = 113 640 mt kI

{b)

Insecticides (78%)

Others (2%)

Herbicides {13%)

Fungicides (7%)

Total = 750 394 mt ki’

Figure 6.1 Combined production and import of pesticides for seven countries in Asiu (India,
Indonesia. Pakistan, Philippines, Sri Lanka, Republic of Korea and Thailand) in 1988, {a)
Technical material; {b) formulated product (data from Anon.. Renpap Gazette, 11 3), 1991 ),
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Philippines, US$5 in China, Thailand and Indonesia. and U8$2-3 in the
Indian subcontinent and Vietnam.

Overall, however, India and China are the largest consumers of
pesticides in Asia. India is the second largest pesticide manufacturer in
the region after Japan, with China next. In India, eight key formulations
account for more than 835% of the total pesticide production. Three alone,
HCH, DDT and malathion account for 55% of production. In China. locally
produced pesticides form about 90% of the materials used. These 650 000
tons of pesticide arc produced in over 200 factories and involve more than
400 formulations. DDT has been banned in agriculture and the use of
HCH has been restricted. Yet DD is still produced for use in public health
and so any disappearance in agriculture is only theoretical. Korea is
another major producer of pesticide, meeting about two-thirds of its own
demand. In Pakistan, only DDT and HCH of the 200-plus products on the
market are manufactured locally. Similarly, in Thailand nearly all tech-
nical material other than paraguat is imported. Indonesia produces about
13 300 tons of technical grade pesticides, and all other countries in the
region are completely dependent on imports to meet their pesticide
requircments.

Typical of Asia apart from Indonesia, where pesticide consumption
decreased by 50% between 1986 and 1988 (Anon., 1991a), is an
increase in pesticide consumption. This rose from 15.4 g ha™ in 1960-61
to 440 g ha ' in 1989-90. Although such consumption is low. compared
with the 1.5-3.0kgha ' of the USA and western Lurope or the
10-12 kg ha™ of Japan. it is worrying that pesticide residues in food and
milk in India are the highest in the world. Huge quantities of HCH, DDT
and malathion are used in pubic health, vet efficacy must be dubious,
Mosquitoes have high insecticide resistance levels, and the applications
have human and environmental hazards. The principal user agencies,
the National Malaria Eradication Programme and the Food Corporation
of India, are not short of sound scientific arguments for replacing thesc
insecticides, vet they do not appear 1o be able to overcome political
pressures.

Thus all kinds of pesticides. including DDT, continue 1o be easily
available in the Astan markets. These markets include countries such as
India and Sri Lanka which have tried to ban the use of DDT in agriculture.
DDT has. of course, been singled out as a particular hazard to the
environment. However, it (like HICH and methyl parathion) is cheap for
subsistence farmers. DIYI has the additional benefit of being particularly
safe for the small farmer, whose only application method is the pesticide
dust in a nylon stocking. However. farmers growing cash crops are
generally provided with newer pesticides.

Thus pesticide use has been seen both by farmers and governments as
an etfective method with clear decision criteria and under the farmer's
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control. By contrast, IPM appears complicated, requiring far more
knowledge and sophistication than is required for pesticide application.

An interesting study by Waibel (1990) has used rice in Thailand as an
example for analyzing the preconditions for a "take-off” of [IPM technology.
This scenario is typical for most countries in the region; in that policy has
been in favor of continued increase in pesticide use. The four requirements
for successful implementation of IPM were identified (Wardhant, 1991)
as:

1. political will to develop, issue and maintain strong policy support for
1PM;

2. an adequate base of field research;

3. emphasis on human resource development;

4, sufficient resources to sustain implementation and further development.

To this list we would like to add a fifth requirement: removal of subsidies
for pesticides.

The most primitive level of IPM is that economic thresholds are
developed as the basis for decision making. Most of the countries in the
region have national plant protection services and extension, usually
under their ministries of agriculture. Pest survey programs have been
established in most countries (Pfuhl, 1988; Sri-Aruntoi, 1988; Saha.
1991). In India, survey data are gathered ai 32 central stations for pest
monitoring and forecasting of the nced 1o take control measures. Similarly,
there are 156 well-equipped forecasting units in Korea for rice pests.
Similar warning systems are operated for rice pests in Indonesia, the
Philippines, Malaysia and Thailand. China has monitoring programs for
cotton, rice and vegetables.

In spite of all this, there is no convincing evidence that farmers in Asia
have relinquished prophylactic spraying and embraced economic thresh-
olds. On average, pesticides are applied at only 30% of the recommended
threshold (Waibel and Meenakanit, 1988): much lower threshoids are, of
course, part of this average. The use of trained personnel to monitor for
the farmer has been tried in some IPM programs, but, in the end, economic
thresholds really have to be farmer-operated.

Almost all the countries of the region have. as pointed out earlier.
declared IPM as part of their agricultural development. They have accepted
{in theory anyway) that IPM is the only rational approach to correct
injudicious use of pesticides and to prevent future environmental catas-
trophe. In spite of all the negative pressures in the region discussed above,
the process of turning [PM from a concept into practice has been started
and many IPM programs have been developed to an advanced stage in
the past 20 vears, or are actually being implemented. FAO has helped by
preparing guidelines for IPM in rice, cotton, maize, sorghum and veget-
ables and has also helped many countries in following such guidelines.
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The economic viability of IPM has also been shown, yet large-scale
adoption by the farmers remains limited.

The responsibility for IPM does not only rest with international agencies
and governments. It also rests with researchers. the agriculture industry
as a whole, farmers, environmentalists, health pressure groups and even
consumers, Currently, however, in the Asian scenario, it remains up to
government organizations to play the pivotal role in ensuring that IPM is
developed, by providing financial support and appropriate incentives.

Case studies

Rice

Rice is probably the world’s most diverse crop, with about 120 000
varieties, About half the world’s rice-land is irrigated and this produces
more than 70% of the harvest. More than 90% of the world’s rice is grown
on 145 million hectares {11% of the world agricultural hectareage) in Asia
and provides 3 5-60% of the calories consumed by 2.7 billion Asian people.

Crop losses of rice to pests in Asia vary from 20 to 50% of production
(Cramer, 1967; Litsinger et al., 1987). The major pests are the brown
planthopper (BPH) (Nilapavarta lugens}, the rice hispa beetle (Dicladispa
armigera) and several stem borers, particularly species of Sesamia, Chilo
and Scirpophaga. Rodents are also important pests. Rice blast (Pyricularia
oryzae), sheath blight (Corticium sasakii). bacterial blight (Xanthomonas
oryzae) and virus diseases (particularly tungro} are the most important
diseases. In addition, yield is limited by weeds.

The example of the Philippines is also typical of other regions of Asia
{Shepard, 1990). More and more insecticide has been used by rice farmers
over the past 30 years. Insecticide use was very low in the early 1950s,
but had built up by 1965 to the point where 60% of irrigated rice-land
was being treated: by the mid-1980s this had increased to over 95%, Some
of these insecticides devastated the natural enemies of BPH, which also
thrived on the continuous cropping of rice and the heavily fertilized
susceptible rice varieties being grown. Thus this previously non-pest insect
was promoted into the most serious pest of the region (Norton and Way.
1990).

Integrated pest control programs for rice are now being operated in
many Asian countries. These are based on resistant rice varieties with
some chemical control. Cultural controls have been recommended, but
play a minor role in the programs, and the involvement of biological
control has hardly been researched at all.

Host-plant resistanice has dominated as the key tactic of IPM in rice.
‘Rice is without equal in the extent to which insect resistance has been
incorporated into high yielding varieties and the extent to which these
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varieties are being commercially grown by furmers over millions of
hectares in Southeast Asia’ (Heinrichs, 1988). However. it must be
remembered that this major development in rice showed severe problems
at first. The excessively extensive cultivation of a single resistant rice
genotype led to the rapid appearance of an adapted strain of BPH with
devastating results. Now the extensive planting of resistant varieties
referred to in the above quotation involves several varieties with different
sources of resistance to BPH.

In India too. the keystone of IPM packages in rice has been the use of
resistant varietics. Other components have been cultural measures such
as community rice nurseries and proper planting and spacing, conserva-
tion of natural enemies, and use of economic thresholds with selective
pesticides, These technology packages have becn made effective by train-
ing extenston workers and farmers, and by field demonstrations emphasiz-
ing that IPM can improve economic returns as well as benefit the
ecosystem.

The importance of conserving natural enemies in rice fields is now
recognized. It has been claimed (Anon.. 1991b) that a typical rice field in
the tropics supports 800 species of beneficials, including spiders, wasps,
ants and pathogens. These would control 95% of the insect pests. if
conserved. In studies on the biodiversity of the fauna in irrigated rice fields,
it was found that diversity of insects increased with crop age till maximum
tillering. However, it was significantly lower in fields sprayed with
insecticides. When populations of beneficials such as spiders and predatory
bugs were high, hopper densities were low. With fewer predators, herbi-
vore pests, such as BPH re-establishing after insccticide sprays, can
increase rapidly.

The effectiveness of natural biocontrol in the absence of spraying is
probably at lcast part of the explanation of effects in Bangladesh when
the 100% subsidy on pesticides was reduced to 50% in 1974 and
completely abolished 5 years later. The area treated with pesticide
decreased from 5.12 million ha in 1972-73 to only 263 000 ha in
1986-87, but without any appreciable reduction in rice yields
(Figure 6.2). Indeed, in recent vears there has been a steady increase in
rice vields in Bangladesh. irrespective of the quantity of pesticide used.
Better new varicties, better fertilizer management and increased irrigation
have all been involved in these yield increases.

In India. rice is now cropped continuously in the southern, ceniral and
coastal arcas. These changes. coupled with higher-density planting and
increased application of inorganic fertilizers accentuated crop protection
problems, In particular, stem borers, gall midge, BPH, hispa beetle and
weeds such as Echinochloa emerged as major problems, and epidemics of
bacterial blight, tungro virus and biast occurred. It was inevitable that
farmers turned to pesticides, to the extent that today 17% of India's use
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of pesticide is on the rice crop.This intensive pesticide use has had serious
ecological consequences. Minor pests have become major ones (¢.g. leaf
folder, white-backed planthopper and green leafhopper) and BPH has been
resurgent through resistance to insecticides and loss of natural enemies.
It is a hopeful sign that pesticide usage per hectare has recently declined
from 263 g in 1985 to 190 in 1989-90 {(Anon., 1992).

Mention has already been made of the Indonesian success in introduc-
ing IPM and reducing insecticide usage on rice. Although Indonesia used
1o be the world's largest importer of rice. the large-scale adoption of the
‘green revolution” technology led to self-sufficiency by 1984. Rice now
accupies about 6(0% of the total area devoted to {ood crops. The early years
of this intensification were based on the use of pesticides, 3—4 times during
each season, for pest control. Pest problems increased immensely and the
previously minor pest, BPH, emerged as a major one, causing the loss of
350 000 tons of milled rice valued at more than US$100 million in the
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1976—-77 season. Additionally, tungro virus transmitted by the green
leathopper (Nephotettix virescens) became a major threat. In West Java,
where aerial spraying had been used against stem borer, the white stem
borer. Scirpephaga innotata, affected 75 000 ha, causing more than 40%
yield loss.

When the devastating outbreak of BHP as a new major pest occurred,
the problem was tackled with a blanket of aerial spraying in Java and
northern Sumatra. Similarly, during the outbreak of rice tungro virus in
Bali in 1981-82, 12 (000 ha were immediately sprayed by air to control
the green leathopper vector.

After such outbreaks of BPH, pesticides became an insurance against
attack, and farmers were supplied at heavily subsidized rates as well as
given training in the use of application equipment. By 1984. the resulting
overuse of pesticides was beginning to show the inevitable results and not
long afterwards, in 1986, there was an explosion of BPH over most
rice-growing areas of Indonesia. Tnsecticide subsidies of US$100 million
per vear were spent, but outbreaks of BPH nevertheless continued. It was
subsequently shown that BPI outbreaks were actually engendered by
such massive use of pesticides (Anon., 1991a).

Although Indonesia adopted IPM as official policy as early as 1979,
subsidies for pesticides, and therefore pesticide use, remained heavy until
1986. The situation changed from that vear, following a Presidential
Decree on pesticide use (Chapter 8). Initially many chemicals were banned,
and this was followed by a reduction and eventual abolition of subsidies
for the remainder.

Rice production is now the highest in Indonesia’s history and is 15%
higher than 1986 levels. Pesticides are now no longer a major part of
production technology packages, and their use has fallen by 60% since
1986 (Figure 6.3).

Besides the example from Indonesia, several agencies and institutions
are now involved in different aspects of IPM for rice in the region. The
FAQ Intercountry Programme for Integrated Pest Control in Rice in South
and Southeast Asia was started in 1980 and has trained over 400 000
farmers in IPM. This program has succeeded in reducing the use of broad-
spectrum inseclicides on rice in participating countries. Governments in
these countries have also begun reducing subsidies for pesticides.

Another initiative, the Integrated Pest Management for Rice Network
{IPM-R), coordinated by IRRI. was started in 1990. Each participating
country has organized a team of research scientists and cxtension
specialists involving plant protection science, social sciences and the
communication skills (IRRI, 1991).

Because of all these coordinating actions. TPM is currently being
practised on about 4.9 million ha of rice {Nortonn and Way. 1990). The
positive experiences of IPM gathered in the past 10 years are being
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Figure 6.3 Pesticide usage and rice production, Indonesia, 197 3-91.

extended to larger areas in several couniries. Since rice is usually only
part of the cropping system. it is desirable to extend the I[PM concept across
the other crops in the system also. Particularly in relation to the conser-
vation of natural enemies, such an extension of pesticide reduction is
essential,

Rice is a very ‘political’ crop in Asia, Most of it is grown lor national
consumption; onky 2.4% is traded on the world market. Any crop tailure
therefore has repercussions on the stability of food availability in the
region. IRRI (1989) has estimated that an increase in production of more
than 20% over the 1987 level of 460 million tons is required by the year
2000. An increase of over 65% will be required by 2020, The implications
for pest management are twofold (Norton and Way, 1990). First. some of
the increased production required could be oblained by reducing the
present level of losses from pests, which is perhaps as much as 50% of
potential yield. Secondly. changes in crop production technology and more
intensive rice cultivation will become necessary: the effects of these
measures on future pest problems as well as the farmers’ ability to deal
with them need consideration ahead of the event.

Vegetables

The Asian-Pacific region produces more than 200 million tons of veget-
ables, which is about 47% of world production. China and India together
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account for about three-quarters of the region’s vegetable production. As
well as providing important supplementary nutrition for farmers, veget-
ables also represent an important source of income. Many are produced
in the region and inchade:

crucifers such as cabbage. Chinese cabbage, cauliflower and radish;
Solanaceae such as tomatoes, potatoes, aubergines and peppers;
cucurbits, mainly cucumber. watermelon and pumpkin:

legumes such as peas and beans.

o

Onion. garlic and okra are also important.

The dominant vegetable pest of the region is diamond-back moth (DBM).
Plutella xylostella, a pest of most crucifers that has become resistant to most
pesticides. Pests of vegetables tend to be host-specific, and other serious
problems are the melon fly (Bactrocera cucurbitae) and Thrips palmi on
cucurbits. the bean fly (Ophiomyia phaseoli) on beans and the Pyralid
Leucinoda orbonalis on aubergine. Among polyphagous pests, Heliothis
armigera is a major problem in tomatoes and the armyworm (Spodoptera
extgua) and cutworms (Agrotis spp.) are important in many vegetable crops.

Excessive use of pesticides on vegetables has caused great problems and
concern throughout Asia. The FAO report of the Expert Consultation on
IPM in Vegetable Crops (FAQ. 1989) concluded that crop protection in
vegetables in Asia had entered the ‘crisis phase’. A wide range of
insecticides and fungicides, often applied at far higher dosages than
recommended rates and not infrequently as cocktails, are sprayed with
unfortunate frequency. Qften, because of furmers’ ignorance or in the
quest for cosmetic quality, they are sprayed close to harvest. The resulting
problems have been rising production costs, and development by pests of
resistance to pesticides. Large-scale environmental contamination has
occurred and there huas been an increased human health hazard, including
poisoning of farmers and high toxic residues in market produce {Guan-
Soon, 1990). In India, the pesticides in use include HCH, methyl para-
thion, nicotine sulfate. elemental sulfur and several organomercury
compounds. Some of the highest residue levels ever recorded have been
found in vegetables from urban markets in India. As much as 35 p.p.n.
of DDT has been found in spinach. Farmers have even been known to
apply pesticide (methyl parathion) after harvest to give cauliflower curds
an extra white appearance,

The FAQ report stated:

... progressive resistance development to pestictdes in major vegetable pests
is a very scrious problem. 11 constitutes an important underlying cause of
the pesticide dependency in farmers. An insidious danger is that it subtly
drives farmers deeper and deeper into a statle of desperation to constantly
seek for stronger pesticides, while at the same time trapping them with the
vicious cycle of pesticide dependency.
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IPM for vegetables has reached different stages of development in different
countries. The most developed programs are on crucilers. because of the
ubiquitous difficulty in controlling DBM with chemicals.

The DBM threat to vegetable production is approaching the pest threat
in cotton in the 1950s in Central America, which destroved the cotlon
industry at that time (p. 38). For 20 years, farmers had successfully
controlled DBM with pesticides. However. this has led to the development
of resistance to nearly all groups of insecticides in recent yvears, With the
absence of new alternatives, farmers then increased the insecticide pressure
on the pest by mixing chemicals and/er applying higher doses. Embarking
on the pesticide treadmill has led inevitably to resurgence of DBM through
destruction of natural enemies and progressively increased levels of pesti-
cide resistance. Loss of natural enemies has, of course, also favored other
previously only minor pests such as armyworms, cabbage head caterpillar
and cabbage webworms, all of which are now major pests in South-Fast
Asia (Talekar, 1991). This left little choice but to change to 1PM: if sole
reliance on pesticides had been allowed to continue. the ‘disaster phase’
would have been inevitable. The TPM that has been developed successfully
in several countries centers on several components. These are the use of
egg, larval and pupal parasitoids, cultural practices, microbial insecticides
{Bacillus thuringiensis [Bt]) and judicial use of insecticides only when
necessary. The principal egg parasitoid used has been Trichogrammatoidea
bactrue, and parasitotds attacking the larvae/pupae ( Diadegma semiclausum
and Cotesia plutellae, also Diadromus collaris) have been widely distributed.

In 1989, the Asian Vegetable Rescarch and BDevelopment Centre
{AVRDC) initiated an intercountry IPM program for DBM (AVNET). This
program includes exchange, mass rearing and field establishment of
important parasitoids of DBM. and also technician training.

In Malaysia. IPM for DBM in the Cameron highlands has been based
on the conservation of the indigenous C. plutellae. together with the
establishment of the exotic parasitoids I. semiclausum and 1), collaris (Loke
et al, 1992}, lipon DBM reaching the economic threshold. the use of Bt
is recommended. A similar strategy. involving conservation of . plutellae,
introduction of D. semiclauswmn and limited use of Bl operates in the
highlands of Taiwan. Here efforts are also being made to wean farmers
away from chemicals (Talckar, Yang and Lee, 1992). [nundative relcases
of C. plutellae and the egg parasitoid T, bactrae have been largely successful
in the Philippines {Morallo-Rejesus and Savaboc. 1992). In Indonesia
D. semiclausum elfectively controls DBM in the highlands, but the
parasitoid unfortunately cannot survive in the lowlands (Sastrosiswojo
and Sastrodihardjo. 1986).

DBM adults are strongly attracied to the color yvellow. In the lowlands
of Thailand the combination of yellow sticky traps with releases of
T. bactrae and C. plutellae has given successtul control.
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DBM is also attracted to mustard plants, and these are used as a trap
crop in southern India as part of an IPM system. The trap mustard attracts
80-9 3% of DBM adults and almost all those of two other pests of cabbage,
the leaf webber ( Crocidolomia binotalis) and the stem borer ( Hellula undalis).
Other brassicas can be sprayed at the head-initiation stage with 4% neem
kernel extract to checlk DBM. This IPM system has been adopted by many
farmers in Karnataka State (Srinivasan. 1992).

With the aim of producing ‘monpolluted vegetables’. 1’PM programs
have been launched in China, and cover 200 cities in 22 provinces. These
programs include resistant crop varicties, cultural controls and biological
control. the latter focused on Bt and egg parasitoids of Lepidoptera.
Pesticide use on vegelables has been restricted and residues are regularly
monitored. About 83% of losses from pests and diseases can still be
prevented with the IPM systems. Also. vegetables produced under IPM
fetch at least a 10% premium in price (Di. 1990),

IPM programs {or vegetables have therefore been launched successfully
in China. India, Malaysia. Indonesia, Taiwan, Thailand, in the Philippines
and also in Vietnam. However, many countries in the region, including
Bangladesh, Sri Lanka and Pakistan, have yet to exploit nonchemical
alternatives for pest control in vegetable crops. The need to adopt IPM in
vegetables to replace sole reliance on pesticides is now well recognized in
all the countries of Asia. For vegetables, perhaps more than for any other
crop, IPM strategics must consider and modify the attitudes of consumers,
since market demand has an immense influence on the acceptance of IPM
by farmers.

It would appear that technologies for [PM on vegetables in Asia are
now sufficicntly available tor the development of programs. What is
now necessary is to extend such programs to far greater numbers of
farmers.

Cotton

At least 12 countries in Asia grow cotton and, in 1989-90, 44% of the
world’s cotlon was produced there. Cotlon is the main cash crop of China.
India and Pakistan. and is also important in Thailand and Myanmar. As
in most regions where cotton is grown, insects are the major factor limiting
production and the crop receives more pesticide than any other. Never-
theless, yields per hectare are still low and there are frequent, sometimes
disastrous, pest outbreaks.

The potential high economic returns on the crop encourage larmers
not only to use a great deal of pesticide {which may account for 40% of
production costs), but also much fertilizer and irrigation. Pesticides tend
to be overused and misused. leading to more pesticide-associated problems
in cotton than in other crops. The development of resistance in several
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pests has put colton farmers on the treadmill of increasing pesticide inputs
and increasing loss of natural encmics.

The organachlorines, organophosphates and carbamates used in the
1960s and 19 70s have. since 1980, been largely replaced by the synthelic
pyrethroids. Of the many pests attacking cotton, particularly bollworm
{Heliothis armigera) and the whitefly, Bemisia tabaci, now appear as typical
resurgence problems associated with overuse of pesticides and elimination
of natural enemies. As these two pests also move seascnally between
cotton and other crops. the overuse of pesticide on cotton could make
them harder to control on the other crops also. The adoption of IPM has
therefore become imperative.

In India, although cotton accounts for only 5% of the area under
cultivation, it accounts for hall the pesticide use. Although use of pesticides
has declined in food grains, on cotton it increased from 2.4 to 2.7 kg ha™
between 1985 and 1989-90 (Anon., 1992). Eighty per cent of all
pyrethroid use is on cotton, where H. armigera has now developed
resistance.

Rescarch has clearly shown that dependence on insecticides can be
reduced considerably with an IPM package. This includes cultural con-
trols. biological control by timely relcases of parasitoids (primarily
Trichogramma spp. egg parasitoids) and predators (Chrysoperla spp.). the
use of nuclear polyhedrosis virus and judicious use of insecticides (Verma,
Shenhmar and Gill, 1990; Sundramurthy and Chitra, 1992). IPM projects
in some more progressive cotton-growing states, especially Tamil Nadu
and Gujarat. have shown the benefits of IPM to farmers on their own
fields. The high vields of cotton varieties and hybrids can be maintained.
the abundance of natural enemies increased and insecticide costs reduced
(Figure 6.4) (Anon., 1989).

Disasters in cotton, due to whitefly in 1983 and 1984, and due to
bollworm in 1987 and 1988, occurred in Andhra Pradesh as well as in
other cotton-growing states. These disasters have attracted considerable
public attention, but they have been a blessing in disguise for IPM. They
have made cotton growers in these states much more aware of the
consequences of excessive pesticide use and thus more willing to accept
IPM. Pest monitoring by both state and federal agencies has been
strengthened, and the number of sprays applied has mostly been reduced
from as many as 20 to as {few as 3—6. The pesticide industry has itself
become concerned about misuse of its products and pest resistance to
them. The companies have therefore set up their own advisory and
extension programs and are working with government agencies in setting
up IPM demonstration trials for farmers.

In China, annual losses of cotton production due to pests are
estimated to be 25-40% of potential yield. Several IPM programs have
been initiated since 1985. One example is in the cotton-growing arca
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2
IPM village “
. Control village

Figure 6.4 [se of insecticides on cotton and yield of seed cotton; also abundance of natural
enemies in villages practising or not practising {control’) IPA1 (1989 data of the Indian
Council of Agricultural Research. New Delhi),

north of Shihezi in North-West China. Itere. the number of insecticide
applications has been reduced from over 10 per year to an average of
1.5 by implementing IPM over a 10 year period. The crops are monitored
for pests every 5 days and insecticides are applied in relation to locally
devised thresholds. which take the abundance of natural enemies into
account (Matthews, 1991),

The cotton situation in Pakistan shows every sign of deteriorating into
the familiar pesticide treadmill. However, an IPM program was developed
in the late 1970s and is being implemented through several cotton
maximization programs. The Directorate of Pest Warning and Quality
Control of Pesticides has a network of field workers to help cotton farmers.
Many ol these farmers have been trained in a pest scouling system
{Ahmad, 1991).
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In Thailand, cotton production has been in decline for some years, duc
to pest problems. Cotton IPM was initiated as part of 4 5-year (1984-88)
IPM project for nonsubsistence crops in cooperation between FAO and the
Thai government. The economic thresholds for bollworms have been
determined. Heliothis armigera is being controlled by nuclear polyhedrosis
virus and the distribution in fields of cggs parasitized by Trichogramma.
Cotton IPM programs have also been initiated in Bangladesh., Myanmar.
Indonesia and the Philippines.

All cotton-growing countries in Asia now have policies to implement
IPM in cotton. Most. however. do not have an institutional framework to
achieve this. Although considerable rescarch effort has led to IPM pack-
ages being available for cotton in most paris of the region, very few such
packages have been implemented on a large scale.

Sugar cane

Sugar cane is an important crop in several Asian countries. The important
tnsect pests include stem-boring caterpillars, leathoppers {e.g. Pyrilla),
whiteflies. scale insects, mealybugs and chafer grubs. Red rot disease can
also be serious. as can rodents and grassy weeds, Control of many of the
insects with sprays is made difficult by the density of the foliage or because
they {feed in concealed places or arc in the soil. Nevertheless, insecticides
have been used extensively and development of IPM has been slow,

Some alternative approaches io control, including cultural and biolog-
ical methods, have been developed. For example, excellent control of stem
borers has been achieved by release of egg parasitoids (Trichogramma).
Sucking insects are kept in check by redistribution and conservation of
natural enemies (Mohyuddin, 1991). Adoption of these successful meth-
ods is still only localized, with the result that pesticides continue to be used
extensively.

However, recently control with pesticides has become less effective and.
as a result. mill owners and farmers are showing interest in other methods.
Prophylactic broad-spectrum treatments are slowly being replaced with
more selective compounds applied based on need. In India and Thailand.
attention is also being given to improved application and better timing.

There have been two notable successes with biological control in India.
The barer Scirpophaga excerptella has been almost permanently controlled
by an indigenous parasitoid (Isotima javensis) of the larvae, as the result of
inoculative releases made 15 vears ago (Solayappan, 1987}, The second
example is control of Pyrilla leathopper with Epipyrops melanoleuca
{Chaudhary and Sharma, 1988). This parasitoid has proved difficult to
mass produce, so the approach has been to collect it in the field early in the
season and redistribute it to new fields. The parasitoid is now established in
most sugar-cane-growing arcas of India. The technology for mass produc-
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tion of Trichogrammua spp. is available in India. and inundative releases of
T. japonicum have provided effective control of stem borers. Similarly in
Pakistan, borers have been controlled by introducing several strains of
Apanteles flavipes and augmentativereleases of T. japonicum. Pyrilla has been
checked by redistributling F. melanolenca and by conservation of the egg
parasitoid Parachrysocharis javensis (Mohyuddin, 1991).

IPM for sugar cane in Asia now needs more support in {erms of
infrastructure, particularly facilities for mass rearing of biological control
agents. Sugar cane cultivation is controlled directly or indirectly by the
sugar industry. Adoption of IPM should thus be easier, once the industry
becomes convinced of the value of the technology. Moreover, the long
season and dense canopy of sugar cane makes it an excellent ecosystem
for exploiting biological control.

Horticultural and plantation crops

Herticultural crops such as citrus, mango. apple. banana, rubber, oil palm.
cocoa, coffee and tea represent high-value cash crops, grown in Asia both
in large estates and by smallholders. Most are grown as monocultures
whose perennial nature sustains natural enemics that keep most pests at
nondamaging levels. However. any breakdown of this equilibrium (for
cxample, due to overuse of pesticides) can result in pest outbreaks. This
has been appreciaied in Malaysian plantations since the carly 1970s and
has led to the development of IPM. This has had a good success record
there in oil palm, cocoa, rubber and coconut. The resultant minimal use
of pesticide has provided good management of pests with improved
economic benefit, greater salely for operators and less environmental
damage.

IPM programs for most fruit crops exist in scveral Asian countries.
Programs invalving Hmited and highly selective pesticide applications for
plantation crops such as oil palm and cocoa were developed several
decades ago. These developments followed evidence that pesticide use in
these crops had itsell caused outbreaks of defolialing caterpillars by
eliminating their natural cnemies (Djamin. 1988; Ho. 1988; Liau, 1991).

In Indonesia, a 15 year master plan for IPM on estate crops has been
underway since 1985, when a Directorate of Estate Crop Protection was
established under the Ministry of Agriculture. [n India. biological control
has been researched for pests of fruits such as citrus, grapes, mango and
apples (Singh, 1990).

Coconut palm is a particularly important crop in the Philippines,
Indonesia, India, Sri Lanka, Thailand and Malaysia, and promising results
in managing pests have been rcported. The rhinoceros beetle (Oryctes
rhinoceros) is a key pest combatted by combining insect pathogens
(baculovirus and fungi) with cultural methods (Pillai. 1985; Kaske, 1988).
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Successes with TPM in plantation and fruit crops have been mainly
local, and pesticides are still widely used on these crops in the region. This
is partly because there is currently no IPM for some major pest and diseasc
probiems, including bunchy top of bananas. the coconut beetle Scapanes
australis and rodents in oil palm.

Africa

African agriculture is characterized by most small-scale farmers cultivat-
ing holdings of less than a few hectares, and often even less than one.
Such small-scale farming not only dominates subsistence agriculture, but
even cash crops. The crops are often cultivated as mixtures (intercropping,
mixed cropping. see p. 119). In most countries farmers do not have title
to their land, but only the right to cultivate it inherited through the
maternal line. Some farmers are tenants or share crop land controlled by
others (particularly in relation to cash crops such as cotton).

Who owns or has rights over land is extremely important in implement-
img IPM. Only those who will reap the fruils of their labor are likely to
invest the necessary time and money. Thus although the women often do
most of the actual field work, they have little incentive to do any extra
[PM-relaied work since men are the legal owners of the harvest,

Only few of the cultivated crops Alrica are indigenous. Exceptions are
two of the most important subsistence crops, millet and sorghum, and
coffec and cotton among the cash crops. Mosi of the other important crops
were introduced to the continent a long time ago (c.g. rice), others with
LEuropean colonizers from the sixteenth century onwards (e.g. cassava,
maize, sweel potato and cocoa) and some much more recently (¢.g. potato
and wheat).

Unlike the crops, many pests are indigenous (e.g. most pests of millet,
sorghum and coffect. However, there have also been many accidental pest
and disease introductions from other continents. In recent years. the
introductions of cassava mealybug. cassava green mite and the larger
grain borer have resulled in major problems. Such introductions have
stimulated considerable classical biological control activity, and several
successes have resulted.

The knowledge of African farmers about pests is usually good. This is
partly because cultural and mechanical pest control measures, which form
an important part of African land management systems, have evelved
over millennia. Over this time, selection of seed by farmers has incorpor-
ated much pest and disease resistance into the traditional land-race
varieties.

Use of pesticides is limited by their high cost and by their nonavailability
in most local markets. However, in commercial crops often under the
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control of cooperatives, pesticides are the mujor control method and are
applied prophylactically on a calendar basis. Farmers ol comunercial crops
are then likely also to treat any food crops they grow for home consump-
tion. I[nsecticides also percolate down to some small farmers when
substantial surplus insecticide is supplied by governments and donors for
other purposes. e.g. locust control. Many governments also still subsidize
pesticides, and this can lead to overuse. Another reason for overuse is that
there is often an acute shortage of trained plant protection specialists.
Also, the plant protection services are not well organized and extension
is weak or absent.

Although pesticide use is still low in Africa when compared with other
continents, it is increasing rapidly (WHQ, 1990). The increase of 60%
between 1983 and 1988 was the highest in the world during this period.
Based on admittedly scanty data. a 200% increase was predicted between
1988 and 1993, compared with 40% in Latin America and only 23% in
Asia. There is an urgent need for more accurate statistics about pesticide
use in Africa.

A rccent World Bank survey (Kiss and Meerman, 199 1) points out that,
although work on single components of IPM (e.g. biological control,
host-plant resistance) is common throughout Africa, IPM projects are few
(Table 6.3). Only Sudan has adopted IPM as the official national crop
protection policy. although IPM is accepted as policy by some Alrican
growers' groups. Most IPM work in Africa has been through projects
funded by international donors. One serious problem is the lack of
education and training. Many researchers have been trained in the
developed countries; their salaries are small and many have joined the
international research institutes. The research staff remaining need more
training as well as beller access to literature. The need to make govern-
ments and donors aware of these problems is urgent, if over-reliance on
pesticides is not to become a feature of Africa as it is elsewhere.

In broad outline, IPM in Africa should be targeted to two different
situations: food crops. where no or little pesticide has yet been used. and
commercial crops, where overuse of chemicals has occurred.

Case studies
Pearl millet in the Sahel

In the Sahel-Sudan region, millet forms the basic food for a large part of
the population. It gencrally outyields other cereals on poor soils and shows
great pH and salinity tolerance. It is cultivated both in monoculiures and
pelycultures (with sorghum, leguminous plants or Acacia albida as a shade
plant). In spite of its world importance. pearl millet has only recently been
subjected to crop improvement by breeding {in Niger and at the
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Table 6.3 Summary of IPM and PM-related projects in Africa. November 1992
{compiled by Dr 0. Zethner from FAO literature and individual project reports)

Contents of projects Basic food Basic food
crops stores Fruit Beverages Cotton General

Phases

Planning 1 0 1 0 0 1
Research 20 4 3 1 2 1
Development 15 5 4 1 3 1
Farmer active involvement 6 0 1 1 3 0
Coordinationforganization 12 3 Q O 0 1
Comrponents
Resistance breeding 9 0 0 0 0 0
Biological control 8 3 5 2 2 0
Chemical control 7 3 2 2 3 0
Monrtoring 5 0 1 2 1 0
Cultural contral 7 0 1 1 1 0
Training of
researchers 11 3 0 1 1 0
extension staff 14 3 2 1 3 2
farmers B 0 0 1 3 0
Tota projects involved 32 5 5] 2 4 2
{total = 51}

International Crops Research Institute for the Semi-Arid Tropics
[ICRISA'T]. India).

In spite of its relative tolerance to weed competition, millet still has
weeds as its most severe problem, especially during drought. The parasitic
weed Striga is becoming increasingly important in Africa.

A stem-borer complex, consisting of Chilo spp. in East Africa and
Sesamia calemistis and Condesta Ignefusalis in West Alfrica, is lound in
most millet fields. Coniesta ignefusalis causes particularly heavy damage.
Grasshoppers and armyworms (Spodopiera spp.) can cause serious defo-
liation, especially of young plants, and downy mildew (Sclerospora
graminicola) stunis growth and causes deformed chlorotic leaves and
tillers.

Grain-cating birds (Ploceus, Passer and Quelea) are the most damaging
pests of the head. After drought hit the Sahel in the late 1960s, the millet
spike borer (Heliocheilus alpipunctella) increased in importance. In some
areas meloid blister beetles (Psalydelytta) often destroy entire fields by
sucking grains in the milky stage. The smul fungus (Tolyposporium
penicillariae) converts grain into dark sori. and downy mildew may, if
attack is heavy. also destroy the head.

There is now sufficient knowledge for a provisional 1PM program to be
recommended for Sahelian conditions: millet varteties with tolerance or
some resistance to birds, insects or diseases are recommended. Work on
breeding such resistant varieties has been intensified. and varieties with
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long bristles on the head give some protection against birds and blister
beetles. One of these varieties is the Gambian Souna bado laebi, and this
has also shown good yields in spite of attack by spike borer and even
locusts.

Crop rolation (often with groundnut in the Sahel) and removal of plant
debris after harvesi. a practice that reduces fungus and stem-borer attack,
are recommended. Where millet stalks are used for construction (e.g.
fencing), heating them before use is recommended to kill overwintering
stem-borer larvae inside the stems.

Early sowing is recommended. especially where there is a risk of blister
beeile attack. Seed should be dressed with fungicide, and sowing in rows
by machine will simplify later weeding. Fertilizer should be applied close
to the middle of the crop rows to benefit the millet and not the weeds.
Weeding within the row, once only and before weeding between the rows,
can increase yiclds by 25% (Zethner, 1987). Young Striga plants must be
totally uprooted or killed before flowering. since their minute seeds can
survive in the soil for more than 10 years and give risc to constant new
infestations.

Plants infested with downy mildew or stem borer should be rogued to
reducc later infestation of the head. A traditional control measure is
lighting fires in the field: the smoke deters blister beetle from the millet
heads particularly if groundnut shells are burnt.

Surveys during the IPM project of the Comité permanent Intlerétats de
Lutte contre la Secheresse dans le Sahel (CI1.S8) revealed the presence in
millet of several polential biocontroel agents. A high rate of parasitization
of Heliocheilus by Bracon lebetor was recorded during the latter part of the
growing season. That this parasitoid also attacks Epfiestia moth in stored
millet can be exploited while stored millet remains available, and the
release of parasitived Ephestia larvae into millet fields in Senegal has given
promising results, even if on a small scale (Bhatnagar, 1987).

As a result of cooperation between ICRISAT and the UK Overscas
Development Administration (QODA), a highly efficient pheromone blend
has been synthesized for C. ignefusalis. A trap that can be operated by
farmers to control the borer directly has also been produced. This trap is
also immediately useful for large-scale monitoring of the pest {ICRISAT.
1992).

Chemical insecticides raise yields far less effectively than fertilizer or the
use of resistant varieties. Chemical control of the spike borer is probably
always uneconomic, wherecas chemical control of blister beetles and
locusts may be warranted to prevent total crop destruction. Mostly
cconomic thresholds, important prerequisites for minimum inseciicide use,
have yet to be determined. Unstressed millet has the potential to compens-
ate for borer damage. with the result that equally sized populations may
cause less damage in wetter than in drier years (Jago, 1991,
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Sorghum in the Sahel

Sorghum originated in Alrica, and is widely grown in semi-arid areas. Its
pest spectrum is similar 1o that of pear] millet, although sorghum is more
susceptible to weeds, especially under drought conditions. Most sorghum
varieties are also more susceptible to Striga than any other cereals grown
in the Sahel.

Besides many less economically imporiant pests. four main insect pest
groups occur. These are shoot fly (Atherigona seccata and other species). a
stem-borer complex {including Busseola fusca, Sesamia and Chilo
diffusilineusy; gall midge (Contarinia sorghicola), causing malformation of
the spikelets; and head bug (Eurystylus spp.). sucking on the devcloping
grains. Smut fungi, destroying the grains. are the most important sorghum
discases in the Sahel, though grain molds arc currently on the increase.

Lack of research has prevented comprehensive IPM recommendations
to be formulated, but there has been some progress. ICRISAT has
developed sorghum varieties with broad-spectrum resistance to Siriga,
though the resistance may be unstable with high weed pressurc. There
has also been a breakthrough with plant resistance to shoot fly (ICRISAT,
1992), bul commercial resistant varictics are still some time away.
Research at ICIPE in East Africa has revealed promise for resistance
breeding against stem-borer species also present in West Africa.

Cultural control can be recommended as for pearl millet (sec above).
especially the removal of Striga and the destruction of crop residues and
diseased plants,

Chemical control is not recommended apart from seed treatments
against smuts and herbicides against Striga if a shortage of labor precludes
hand-weeding.

Cassava

Cassava was introduced into Africa from South America by the
Portuguese. probably laie in the sixteenth century. It is now widely
cultivated throughout tropical Africa from humid to semi-arid regions.
Cassava is drought resistant (it can survive even 4-6 months of drought),
performs well at low nutrient levels, requires few production skills and is
easily adapted to the social framework of the farming community. It has
played a vital role in alleviating famine conditions when other crops have
failed.

Cassuva is commonly intercropped by smallholders, though large
commercial stands also exist. It has a long growing cycle (9 months to 2
years). When intercropped. the different crops usefully mature at different
periods,

Cassava is normally grown on ridges that need to be preserved during
weeding, which remains necessary until a good crop canopy has been
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formed. It has been relatively free of arthropod pests in Africa when
compared with South America. its continent of origin. The large quantities
of cyanogenic glucosides in the lalex may have prevented attack by most
indigenous herbivores. However, there are two accidentally introduced
pests, cassava mealybug and cassava green mite. that avoid the chemical
defense. These have spread in a surprisingly short time since introduction,
to become the most severe pests of cassava in Africa.

Cassava mosaic virus in Africa is transmitted by the whitefly Bemisia
tabaci and perhaps other insects, and is also carried in cuttings of infected
plants. The virus can cause tuber losses of 20-60% (Hahn et al., 1990).
Bacterial blight caused by Xanthomonas campestris pv. manthotis is indige-
nous to Africa and has been reported from many countries. This discase
may cause complete yield loss under conditions favorable to its develop-
ment and spread. Movement of infecied planting material and rain-splash
arc the most important agents of spread (Hahn et al., 1990).

Biological control of cassava mealybug, which stunts the growing
points and sometimes totally defoliates the plants, has already been
referred to in Chapter 5. Losses of over 80% tuber yield were reported
(Herren and Neuenschwander, 1991) as the pest spread rapidly across
the continent at a rate of 300 kmyr'. Efficctive control soon became a
prerequisite for the cultivation of cassava in many countries. An Interna-
tional Institute of Tropical Agriculture (IITA) workshop in 1977 con-
cluded that classical biological control and resistance breeding were both
feasible options, and a biological control program was commenced in
1979, Ten vears later it had grown into what is probably the world’s
largest ever biological control program. supported by many international
donors and collaborating with several other international research
organizations.

Following the discovery of the mealvbug in Paraguay in 1980, 10
species of natural enemy were collected there. including the parasitoid
Epidinocarsis lopezi (p. 94). Following screening at the International Insti-
tute of Biological Control (IIRC) in the UK and mass-rearing at IITA in
Nigeria, ground and aertal releases were made. Monitoring showed that. 3
years after the first release, L. lopezi could be found in 70% of all cassava
fields in south Nigeria. In 1985 the initial program was expanded into the
Africa-wide Biological Control Programme (ABCP). By 1990, the parasitoid
had become established in 25 countries where cassave is cultivated. There
biological control has become self-perpetuating following a single input.
and thus has shown the high benefit:cost ratio of 178 to 1. with a return
of over US$20 million over the 20) years since the mealybug was first found
in Zaire. National biological control programs and facilities had been
established in 19 countries by 1987. This was a necessary development,
since there were strong indications that the original stock liberated from
the IITA center in Benin might not be sufficiently widely adapted. Adapted
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individuals do, however, appear in areas where mass release has taken
place and these can be collected and mass-reared in national programs,

Cassava green mite (Mononychellus tanajoa) was also introduced acci-
dentally from South America, first into Uganda in 1971 and later to most
of the cassava belt in Africa. The spread appears to have been by aerial
dispersal and the movement of infested plant material. Attacked leaves
are deformed and become mottled and bronzed. ending in necrosis of stems
and leaves downwards from the top of the plant. Cassava green mite is a
less serious pest than the mealybug, but still can cause severe yield losses
of tubers in susceptible cassava varieties. No satisfactory biological control
has yet been found with the potential agents that have heen introduced
and released. Recently, most interest has become centered on predatory
Phytoseiid mites, which can maintain control at lower pest densities of
the green mite than can other predators.

Breeding for plant resistance against cassava mosaic virus was achieved
by Nigerian researchers long before either mealybug or green mite had
been introduced ito Africa. One such ‘old” resistant cassava clone
(No. 58308) has been crossed with local cultivars and even a different
cassava species, These new clones have maintained their resistance to the
virus under different environmental conditions over the past 10 years.

Progress with resistance breeding to bactertal blight has not vet reached
the stage of cultivar release,

Sources of plant resistance to the mealybug and green mite have been
located in IITA breeding materials; with both pests resistance is associated
with hair density on both leaf surfaces, the petioles and the stem tips.
Small-scale cassava growers are willing to replace the older varicties with
new resistant ones; where [TTA distributed these varieties, about 90%, of
the surveyed villages planted them.

There are also cultural practices for the control of pests of cassava.
Initially, selection of healthy planting material is very important. particu-
larly with regard to virus and bacterial discase. Basal stem cuttings from
12-18-month-old plants give {astest growth and highest yields. Yields can
be further improved by supply of nutrients through mulches or fertilizer
and the use of nontillage systems. All these improvements also give the
plants better recovery from insect atlack. Intercropping would be expected
to reduce the risk of insect or mite infestation, but no data are available.

However. without doubt the most important cultural crop protection
measure is weeding. Unfortunately this is time-consuming. It has to be
carried out 2-3 times per growing season. vet is essential to prevent weed
competition drastically reducing yicld. Labor is lacking on the farm at
peak cullivation periods, so root crops tend to be given a low priority.
Herbicides are becoming increasingly used in Alrican agriculture, and not
just by the large-scale cash-crop growers. Small-scale farmers are finding
that herbicides may be cheaper than the labor for manual weeding. An
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integrated weed management system could combine low rates of pre-
emergence herbicides with low-growing intercrops like melon under
rapidly branching cassava cultivars that quickly shade the ground.

Rice, with special reference to Burkine Faso wid Madagascar

Rice is cultivated in many parts of Africa, either under rainfed or irrigated
conditions, and mostly by small-scale farmers. Its importance has in-
creased due to a change in people’s attitudes and eating habits, particularly
in those African countries in receipt of large amounts of rice as food aid
during emergencies such as periods of drought. Both the cullivation
pattern and pest complex vary over the continent, with the different
ccological conditions (e.g. dry land, swamp or irrigation) under which the
rice is grown.

However, some serious problems are common to almost all the rice-
growing areas (Hill and Waller, 19&8). These include the lepidopterous
stem borers in the genera Maliarpha and Chilo, rice blast (Pyricularia orgyzae)
and weeds. There are also bugs, gall midges, leaf-mining beetles. case-
worms and armyworms, besides some serious diseases (brown spot, sheath
blight, bacterial leaf blight) caused by fungi and bacteria. Crabs are serious
pests in mango swamp rice in West Africa.

Two well-defined projects to introduce IPM in rice in Africa will be
described here. One is the program ‘Rational Pest Control in Trrigated Rice
in Vallee du Kou. Burkino Faso'. which has been supported by the Dutch
government since 1985 (Meerman, 199 1a}). The other is "'IPM in [rrigated
Rice in the Lac Alaotra Basin, Madagascar', supported by Switzerland
since 1984 (Yahner, 1991).

Burkina Faso

The Vallee du Kou accounts for 25% of the total arca of rice in Burkina
Faso. Rice-growing here was started in the 1970s with Chinese assistance.
Initial high yields then dropped dramatically in 1983 due to disintegration
both of the irrigation system and the farmers’ cooperative, and also
because of problems with soil fertility.

The tollowing new program has increased yields again by reorganiza-
tion of the cooperative, restoration of the irrigation system. recovery of
soil fertility and implementation of [PM.

The previcus rice varicty, which had become susceptible to rice blast
with the appearance of a new physiological race of the disease, was
replaced with resistant varicties developed at the West African Rice
Development Association {WARDA) and other rescarch stations
{(WARDA, 1990).

Specific weeding of Echinochloa spp.. alternative hosts of Chile borers,
was introduced with fines for failure to remove the weed. Synchronized
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cropping was introduced to prevent a build-up of pest and disease
organisms. The rice caseworm (Nymphula depunctalisy was effectively
controlled by draining the paddies for 3 days. since the floating larvae
cannot survive without water.

Chemical control had been 2-3 calendar-based sprays of pyrethroids.
available through the cooperative, per season. Farmers were charged for
the applications whether they used them or not. This was inappropriate
as pest artack varies considerably between seasons; moreover, the health
hazards were high since irrigation water was used for human consump-
tion and lishing. A more rational use of insecticides to control stem borer
was developed based on weekly monitoring by trained farmers and
thresholds, This resulted in a 50% drop in insecticide use and net profit
increases of around 10%. Farmers were highly motivated to adopt the
new system. Incidence of pests and diseases in Vallee du Kou is now less
than in other irrigated rice schemes in the country,

In West Africa as a whole, WARDA programs are promoting repeated
tillage integrated with herbicide application (sometimes supplemented by
manual weeding). These programs have eliminated problems with
Luphorbia heterophylla, one of the most difficult weeds of upland rice.
Annual weeds in irrigated systems can be shaded out with a layer of the
free-floating pleridophyte Azolla, often also valued as a supplier of nitrogen.
WARDA rescarch teams are also developing resistant varieties, and
biological and cultural measures. with the aim of developing IPM against
blast, stem borers and [and crabs.

Madagascar

The Lac Alaotra Basin, covering 60 000 ha cultivated by smallholders,
was targeted by the government for a project to increase rice production
by reducing the 30% losses from while rice stem borer (Maliarpha
seperatella). Aerially applied chemical control was used in 1982-83, but
was halted in recognition of inadequate basic information on its appro-
priateness or how to evaluate its efficacy. It was feared that a purely
chemical approach could threaten the ecology of the rice ecosvstem.
Instcad. a rescarch and development project was initiated to assess the
economic importance of the rice pests and to identily future alternative
control methods (Zahner, 1991).

Weed control had previously been neglected, and mechanical or
chemical methods raised yvields by an average 20%, though irrigation was
a prerequisite to realizing this benefit.

Chemical control of stem borer was shown to have no economic
justification. No insecticide could be found that was both effective and
acceptable [rom a toxicological and environmental point of view. More-
over, the borers inside the stem are difficult to kill, It was decided to accept
losses of up te 30%. and the government ceased to provide free pesticide
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treatment of this pest. Farmers showed no interest in making their own
investment in such control.

The other important pest, the leaf-defoliating beetle Dicladispa gestroi,
has a high economic threshold because the plant can compensate for
damage. Also, without insecticide, parasitoids recovered to levels adequate
to keep the beetle below the threshold. It was therefore recommended that
insecticides should only be used against the beetle in the nursery, and not
in the open field. However, this recommendation may have to be recon-
sidered if the beetle is shown to be the vector of a new rice virus disease
that has appeared.

Monitoring for stem borer started in 1982-93. The methods have been
refined and developed into a full-scale scouting program, carried out by
the plant protection service at no cost to the farmer. A training program
is under way to transfer responsibility for scouting to the farmer.

Cotton, with special reference to the Sudan

Cotton is onc of the major cash crops in Africa, and is cultivated in most
parts of the continent, by both small- and large-scale farmers. In the Gegira
{Sudan), where cotton has been grown under irrigation since 1867, the
hectareage of the crop has increased substantially following the
completion of the Senna Dam in 1975.

Diseases and insect pests attack cotton throughout its growth cycle,
and have proved major obstacles to optimal vield. in Sudan, such yield
losses have been estimated to range between 40 and 63% (Fl Amin, El
Tigani and Amin, 1991},

Young cotton is severely affected by weed compeltition, especially when
soil fertility and moisture are low. Weeding must be adequate and on time,
Inter-row weeding should start about 2 wecks afier seedling emergence,
with the within-row weeds removed 1 weck later at the time of thinning.
Two or three more weedings are then required as the crop develops. With
increasing costs of mechanical weeding, the use of herbicides is becoming
more common. ’ ’ ’ ’

The major pests of cotton today reflect the history of the crop in Sudan.
Until the mid-1940s. leafhoppers were the only significant insect problem,
with most others controlled by cultural practices or legislative controls.

The cotton system was gradually changed from a three- to an eight-crop
rotation, to stop the build-up of bacterial blight. Farmers were required Lo
burn cotton residues, not to grow ratoon cotton and to exercise a close
season on some vegetable crops. These measures were 1o control shared
problems such as bacterial blight, leaf curl virus and pink and spiny
bollworm. Varieties resistant to bacterial blight and leaf curl virus were
introduced. as well as hairy-leaved varieties resistant to leathopper, but
unfortunately particularly susceptible to whitefly.
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Whitefly problems were thus aggravated, but other pests werc increased
by additional changes in cultural practices. Cultivation of cotton was
expanded into more humid areas with more scvere pest problems. Planting
of groundnut and sorghum increased and this, with the introduction of
earlier-fruiting cotton varieties, promoted bollworm in the early part of
the season. The introduction of cotton varicties that responded vigorously
to fertilizer led to increased use of the latter; this in turn stimulated whitelly
(p. 117) and aphids. Whitefly has remained the most serious cotton pest
in the Sudan. partly because the sticky honevdew (also produced by
aphids) on the lint decreases its market value by up to 20%. Elimination
of fodder crops from the rotation led to an extension of the growing season
to the benefit of pests; it also removed al least one useful trap crop for
bollworm. Policing of closed seasons and phytosanitary measures relaxed,
enabling pest populations to build up the whole year round.

Because of this history, the major insect pests on cotton in Sudan today
are whitefly (Bemisia tabaci), bollworm (Heliothis armigera), leafhopper
{Empoasca Iybica) and aphids (Aphis gossypii). The important diseases are
wilt caused by Fusarium oxysporum and bacterial blight (Xanthomonas
malvacearum).

From the mid-1940s, use of chemicals (first DDT) increased vields
substantially, but led to the treadmill towards overuse without further yicld
increases. Over the 6() years between 1925 and 19835, average vields only
increased by about 15% (EI Aimin, El Tigani and Amin. 1991). However,
from 1945 to 1987 the number of sprays increased six- to nine-fold to reach
25% of production costs. The ‘package deal’ system, under which pesticide
manufacturers were contracted to control cotton pests on a guaranteed
vield basis at a fixed price per hectare, was abolished in 1981, This is
perhaps because it became evident that whitefly populations were higher
in areas taking purt in the scheme than in those outside it!

Spraying over so many years had a disastrous effect on populations of
natural enemies, Of 140 beneficial species recorded in the 1920s, only 40
could be found in cotion fields in the mid-1980s (Abdelrahman and Munir,
1989).

Returns from increasing pesticide inputs. that had become no longer
affordable in Sudan. were anyhow decreasing, A project entitled ‘Devel-
opment and Implementation of Integrated Pest Control for Cotton and
Rotational Food Crops in the Sudan' was therefore started in 1979. The
project was lunded by the Netherlands through FAQ. in partnership with
the TPM Unit of the Agricultural Research Corporation's Entomology
Department of the Sudan {(Abdelrahman and Munir, 1989; Schulten.
1989), Initially the project generated awareness of IPM., and carried out
research on developing varietics resistant to whitefly, as well as on basic
population dynamics of pests.

It became clear that there was danger in extrapolating the results of
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small-plot experiments. A second phase of the project therefore compared
sprayed and unsprayed plots of 40 ha. The results showed 10-20% lower
yields in the unsprayed plot. However, this reduction in yield was largely
compensated for by the saving on spraying costs as well as by the absence
of stickiness on the lint: natural biological control was holding whiteflies
and aphids at acceptable levels. This phase also included trials with
inundative releases of the egg parasitoid Trichogranima against bollworm.,

In the present third phase. large-scale experiments and demonstrations
arc being continued. Although economic thresholds have been used for
cotton in the Sudan since the 1930s. they have not been amended for
reduced insecticide use. An important step has therefore been to evaluate
new lower thresholds with the greater level of biological control now
occurring in the fields. Cultural and biological control are used as much
as possible, and recommendations for 'softer” pesticides. applied only when
needed, are being developed. Not only are more selective compounds being
tested, but alse more seleclive methods of using intrinsically broad-
spectrum compounds. Rotation of insecticides from different classes may
counteract secondary pest outbreaks and the development of resistance.
Also, biological control alternatives, such as more effective strains of the
pathogen Bacillus thuringiensis and of baculoviruses. arc actively being
sought {Sechser, 1989).

Training of researchers. ficld staft and farmers has been an important
part of the project. The large-scale trials have led to closer cooperation
with farmers. Interest and confidence in IPM for cotton in Sudan is
therefore increasing. As stated earlicr, Sudan is the only country in Africa
that has adopted 1PM as an official policy,

There is still, however, much additional scope for IPM. New varieties of
cotton highly resistant to whitefly have been bred, and should be used more
widely. Cultural control methods are also available to make an important
contribution to 1PM: some of these predate the use of insecticides and could
be resurrected. Deep ploughing can exposc resting stages ol several pests
inciuding Heliothis to unfavorable conditions or bury them. Sowing time
can be chosen to escape some pests, and removal of weeds that are hosts of
cotton pests is a further contribution to control. Proper fertilizer use
encourages the compensatory ability of plants, though cexcessive use can
promaote sucking insects. Trap plants such as Hibiscus are known to reduce
fiea beetle attack on cotton seedlings. and re-introduction of a rotation
{including a clean fallow) could reduce bollworm and whitefly,

The major constraints to JPM in cotton in Sudan are ones of manage-
ment, It is still yields, and not gross margins, which motivate the
Agricultural Production Corporation and crop protection field staff. Yield
is also the basis on which cotton-producing tenants are paid. Costs of
pesticides are not clearly separated from other inpuls in the accounts for
the tenants, who therefore do not realize how much they are paying for
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pest control. They therefore do not appreciate the value of cultural
measures. The project in Sudan. with its collaboration with tenants
through large field experiments. has started to overcome these difficulties.

Zimbabwe and Togo are facing similar problems in cotton to those in
the Sudan. but solutions have not progressed as far: the Sudan has a much
longer history of cotton as a major export crop. An approach {o 1PM is
gradually building up in the commercial farms in Zimbabwe. Monitoring
and scouting are well developed. but there is no real integration of
chemical control with biological and cultural methods.

In Togo, almost all farmers are smallholders. Research has provided
savings for farmers through reduced insecticide use. Baculovirus mixed
with low-dose pyrethroid has shown promising results. Efforts to promote
collaboration between cotton protection researchers are supported by the
World Bank,

Coffee, with special reference to Kenya

Seventy per cent of Kenyan coffee is produced by smallholders on an
average plot size of (0.5 ha. These smallholders have formed cooperatives,
and grow subsistence crops. The remaining production is from estates
varying in size from 4 to over 50 ha. Estates (vielding 8 70-1500 kg ha™)
greatly outyield the smallholders (average 600 kg ha™), though the more
advanced smailholders may achicve considerably higher than average
yields (Meerman, 1991b),

Yields are limited not only by pests and diseases, but also by poor canopy
management and low use of fertilizer.

Some 30 pests ol coffec are known in Kenya. The most important are
leaf miners (Leucoptera spp.}. several bugs and scales (e.g. the ‘fried egg’
scale, Aspidiotus, and the soft green scale. Coccus alpinag). defoliators
(especially loopers) and thrips. Since 1980 a previously rare indigenous
scale (Icerya pattersoni) has attained pest status on large coffee estates in
central Kenya. This new pest was not pesticide induced, but was probably
promoted by changing irrigation and fertilizer practices. However, use of
insecticides did exacerbate its outbreaks. The trial release of the coccinellid
Rodolia iceryae has shown that natural enemies can bring this scale under
control in areas where they have not been reduced by insecticides,

The coffee mealybug (Planococcus kenyae) was accidentally introduced
to Kenya from Uganda in the early 1920s, and successfuily controlled
with two Ugandan parasitoids. This biclogical control saved the Kenyvan
colfee industry US$10 million in 1935-58. 1t also enabled smallholders
to restart coffee culture, afler having been forced by the pest to abandon
the crop. That the parasitoids came from a neighboring country within
Alrica itself augers well for future biological control of major indigenous
pests in Africa,
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The principal coffee diseases are coflee berry disease (CBD. Colletotrichum
coffeanum), which attacks the ripening berrics, and coffec leaf rust (Hemilea
vastatrix}, which causes premature leaf fall and a reduction in flower
number. A further important disease is bacterial blight of coffee
(Pseudomonas syringae),

Most smailholders skimp on the fungicide recommendations of the
Coffee Research Foundation and apply the fungicide incorrectly. By
contrast, they apply 2-3 times more broad-spectrum insecticide than
recommended {see below).

The Kenva Coffee Research Foundation recommends an IPM approach
{Meerman, 1991b) involving Ruiru 11, which is a coffee variety possessing
high resistance to CBD and leaf rust. However. bean production by this
variety is limited and new high-vielding resistant varieties are really
required. Cultural practices include pruning, to reduce humidity and
therelore CBD, as well as reducing antestia bug (Antestiopsis spp.). Mulch-
ing reduces the number of thrips that successfully reach the soil for
pupation, but does allow pupation of leaf miners and. unfortunately.
increases their incidence.

The approach to spraying shows great variations. Some farmers use no
insecticides at all. and generally benefit from adequate control by natural
enemies except for short-lived leaf-miner outbreaks. Others, both small-
holders and estate farmers, spray using the threshold levels recommended
by the Coffee Research Foundation. Others, again mostly smallholders,
spray much more than recommended (in ignorance, spraying even against
natural enemics) and some large estates tolerate far less insect damage
than the recommended thresholds. This overuse of insecticides leads to
outbreaks of secondary pests and to an increasing economic burden, since
pesticides have doubled in price.

The recommended thresholds for both pests and diseases really need
revision and another urgent need is proper training materials for all
farmers, but especially for the smallholders wha grow so much of Kenya's
coffee.

Livestock and tsetse fly

Tsetse flics (Glossina spp.) are the principal vectors of trypanosomiasis
(known as ‘magana’) of livestock. The discase is caused by protozoan
parasites { Trypanosoma spp.) and is the most important discase of cattle in
East, West and South Africa.

Since the beginning of this century. there have been major efforts o
combat tsetse and the discase. Livestock have been moved out of tsetse-
infested arcus. bush has been cleared to try lo create environments
unsuitable for tsetse, and wildlife thought to act as disease reservoirs have
been killed. In addition. frequent chemical applications have been made
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against tsetse, and livestock have been treated with chemical drugs
(Odhiambo. 1990).

Some control has been effected thercby. but usually only for short
periods. particularly since tsetse will reinvade cleared areas. The efforts
have been costly and have not been sustainable, neither for the people
nor for governments. It has been clear for some time that other control
approaches, which are more economic and of less risk to the environment,
are required.

Although chemical control programs are still used, efforts have been
dirccted to identifying races of cattle tolerant to the trypanosome. The
African Trypanotolerant Livestock Network illustrates these etforts, based
on cattle in the Gambia (the small N'Dama breed) tolerant to trypanoso-
miasis (ILRAD, 1988 ILCA. 1989}, This breed appears to producc more
milk than previously thought (Agvemang et al., 1991} and is a candidate
for livestock development in Africa. There is the potential to use crosses
between (tryptotolerant breeds in areas with a high trypanosome
challenge. Units of the network are also studying the relationship between
nutrition and the disease. since well-fed animals are better able to
withstand the disease than poorly fed ones.

Trapping of isetse to reduce tsetse numbers gan with ICIPE's Tsetse
Research Programme in the mid-1970s, and the technique is now used
in several countries (Odhiambo, 1990: Shereni, 199()). The biconical
trap developed at ICIPE (Figure 6.5) is covered with blue cloth. Baits of
cow urine proved very effective in a pilot project at Nguruman in the
Rift Valley, Kenya, and resulted in reasonably long-lasting suppression
of the tsetse population. The trap is now often known as the NGl trap,
from the first three letters of the location, The Masail were very satisfied
that animals did not need pharmaceuticals. The pilot project showed
that trapping could form the basis for an IPM strategy for tseise controf,
on a sustainable basis and with community participation (Odhiambo,
1990).

Also since the mid-1970s, the sterile-male technique has been tried
(p. 132}, After irradiation of pupae. sterile males are released in a number
much greater than the number of wild males in the locality. However,
this technique has not achicved the same success as trapping.

An integrated approach to tsetsc control should benefit all partners
in the community. Cattle herding communitics have to accept a reduc-
tion in stocking levels to the carrying capacity of the land. so that the
animals remain well fed. Many scieniists feel that trying to eradicate
species of tsetse and trypanosomes from Africa is both expensive and
not leasible. It would be more sensible to live with the vector by using
methods such as trapping in small-scale control campaigns involving
also tryptotolerant breeds of livestock and some chemical prophylaxis
(Hardouin, 1987}
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Figure 6.5 The ICIPE biconical tsetse trap.

South America

The subcontinent of South America comprises 12 independent countries
and two European colonies. It is a diverse region, running from tropical
lowland in the north (from 13° N) to the temperate tip at 55° S. East to
west differences are mainly a consequence of altitude. The east is more
uniform and rarely rises to above 1000 m above sea-level. The west ranges
from a coastal Mediterranean type of climate to the cold inland on the
Andes mountain chain, where altitudes can exceed 6000 m. The total
area of the subcontinent, at 17.8 million km’, is about twice that of the
USA or about 12% of the world land area. Roughly 47% is occupied by
one country, Brazil.

There is a problem in South America in trying to assess the amount of
arable land. Little is known about areas with low or no habitation.
However, it is estimated that only about 5% of the total area is cultivated,
whereas 20% is used for livestock production. Ninety per cent of the total
area could probably be used for either purpose.

Parts of this large subcontinent provide a large proportion of the world's
needs of some important foods. There is considerable untapped potential
for increasing this contribution of South America in the world agricultural
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market. especially in relation to crops particularly well adapted {o the
region. IPM will have a major role Lo play in allowing the full potential
of each crop to be realized without endangering the natural yield capacity
of the corresponding ecosystems.

The rural population of South America ranges from 14% of the total
population in Argentina to about 53% in Brazil. Income from agricultural
activities varies from 9% of gross income in Bragzil to over 27% in Paraguay
(TICA, 1991). In the subcontinent, there is considerable cultural diversity,
resulling from an influx of people of many diflerent origins. These people
domesticated important indigenous crop plants adapted to the abiotic
factors in their region, and imported other crops suitable for the local
conditions from around the world. Many of the indigenous crops are now
grown world-wide.

Easy communications and the cfforts of international organizations
have led agricultural development in many South American countries (o
follow a similar pattern. This has been prompted by the need to feed a
growing population and to comply with repayment of foreign debits.

The principal cash crops grown are coffee, maize, wheat, soybean, sugar
cane, cotton and fruit. Cattle, goats and sheep are also important in most
countries. Until recently. cotfee was by far the most important crop for at
least two countries, Brazil and Colombia. However, low international
priccs have recently reduced the importance of this commodity
significantly.

The formation of regional commercial groups of countries is an
important development that is leading to considerable changes. particu-
larly in the relative importance in different parts of South America of
dilferent crops and livestock. With custom tariffs between the members of
cach group progressively decreasing, competition will alter the spatial and
temporsl distribution of crops and livestock. Similar changes have oc-
curred in other parts of the world where such trading groups of nations
have been formed.

The first trading group. the Andean Pact involving Bolivia, Colombia.
Ecuador. Peru and Venerzucla, formed a free commerce zone in 1992
leading to unified customs from 1993 onwards. The second group,
Mercosul. involves Argentina, Brazil, Paraguay and Uruguay, and is due
to start operating in January 1995, The formation of these groups should
lead to increased demand for better quality agricultural products, includ-
ing ones with lower pesticide residues or even Iree of chemicals, IPM is
therefore bound to play an important role in the development of these
trading groups.

Access to international markets, financial realities and development of
infrastructure are among the more important variations between the
countries that have resulted in an uneven adoption of modern technology.
All countries have, to differing degrees, adopted the use of machinery and
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chemical inputs, especially for products for export. However, most coun-
tries have areas where agriculture is solely for subsistence and where
cultural practices have remained unchanged for many years.

Considerable degradation of naturai resources has resulted from both
high- and low-input farming. leading to unsustainable situations. Of
particular note is the recent widespread cultivation of soybean in southern
South America. This immediately resulted in increased deforestation and
soil erosion and had other undesirable consequences. Also, cultivation
svstems in general have become more intensive, and virtually zero pest
levels are required for exported crops such as fruit. These factors have led
to undesirable environmental pollution in Chile, Argentina and southern
Brazil. Such developments in agriculture, once thought to be inevitable,
are now being questioned by the public. In turn, this has influenced the
way local governments direct agricultural development and take more
account ofthe need to conserve natural resources, The impact of the recent
United Nations sponsored meeting in Rio de Janeiro cannot be over-
emphasized, especially on those working professionally in agricultural
research and development. Local radio and television frequently present
the need for environmental conservation to a large part of the population.
However, little of all this reaches the largely illiterate rural population,
most of whom struggle to survive and therefore often overexploit the local
natural resources. Unfortunately, very few reliable data exist in the region
regarding  pollution and contamination levels and their effects on
important biological processes.

The use of pesticides in South America has been considerable. The
amounts used in different countries have been very variable depending
on country size, types of crops grown and access 1o international markets.
Festicide sales more than doubled in the subcontinent between 1976 and
1980 {IRL. 1981). They now correspond to about 10% of the world
market, with Brazil accounting for about hall of the pesticide used in Latin
America.

Unofficial movement of pesticides across borders makes the picture in
some countries far from clear. [n Bolivia (SEMTA, 1990). where pesticides
Lave been used since the 1960s (coinciding with massive colonization of
the Bolivian tropics after the Agrarian Reform), usage jumped from less
than 200 to over 1300 tons, almost all as chlorinated hydrocarbons. In
1988 the official total of imported agrochemicals (mainly pesticides) was
cver 5600 tons (SEMTA. 1990). The extensive cultivation of soyabean in
the past few years will probably have meant a considerable recent increase
in the amount of pesticide used,.

Pesticide use in Peru has shown only a very slight increase in the past
cecade. rising from 1700 tons of active ingredient in 1981 to 2100 tons
in 1991 (G. Diaz. personal communication. 1992).

Until recently, Brazil was the fifth largest pesticide consumer in the
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Figure 6.6 Total pesticide use in Brazil, 1970-9¢) {data of Alves, A.. Ciéncia (Sao Paulo),
4(22), 1986 and the Associagdo Nacional de Defensivos Agricolas, Sao Pauwlo).

world after the USA, Russia and the other members of the old Soviet bloc.
France and Japan. Brazil has always been considered the largest potential
world market {or pesticides because of its large size and the importance of
agriculture in its economy. However, the progression of pesticide use has
changed dramatically in the past 200 vears. While the economy was
booming up to the early 1970s, annual pesticide use rose steeply
(Figure 6.6). During the 19 70s use remained high because of the incentive
of government credits and subsidies. A period of cconomic crisis in the
early 1980s caused a drop of about 50%. Since then a slight increase has
occurred, but the level of use has tended to platcau out. However, recent
changes in use have been very different for dilferent groups of
agrochemicals. The use of insecticides and fungicides has decreased in
Brazil since 1986 {Figure 6.7). probably because of increased environ-
mental consciousness, reduced subsidies and economic pressures on
growers. The result has been the appearance of new alternative options.
These have involved more limited use of chemicals or their replacement
by other forms of pest control, including the development of resistant
varieties and biological control (Flores. da Sa and de Moraes, 1992). Use
of herbicides, however, has been increasing in Brazil for economic reasons.
Labor for weeding has become expensive: moreover, there is a scarcity of
workers in areas of agricultural expansion. This scarcity has been aggra-
vated by ncw rural labor laws and social changes in Brazil that have led
to a rural exodus since the 1970s. Soybean. fruit, sugar cane, wheat,
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Figure 6.7 Use of main classes of pesticides in Brazif, 1970 96 (data of Alves, A, Ciéneia
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coffee and cotton are, in decreasing order. the crops with the largest
demand for pesticide in Brazil (Thomas, 1988).

In Argentina. usce of all three classes of pesticide has remained at the
same level since 1987 (Figure 6.8).

In Colombia. pesticide sales have increased slightly in the past 15
vears {Bellotti, Cardona and Lapointe, 199(}). Insecticide sales accounted
for about 60% ol total sales in the 1970s and peaked at 15 Q00 tons of
ective ingredient in 197 7. Sales of insecticide have since then decreased
cramatically to only 20% of that peak following implementation of [PM
with emphasis on biological control. This decrcase in insccticide sales
has, however. corresponded with increased sales of fungicides and
herbicides.

Cotton is often regarded as the crop with the heaviest use of pesticide,
but recent successful IPM programs have greatly reduced the demand in
several countries in South America for cotton insecticides (Bellotti,
Cardona and Lapointe, 1990}, Today. soybean receives the largest
amount of insecticide on the subcontinent, Large monocultures, especially
of soybean, rice and sugar cane in Brazil, Argentina and Colombia. have
resulted in increasing use of herbicides.

The Mercosul trade agreement referred to carlier will influence use of
pesticide in the countries it involves, National regulations on registration
and use of pesticides and biological products will have to be unified. It can
be expected that the stricter national laws will be adopted by the whole
region; in some couniries, persistent organochlorines and organo-
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Figure 6.8 Use of pesticide (formiated products) in Argentivur, 198 7-90 (data from the
Camura de Sanidad Agropecuaria iy Fertilizantes. 1990, Boletin Infomativo CASAFE).

mercurials are still permitted. but are likely te be banned, or at least
controlled very closely, under Mercosul,

In most South American countries, national research institutions
generally dominate the development and implementation of IPM. Mostly
they are large organizations with national mandates. Their involvement
is indispensable given the ccological framework of [PM.

In those countries that have given most attention to agricultural
rescarch, a major role is being played by agricultural colleges, universities
and other local government institutions. Thus in Brazil, several state
univearsities have been actively engaged in 1PM; the University of the State
of Sac Paulo at Jaboticabal is the leading such institution. An Integrated
Pest Managemenlt Center is attached to its campus. This center has been
working mainly on 1PM in cotton and citrus, and has played a major part
in the implementation of IPM at the grower level (Gravena, Pazini and
Fernandes, 1987},

Nongovernment organizations, including private companies, have
played a progressively increasing role in the implemeniation of lower-input
technology, including 1PM. For example. the number of private labora-
tories in South America producing biological control agents has increased
greatly in the past few years. Thus over 20 private laboratories produce
parasitoids {especially Trichograntma) commercially in Colombia, and these
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are both sold internally and exported. These developments have been such
that the Colombian government has established quality control rules
through the Colombian Agricultural Institute (ICA} for the organisms
produced (Garcia, 1990). In addition. most sugar mills maintain a
sarasitoid production facility for biological control of sugar-cane borer.
Another important development is the laboratory production of Diglyphus
Yegini, 4 parasitoid for use against leal miners on various crops.

A few laboratories producing natural enemies are also found in Brazil.
The oldest ones produced the fungus Metarhiziton anisopliae for use against
slanthoppers in sugar cane. The parasitoid Cotesia flavipes is produced in
most Brazilian sugar mills for the control of sugar-cane borer, For tomatoes
‘n the north-cast of Brazil, Trichogramma production is very important for
control of leaf miner and fruit borer on thousands of hectares. Also in
large-scale production is Baculovirus anticarsia against velvet bean cater-
pillar on soybean. Until recently this virus was only produced by the
Brazilian Agricultural Research Corporation (Empresa Brasiliera de
Pesquisa Agropecuarta |[EMBRAPAY]) at its Centro Nacional de Pesquisa
de Soja (CNPSo), but now four private companics produce the pathogen
commercially by the same production methods. This is a good example of
technology transfer from the public to the private sector: in this case,
EMBRAPA reccives royalties.

In Peru there are currently 23 laboratories that mass produce natural
enemies, including native Trichogranmma spp. among other parasitoids,
predators and pathogens for field release.

Twelve commercial producers of beneficials operate in Venezuels to sell
Trichogramma sp., Telonemus renmus, Bracon sp., Metagonistylwm minense,
Metarhizium anisopliae, Beauveria bassiana and Nomuraea rileyi. One of these
producers is attached to a growers' organization (Linares, 1990),

In Paraguay, growers cooperatives are currently producing large
cuantities of B. anticarsia {or use on sovbean.

Many other examples of mass production of natural enemies for
research or experimental trials could be cited: what is clear is that South
America is extremely progressive in commercializing biological control
cgents and has a strong commitment to this approach to pest control.

Case studies
Loybean

Soybean cultivation has increased markedly in the past 30 years in
southern Brazil, Argentina. Paraguay and Bolivia. Today, over 6 million
Fa are devoted to this crop in South America. It is used locally for the
rroduction of cooking oil; also the raw beans are exported.

In Brazil, commercial soybecan production started in the carly 1950s.
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The crop is now grown on more than 8 million ha spread over both tropical
and subtropical regions. Soybcan exports account for nearly 30% of
Brazilian agricultural exports.

Pest conirol is a major expenditure on this crop in Brazil, with each
spraying representing about 10% of total production costs {Roessing,
1984). The main pests in Brazil are the velvet bean caterpillar (Anticarsia
gemmatalis), which accounts for most of the insecticide used, and the
stink-bug complex (Nezara viridula, Piezodorus guildinii and Euschistus
heros). sucking the pods and seeds.

An 1PM program was developed in response to overuse of insecticides.
It was based on monitoring both pest and beneficial populations by
counting insects knocked on to a cloth placed underneath the sovbean
plants. The program then involves the combined use (Iles and Sweetmore,
1991y of the following: early maturing varieties to avoid stink-bug
damage: trap crops for stink bugs: early planting to avoid thrips. which
vector virus diseases; soil management to reduce soil-borne lungal dis-
eases: adequate tillage of the soil to reduce pests in the soil: use of varieties
resistant to stink bugs. foliar discases and nematodes: use of selected
insecticides recommended by a design committee; and. for A, gennmatalis,
the use of the nuclear polyhedrosis virus, Baculovirus anticarsia.

About 40% of soybean furmers have adopted this program. It has saved
over US$ 200 million annually from reduced costs of pesticide, labor,
machinery and fuel (lles and Sweetmore, 19911,

The key to the program is the use of the B, anticarsia virus against the
velvet bean caterpillar. This virus was identified in 1971 as an eifective
mortality factor and, as mentioned earlier. was initially mass produced by
EMBRAPA/CNPSo. At present. nearly one million hectares of soybeans
are spraycd annually with the virus (Moscardi and Sosa-Gomez, 1992).
About 3 million ha have been treated since the beginning of the program
in 1983: the savings are estimated at US$30 million. With the im-
plementation of the IPM program. the use of insecticide has been com-
pletely abundoned in some areas. In most others, applications have been
reduced to only one or two applications per vear (Dossa, Avila and Contini,
19871, This compares with five annual applications in the early 1970s.

The success of this program revolves around the financial savings
growers have achieved: most of them are high-income farmers. 1t involved
a dramatic improvement in skills, with over 500 courses given in TPM,
including insect recognition and the importance of natural enemies.
Information on IPM technology was also provided by the extension
services through weekly TV presentations, and thesc were an important
element in the success of the program. Recently. there has been a
development in the soybean IPM program in Brazl that has already
resulted in a further reduction in the use of insecticide. This is the use of
a parasitoid (Trissolcus basalis) on the eggs of stink bugs.
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In Argentina the pest complex on soybean is similar to that in Brazil
{defoliating caterpillars and stink bugs}, and an [PM program was initiated
in 1984. The major focus was on reintroduction as well as conservation
of indigenous natural enemies. Implementation of the program reduced
insecticide treatments per season from 2-3 to an average of only (0.3. In
north-west Argentina, this corresponds to an annual saving of US$1.2
million.

In Colembia, research by ICA has shown that the major soybcan pests
(A gemmatalis, Omiodes indicata and Semiothisa abydata) are significantly
attacked by indigenous Trichogramma species. These, if occasionally sup-
plemented by timely releases of laboratory-reared stock. can keep these
pests below the economic threshold. Adoption of this practice has reduced
the cost of pesticides to only 10-20% of what it was when there was total
reliance on chemicals for pest control (Garcia, 199{)).

Efforts to implement a soybean IPM program in Paraguay began in
1982 with international technical cooperation with Brazil. Today this
program represents one of the most spectacular examples of the adoption
of IPM technology. The key element was the control of velvet bean
caterpillar, the most important soybean pest in Paraguay as well as in
Brazil. by using Baculovirus anticarsia. This measure was adopted by the
cooperative ‘Colonia [nidas’ in 1983 and in 1988-89 the cooperative
used the virus on almost 19 000 ha. This reduced the number of
insecticide applications by more than half without significant yield loss.
and the cost of the virus treatment was only one-eighth of insecticide
costs, The resulting saving was US$416 000. By the following year. the
cooperative aimed to use the virus on half its soybean hectareage
(35 000 haj.

Sugar cane

Sugar cane is a very important crop in tropical and subtropical parts of
eastern South Amcrica. Here it has been used especially for alcohol
production as well as for sugar. Throughout the subcontinent. the
sugar-cane borer (Diatraea saccharalis) is the most serious pest of this
crop.

In Brazil., where nearly 4 million ha of sugar cane are grown, annual
losses caused by the borer have been more than US$100 million (Macedo
and Bothelo. 1986). Nevertheless. insecticide is not used; instead, a
successful biological program based on releases of parasitoids has been
developed. The most effective such parasitoid is Cotesia flavipes. which
has been mass produced and released in the field against the borer since
19735, Currently more than 30 laboratories produce . flavipes in
southern Brazil. The result between 19735 and 1990 has been a
reduction in attacked sugar-cane internodes from 6.6 to 3.7%. Another
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serious pest of sugar cane in North-East Brazil is the sugar-cane hopper.
Mahanarva posticata. The fungus Metarhizium anisoplige has been used
as a successlul control measure for almost 20 years. Since 1975 many
sugar mills in Pernambuco $tate have produced their own Metarrhiziton,
Between 1970 and 1991, some 38 000 kg of conidia were produced by
the Instituto do Acucar e Alcool (IAA) at Planalsucar. the State of
Pernambuco Agricultural Research Institute {IPA} and private labora-
tories (Marques, 1992). This amount was suflicient to spray the fungus
over 470 000 ha. From 1977 to 1987 this program reduced hopper
infestation by 72%, and contributed to drasticallv decreased use of
insccticides. Between 1985 and 1987 only 12000 hayr' required
insecticide treatment, representing less than 10% of the area treated in
1971. The most recent figure is that the Metarhizium program now
extends to 130 000 ha.

In the Valle del Cauca in Colombia, chemical control of pests in sugar
cane has been completely replaced by an 1PM program. This is based on
periodic releases of parasitoids for control of sugar-cane borer. which is
again the key pest. The parasiloids are: Trichogranima pretiosum against
the cggs. the larval parasitoid tachinids Parathesia claripalpis and
Metagonistylum minense, as well as the braconid Celesia flavipes. These are
all produced by the sugar mills themselves for use in their own cane fields.
Borer infestation dropped from 1(1.6 to 2.9% between 1972 and 1985,
despite increased planting of susceptible varieties {Escobar, 1986). Since
1976 the economic threshold has not been exceeded.

In Venezuela, as well as sugar-cane borer, the froghopper Aeneolamia
varia is an important pest. Both insects have been controlled by an 1PM
program for over 5 years. The borer has been controlled by release of the
introduced  parasitoids  Metagonistylum  minense  and  Cflavipes.
Metagonistylum mimense alone reduced damage by 50% before the intro-
duction of Cotesia (Clausen, 1978). The froghopper has been controlled
by periodic sprays of Metarhizium anisopliae in combination with weed
control and post-harvest destruction of crop residues by burning. However.,
occasional pesticide applications remain necessary. In spite of its short
history, this IPM program is already used on about 50 000 ha of sugar
cane in Venezuela.

Laboratory mass rearing of natural enemies in Peru against crop pests
was initiated by the Sugar Cane Grower Commiltee, Trichogrammua
mirtutum was produced in farge numbers and gave excellent results against
cang borer. This had considerable influence on several other South
Ametrican countries. Since 1960, the Center for Introduction and Produc-
tion of Beneficial Insects (CICIU) in Peru has promoted the development
of laboratory facilitics for multiplying natural enemies for use in sugar
cane and several other crops. This has had considerable benefits to local
growers (Beingolea, 19901,



210 PEST MANAGEMENT IN DEVELOPING COUNTRIES

Wheat

Wheat has long been an important crop in Argentina, which historically
has supplied much ol the international wheat market. Chile has also been
an important wheat producer. although only [or internal consumption.,
and wheat cultivation has recently expanded considerably in Brazil (see
below).

In 1972, the aphids Sitobion avenae and Metopolophium dirhodum were
detected on wheat in Chile. Insecticide was applied from the air on over
120 000 ha. In 1976, the Chilean National Institute for Agricultural
Research (INIA), together with FAO, initiated an 1PM program for wheat
(Altieri et al., 1989). Several natural enemies were introduced against the
aphids; five were predators brought in from South Africa, Canada and
[srael, and nine were species of parasiteids from Lurope. California, Isracl
and Iran (Zuniga. 1986), More than 300 000 coccinellids (in 1975} and
more than 4 million parasitoids (from 1976 to 19811 were released in
wheat fields. These introduced agents now keep the aphid populations
below the economic threshold (Zuniga. 1986).

Brazil was a major wheat importer {for many vears. However, because
of government incentives and subsidies and the development of climati-
cally adapted wheat varieties. the area of wheat cultivation has been
expanded towards lower latitudes in Brazil. Again, introduced aphids have
been the major pest problem. EMBRAPA, with the National Wheat
Research Center {CNPT), initiated an IPM program in 1978 based mostly
on natural ¢nemy introductions from overseas. About 3.8 million
parasiteids were released throughout the wheat-growing arcas in the
States of Rio Grande do Sul, Parana and Santa Catarina (Gassen and
Tambasco. 1983). Whereas until 1977 almost all growers relied on
insecticides for pest control. only 6% were still using them in 1982, As a
result of the program. 1 million liters less of insccticide were used in the
State of Rio Grande do Sul. and 1.6 million liters less in Parana State in
1989 than in 1977. The saving was more than US$15 million.

Cotton

Cotton is an important crop in many South American countries, though
it has become less so in Brazil since the boll weevil (Anthononnis grandis)
was accidentally introduced in 198 3. Nevertheless, Brazil continues to be
the largest cotton producer in South America and the sixth largest in the
world. Traditionally, cotton is one of the crops accounting for the largest
amounts of pesticide world-wide, and cotion in Brazil has been no
exception. Until recently, up to 40 sprays per year were applied against
the two key caterpillar pests, tobacco budworm (Heliothis virescens) and
cotton leatworm (Alabama argillaceay.

The first important TPM program for cotton in Brazil started in 1979,
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It followed from the participalion of research entomologists, extension
agents and farmers in the First Brazilian Meeting on Cotton Pest Control
{(Ramalha., 1994).

An economic assessment of IPM in cotton showed that pesticide use
could be reduced by half, achieving a 38% reduction in costs. However,
the early IPM programs then had to be revised lollowing the appearance
of boll weevil. The one or two inseclicide treatments required in the
previous [IPM recomumendations had to be increased to four or five, Today's
IPM involves the following compaonents:

1. Use of rapid fruiting and early maturing varieties, particularly for boll
weevil control; such varieties also escape heavy mid- to late-season
pest populations.

2. Biological control with parasitoids and predators. but particularly
exploiting naturally occurring insect discases together with com-
mercial microbial insecticides.

3. Uniform planting dates across a region with a synchronized cotton-
free period.

4. Destruction of infested squares. bolls and alternate hosts: also early
and synchronized stalk destruction after harvest.

5. Use of trap crops.

6. Crop rotation.

7. Control of boll weevil larvac by providing high soil temperature and
low soil humidity during the growing season.

8. Judicious use ol chemicals after monitoring for both pests and natural
encmies in relation to cconomic thresholds: dose reduction and use
of selective pesticides is recommended.

About 70% of cotton [armers in the main Brazilian cotton-growing State,
Sao Paulo, apply the basic principles of IPM (Ramalho, 1994). However.
mosl farmers do not scout their ftelds nor use economic thresholds as the
basis for decisions on spraying: thercfore much more extension cffort is
necessary. An important constraint on full IPM is that cotton is one of the
most traditional Brazilian crops cultivated by very conservative farmers.
Heliothis virescens is also the main cotion pest in Colombia, where it is
also important on several other crops. Cotton IPM in Colombia has centered
on periodic releases of the commercially produced egg parasitoid
Trichogramma pretiosum. Other IPM methods include post-harvest stalk
destruction, a restriction of the permitied planting period and no use of
insecticide for the first 70-80) days after planting, This program has greatly
reduced pesticide applications on cotton. ICA reported that spraying fre-
quency decreased from 20 to only two or three per year. Control costs are
now only 3.5% of those when chemicals were the routine method (Garcia,
1990, A survey in Valle del Cauca in 1988 indicated that IPM was used
in practically all cotton fields (26 000 ha). In one municipality (Zarzal)
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alone, with over 6000 ha of cotton fields. the number of sprays dropped
[rom 20to 12in 1974-75,thento 1.2 in 1981 and to (0.8 in 1984.

Colombia has found that considerable ecological benefits have accrued
from such reductions in spraying. Several species previously considered
primary pests have diminished to secondary importance. However, the
appearance of boll weevil in Valle del Cauca in April 1992 is a new
challenge to the IPM program that will require modification of existing
practices.

Boll weevil has also recently appeared in Paraguay. This country will
similarly have to review its IPM strategy in the light of the large amounts
of insccticide normally used to control this pest. Up to now, few annual
insecticide applications have been neceded on cotton because of the
effectiveness of indigenous natural enemies. Normally only two treatments
have been necessary.

Cotton in Peru is famous (or infamous) for the much-quoted Canete
Valley as an example of the ‘pesticide syndrome’. The ‘disaster’ phase was
reached in the 1950s and was solved by what today would be called an
IPM program, based on a package of legally enforced measures (p, 42).
Yet ironically integration of cultural, biclogical. legal and chemical control
for cotton had already been proposed in Peru as early as 1934,

In Venezuela the main pests of cotton are boll weevil. and the
Lepidoptera Sacadodes pyralis. Heliothis sp. and Spodoptera sp. [PM consists
in some cultural measures icontrol of alternative weed hosts. destruction
of dropped squares and flowers as well as a restricted planting period),
releases of parasitoids (Trichogranmma, Telonenmus remus and Bracon) and
judicious use of insecticide against the boll weevil (Linares, 1990).
Although this program is commonly used in Venezucla, no figures are
available on its impact or the resulting savings.

Citrus

Citrus production in Brazil is concentrated especially in Sao Paulo State.
Here, the area planted. almost 1 million ha, corresponds to about 80% of
national citrus production (Peilegrini, 1990).

The most important pests are two species of mite, Brevipalpus phoenicis,
which vectors the ‘leprosis’ virus. and the citrus rust mite. Phyllocoptruta
oleivora. Other well-known citrus pests such as scale insects and fruit flies
are widespread in occurrence, but only of local importance, IPM is based
on economic thresholds for insecticide and acaricide sprays, with mainte-
nance ol weeds between the citrus rows. The latter measure provides
refugiae for natural encmies. This program requires careful and frequent
scouting, and the IPM Center at the University of Sao Pauio has provided
considerable assistance to growers since 1986.

Twenty annual pesticide applications on citrus were normal in Brazil



SOUTH AMERICA 213

in the 1970s. In 170 orchards surveyed recently (S. Gravena. personal
comminucation, 1992}, the average number of annual sprays had fallen
to 4.6. A further fall can be expected as more growers adopt the program,
since mismanaged orchards can negatively affect [PM in adjacent ones.
It scems likely that just one or two applications may eventually be
necessary, Besides the savings on insecticides and acaricides, further
savings are expected with reduction in herbicide use also. The goal of the
program is to involve at least 6000 growers (3(1% of the total) within the
next 4 years.

In Argentina an IPM program for citrus was initiated in 1977, based
on introduction and conservation of natural enemies with selective
pesticide use when cconomic thresholds are exceeded. Spravs against
diaspid scales have been reduced to one or two per year, and more selective
pesticides such as emulsion oil have been promoted. In north-west
Argentina, savings on chemical treatment of US$2 million vr ’ have been
generated.

Tormualo

The spur for Brazilian IPM in tomato was the accidental introduction of
the leaf miner/fruit borer Scrobipalpuloides absolitta 1o the north-cast of the
country in 1981, Insccticide applications every 3 days proved unsuccessful
in controlling the pest, and losses exceeded 50% {Haji. 1992). The area
planted to tomato, originally predicted to reach 15 000 ha by 1989,
declined to only 3000 ha. Other Lepidoptera and mite pests also aflect
tomato, but their damage is minor compared with S. absoluta.

Since 1990, an IPM strategy has been adopted. The egg parasitaid
Trichogramma pretiosum is released periodically. Bacillus thuringiensis
rather than chemical pesticide is sprayed, there is a restricted planting
period, and post-harvest destruction of plants is carried out. Also. better
hygiene of containers and transport vehicles is maintained. The parasitoid
releases have been the most cffective element in the IPM program. As a
result. three large laboratories for production of Trichogramma have been
constructed 1o replace previous importation of parasitoid stocks from a
commercial producer in Colombia.

Colombia itself. in Valle del Cauca, has been combining periodical
releases of Trichogramma pretiosum with the action of the indigenous
parasitotd, Apanteles exiguum. These two parasitoids, again together with
sprays of B. thuringiensis, have been efficient enough lo keep the same
major tomato pest as in north-east Brazil, S. absoluta, under control. This
program has almost eliminated the 40 annual pesticide sprays previously
given, and has reduced control costs by about 70%. In 1988, it was
concluded that 70% of tomato growers were no longer using any
insecticide.
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Alfalfa {lucerne) in Argentina

Alfalfa is the main leguminous crop of Argentina. and occupies some 5
million ha. TPM was stimulated by the severe damage lollowing the
accidental introduction in 1969 of the pea aphid. Acyrthosipfum pisunt.
The most important pests the program had to target were four aphid
species, defoliating caterpillars and weevils.

Recognition of pests and natural enemies was emphasized in the IPM
program. The control compenents were Bacillus thuringiensis (or reduced
insecticide doses) against the caterpillars. and host-plant resistance
together with introduction of parasitoids (Aphidius spp.) against the
aphids.

Aphid-resistant alfalfa varieties can reduce insecticide against the
aphids by two or three applications. The use of Bacillus and other selective
products, or reduced dose of pyrethroids against caterpillars. has not
damaged the diversity of natural enemies that help keep other pests under
control (J.R. Aragon. personal communication, 1992).

Ornamentals in Colombia

This [PM success was developed by a private company, Flores del Cauca
S.A. Itis located 120 km from Cali and has almost 20 ha of plastic houscs
for chrysanthemum production. The key pest of this crop is leal miner
(Liriomyza trifolii) and other common pests are aphids (Myzus persicae),
mites {Tetranychus urticae) and caterpillars  (Heliothis virescens and
Pseudoplusia sp.). IPM was based on biological control of leaf miner with
periodic releases of the parasitoid Diglyphus begini. This was coupled with
hand removal of mines. and capture of adult leal miners with adhesive
traps and nets.

Until 1985, 35 insecticide treatments over the 3 months of the crop
were the normai control for leaf miner. Today, all-year-round chrysan-
themum crops arc grown without any insecticide against leaf miner. The
biological control program has reduced the costs of pest control by 72.7%
{Escobar, 1986),

Livestock

In South America, cattle are raised mainly in Argentina, Brazil and
Uruguay to supply meat to local markets. but also for export of the surplus.

Horn fly (Haematobia irritans). ticks (Boophilus microplus) and the torsalo
{Dermatobia hominis) are the main ectoparasites of cattle. Since the spread
of horn fly throughout Bragzil. particularly during the past 10 years, there
has been a major effort to develop an 1PM program for these ectoparasites.
It consists in an integration of chemical. physical and biological measures
(Honer and Gomes, 1992}, The biological control is the recent introduction
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of the beeile Onthophagus gazella, which promotes more rapid recycling of
cattle feces to inhibit the development of the flies. As yvel, no economic
evaluation of the impact of the program has been made.

Besides the IPM programs described above which have reached im-
plementation, there arc other IPM projects, still in the initial phase of
development, in South America. These should make a significant contri-
bution to better pest control in the near future.

(One of these projects is the use of virus to control the most important
maize pest. Spodoptera frugiperda, Promising results have been obtained on
large trials in maize plantations in Brazil.

Another such development is the Sustainable Cassava Plant Protection
Project, recently approved by the United Nations Development Pro-
gramme (GNDP). It will be carried out in north-cast Brazil as well as in
four African countries (Benin. Cameroon. Ghana and Nigeria). The
project will be based mainly on biological and cultural control methods,
and planting systems known to result in reduced pest problems will be
enforced.

Programs involving the use of insect pathogens have been sponsored
by the Cooperative Programme for Agricultural Research in the Southern
Cone: they are to be carried out in southern South America for the control
of several lepidopleran pests.

Constraints on development and
implementation of IPM in developing countries

The constrainis on the development and implementation of [PM in
developing countries are similar between continents. They are many and
varied. but can be categorized as follows.

Technical

There is often a lack of basic studies on pests and their natural enemies,
and individual components of IPM are usually researched in isolation.
IPM developers then iry to put together the information that has often
been obtained by different specialists. This is done with poor knowledge
of the possible positive or negative interactions between the components;
also, undue emphasis is often given to just one component. Especially if
the region is within the remit of an internatienal agricultural research
center. the emphasis is likely to be on pest-resistant varieties. In other
situations, it may be on classical biological control. It is much less often
that research results are available on improving cultural control or
improving choice of pesticide and application method. Frequently also,
cconomic thresholds have not been determined adequately for the pests,
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Organizational

liven where economic thresholds have been established. there is far more
difficulty in arranging satisfactory monitoring than in developed countries.
Rarely are there adequalely organized scouting services, or cffective
extension and training. for monitoring to become a farmer-operated tool.
Both national research and extension services suffer from various finan-
cial, educational, organizational and administrative constraints. They are
often sparsely manned (and even more sparsely wo-manned!), little trained
in TPM, poorly equipped and with insufficient funds. The extension staff
are often so few that they cannot serve more than a few farmers; in
particular, their transport facilities are usually very poor. We recall a talk
by an extension worker in Sri Lanka who had an enormous area over
which to advise the farmers. All he found feastble was to cvcle along any
high ground and to scan the farmlund though binoculars for flocks of
birds. His warnings to farmers were based on his experience of which
species of birds were olten associated with particular species of insect pests!

The creation of effective national research and extension is one of the
most urgent priorities for improving IPM in developing countries. There
is often therefore little feedback from farmers to rescarchers to guide the
latter in their choice of rescarch priorities. It has to be added, however,
that this problem does not always lie in the lack of an extension link. Nor
is the problem only the lack of means or opportunity for researchers to
visit farms and hopefully carry out some of their research there. Ollen
researchers scem to prefer to stay and work within their rescarch station
without ‘looking over the fence’.

Crop economics

Farmers may find the more selective pesticides often required for IPM are
unavailable or too expensive. Also they fear that ‘managing’ pests (in
contrast to attempting Lo maintain a totally clean crop) may lead to lower
prices for a crop with some damage, even if this is only cosmetic. Also
farmers may not be willing to take on the additional labor for weeding,
scouting, etc. to reduce chemical control, if they have become accustomed
to a less labor-intensive system with pesticides. Farmers may also find that
using pesticides frees their time to earn extra money doing other things.

Social

At one end of the scale, farmers may be reluctant to depart from their
traditional methods of pest control. At the other, increased cooperation
by farmers and pressures from cooperatives can lead 1o above-optimum
use of pesticides, with the lure of a temporarily high income; this is
especially true in countries with considerable potential for agricultural
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expansion, Inpuls become an ‘assurance’ and while this assurance is
fulfilled, more complex methods for crop management are less attractive.

Legislative

Developing countries often have inadequate legislation governing product
registration and use: moreover, enforcement of any legislation that does
exist is frequently only partially effective. Farmers are unlikely to be
influcnced to change their attitude to chemical control for ideological
reasons. Governments need to take the lead by introducing measures to
make chemical control less attractive by legislation. more stringent regis-
tration. pricing without subsidies and cven taxation, Concern continues 1o
rise about the use of certain chemicals in developing countries. Thus,
although several pesticides, often called the “dirty dozen’ {p. 4 3}, have been
banned in the developed world. they are still being produced and sold in
Asia. However. it is necessary 1o be cautious in making this point. Better
safely standards and better application equipment in the developed world
make it possible to have the luxury of using environmentally safer products.
ITowever, these may be potentially more hazardous to the operator, e.g.
organophosphate insecticides instead of organochlorines.

Educational

The prevalence ol illiteracy in rural areas of many developing countries
makes it difficult to distribute information to farmers in their learning
phase about IJPM. It also limits the introduction of techniques. including
pesticides, where compliance with printed instructions is vital, Also, in
marny countrics, adequate curricula for training in 1IPM do not cxisl.
Neither are there mechanisms for ‘snowballing’ training from IPM workers
to others and thus in stages to farmers in the community.

Many of these issues are socio-economic rather than biological or
chemical. Although the importance of ecology is so often stressed by
biologists professing IPM. not all of them fully understand that the
environment of IPM also includes socidl and economic environments. The
socio-economic implications of IPM in developing countries are theretore
covered in more detail in Chapter 7.

Conclusions

Pesticides were ‘invented’ in temperate countrics for use in temperate
countries and are perhaps less appropriate to the tropics with faster pest
breeding rates and higher levels of indigenous natural biological control
(p. 114). There has been rapid disillusionment with pesticides in many
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tropical developing countries. as they face the appearance of pest resistance
to insecticide, pesticide-caused environmental damage. and escalating
unsupportable costs of an ever-increasing number of pesticide applications.

It is therefore not surprising. however encouraging. that IPM is moving
forwards so rapidly in developing countries, especially as international
donor and technical support agencies have made considerable inputs to
foster IPM there.

What is abundantly clear is that the developing countries have not had
the option available 1o temperate agriculture of building TPM up slowly.
They have not had the many man-years of applied research needed for a
synthesis of target-specific control measures (p. 157). However, developing
countries have, for some crops (a good example being cotton in Brazil),
found it possible to adapt a more complex IPM package already developed
elsewhere. Otherwise progress from scratch in IPM has had to be very
rapid. Most of the case studies reported above have been based on more
generally applicable ideas. T'he principal one has been to reduce insecticide
pressure on the agroecosysiem by introducing economic thresholds and
more selective applications (e.g. insect pathogens, reduced doses. less
persistent and more selective materials). Increased conservation of indig-
cnous natural enemies then occurs. and the more biological control of
one major pest results in other pests reverting to non-pest status. A second
stage of IPM is the use ol host-plant resistance and/or periodical release
of mass-produced natural enemies against the major pest, to replace
insecticide as far as possible. South America stands out as a region where
such releases of biological control agents have been the main principle of
IPM. The other regions have relied far more on conserving indigenous
biological control. In this second stage of [PM. a variety of cultural controls
have olten been introduced or resurrected.

It is also true, and highly relevant to the IPM successes achieved in
developing countries, that economic thresholds can be considerably higher
than in developed countries. Farmers in the latter, particularly in temper-
ate climates, have nol faced as serious side-elfects of pesticides and have
become accustomed to maintaining high vields of blemish-free produce.
It has often been said that, in developed countrics, 95% of the pesticide s
used to control the final 3% damage. This last fraction is often cosmelic
or related to storage life of the produce. Such virtual tolal control of
damage has been a luxury the developing world has not experienced and,
as vet, has not aspired to in evaluating the efficacy of 1PM programs.
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Social and economic
aspects of integrated
pest management in
developing countries

The objectives and methodology of IPM raise the socio-
economic issues of: integration within the whole social
or health system; who should monitor pest populations
and what is an acceptable threshold: the high informa-
tion and technical requirements (including cost:benefit
and cost:efficiency assessment); and the attitude and
involvement of institutions. The last named are identi-
fied as governments, national agricultural research
cenlers, farmers’ organizatlions and the private sector.
Community-based tsetse control with the ICIPE trap,
the IPM training program in Indonesia and ICIPE’s
project in western Kenya are cited as case studies,
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Introduction

It is evident from the preceding chapters that there is considerable
mlormation on the components of [PM, particularly on the four main
approaches of chemical control, biological control, cultural contrel and
host-plant resistance. It is also evident that much of the research contrib-
uting to IPM has been on the control of a single pest organism, and it is
a large step, in socio-economic terms, to integrate such research into IPM
on the farm.

This chapter focuses on how success in adopling IPM technologies has
been achieved in developing countries. 1t also considers how constraints
can be overcome to implement [PM to a greater extent in the future. The
discussion will be limited to those socio-ecoenomic issues that stem directly
from the objectives and methodology of IPM as opposed to the more
general topic of pest and vector control. These issues are identified as:

1. the basic objective of IPM that the various methodologies should be
integrated compatibly, both with each other and within the cropping
or health system involved;

2. the principle that pest populations should be monitored and kept
below damaging levels:

3. that TPM is both information and management intensive;

4. that IPM must be cost-effective:

5. that institutional factors affect ITPM technologies and success in

implementation.

Integration of IPM into agricultural and
health systems

One basic objective of IPM is integration at three levels. First, IPM should,
ideally. inlegrate the various control technologies for the various classes
of damaging organisms (pests, discases and weeds) (Smith, Apple and
Bottrell, 1976}, Secondly. IPM has to integrate these technologics into the
farming system. which has many constraints and challenges and requires
many decisions other than those related to pest controel. Thirdly, there has
to be integration of a farming system involving crops and/or livestock with
people, with nontarget organisms such as fish and beneficial insects, with
other economic enterprises and with the environment in general.

The first integration challenge is both conceptual and methodological.
As pointed out above, researchers in scientific institutions typically focus
on a single pest problem. The user such as the farmer, by contrast, handles
a complex of damaging organisms in relation to his system. This system
often involves people and animals as well as crops. More often than not
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he is presented with just one component of [PM. This is especially true
with biological control. which is often applied independently of other
components and in which introductions are often made independently of
the user {Beirne. 1980). Yet the only person who works with the entire
system 1s the farmer. One way these challenges have been tackled
successfully by researchers has been through the production of IPM menus
comprising several flexible components ip. 156). from which the user can
select the items that fit into his system. IPM packages. where the user
must follow preset instructions (p. 158}, perhaps present a more difficult
challenge in terms of socio-cconomic integration.

An example of a multicomponent 1PM approach integrated with local
farming systems is the recently completed TCIPE Oyugis—Kendu Bay Crop
Pest Research Project funded by the Belgian government through the
African Development Bank. This project combined sound agronomic
practices with pest-resistant varieties of cowpea. sorghum and maize, and
with intercropping of some of these crops. Low-cost inputs of ox ploughs,
maize shellers and improved granaries to reduce post-harvest losses were
also incorporated. The increase in vield that resulted from the project was
40%. Farmers rejected some cereal varieties as not fitting in well with
their preduction systems. so the researchers carried out further on-station
trials to meet farmers’ specifications. The ox ploughs had. in fact, been
brought in specifically at the request of the farmers.

At a later stage the farmers requested tsetse fly control in the project.
This request followed an outbreak of nagana and death of some of their
cattle, Although ICIPE had developed a suitable community-based tsetsc
trap, the request could not be met because the whole project was
approaching its end, This illustrates how system-orientated users can
make demands that the single-pest-orientated rescarcher does not envis-
age and cuan rarely meet.

The project arca is also a producer of sweet potatlocs, cassava and other
crops. Tick-borne diseases of livestock are endemic there. The international
agricultural research centers specializing in [PM components {or all these
crops and livestock face a challenge. Can they join forces, and produce an
integrated pest and vector management program incorporating all the
components already rescarched and available? Next is the challenge (o
unravel the best pest and vector suppression mechanisms already embed-
ded in the traditional systems and to use them as the basis for improving
IPM. For example. shifting cultivation reduces pests through burning,
rotation, fallowing, intercropping and shading. Much biological conirol
occurs naturally and is sometimes enhanced by traditional cultural
measures. Host-plant resistance will often have been selected ‘naturally’
hecause of pest pressure or by sced selection over centurics.

The realization that there is a rich pest control potential in traditional
agricultural and health practices has led to the establishment of related
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specialist institutions and publications. Although, ironically, mainly sited
in developed countries, they are playing a crucial role in promoting the
integration of IPM with traditional indigenous health and agricultural
systems in developing countries. Notable centers promoting indigenous
knowledge and practices as bases for IPM include the Center for Indigenous
Knowledge for Agriculture and Rural Development (CTKARD) at lowa
Stute University in the USA, the Information Centre for Low External Input
Agriculture {IILEIA) at Leusden in the Netherlands and ICIPE in Nairobi,
Kenya. The first two of these publish CICKARD News and the ILIEA
Newsletter, respectively. The last named is devoted to the study of insect
science and its application to pest and vector control using IPM strategies.

Sautier and Amaral (1989} have exemplified the kind of contribution
that traditional agriculturce can make to pest management and how [PM
can be integrated. They have documented how some farmers in central
Brazil abandoned synthetic organic fungicides and turned to the older
Bordeaux mixture, This has some fertilizing properties in addition to its
fungicidal ones, There were, however, problems that forced a decline in
the use of Bordeaux mixture. Farmers changed again, this time to
composting for improving balance in the soil and promoting plant health
and plant resistance to disease in a more sustainable way. Sautier and
Amaral {1989) remark: ‘Probably. in the field of plant protection, farmers’
knowledge and practices are the most rich and diverse, but also the most
unknown and often undervalued.’

Veterinary science, previously slow 1o recognize the potential of tradi-
tional husbandry, has produced a spate of publications in the past 10
years on new possibilities for promoting animal health. These develop-
ments involve many disciplines ({including veterinary medicine, immuno-
logy, microbiology, parasitology. pharmacology and botany), which are
combined with social science in the study of traditional veterinary
knowledge and practices. This approach is known as ethnoveterinary
medicine or ethnoveterinary science. It has had some successes in
identifying and improving on traditional methods of controlling vectors
using low-cost, environmentally safe materials. For example, when re-
searchers at ICIPE learnt that farmers in central Kenya were using a
natural product from the tobacco plant as a tick repellent, they tested it
in the laboratory. This confirmed that it was active against the tick
Rhipicephalus appendiculatus. The chemical(s) responsible is now being
identified with a view to improving the product. Similarly, researchers at
lowa State University learnt from Peruvian farmers, and then confirmed
in laboratory tests. that the use of a wild tobacco reduces the number of
external parasites on livestock by more than 90%. This is better control
than achieved by anything synthesized by the chemical industry {Goodell
et al.. 1992).

A final issue for integration is that farming and health systems in
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MONITORING PEST POPULATIONS

developing countries are not static. They are continually subject to
change, which in turn results in changes in the pest problems {Norton
and Heong, 1988). Reliable information on changes taking place in
farming and livestock systems in developing countries is fragmentary. This
makes it hard to identify which technologies for integrating in IPM would
be likely to be viable and durable. Pest problems therefore need to be
redefined periodically.

Kiss and Meerman {1991) identify three broad categories of farming
system and then prescribe appropriate IPM objectives for each. For
subsistence systems, IPM should aim to increase the level and reliability
of production. For intensive systems with high inputs, [PM should seek
primarily to reduce costs, health hazards. ecological disruption and
environmental damage. For transitional systems between these two
extremes, IPM should scek to balance yvield increase with avoiding overuse
of pesticide.

The message of these objectives is as [ollows. High-input farmers using
chemical pesticides have frequently run into the associated problems and
have been the first to turn to [PM. However, the philosophy of IPM is
equally suitable for raising yields at the other end of the agricultural
spectrum and allowing the economic and judicious use of some pesticide
without the danger of the system entering the 'pesticide treadmill’.

Monitoring pest populations

The major socio-economic challenge of this principle of IPM is the question
of who is to monitor the insect populations. Theoretically, there are {our
options: researchers alone, extension stafl alone, farmers alone or a
combination of two of or all these options.

Within the context of the developing world, the first option (researchers
alone) is unrealistic because there are far too few such people and large
areas of countries without any at all. The second option (extension
workers) is impractical for much the same reason, but additionally because
the extension workforce is largely unfamiliar with IPM concepts and
strategies. The adoption of the third option (farmers) is hampered by the
following two constraints:

First, monitoring relies on highly technical methods and skills that
require trained personnel; researchers on IPM could rarely produce
protocols for monitoring which can easily be used by farmers in developing
countrics. Both the establishment and use of economic thresholds for pests
of crops or livestock require a high level of technical skill. 1t is thus not
surprising that. even where thresholds arc available, farmers in developing
countries frequently spray when they see any pests or damage from ther.
Some scientists are critical of the economic threshold concept for much of
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the developing world. They have concluded. usually from ficld evidence,
that economic thresholds are inappropriate there. This leads them 1o
suggest that the rescarch effort devoted to thresholds should instead be
directed at finding betler pest management methodologics (Mumford and
Norton, 1987). However. most scientists working in developing countries
would argue strongly for economic thresholds and (as described in the
previous chapter and again below). many farmers there are using
thresholds successfully.

The second constraint is how far thresholds based purely on an
objective scientific assessment of a 'number against cffect’ relationship,
isolated from social considerations, can be an appropriate decision model.
For example, some people would argue that the threshold for insect
veclors of human disease is virtually zero if an infinite value is set on a
human life. However, for the future, eradication of certain discases is not
a practical option, through lack of funds, if nothing else. Thus we are
faced with the problem. whalt is an acceptable level? The massive program
int the Volta River Basin of West Alfrica is not expecled to eradicate river
blindness (onchocerciasis). However, it should reduce the population of
the Simuliid (blackily} vectors to a low level. Although some transmission
will persist, the threat of blindness would be sufficiently reduced that
communities will return to the fertile valleys. Similarly, an efficient
malaria control program should aim at reducing transmission to a point
where malaria is no longer a major health problem, and the risks of
controlling the disease are acceptable. What is ‘acceptable’ is a socio-
economic, rather than an experimentally based decision: resources are
finite while the needs of expanding populations are not. Thus Baldry
(1983) considered that the primary objective of tsetse management is to
reducc the population of vectors to the point where transmission and
the resultant socio-cconomic impediment are negligible. i.e. where the
disease situation can adequately and economically be dealt with by
normal medical and veterinary services,

The high information and management
requirement inherent in IPM

The previous sections of this chapter have already explained that I[PM is
both information and management intensive. Pimentel (1987) has
pointed outl that lack of success of TPM has been due partly to its
requirement for far more basic information than is currently available.
Also, it is much more sophisticated than the routine use of pesticides and
requires trained workers, As pointed out earlicr. farmers using pesticides
tend to spray to a fixed schedule since this avoids the chore of monitoring
the crop. Similarly, although traps provide the most efficient, cost-effective
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and environmentally friendly form of tsetse control, trapping is not really
as easy as it sounds; il requires a good knowledge of tsetse fly biology,
ecology and behavior and also entails practical difficulties. Very often the
local people are initially very enthusiastic about the traps, bul interest in
maintaining them wanes as tsetse populations decline, with predictable
consequences {Laveissicre et al.,, 1990). This shows inadequate under-
standing of tsetse, particularly of the ability of the fly to rebuild its
population after repressive measures by man.

This example of tsetse illustrates an important feature of the
community-bascd approach to [PM; members of the community need to
have raised their understanding of problems and their causes. This has
important implications that are rarely considered. Where understanding
the problem requires scientific knowledge, there are formidable challenges.
These lie particularly in the selection of the science, in translating scientific
concepts and information into local languages (usually for the first time)
and in choosing and preparing communication techniques (such as audio
and visual aids) when some members of the community are illiterate,
Meeting these challenges requires input from experts in several different
disciplines: biologists, social scientists, linguists, graphic artists, etc. Cost
is another element that is often ignored. Community participation in IPM
entails financial costs in, for example, production of training materials,
paying and accommodating the experts. and their transportation. Three
case studies where attempts have been made to tackle these challenges
arc rceported below,

Case studies
Community-based tsetse control with the ICIPE trap

Tsetse flies are visually attracted to the ICIPE biconical trap (Figure 6.5)
by the black. white and bluec colors and olfactorily by cow urine. They
enter the trap but are prevented from leaving and die of exposure to the
sun. The trap can reduce tsetse numbers by 99.9% as well as being cheap
and easy to maintain (Brightwell et al.. 1987),

Encouraged by ihe success of the trap in a pilot project at Nguruman
in the Rift Valley, Kenya. with participation by the local nomadic Masai
(p. 199), ICIPE has launched a new community-based project in the
Lambwe Valley in South-West Kenya, among the Luo people who mainly
grow subsistence crops but also tend sizeable herds of cattle, goats and
sheep. The costs of community participation and collaboration with Kenya
National Agricultural Research Services (NARS) are included in the
budget.

To raise the understanding within the community of tsetse and
trypanosomiasis, a week of hands-on instruction for a core number of
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trainers {sclected from the community itself) was organized in November
1992, Topics covered included: the history of tsetse invasion and human
and animal trypanosomiasis in the region, effects of tsetse infestation, the
biology and ecology of the fly. trapping and other methods of tsetse control.
Instruction was also given in effective organization and management of
community-based tsetse control based on the ICIPE trap. Participants on
the course raised several questions. One was how spraying affects pupating
tsetse under the ground. and this sparked off a lively discussion among
the scientists themselves. Another participant wondered whether wildlife
and people would also be sprayed. Others questioned the economic value
of the Ruma National Park, which is the major habitat ol tsetse in the
region.

At the end of the course farmers were asked to present a talk in
written form with visual aids and were promised the help of ICIPE in
the preparation. One farmer, however, preferred to work with a village
artist near his home. Together they produced a painting depicting four
scenes. In the first, a group of people were mourning a relative who
had just died of sleeping sickness. An approaching funeral procession
was being thrown into confusion as a bull at the head of the procession
collapsed and died of nagana. Near the mourners, another bull was
being slaughtered. In the community, death of a relative is a double
blow. Not only do the mourners have to be fed for up to a week, but
it is up to the bercaved family to provide the first animal for slaughter.
The second scene showed a group of people migrating with their
livestock because of trypanosomiasis, leaving behind them lush crops
of maize, sorghum, sunflower, etc. The third scene showed an aeroplane
spraying not anly tsetse, but also the mourners, the migrating villagers,
others clearing vegetation, fleeing wildlife and the bull being slaugh-
tered. This onc painting encapsulated the farmer’s topic: an assessment
of tsetse and trypanosomiasis in the Lambwe Valley. including a lesson
for economists in how local people view the costs of tsetse infestation
and centrol.

Indonesia's IPM training program

The Indonesian agricultural reforms of the mid-1960s aimed at intensi-
fyving production through increased use of pesticide as a key component.
Pesticide-induced problems on rice that resulled have already been
described in Chapter 6 (p. 175). as have the IPM measures that werc
introduced to restabilize the sttuation.

The presidential decree in 1986 referred to in that account read very
much like an extract from an TPM manual and proclaimed three major
Measurcs;
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1. Pesticides were only to be used when other methods of pest control
had been proved ineffectual.

2. Typesof pesticides and methods of application would take into account
the need (o conserve natural enemies,

3. Pesticides that might cause pest resurgence and resistance or other
damaging side-elfects were made illegal.

Top priority was given to changing the behavior of people in relation to
agricultural practices. Measures were therefore taken to improve the
technical knowledge, organizational ability and management skills of
farmers. pest and disease observers. extension personnel, bureaucrats in
key ministries and the public. The program was nothing less than an
endeavor to reorientate the nation towards making manpower develop-
ment, environmental preservation and human health the bases for
agricultural development (Goodell et al., 1992).

The training of farmers in pest control and management skills is being
carried out mainly through ‘farmers” schools without walls’. One thousand
out of the envisaged 1800 have already been organized, These ‘schools’
operate for 10-12 weeks during a crop season, and each school operates
IPM on a 1000 m” ‘learning field” of rice. Farmers are trained in ccosystem
analysis involving skills in insect and disease surveillance, plant health,
weed density. water management and weather. They also receive training
in organization and management skills, The methods emphasize letting
the individual discover lor himself and recognizing the farmer as an expert.
With the training team, the farmers produce training materiais from their
agroecosystem analysis (i.c. insecl collections, field trials. posters,
workbooks, etc).

A training target set for 3 years starting in 1989 was 100 000 farmers,
which represented just 0.65% of the total number of rice farmers in
Indonesia. One source estimated that 45 000 farmers were trained in rice
IPM during the first year. This estimate excludes ad hoe training in response
to particular pest outbreaks. For example, 75 000 farmers were trained
to form the core of what has been described as the largest mobilization in
history — 80 000 schoolchildren and 350 000 farmers collected egg
masses, set traps and reared and released parasitoids to arrest an outbreak
ol white stem borer in 1990-91. The successful outcome of this exercise
was a reduction of damage by 93%.

Two thousand of the 35 000 extension workers and 1000 of the
30 000 pest and disease observers were targeted to receive three seasons
of IPM training and one season of university training. Fach trainee is
expected to grow several rice fields of his own and to perform all the
necessary tasks. Courses are given in economic analysis. including eco-
nomic thresholds. statistics and ecosystem analysis. The trainees also
receive instruction in group dynamics. horizontal communication and
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group cooperation Finally, they receive training in IPM not only in rice
but also in associated crops such as maize, sorghum. etc.

Since the key decision makers arc in higher echelons of various
ministries, the trainers organize field days each season. These provide an
opportunity for senior personnel to fcarn about IPM and the methods used
to train field staff and farmers. They can also see the results at field level
for themselves. For the public, the IPM program has sought to influence
the media by organizing ficld visits, and also by providing information to
the media networks, journalists, nongovernment organizations (NGOs)
and consumer associations. Materials have also been provided for video
and press dissemination. These aim not only to counter yvears of marketing
and promotion of pesticides but, more important, to put across the IPM
message in a positive way.

The result of the Indonesian training program, as already mentioned
on p. 176, has been a considerable reduction in pests. This has been
accompanied by an increase in rice production and a dramatic financial
saving on pesticide use. However, there have also been changes that
cannot be quantified in terms of money. Environmental health has been
improved through less exposure of consumers to pesticide residues;: farmers
are now aware of the dangers. Extension stafl and other pest scouts have
gained confidence in their ability to manage pest problems. Also, bureau-
crats at all levels have now given full moral and financial support to the
IPM program.

Case study — rice in the Philippines

A remarkable recent phenomenon was that the rice yields of the top third
of farmers surrounding the International Rice Research Institute (IRRI)
increased between 1966 and 1987, vet at IRRI itsell {during the same
period) there was a decline. The yield of the highest yielding variety in
long-term fertility trials fell by over 1.25% per annum, and yields at
Philippine research stations remained stagnant or decreased by between
(0.4 and 1% per vear. The farmers arcund [IRRI began with an average
vield more than 2 tons below the IRRI highest yielding variety. However,
by the late 1980s their yields were 1 ton ha™' higher than at IRRI (Pingali
et al.. cited in Goodell et al., 1992), Pingali ¢t al. attribute this to training
and skilful management. The farmers ‘were able to learn about new
technologies, discriminate among those offered to them by the research
stations, adapt them to their particular environmental conditions and
provide supervision input to ensure the appropriate application of the
technology’.

Finally, there is a useful catalog (van Alebeels, 1989} listing 627 sources
ol information on training and extension materials: of these. 252 are listed
as suitable for farmers.
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Economic viability of IPM

There arc two prerequisites for a strict economic analysis of TPM., First,
IPM should only be introduced if losses of crops or livestock represent a
significant constraint to production, when compared with other factors
that compete for investment (Kiss and Meerman, 1991). Secondly, the
objectives and effects of the envisaged IPM measures need to be established.
After these preliminaries, the IPM technology can be subjected to several
economic analyses. of which the most important are described below. A
case study illustrating the application of some of these analytical proce-
dures comes at the end of this section,

Cost:benefit analysis

The main task of this analysis is to estimate likely costs and benefits and
determine prices of resources on an annual basis, Incidentally, although
the analysis is always under the name ‘cost:benelit’, the calculated ratio
is more often than not expressed in ‘benefit:cost’ terms.

Benelits are of several kinds: readily quantifiable ones such as yield and
monetary income or indirect ones such as benefit to the environment.
reduced health hazards, equitable income distribution and human nutri-
tion. In the same way as the easily quantifiable benelits, so the indirect
ones also need to be tabulated on an annual basis. Similarly, costs are not
only the obvious ones: there are hidden costs such as subsidies, environ-
mental damage, human health hazard, cic. Estimating both benefits and
costs on an annual basis is complicated by the delaved nature of some
costs (e.g. pollution). There is the additional complication that benefits
may increment over a long time, whereas some costs (e.g. of classical
biological control, host-plant resistance) are of much shorter duration.
Such difficulties make cost:benefit analysis a specialized and demanding
task. but it remains an important aid to both users and policy makers. For
example, the cost:benefit assessment that control of mealybug in Kenya
cost about US$75 000 but would yield benefits of US$42.5 million in 35
vears must have reassurcd both the Kenya government and taxpayers
that the money invested in mealybug control was well spent.

Pimentel (1987} attempted to include all indirect costs and benefits of
[PM for the USA. and found that this reduced the benefit:cost ratio from
4:1 to 3:1. His analysis was, however, based on research station data, and
benefits in the field would probably have been less.

Cast:efliciency assessment

Costeefficiency assessment is carried out along similar lines to cost:benefit
analysis, but with the aim of deciding the cheapest or most cost-effective
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way of achieving a given objective. For [PM. the costs of reducing pests
10 a specified (hreshoeld are related to the resultant benefits. Because of its
focus on a single threshold value, cost:efficiency assessment presents fewer
problems than cost:benefit analysis, and has been completed successfully
on several IPM projects in developing countries.

A crucial component of efficicncy is "effective demand’. This is a measure
of the ability of users 1o pay for the [PM technology: not all technologies
that have favorable cost:benelit ratios can be afforded by the poor.
Information on effective demand can be obtained relatively easily from
statistics on income and expenditure of the intended users of the technol-
ogy. In spite of this, ‘effective demand’ calculations rarely seem to ligure
in IPM projects. Related to effective demand’ is "willingness to pay’. i.e.
do users put value on the technology, even if they could afford it? 1f they
are not convinced that they will be better off, they arc unlikely to use the
technology. That target users are not convinced of the benefit is one of
the reasons often put forward to explain disappointing implementation of
IPM (Norton and Heong. 1988} The remedy is to show that the
technology is profitable under the users’ field conditions. On-farm trials
can provide the necessary assurance {Reichelderier, Carlson and Norton,
1987). if conducted with the farmers’ own managemeni and financial
resources, and much progress has been achieved in this way.

Case study - ICIPE’s project in western Kenya

This IPM project on the 'Reduction of Feod Losses Through Insect Pest
Management and Use of Small-Scale Low-Cost Farm Equipment’ in Kendu
Bay and Ovugis Divisions, western Kenya. aspects of which have been
discussed earlier in this chapter, had the following objectives:

1. To reduce food and crop losses due to insect pests through IPM and
to provide the participating farmers with low-cost small-scale farm
implements.

2. To test the IPM components developed at ICIPE on farmers” own fields
and under their management, for economic viability and social
acceptability.

The 1PM components of the project included host-plant resistance to insect
pests, and cultural practices such as intercropping, adjustment of planting
time and destruction of crop residues. These components were expected
to be socially acceptable, economically viable and effective enough to
produce benefits measurable by increased crop yields of ‘resource-poor
farmers’. The IPM measures were therefore aimed at improving food
supply. Pest populations were to be kept below thresholds that would be
regarded by the farmers as ‘tolerable’. the essence of a practical ‘economic
threshold' (p. 73).
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The IPM components were introduced to randomly selected farmers in
1986. As part of the project, an economic analysis of the impact of the
technology was carried out in 1990,

Economic and social costs of IPM are dynamic and are often long-term
in their impact. There may frequently also be unquantifiable multiplier
effects with time. For the analysis of this project, costs and benefits were
classified as atiributable either {o the project or to the farmer, The marginal
rate of return (MRR) for the IPM technology was then derived.

Major fixed costs charged to the project were ox ploughs, drafs, yokes,
hand toals. maize shellers and grain storage siructures. The variable costs
to the project were seed. fertilizer, personnel in the supervision and
training of farmers, office space, office equipment and stationery. Parti-
cipating farmers were expected to meet labor cosis as well as rent for
land, basket work for the improved granaries and stands for the maize
shellers.

The ultimate benefit ol the project was to be that small-scale poor
farmers would be provided with simple equipment and a farmer-
acceptable, practical and cost-effective IPM technology, However. ‘benefit’
in the analysis was measured simply in terms of increased crop yields.

MRRs were compulted for the different TPM menus introduced both at
Oyugis and Kendu Bay during the two rainy seasons (long and short} in
1988, The analysis of the sorghum-based cropping system showed that
the ICIPE pest control menu yielded greater MRRs than did the farmers’
own systems at both sites. In Oyugis, the MRRs from introducing the
sorghum cultivars LRB5 and LRBS intercropped with [CV2 cowpea were
62.3 and 72.2% for the two sorghum cultivars respectively. In Kendu
Bay. these values were 382 and 304%. Labor costs were higher in Qvugis
that year due to heavier rains that demanded harrowing and weeding
twice rather than the once in Kendu Bay.

In both long and short rainy seasons, the maize-based cropping system
showed that MRRs for both V-37 and KRN1 varictics were also higher
than those on the farmers' own systems. However. they were lower than
for commercial maize hybrids.The resulls were similar whether V-37 and
KRN1 were monocrops or intercropped with 1CV2.

The report on the experiment concluded: “The introduction of the ICIPE
IPM technology in Oyugis and Kendu Bay, on balance, yielded significant
net benefits to farmersin 1988 as shown by the analysis of Marginal Rates
of Return.’

This case study illustraies that an economic assessment which is useful
lor policy makers can be made, even where many relevant measurements
discussed earlier have to be omitted. Thus benefits were narrowly defined
in terms of increased yield, although there were also benefits of other
kinds. These included the provision of ox ploughs and improved storage
facilities.
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Institutional factors affecting IPM

The achicvement of [IPM objectives is largely dependent on the attitudes
and involvement of institutions. Of these, the four most important kinds
are government, national agricultural rescarch services (NARS). farmers’
organizations and the private sector (in the production and distribution
of agrochemicals).

Government

Governments exert the single most important influence on TPM in devel-
oping countries. This is because they not only set national policies and
strategies, but usually are also the single most tmportant investor,
employer and controller of resources. They also create and control other
institutions important to IPM. such as NARS and, particularly in
developing countries, farmers’ organizations.

Brader's (1979) generalization, that developing countries give a low
priority to crop protection, is still valid. A study by FAO (FAQ, 1989)
revealed that in 1986 80% of governments in Africa and the Asian—South
Pacific region did not promote IPM. This contrasted with only just over
10%% of developed countries. The respective comparative percentages in
relation to not having strategies to counter pesticide resistance are 78%
{Africa). 60% (Asia—South Pacific) and 5% (developed countries) (Johnson,
1991).

Government policies are also crucial in the distribution and regulation
of use of chemical pesticides. A publication about the Indonesian IPM
program referred to earlier in this chapter is indicative of the importance
given to pesticides in developing countries when it states: "Since the
introduction of the Green Revolution technologies, insecticide has been
packaged as a product component along with fertilizers. irrigation, credit
and hybrid seeds.” Most developing countries do not believe that increased
output of crops and livestock can be achieved without insecticides. As
Carter, cited in Goodell et al.(1992), puts it: *Apparently in peasant farming
areds the pressure to boost foed production and turn a profit means a shift
toward chemically intensive practices.” This belief has. at times, been held
and promoted by otherwise well-informed and powerful forces. Thus in
1978, scientists, consulting for organizations as prestigious as the World
Bank and IRRI, reported that Indonesia’s biggest problem in rice pest
control was to satisfy the demand for more insecticide. Indonesia duly
bought in more insecticide, but the result was the second worst year on
record for pests in rice, The Indonesian government has since, however,
strongly challenged the link between pesticide use and increased yield. It
has claimed that 25 years of field research has never shown that
insecticides contribute to tropical rice production (Indonesian National
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IPM Programme, undated). Indeed. as described earlier, increased rice
yields have been obtained through a combination of IPM with a dramatic
decrease in insecticides.

The many examples from developing countries showing that high
pesticide use and high yields are not linked (Chapter 6) are bound to
influence the policies of many of these and other developing countries.
Already, several governments in Asia, including those of Thailand,
Vietnam. Malaysia and Sri Lanka are trying to follow Indonesia's lead
through the Inter-country IPM program involving nine Asian countries.

Governments also greaily influence IPM by their policies on pricing.
marketing and seed multiplication. The most obvious examples are the
provision or removal of subsidies on pesticides, and restrictions on their
use. Thus the Malaysian government's combined policies of guaranteed
prices, subsidies and irrigation have removed much of the risk factor in
rice production. Simultaneously, the potential for productivity has been
increased (Norton and Heong. 1988). However, this is a net effect; at one
extreme, unfortunately, there has emerged the phenomenon of the
‘weekend farmer’ who sees routine chemical pest control as the only
acceptable strategy.

Developing couniries need to increase their surveillance of chemical
pesticide use in the interests of user safety. The 1986 FAO study (FAO.
1989; referred to earlier in relation to the attitudes of governments in
promoting IPM} also found that. with 78% of the governments in Africa
and 62% of those in the Asia—South Pacific region, environmental effects
of pesticides were not investigated. Furthermore, only 57 and 64%.
respectively, of these governments observed the International Cede of
Conduct on the Distribution and Use of Pesticides {p. 44), although this
had been adopted by all FAO membersin 1985, As aresult, a great volume
of obsolete pesticides still finds its way into developing countries. In many
such countries, governments still have 1o develop and apply rigorous
monitoring of agricultural inputs. including seeds. Where the government
has the monopoly on the availability and certification of pesticides, the
responsibility becomes more onerous. The findings ol a survey 10 vears
ago (Goodell, 1984) still apply in many developing countries. Out of 100
farmers who believed they were planting pest-resistant rice varieties, 40
were actually growing highly susceptible ones: furthermore, 70% of bottles
of pesticides purchased from retailers in the same survey contained
adulteration to more than twice the acceptable level.

Finally, governments are the best placed organizations lo set up
mechanisms for coordinating the activities of the complex of govern-
mental, nongovernmental and international organizations that participate
in IPM programs, Governments must recognize the need Lo involve such
a complex of agencies in IPM programs. An excellent example is provided
by the Indonesian program already referred to. A National Steering



238 SOCIAT AND ECONOMIC ASPECTS OF IPM IN DEVELOPING COUNTRIES

Commiitee was set up by BAPPENAS (the development planning agency)
to implement the TPM training development program. BAPPENAS co-
ordinated the activities of the Ministries of Agriculture, Education and
Culture. Health. and Population and Environment. BAPPENAS also
collaborated with both FAO. which provided training. and USAID, which
provided funding.

National agricultural research services (NARS)

A recent study of these services in Asia outlined their functions as follows:
policy formation. research coordination, priority and program definition,
program planning, program moniloring, program evaluation, develop-
ment of infrastructure, human development, funding, distribution of
information and technology transler {Senanayake. 1990). A very similar
list has been given for the functions of NARS in sub-Saharan Africa
(Taylor, 1991}

Partly because of the complexity inherent in NARS. their cffectiveness
differs both between and within continents and countries. In Asia, NARS
enjoy more autenomy and have been given greater support from national
governments than is true in Africa. The Council system developed in the
1920s in india. and later adopted by Bangladesh, Palkistan, Sri Lanka and
the Philippines, played a large role in the uptake of the Green Revolution,
With this was associated the development and distribution of pest-resistant
rice varietics. The autonomous NARS model developed in Indonesia
cnabled NARS to assume a pioneering role in shaping [PM policy. This
maodel was later adopted by Malaysia, South Korea and some South Pacific
countries. Asian NARS are almost exclusively staffed by a rapidly expand-
ing workforce of nationals who are generally well trained. For example,
between 1975 and 1987, the number of agricultural scientists in India
grew from 5666 to 33 357. During the same period, the number grew
from 635 to 1600 in Bangladesh and from 463 to 2000 in Indonesia
(Senanayake, 1990). As staled earlier, IPM requires sound scientific
knowledge, making a trained workforce a prerequisite.

In Asta, NARS have made good use of the resuits of the international
agricultural research centers in the region, notably TRRI and ICRISAT.
They have also forged useful links with other international organizations
engaged in IPM, in particular FAO and the Pesticide Action Networls/
International Organization of Consumer Unions,

The picture in Africa is more one of future potential. NARS are more
recent and, especially in anglophone Africa, still reflect the colonial
herttage and need to be restructured to meet the challenges of post-
independence development (Taylor, 1991). They also rely more heavily
than in Asia on outside funds and staffing. Thus. in sub-Saharan Africa
expatriates still make up 25% of the agricultural researchers at NARS
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{Jain. 1990), and the expatriate proportion among socio-economic re-
searchers al NARS is even higher (Sutherland, 1987). Although the 38%
of researchers at NARS in sub-Saharan Africa with postgraduate training
is a similar proportion to that in Asia, in absolute terms Asia has far more;
moreover, sub-Szharan Africa is losing qualified personnel at the rate of
7% per annum (Jain, 1990).

Research linkages between different regions in Africa have been pro-
gressively severed. Previously, in anglophone West Africa alone, there
were seven inter-territorial regional research organizations linking Ghana,
Nigeria, Sierra Leone and the Gambia. Similarly in East Africa, seven
regional research centers had been developed to serve Uganda, Kenya and
Tanzania, and in southern Africa the Central African Research Organiza-
tion served Malawi, Zambia and Zimbabwe. All this regional organization
was broken up in the 1960s and 1970s. Thus ended an era of cost-effective
collaborative research and instead began the more isolated national
rescarch services of today (Taylor, 1991).

The implications for IPM of all the above factors in sub-Saharan Africa
are predictable. A small workiorce. with a small proportion of staff with
postgraduale training. will need to be boosted to carry out the basic
research required for the development of IPM. Weak links with extension
services and the farmers need to be strengthened to meet the demands for
IPM and to develop the capacity to communicate results to users. A dearth
of socio-economists makes it difficull to incorporate their input at an early
phase of the research. as at on-station and on-farm but scientist-managed
trials. Such weaknesses are already reflected in the poor dissemination of
information and poor coordination of IPM components. Yet suitable com-
ponents are being proposed by the international centers (IITA, the Interna-
tional Livestock Centre for Africa |[ILCA], WARDA. ICIPE and others)
located within Africa, and having programs in the various countries of the
continent. The picture is one of unrealized potential. Perhaps more im-
portantly it is also one of an expectation that the investment in the
agricultural research system that has occurred in the 1970s-1980s will
‘deliver the goods’ in the next decade. Already there are signs that NARS
in Africa are facing the challenges. For example, NARS in Kenya, Zambia,
Rwanda. Somalia and Fthiopia have recently entered into collaboration
with ICIPE to promote IPM in their countrics. Kenya NARS have developed
several pest-resistant varieties of coffec and cowpea.

Farmers' organizations

Farmers’ organizations are not new to the developing world. Traditional
associations of farmers dating back scveral hundred years and based on
irrigation needs have been documented for Asia (Coward. 1980). Africa
and Latin America (Goodell et al.. 1992). Other kinds of production-based
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associations of farmers have been common in Alfrica, and many of them
are still in operation.

[t is a serious failure of the colonial and post-independence regimes that
these traditional associations have never been recognized, let alone
transformed into viable production units. By contrast, the government of
Japan saw the potential of its traditional irrigation associations. It pro-
moted their modernization, and made them the foundation of nationally
orientated production units that spearheaded development even beyond
purely agricultural aspects.

In Africa, two kinds of farmers’ organizations have played an important
role in agriculture since the colonial era.

First, there have been the ‘elite farmer’ organizations. Most of these are
derived from the earlier colonial plantation-farmer organizations, whose
principal objective was to maintain the privileged position of ex-colonial
farmers. Many of these organizations are based on single commodities,
e.g. coffee, tea, pyrethrum. The larmers in these organizations rely mainly
on chemicals for pest control. In Kenya, for instance, the organizations
run shops that stock agrochemicals, including banned brands. This group
of farmers has, in other continents than Africa, been the first to adopt [PM
technology to reduce their input costs: they are therefore potential
customers for IPM technology.

Secondly there are the cooperative associations that most small-scale
farmers have been encouraged to join. The primary objective of these
associations has been to facilitate the marketing of crops {particularly cash
crops) and livestock products, especially to overseas markets (Widstrad,
1972).

The introduction in the 1970s of the ‘bottom-up’ approach to agri-
cultural research and development has promoted the active involvement
of farmers in generating new agricultural technology, especially for use
by the resource-poor farmer in developing countries. In relation to [PM,
such a group approach to farmer participation is not only desirable but
also necessary, for several reasons. For examrle, many important pests in
Alfrica, Asia and Latin America are both gregarious and migratory. As an
example, tsetse flies are distributed over an estimated 10 million km® in
Africa. The pest makes it virtually impossible to rear livestock and
sometimes even to grow crops in areas of high abundance. IPM technol-
ogies for managing such pests are likely to be more cost-effective if they
can be group-orientated; indeed, the most promising technology for
controlling tsetse has proved to be community-based traps (Laveissiére
et al., 1990). Even those technologies that can be operated by an individ-
ual farmer can be diffused more rapidly and cost-effectively il the farmers
are organized.

The contribution that farmers’ organizations can make to IPM is of
several kinds:
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1. In developing countries, social scientists play a ‘watchdog’ role in
protecting and articulating the interests of farmers. Once farmers are
organized effectively and adequately trained in IPM, they can, and
should, take over from the social scientists and articulate their
interests for themselves, This is the concept of ‘empowerment’ which
underlies farmer participation.

Once farmers’ organizations are formed from the grass roots and attain

national status, they should be fully involved and form part of NARS

and [PM programs. This would add a user’s perspective to the research
planning process, the setting of priorities and the allocation of
resources.

3. At lower levels of IPM development, farmers’ groups strengthen and
facilitate links between researchers, extension workers and the farm-
ers themselves. Many researchers in TPM would confirm that farmers’
group meetings have enabled them to get first-hand information on
the socio-economic and ecological impacts of the design, implementa-
tion and adoption of their IPM technologies. Some researchers have
themselves organized farmers’ groups specifically for obtaining
‘feedback’. This saves a great deal of time in assessing socio-economic
constraints and reaching large numbers of farmers,

4. Users' organizations have also proved of value in the development of
[PM training materials. The ICIPE and Indonesian case studies (see
earlier) showed this very clearly. Farmers drew maps for a variety of
purposes including agronomic monitoring and environmental map-
ping (Gupta, cited in Goodell et al., 1992). In Bangladesh, farmers who
were involved in IPM trials presented the successful innovations to
fellow farmers, extension workers and researchers through farmer-led
workshops (Abedin and Haque, cited in Goodell et al.,1992).

[ R]

The private sector

The role of the private sector in crop and livestock production is most
obvious in research and development of new pesticides and in pesticide
distribution, since this is the source of their financial profit. Until recently,
they were therefore reluctant to participate in the research and develop-
ment of IPM, and are still reluctant in situations where there is no
pressure to reduce pesticide use, Classical biological control, for example,
tends to be free to the public and users, except perhaps indirectly through
general taxation. Another disincentive for the private sector is that initial
investment in IPM has to be on a long-term basis, though the investment
is low when compared with the many million dollars needed to develop
a new pesticide. However, partly because ol the increasing rarity of new
active compounds, and partly because future sales of agrochemicals may
increasingly depend on integration with IPM, many agrochemical
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companies have become more interested in more sclective pesticides, such
as cuticle inhibitors, Some 'selectivity’ of a chemical has now become an
assel rather than the death knell of a new product. Many international
companies have also diversified into host-plant resistance, both by
purchasing or investing in seed companies, or by involvement in genetic
engincering of new crop varieties. Other multinational companies are
seeking to increase the proportion of their activity in what they call
‘biologicals’. At present, this term usually means insect paihogens
marketed as a cocktail with an insecticide. The move towards [PM in
many parts of the world has sparked off a new private industry in the
production of biological control agents as, for example, in Latin America
{Chapter 6}. Of course, the private sector has always been directly
involved in certain aspects of TPM. such as the production of vaccines
to replace vector control.

Even purely in relation to traditional chemical pesticides, chemical
companies have had to take account of the growing campaign for
environmental and health safety. Some prices of compounds have been
lowered, and the true effects of pesticides a little disguised by referring to
them in promotion literature as ‘preventive medicine’. Another strategy
has been to try to counteract reduced sales by giving monetary incentives
to sales agents and retailers who, in turn, offer favorable credit terms to
their customers. This is particularly attractive for rural users who have
no alternative source of credit with which to purchase their crop protection
requirements. For such users, the idea of ceasing to use chemicals is
tantamount to ceasing to protect their crops or livestock. The chemical
companies and their retailers also often achieve sales by offering services.
such as instructions on their products in the user’s language. Most
sclenttists would agree that it is counterproductive to mount an all-out
crusade for the total abolition of chemical pesticides and, in contrast to
Silent Spring, this is perhaps the most important message of the present
book in relation to pest control. As has already been stated so often here,
pesticides are valuable. They may be one secret of success of IPM, if ways
can be found of using them compatibly or even in positive synergy with
other components.

Most large chemical compantes are showing an increasingly respon-
sible attitude to the use of their products. even if this is not always
borne out by the actions of their local representatives. It has, after all,
always been a golden rule of the private sector that 'the customer is
always right’, Change has, and will increasingly. come about through
the combined efforts of governments to regulate the conduct of the
private sector in relation to pesticides, and the conduct of the users
themselves. No private producer can afford to ignore the preduct
specifications demanded by the client. They may even have been imposed
on him.
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Hazard assessment of
persistent chemicals in
the environment

The occurrence and effects of the persistent polychlor-
inated aromatic compounds are considered. The assess-
ment of the effects of PCBs in terms of dioxin equivalents
is discussed. The use of biological change - biomarkers
— in hazard assessment is considered. The concept of
the ‘polluter pays' and the environmental and eco-
nomic costs of pesticide use are discussed. National
schemes to reduce pesticide usage are considered.
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Introduction

The presence of synthelic chemicals in the environment is a matter of
great public concern. We would like to put this concern into perspective
with four initial points:

1. There is no doubt that the media overplay the environmental (and
human health) dangers involved. Bad news unfortunately makes
more compelling reading or viewing than good news! A headline in
The Sunday Times read "Toxic cocktall is poisoning Arctic wildlife'. The
article went on to say ‘before long, vast arcas of the Arctic will be left
devoid of wildlife unless pollution is controlled” and ‘ultimately entire
populations may be wiped out’. That a wide variety of pollutants are
found in Arctic wildlife, thousands of miles from their source, is a
cause for concern. However, mere presence is no evidence of adverse
effects. In fact, populations of most of the species cited in the article
— polar bears, seals and snow geese — are on the increase. In Canada,
the polar bear population started to increase after hunting quotas
were established in the 1970s, and the population of seals increased
rapidly once commercial hunting stopped in the mid-1980s. Now the
Canadian government is faced with protests from fishermen who
claim the rapid increase in the seal population is affecting the fish
stock.

Even when the facts are available. interpretations may go far
beyond them. In discussing the sex reversal found in alligators in
Florida, a BBC Horizon program included the statement ‘everything
that we're seeing in wildlife has an implication for humans. I believe
that we have the potential to have major human reproductive
problems.’ Yet sex reversal in reptiles can occur when the temperature
changes. Extrapolation of wildlife findings to humans should be
viewed with greal caution.

There is usually an outcry when a chemical company has with-
drawn a pesticide only a few years after release. because of the
discovery of an environmental hazard. We would argue that such a
report s almost good news. Since industry begins environmental
testing some years belore a product is marketed, a longer-term hazard
will show well before an equivalent length of commercial use, The
report therefore means the system works.

2. The tone of both sides in debates of this sort tends to be extreme, The
comments of the environmentalists: ‘Goodness knows what harm this
may not be doing us,” are in strong contrast with the reassurance
given (at least publicly) by many government officials or representa-
tives of the chemical industry: “There is absolutely no evidence this is
doing us any harm.’ Yet both sides of the argument simply translate
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as: "We don't know.” What is often missing from both statements is
a scientific assessment of how adequate the research into answering
the question has been. Thus, although it is very difficult to be certain
that the small residues of pesticide most of us take in with our food
are totally innocuous, it is some reassurance that people have lived
with these residues for 50 years. Also, strenuous efforts by many
scientists to correlate human death or ailments with residues have
failed for most pesticides.

3. Progress nearly always entails some risk. We live with the motor car
in spite of the death toll it engenders. We continue to develop and use
medicines in spite of the tragic side-effects many of them have later
shown. We do not argue for a ban on electricity because of the many
lethal electrocutions that eccur annually. Nor do we give up our use
of energy because coal-mining and oil extraction are hazardous
processes. The problem with chemicals and the environment is the
selfish aspect — the dangers of the car, thalidomide, electrocution and
mining are not contagious. By contrast, none of us can escape from
the environment. This is not to argue against the maximum reduction
of risks: the point is rather that we must accept that human
mnovation has to be a step into the unknown. No one can conceive
the inconceivable.

4. The environmental danger of chemicals has probably never been their
use per se, bul their usefulness. Mr Benz would never, in his wildest
dreams, have envisaged that exhaust emissions from motor cars could
ever become a problem. Engineers would probably have never built
sewage outlets into the sea if they had designed the large coastal cities
of today from scratch. A commercial failure is unlikely ever to become
a serious environmenltal pollutant.

Polychlorinated aromatic hydrocarbons

DDT

Much of Silent Spring is given over to a discussion of the organochlorine
pesticides, especially DDT. Then, the amount of DDT produced in the
United States was about 60 000 tons yr', and world-wide production was
probably twice that amount. Although the translocation of DDT from the
original spray site was already well known, the truly global nature of
contamination by DDT (and its principal metabolite. dichlorodiphenyl-
dichloroethylene [DDE]) was only demonstrated when these compounds
were found in the tissue of penguins and a crab-eater seal in the Antarctic
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(Sladen, Menzie and Reichel, 1966), Neither of thesc species normally
ranges beyond the limits of the pack ice of the region. A subsequent
investigation showed the presence of other organochlorine pesticides, viz.
BHC, heptachlor epoxide and dieldrin in addition to DDT and its metabo-
lites, in both fish and birds collected in Antarctica (Tatton and Ruzicka,
1967). The levels found were low; DDE (the highest of any of the
organochlorines measured) did not exceed 100 p.p.b. in any of the samples
analyzed by Sladen and co-workers, While no one suggested that organo-
chlorines at this level caused any toxicological effects, the fact that they
could be transported to the most remote parts of the world was considered
remarkable at that time. These measurements can be considered as a
triumph for analytical chemistry, but the undoubted ability of the analyt-
ical chemist to determine pesticide residues has been a mixed blessing.
While the importance of determining residue levels accurately is not
disputed, the analysis has often become an end in itself, We know far more
about what is where, than what a particular degree of contamination
means to the organisms living in that environment.

Hazard is a function of exposure and toxicity. If there is no exposure
to a toxic compound, there is no hazard. Equally, if there is no toxicity
there is no hazard in exposure. However, this is too simplistic because,
certainly for DDE, residues can be found in almost every sample from the
environment, and any compound is toxic if the dose is large enough.
Nevertheless what is important to keep in mind is that one needs to know
both the exposure and the toxicity that this exposure can cause. Far too
many major programs measure residue levels but do not address the more
difficult, but more important, question of the effect that these residues are
likely to have.

Polychlorinated biphenyls

In 1966, the presence of polychlorinated biphenyls (PCBs) was discovered
in the Baltic {Jensen, 1966). Within a short time, PCBs were found to be
as ubiquitous as DDE (Risebrough et al., 1968). In some ways the discovery
in the environment of PCBs. polychlorinated dibenzofurans (PCDFs, or
furans) and polychlorinated dibenzodioxins (PCDDs. or dioxins), realized
the worst fears raised in the chapter in Silent Spring entitled ‘Elixirs of
death’. Each of these groups of compounds contains many individual
compounds. Some, especially the PCBs, are globally distributed in the
environment, and some, like the dioxins. are highly toxic.

The basic formulae and the number of individual compounds in each
family are given in Figure 8.1. It will be seen that the formulae are quite
similar and indeed there is a fair degree of interrelationship between them.
Neither furans nor dioxins are manufactured as such; furans occur as
impurities in commercial PCBs, both furans and dioxins are impurities in
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3 2 2 3
PCBs
" Polychiorinated biphenyls
4 219 isomers
5 6 & 5'
9 1
8 2 PCDFs
Polychlorinated dibenzofurans
l | 135 isomers
7 0 3
6 4
g 1
8 0 2 PCDDs
Polychlorinated dibenzodioxins
75 isomers
3
7 0
[ 4

Figure 8.1 Structure and number of congeners of PCBs, PCDFs and PCDi)s. The molecules
may have chlorine atoms at any or all of the numbered positions.

the manufacture of chlorophenols and both are formed in combustion of
chlorinated waste.

One problem that had to be solved immediately after the discovery of
PCBs in the environment was the extent to which measurements of DDT
were in error because of the presence of PCBs. Although one PCRE could
be, and had been, mistaken for DDT, it was soon found that the more
important compound, DDE (the major metabolite of DDT), did not have a
PCB that interfered with its analysis (Reynolds, 1969).

Environmental effects of DDT

The discovery of PCBs in the environment came at the time when moves
were being made to ban DDT in the United States and other Western
countries. Thus there was concern whether some effects ascribed to DDT
were actually due to PCBs. Environmentally, the most important adverse
effects of DDT were mortality of fish and effects on reproduction by some
classes of birds. The case of fish mortality that had the greatest impact
followed forest spraying in eastern Canada and the effect on the important
salmon fisheries. These effects are described in Silent Spring. Because of
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the economic importance of these losses. the use of DDT was phased out
in the programs to control spruce budworm in the mid-1960s. The earliest
known effect of DDT on birds was the mortality of songbirds (such as
American robins), This occurred when DDT was used at extremely high
doses in attempts to halt the spread of Dutch elm disease. This phenom-
enon was reperted at some length in Silent Spring. However, at normal
operational doses, DDT does not cause avian mortality. Indeed, the switch
from DDT to phosphamidon was to cause massive losses ol songbirds. The
most serious effect of DDT on birds was eggshell thinning, which caused
reproductive failure of many species of raptorial birds throughout the
northern hemisphere. This phenomenon of eggshell thinning was discov-
ered in Great Britain in 1967 (Ratcliffe, 1967) and was soon shown to be
global in character. By the early 1970s it had been linked to DDT.
Experimental studies showed that PCBs had no such eflect. Eggshell
thinning and its effect on reproduction form one of the best case studies
of environmental investigation. The dosage response of the degree of
eggshell thinning to the residue of DDE in the egg has been established
for many species. The relationship between the degree of eggshell thinning
and population decline has also been established. It was found that
thinning in excess of 18% was associated with declining populations. Some
pepulations of raptorial birds were even eliminated, for example the
peregrine falcon in eastern North America. Since the banning of DDT in
many countries, eggshells have become thicker and most populations have
recovered, at least to some extent. The history of the DDE-induced eggshell
thinning of raptorial birds has been reviewed recently (Peakall, 1993).

Other pesticides in the environment

DDT illustrates several points made in the introduction to this chapter.
When the chemical first became available for pest control half a century
ago, no one could have conceived the variety of environmental effects a
persistent pesticide could have. Nor could the eventual scale of use have
been envisaged. Even so, it is surprising, given the overuse of DDT for so
many years. that so little irreversible damage was done. Following the
DDT experience, the agrochemical industry now tests {or environmental
effects of candidate pesticides on the soil microflora and microfauna. Effects
on other nontarget taxa, such as bees, birds and insect natural enemies,
are also researched. The fate in the crop plant is also followed in detail
through the metabolic breakdown pathway, and the hazard of any
breakdown products is assessed.

Modern testing procedures would no longer allow a chemical with the
properties of DDT to be marketed. The pesticides in use today pose far less
of an environmental threat than the earlier organochlorines. Much of the
pesticide that lands on the plant surface is subject to oxidation catalyzed
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by sunlight (photochemical oxidation). A great deal more also enters the
air, in the form of the tiny drops that have never contacted plants. Another
fraction is evaporated from crop plants and weeds through transpiration.
The roots of plants take up pesticide; this eventually adds to the aerial
‘contamination’, as does evaporation of pesticide from the soil. However,
the kind of long-distance transport of pesticides in the air. which may have
occurred with the organochlorines, is unlikely to occur with modern
pesticides. For these, the atmosphere is a useful destination, since it acts
as a very effective incinerator, again through photochemical oxidation.

Even pesticide which reaches the soil is not necessarily an environ-
mental hazard. Provided a soil is not sandy, much pesticide will be firmly
adsorbed on to mineral and clay particles. Soil microbes then stowly
degrade the pesticide into harmless products, using the carbon and other
elements. For modern pesticides. this process takes less than a vear, and
it appears that microbes can deal with amounts of pesticides considerably
greater than those used in agriculture.

The aspect of pesticide pollution which remains potentially serious is
the fraction that ends in surface-water run-off, and enters rivers and lakes.
Of course, it will suffer considerable dilution, and breakdown by hydrolysis
will occur. Water-borne microbes will also degrade the pesticide in a
similar way to that in soil. However, pesticide in the surface water, but
adsorbed on to soil particles, will be protected from breakdown. and will
sediment to the bottom of water courses with the soil particles. However,
here anaerobic micro-organisms will then destroy the pesticide rapidly.
even the more persistent compounds. Before this happens, fish and other
aquatic organisms may have accumulated pesticide. This phenomenon
led to the ‘biomagnification’ up the aquatic food chain reported for
organochlorines, but is much iess likely 1o occur with modern compounds.
Only a fow parts per billion (one part being a thimbieful in an Olympic-size
swimming pool) of modern pesticides can be detected in fresh water; traces
in oceans arc extremely hard to find.

The kill of fish is still an important environmental impact, even with
modern pesticides, and particularly with the synthetic pyrethroids.
Pimentel ¢t al.{1993) quoted an estimate by the UUSEPA that between 6
million and 14 million fish were killed annually between 1977 and 1987
by pesticides in the USA.

As far as direct effects on other animals are concerned. the present
environmental impact on birds is considered later in this chapter. Other-
wise, problems seem considerably less than with the older organo-
chlorines. However, some organophosphate and pyrethroid insecticides
have been reported to reduce sperm production in rabbits, Also, some
pesticides are clearly toxic to earthworms; fungicide against apple scab
can affect them even by the residues remaining on leaves when they fall
to the ground (Stringer and Lyons, 1974).
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Another important impact of pesticides (particularly herbicides) is on
biodiversity, both directly and by killing plants that provide food, harbor
prey or provide cover. This has already been discussed (p. 107 and 112).

Hazard assessment of complex mixtures

With DDT, we are only dealing with the effect of two compounds (DDT
and its stable metabolite DDE). However, with the PCBs, polychlorinated
dibenzofurans (PCDFs} and polychlorinated dibenzodioxins (PCDDs), there
are over 400 different compounds.

The first stage in developing a cost:benefit equation is assessing the
damage being done by the pollutant. For PCBs, furans and dioxins, this
is a formidable task. There are two major complications in the toxicology
of these compounds. First, the toxicity of individual compounds varies
greatly. For example, the 2,3,7,8-tetrachiorodioxin is 10 000 times more
toxic than the 1,2,3,8-tetrachlorodioxin, although the difference is only
the position of one chlorine atom (Rappe, cited in Eisler, 1986). Secondly,
the toxicity ol individual compounds to animals varies greatly from species
to species. The acute toxicity of the 2,3,7.8 compound is over 1000 times
greater to the guinea-pig than it is to the hamster. In making an
assessment for risk to humans it is necessary to know if man is a ‘guinea
pig’ or a ‘hamster’.

Determination of dioxin equivalents

In practice we are always dealing with a complex mixture of compounds
that varies from place to place and time to time. Fortunately a system has
been devised to sum the effects of these mixiures. The breakthrough came
from studies by molecular biologists on the isolation and characterization
of receptors. Receptors are highly specific and are the cell’s principal means
of reacting to its environment. In the mid-1970s, Poland and co-workers
identified the Ah receptor by its strong specific binding to 2,3,7.8-
tetrachlorodibenzodioxin (TCDD). This was a key finding in bringing
molecular biology into the realm of toxicology (Poland and Knutson,
1982). The Ah receptor is responsible for the control of the mixed function
oxidase enzyme system, the key system in the defense of the body against
foreign compounds. From this point on progress was rapid. Studies were
broadened to cover many specific PCB, furan and dioxin compounds.
When a molecule binds to a receptor, its exact shape is important. It
was found that the ability of individual compounds to induce the mixed
function oxidase system is influenced greatly by the degree of chlorination
and the chlorine substitution pattern. The most toxic PCBs are those that
have no chlorine atoms next to the central bond, allowing the molecule
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to rotate and fit into the receptor. The most toxic PCDFs and PCDDs are
those substituted in the 2, 3, 7 and 8 positions. Studies on the structure-
activity relationships of many organochlorines show that the toxic effects
and strength of binding to the Ah receptor are related.

This complex biochemistry has been applied to field investigations in
providing a means of expressing the complex mixtures of organochlorines
as ‘dioxin equivalents’. The concept is based on the established correlation
between the concentration required to induce a specific mixed-function
oxidase enzyme (alkyl hydrocarbon hydroxylase) and the concentration
required for toxic effects for many PCBs, PCDFs and PCDDs. In ‘dioxin
equivalents’, the activity of the most powerful compound {2,3,7,8-TCDD)
is considered to have a toxic equivalence factor of one. The potencies of
the other compounds are then calculated from the correlation. This
number can then be multiplied by the concentration, and the equivalence
expressed in terms of dioxin calculated, An exampile is shown in Table 8.1.
Although the potencies of other compounds, such as individual PCBs, are
lower than for dioxin, their concentrations are often much higher. They
therefore frequently contribute more to the total ‘dioxin equivalent’ than
dioxin itself. For example, recent studies in Lake Michigan suggest that
90% of the dioxin equivalents in the eggs of fish-eating birds are caused
by two specific PCBs. The approach is now also used in reverse. A measure
of the degree to which the activity of the enzyme is increased is then
converted into dioxin equivalents. This bicassay approach is rapid and
inexpensive compared to the conventional chemical analysis by gas
chromatography and mass spectrometry.

The dioxin equivalents of egg samples of fish-eating birds collected from
41 colonies on the North American Great Lakes were determined (Tillitt
et al., 1992). The relative ranking of colonies correlated well with known
areas of contamination. Material from Green Bay and Saginaw Bay gave
the highest and those on Lake Superior the lowest values. When the
overall reproductive success of cormorant and tern colonies was plotted
against dioxin equivalents of eggs from each colony. a high degree of
correlation was found (Figure 8.2). This strong correlation suggests that

Table 8.1 Calculation of dioxin equivalents {data from Ankley G. T.,
Niemi, . J.. Lodge, K. B. et al. (1993) Arch. Environ. Contamin. Toxicol.,
24, 332-44: Jones P. D.. Gicsy, |. P.. Newsted. . L. et al. {1993) Arch.
Environ. Comtamin. Toxicol. 24, 345-54)

Compound Toxic equivalent Concn Dioxin equivalents
factor (TEF) ng") (TCDD-EQ}
2.3,7.8TCDD 1 08 0.8
33,445 PCB 22 % 1075 5460 12.0 {126}
3,34 4-PCB 1.8x 107 30 700 05 (77)

2,3.3.4,4-PCB Bx10° 398 000 3.18 (105}
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Figure 8.2 Relationship of embryonic mortality of Caspian tern and dioxin equivalents of
the egg contents (from Peakall, D.B., Animal Biomarkers as Pollution Indicators, Chapman
& Hall, London, 1992, with permission),

the abnormally low reproductive success of fish-eating birds in some areas
of the Great Lakes is caused by sublethal levels of PCBs.

Toxic equivalent factors (TEFs) are now being included in regulations.
In several European countries and Canada, guidelines for emissions trom
municipal waste incinerations now use these factors (Fiedler, Hutzinger
and Timms, 1990}. Recommended levels in soil have also been expressed
in TEFs in Germany and the United States.

Environmental estrogens

The issue of the New Scientist dated September 23. 1993, under the
heading ‘Pesticides linked to breast cancer’, gave an advance report of
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work to be published in Enviromnental Health Perspectives (a journal put
out by the US National Institutes of Environmental iealth Sciences),
which claimed that DDT and PCBs can act as weak estrogens and have
been correlated with an increasing incidence of breast cancer. These
chemicals are considered 'preventable causes of breast cancer’. A program
by the BBC in November 1993 linked these weak estrogens to breast and
testicular cancer, and also to the decreasing sperm counts of males in the
Western world, There is. however, far from a consensus on these links.
Other scientists quoted in the New Scientist article point out that the
concentrations of these chemicals do not fit well with the epidemiology of
the disease. They conclude that ‘environmental estrogens can have only
a small effect, if any.” The director of the US National Cancer Institute is
quoted as saying: 'The environmental hypothesis is extremely interesting
and scientifically important and we're going to pursue it.’

The most widely cited wildlife examples of endocrine dvsfunction are
the feminization of male alligators and the occurrence of masculinized
female fish in Florida. Also widely cited is the finding that male fish have
high levels of vilellogin (a protein used in egg formation) in several rivers
in Britamn, and that gulls in California lay super-normal clutches of eggs.
These, and other findings, are detailed in a voiume in the serics Advances
in Modernt Environmental Toxicelogy entitled *Chemically-induced alter-
ations in sexual and functionai development: the wildlife/human
connection” (Colborne and Clement, 1992). One cannot dispute the
consensus report in this volume that man-made chemicals have the
potential to disrupt the endocrine system of animals. However, the
connection made between this finding and humans, particularly the claim
that human sperm levels have halved {Sharpe and Skakkebaeck. 1993),
is [ar less clear.

Many different chemicals have been put [orward as the cause of these
endocrine disruptions. DDT, PCBs, effluent from paper mills, nonylphenols.
phthalates and breakdown products from human birth-cantrol pills have
all been blamed. A valid approach would seem to be establishing the
estrogen cquivalents of these various compounds by determining their
estrogenic activity (based on estrogen itsell with the value 1), and
multiplying these values by the concentration. This would parallel the use
of dioxin equivalents alrecady described.

These stories in the 1990s echo the earlier concerns raised in Silent
Spring. On p. 235 of the latter, it is stated:

A substance that is not a carcinogen in the ordinary sense may disturb the
normal functioning of some part of the body in such a way that malignancy
results. Important examples arc the cancers. cspecially of the reproductive
system, that appear to be linked with disturbances of the balance of sex
hormones . . . the chlorinated hydrocarbons are precisely the kind of agent
that can bring about this kind of indirect carcinogenesis,
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Polluter pays?

The fundamental question that has to be answered is ‘How serious is the
damage being caused?’ Clean-up of the environment - from a wide variety
of pollutants — will be a major task of the next decade. The costs involved
in this process are immense, making it essential to find the most eflicient
use of the measures available. A decision to do toe little may cause
irreversible damage to the environment. while a decision to do more than
is necessary will waste resources better spent clsewhere.

The slogan ‘the polluter pays’ is, like most slogans, highly simplistic.
In the case of past errors, it may be difficult to decide who the poliuter
was and. even more difficult, and expensive, to extract payment. Some-
times it is impossible; the company has gone out of business and there are
no longer assets that can be used to pay for cleaning up the pollution.
Another case that causes difficulties is where there are a number of
different companies involved. There can be formidable legal problems, and
costs, in deciding the degree of responsibility of each company.

Even when there are not complications, one has to realize that costs
are passed on. Let us define the cost of producing a product as X, and the
cost of pollution controls associated with the manufacture of the product
as Y. The cost to the consumer becomes X + Y plus. of course, the profit
to the manufacturer. Society has Lo decide if it wants pollution controls
enough to increase the price from X to X + Y. If so, the price of chemicals
has 1o include the cost of not allowing unacceptable pollution to occur.

Another problem is the inconsistency in environmental standards in
different parts of the world. A manufacturer may well decide to locate his
plant in a country where environmental legisiation is weak or nonexistent.
Then he avoids costs Y — to say nothing of reduced labor costs — and thus
has the competitive edge on companies manufaciuring in countries with
strong environmental legislation. For example, the New Scientist (February
15, 1992) reported that some major mulitinational companies in the
Netherlands were threatening to move abroad if the Dutch government
went ahead with plans to impose environmental and energy levies ahead
of the EEC’s proposed carbon tax.

Enforcement of legislation, rather than the lack of legislation, is the
greatest problem. Most countries have environmental legislation. The
Ministry of Health of Tanzania defines a hazardous chemical substance as
‘one which a) does not lend itself easily to chemical changes caused by
natural effects and is also easily accumulated in biological organisms, b) is
suspected of harming human health when ingested continuously,
¢) through chemical changes caused by natural effects. produces sub-
stances corresponding to a) or b)." However, the ability of governments
in developing countries to protect their citizens from such hazards is very
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limited. The former Soviet Union had some of the strictest environmental
legislation in the world, yet eastern Europe is now one of the most poliuted
areas of the globe. Even within the EEC, there has been criticism that
environmental standards are more strongly enforced in the north than
the south. Even within the EEC there is therefore not a level playing field.

There are, of course, some cases where the principle of the ‘polluter
pays’ does work. For example, the farmer who illegally dumps pesticides
can be fined. Even in the ‘Alice in Wonderland” world of farm subsidies,
the farmer has to bear the cost himself. However, most of the costs of
meeting overall water standards are going to be borne by the water
authorities and therefore passed on to the consumer.

It is important that pollution standards should be realistic. Recent water
quality regulations issued by the EEC have been crilicized as too stringent
and being set on & poor scientific basis. This is not the forum to debate
this issue but, even in the most affluent country, it does not make sense
to spend large sums of money to clean water beyond what is necessary.
It can be a difficult balance. There is the obvious tendency to make
regulations very tough, to avoid being proved wrong from the viewpoint
of safety to human or environmental health. However, the wasting of
resources can also have a negative impact on human and environmental
health, because funds are then no longer available for more worthwhile
programs. Realistic pollution standards that can be met world-wide, and
be enforceable, should be the objective.

Economic and environmental costs of pesticides

Attempts have been made in recent years to cost environmental damage:
while the concept of a realistic cost-benefit analysis is appealing, in
practice it is very difficult to avoid using arbitrary valuations and making
assumptions that have a wide range of error.

An attempt to estimate the environmental and social costs of pesticide
use in the USA has been made by Pimentel et al. {1993). This estimate is
US$8&.1 thousand million per year. Their paper categorizes the costs under
10 headings. The underlying difficulties can be illustrated by examining
two of these categories, bird losses and public health impacts,

Bird losses, the largest single category, are put at US%$2.1 thousand
million. The estimate is based on the following equation:

cropland area x number of birds ha™ x fraction killed x value of each bird.

The first figure, the area of cropland, can be obtained quite accurately and
was set at 160 million ha. The number of birds per unit area of cropland
is more difficult. but there is a large body of data suggesting that the figure
used of 4.2 birds ha™ is probably reasonable. There is much more



b
1
o

HAZARD ASSESSMENT OF PERSISTENT CHEMICALS

uncertainty about the percentage of dead birds that were killed by
pesticide. Pimentel e al. use a value of 10%, which they state to be at the
lower end of the range cited in a review by Mineau (1988). However,
recent work by Knapton and Mineau {1994). using banded birds, failed
to find any losses in cropland treated with OPs. Even if one accepts that
67 million birds are Killed. no basis is given for the completely arbitrary
value of US$30 put on each individual bird. Some dead birds will be of
species considered as pests. Even for waterfowl, US$30 seems a high price
for a duck! If one substituted the value of US$1.70 that is used for a fish.
the cost of US$2.1 thousand million falls to US$114 million.

The public health impacts are estimated at US$786.5 million. By far
the largest part of this total (US$ 707 million) comes rom pesticide cancers.
The cost of treatment (US$70 700) is probably reasonable, but the
estimate of the number of cancers (10 000) is far from firm. Pimentel and
co-workers state: *A realistic estimate of the number of US cases of cancer
in humans due to pesticides is given by D. Schottenfeld (University of
Michigan, private communication, 1991), who estimated that less than
1% of the nation’s cancer cases are by exposure to pesticides,” There are
two major difficulties with this statement. First, the study has not been
published. so there is no way that the basis of the conclusion can be
examined. Secondly. Dr Schottenfeld is quoted as saving ‘less than 1% of
cancer cases are caused by pesticides. How much less? At 0.1% the cost
estimate falls 1o US$7 1 million and the total cost to US$.1 350 million.

Reduction in pesticide usage

Whether it is possible to calculate the environmental cost of using
pesticides is open to doubi. Nevertheless there is no disagreement with the
proposition that, if a reduction of pesticide usage can be achieved without
increasing crop losses, this would be highly desirable. The sources of
pressures to move towards IPM were discussed in Chapter 4.

In several countries, formal targets to reduce the amount of pesticide
applied have been passed into law. Sweden was first, with a 5 year program
(introduced in 1986) setting the target of reducing by half the weight of
the active ingredients used. The base line for this halving was the average
for the period 1981-85. Table 8.2 shows the reductions achieved, by
categories of pesticides.

It is claimed that this goal has been achieved without serious expense
or losses in yield. There are, of course, many factors that affect yields.
However, in two important crops, spring barley and winter wheat, the
average yields were higher in 1990 than the average for 1981--85.

In 1990 the Swedish parliament passed further regulations to reduce
by another 50% the amounts of pesticides used by 1996. To achieve this
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Table 8.2 Sales of pesticides in Sweden (from Emmermaunn. A. (1992} Rep.
Swedislt Board of Agriculture, with permission}

Weight of active
ingredient {tons)

1981-85 1990 Reduction (%)
Seed dressing 161 97 398
Fungicides 599 608 -15
Herbicides 3536 1658 53.1
Insecticides 150 38 747
Growth regulators 82 49 40.2
Total 4528 2450 159

goal a reduction of some 120() tons of active ingredients will be required.
A quick look at Table 8.2 makes it clear that this must come largely from
reductions in the amounts of herbicides and fungicides used.

One problem with a legal requirement to reduce the weight of active
ingredient is that it exerts pressure to use compounds for which the rate
of application is lower, However. there is no meaningful correlation
between application rate and environmental damage across different
chemicals. Forest spraying in eastern Canada, with phosphamidon at
140 g ha™, was responsible for major kills of songbirds. Yet fenitrothion,
at twice the rate (280 g ha '), had a much smaller impact. Obviously it
would not be desirable to substitute phosphamidon for fenitrothion to
achieve a 50% reduction in the active ingredicnt. A shift from organo-
phosphates to pyrethroids makes for a marked reduction in the weight of
active ingredient used per hectare. For terrestrial vertebrates this may be
a good move, but not necessarily for aquatic ones (the problems associated
with the pyrethroids were discussed in more detail in Chapter 2). Clearly
such differences need to be borne in mind. and indeed the Swedish
National Chemicals Inspectorate has put forward 'Principles for identifying
unacceptable pesticides’” (Andersson et al.. 1992).

A readable account of the program to reduce the amount of pesticides
used in the Province of Ontario in Canada is given by Surgeoner and
Roberts (1993). They state; ‘It would be a triumph of virtue if one could
say thatl the program to reduce pesticides by 50% in the Province of
Ontario was based on a consultative process between farmers, agriculture
researchers, politicians and the general public. As in many endeavors the
truth is more revealing.” The truth was that, because of public concern
about the human and environmental health impacts of pesticides. the
concept of a 50% reduction was included in the platform of one of the
political parties. The first ever win in a provincial election of the Soctal
Democrats in 1987 resulted in the 50% reduction being put into law. The
reduction was to take place over 15 years. It has been suggested that the
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period of 15 years means that those who put the plan into being will not
be held accountable if the program fails.

One point of the program was to make Canadian agriculture more
competitive with that of the United States. Because of added regulatory
costs and smaller markets, Canadian farmers typically pay considerably
more for pesticides. Perhaps GATT and the North America Free Trade
Agreement will also address this problem. As already discussed in
Chapter 1, the GATT agreement is likely 1o have considerable envir-
onmental ramifications.

The exemplary reduction in pesticide use in Indonesia was described in
Chapter 6, with its origin in brown planthopper (BPH} outbreaks. caused
at least partly by overuse of chemicals. In 1986, a bold initiative was
taken by the government. This was the issue of Presidential Decree no.3
of that year. It banned the use of 57 previously registered broad-spectrum
insecticides on rice, and only a few insecticides with a narrower spectrum
were permitted. This decrec halted one of Asia's most serious environ-
mental crises. Subsidies were decreased to 70-75% of the original level in
1986, to 400-45% in 1987, and {inally completely withdrawn in January
1989.

The decree displayed a strong commitment and will of government to
maintain rice self-sufficiency in a situation when overuse of insecticides
was the cause of reductions in rice yields. Simultaneously, of course, it
furthered the protection of the environment and human health. Pesticide
use has fallen dramatically, and the production of rice is now greater than
ever before (see p. 176).

Thus, in the world’s fifth most populated nation, well-considered
macroeconomic decisions have benefited farmers, consumers and the
government, and have drastically reduced environmental damage. The
National IPM programme in Indonesia is little short of a social movement
(Wardhani, 1991). It links scientific development of ecological concepts
with intensive farmer training in sound management techniques in the
field. Tt represents one of the first large-scale examples of what might be
called ‘second-generation green revolution technoiogy’.

Use of biomarkers in environmental assessment

An approach that is being used increasingly is the extent and severity of
biological change, ‘biomarkers’, as indicators of the effect of pollution. The
reality is that we cannot return the world to a pristine condition. The
contamination of the planet ranges {rom highly industrial areas, pro-
foundly altered by man, to wilderness areas such as Antarctica. Even here
the blubber of the penguins and seals contains small amounts of PCBs
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and other contaminants. Is this contamination important? One possible
approach to answering this question, using biomarkers, is to see if the
organisms in a specific area are physiologically normal. An analogy to
human medicine may be made. The approach is equivalent to a checkup
involving the examination of the patient and having a battery of labora-
tory tests performed. If all the results are within normal limits, then it can
be assumed that the patient is healthy and that no further actton is needed.

Can this idea of physiological normality be universally applied? There
one runs into diffliculties, as some areas are already profoundly altered.
For example, one cannot expect the entire area of an industrial port to
maintain the same populations of the same animals under the same
physiological conditions as a pristine area. Nor, on the other hand, is it
acceptable for the port to be allowed to pollute the entire estuary and
nearby lake or ocean.

The following criterion has been proposed for action: ‘that the physio-
logical functions of organisms, outside the exclusion zone, should be
within normal limits' (Peakall, 1992), This gives what is, by environmen-
tal standards, a rigorous and reasonably practical endpoint. The concept
of an 'exclusion zone' acknowledges that there are some areas so altered
that remedial action is not {easible. Certainly the concept is tricky. It is
difficult to see how an impartial scientific basis for the zone could be
established. but it is equally difficult to see how pollution control can
otherwise proceed.

The major advantages of the approach are:

1. Ttis, at least initially, independent of the pollutants involved and thus
avoids the problem of mixtures and unknown substances. Only if the
studies outside the exclusion area reveal abnormalities, would detailed
investigations be needed.

2. Proofis not required, again at least initially, that any observed effect
is deleterious. If the area over which the effect is seen is large, it may
be argued that such proof is necessary. However, it is not a basic
precondition.

3. Philosophically it is a defensible posilion. Analytical chemistry is now
so precise that zero cannot be an objective. Although pollutants are
present. the lunctioning of the animails living in the arca may be
normal,

There are, naturally, limitations in this approach. The most important
are:

1. It implies that we have a battery of tests suflicienily good to give
confidence in whether the physiolegy of the animals is indeed normal.
Also, it implies that this battery of tests covers eflecls caused by all
the major classes of pollutants.
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A difficult question to answer is which. and how many. species should
be tested. However, the same problem of interspecies differences exists
with all other approaches.

3. It does not tackle the question: 'Ts harm caused by the abnormal
physiological state?’

The criterion for what is physiologically normal is a critical part of the
approach. Controls should come from an environment as physiologically
similar as possible to the area being studied. So far as contamination is
concerned, not only is it not feasible to find control material with zero
contamination but this may not be cven desirable. In practical terms.
broad areas of low-level contamination arc now the norm. The argument
can be made that. since this is the best that we can expect in an
industrialized world, such areas should be the controls. In using such
controls, an acceptance of this leve! of poltution is implied. Pragmatically.
there seems litile other option.

The exclusion zone/physiological normality approach is a mixture of
politics and science. This mixture, although difficult, is an inevitable part
of finding the solulion to environmental problems, An obvious problem
occurs if biomarkers are outside normal limits for a wide area. Once the
drea required 1o be cleaned up becomes large, then the pressure to question
the harm caused by the physiological changes increases. At the moment
we do not have the body of data on biomarkers. systematicaliy collected
over wide areas. that will answer this question. Studies. such as those
being undertaken on the North American Great Lakes, may provide the
answer. If it is found that biomarkers. over a range of species. are outside
the normal biological variation over wide areas. we shall have to rethink
the approach.

Biomarkers have sparked considerable interest in recent vears. A wide
range of biomarkers is now available (Huggett ¢t al., 1992; Peakall, 1992},
covering cifects caused by all the most common classes of pollutants. The
strategy of using biomarkers has been discussed at & recent NATO
workshop (Peakall and Shugart, 1993). While biomarkers have not vet
been used in environmental legislation, it seems that we are rapidly
approaching this point.

Control strategies for polyaromatic
hydrocarbons

Control strategies for the different polychlorinated aromatic hydrocarbons
have varied. PCBs — and for that matter DIDT — were synthesized and used
in that form. whereas the furans and dioxins are by-products of other
reaclions.
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Figure 8.3 Temnporal trends in the concentration of PCBs and DDE in herring gull eqys
from two colonies in Lake Ontario. Canada, Means with standard deviation are based on
samples of 9-11 eggs: means denoted by * are based on a pool of 10 eggs (from Toxic
Chenticals in the Great Lakes and Associated Effects, Vol. 1, Constant Levels and Trends,
Report of Environment Canada. Toronto, with perniission).

In the case of PCRs, Monsanto (the sole UUS manufacturer} made a
voluntary reduction of sales for ‘open-circuit uses’ in September 1970, a
move subsequently followed by manufacturers in Europe. ‘Closed-circuit’
uses. such as closed-system electrical and heat transfer uses, continued
for some time. but these involve far less loss to the environment. The
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action on PCBs was in marked contrast to that on DDT. Here, the final
ban in the US was produced only after years of bitter court actions,
although in other countries, such as Sweden, bans were readily put in
place earlier. The environmental effect of these restrictions on DDT can
be illustrated using data from the Canadian Wildlife Service Program on
levels in herring gull eggs collected from the Great Lakes (Figure 8.3). At
first, levels of DDT dropped rapidly; they have now levelled out.

The highly chlorinated PCBs are very stable and cycle almost contin-
uously through the environment. The slow leaching of these compounds
out of dumps means that there is still some new input from earlier uses.

Dioxins are not manufactured as such but are by-products of several
industrial activities. They are present as impurities in some commercial
herbicides (especially 2.4,5-T) and chlorophenols, and are formed by
combustion, including that taking place in commercial incinerators, The
explosion at the chemical plant at Seveso, Italy in 1976 resulted in the
death of small animals in the surrounding area. Levels in domestic animals
were sufficiently elevated to be considered a risk to human health and the
animals were destroyed. Despite some human illness. no death of humans
could be definitely attributed to this accident. Application of waste oil
contaminated with dioxin to control road dust in Missouri caused the
death of many horses and other animals near the treated areas, In one
case, the town of Times Beach was purchased by the US Environmental
Protection Agency and permanently evacuated in 1982,

The degree of contamination of herbicides by dioxins varies a great
deal. The notorious Agent Orange. used by the military in Vietnam,
contained up to 5% (Eisler, 1986}, Other formulations contained amounts
that were much lower. Regulations have now been put in place to reduce
the amount of dioxin contamination. The herbicide 2,4-D also contains
appreciable concentrations of dioxins, but most of these are the less toxic
isomers.

In 1977, both dioxins and furans were found in fly ash from municipal
incinerators (Olie, Vermeulen and Hutzinger, 1977). Since then, many
investigations have shown the emission of dioxins and furans from a
variety of combustion sources (including fossil fuels, wood and cigarettes).
Most of the work has focused on municipal incinerators. The amounts
produced vary greatly with both the type of material burnt and the
operating conditions. Nevertheless, combustion is clearly an important
source to the environment of dioxins and furans.

Another major source of dioxins is from the use of chlerinated phenols,
especially the pentachlorophenols, as wood preservative. In Canada. the
use of chlorophenols has been discontinued for short-term protection of
wood, where the potential for loss to the environment is high. However,
they are still used in treatment facilities for the long-term preservation of
wooden structures.
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The furans have similarities to the dioxins in that they are not
deliberately manufactured and that there are many different compounds
with a wide range of toxicities. While not as extensively studied as the
dioxins, they are widely distributed at similar or higher concentrations to
the dioxins. The main sources of furans are as impurities in PCBs and
chlorinated phenols and as products of combustion.

Although PCBs are no longer manufactured, substantial amounts still
enter the environment when waste materials are burned at low tempera-
tures. Fires in buildings that contain PCB-electrical equipment are of
particular concern, especially since the highly toxic 2.3.7,8 isomer is then
formed. Chlorinated phenols are another source, although the isomers
involved do not include 2,3.7.8 in appreciable concentrations. Combustion
also produces the furans in amounts equal to, or higher than, dioxin levels.

Since dioxins and furans are not manufactured as such. they cannot be
controlled by direct regulation as has been done for DDT and PCBs. Efforts
to reduce the amounts in the environment have had to focus on activities
such as the cleanup of herbicides and control of incineration conditions.

Conclusion

Could the approach, now being undertaken by the OECD, of producing
enough data for a preliminary environmental hazard assessment of
high-volume chemicals, be expected to solve the problems that have
occurred with persistent chemicals? The answer is not a simple 'ves’ or
‘'no’. It should have been able to handle the problems caused by PCBs.
Their stability and high octanol:water ratio should have alerted us to
potential problems. Dioxins, on the other hand, arc not purposefully
produced. and it would require detailed studies of manulacturing processes
to show the sources of these highly toxic materials,

The position is similar with the heavy metals, Qbviously the elements
themselves are immortal and their direct uses. such as toxic mercurials
as fungicides, could have been expected to cause problems. The increases
of mercury caused by acidification and flooding would. however. not be
detected by examining production processes.

It is to be hoped that the proactive approach will become the dominant
approach to preventing problems with toxic chemicals. Nevertheless, the
reactive approach, based both on formal monitoring programs and field
observation, will still be needed as a safety net.
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Nonpesticidal chemicals
that have an impact on
agriculture

Three broad areas of environmental concern — acid
rain, climate change and the hole in the ozone layer —
all have implications for agriculture and forestry. The
impact of 8Oy on human health and the acidification
ol aquatic systems are discussed briefly and the contro-
versy over the role of acid rain in the decline of forests
is examined in more detail. The possible impact of
climate change on agriculture and forestry is discussed
and the role of methane in global warming is consid-
ered. The possible impact of ozone depletion on photo-
synthesis is considered. The international aspects of
these problems and the steps that have been taken to
solve them are described.
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Introduction

The nature of pollution problems has changed over the decades. We have
moved from the obvious and local to the subtle and widespread. At the
beginning of the 1960s we had the obvious problem of dead pigeons
following the use of dieldrin as a seeddressing. This was followed, by the
end of that decade, by problems of avian reproduction, such as of the
peregrine. By the early 1970s, the problems that man was causing in
large bodies of water, such as the Great Lakes of North America and the
Baltic, were becoming apparent. Later that decade the regional problem
of acid rain became a prime concern. Lastly, by the end of the 1980s,
clearly changes were occurring in the atmosphere that were truly global.
Two changes — global warming and ozone depletion — have come to the
fore. These are issues so widespread and so serious that they can only be
tackled internationally at the highest level. These changes are made more
complex by the fact that the component effects are interrelated. In this
chapter we look at the impacts of these effects (acid rain, climate and
ozone depletion) on agriculture.

Acid rain

A world map of estimated annual deposition of sulfur has been produced
by Rodhe, Galloway and Dianwu (1992). In addition to SO, the map
includes dimethyl sulfide {mainly from oceans) and sulfates. Problems
for terrestrial systems occur when high deposition and high sensitivity
of soil (i.e. a low buffering capacity) coincide. The map (Figure 9.1) shows
three regions where high deposition (1 g m°yr’’") coincides with soil
sensitive to acidification; these are eastern North America, Europe and
South-Fast Asia. The only region in the southern hemisphere that
approaches these levels is an area of southern Africa with deposition
rates up to 0.7 g myr . Here, however, the soils can absorb acid. Rodhe
et al. point out that just a modest increase of sulfur emissions in China
would greatly increase the area of high deposition in South-East Asia.
At present the industrialization of China is based on energy from coal.
Since much of the area of South-Fast Asia has soil sensitive to acidifica-
tion, serious problems stemming from China can be expected. The World
Bank has recently given a grant of US$1 millicn to map the ecological
impact of acid rain, and to help countries in devising strategies for

- emission reduction.

The adverse effects of SO, and NO, can be considered under the three
main headings of: the effects of these gases on human health in cities and
near to industrial sites. the acidification of bodies of water, and the effects
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%% Sensitive soils (> Present problem areas
MW Present emissions . Potential problem areas

Figure 9.1 Mapping of present and predicted sulfur deposition and sensitive soils to locate
present and potential problem areas (from Rodhe, H, and Herrera, R. (eds}, Acidification in
tropical countries, SCOPE, 36, Wiley, Chichester, 1988, with pernission).

of acid rain on forests. Although all these aspects of the problem are
mentioned below, only the last will be considered in any detail.

Much of the ‘local’ impact of SO, from power stations and other
industrial sources has been reduced by discharging waste gases through
tall chimneys. This has spread the gases over wide areas and the problems
caused by this approach are considered later in this chapter.

Since nearly half the world's population lives in urban areas, the quality
of air within these areas is a major human health concern. The air
pollutants that occur widely in cities world-wide are S0,, NO,, carbon
monoxide {CO), ozone (0;), lead and suspended particulate matter. A
detailed report on the air quality of ‘megacities’ — those with a population
of over 10 million — has recently been issued (WHO/UNEP, 1992). Some
solutions (changing from dependence on coal, using unleaded petrol)
reduce the overall air pollution, but others (e.g. high stacks and resiting
power plants) merely shift the problem elsewhere. Problems are caused
by 8O, and NO, to both aquatic and terrestrial environments; these two
are considered under separate headings.

Aguatic environments

The effects of acidification are better understood in the aguatic than in
the terrestrial environment. There is no doubt that acidic deposition can
cause surface water acidification. A recent survey in acid-sensitive areas
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of the United States (Baker et al., 1991) found that atmospheric deposition
was the dominant source of acid antons for 75% of the 1180 lakes and
for 47% of the 4670 streams included in the National Surface Water
Survey. Detailed studies on experimentally acidified lakes have been
carried out {Schindler et al.. 1985). These workers found some dramatic
changes in the lake food web when the pH was changed from 6.8 to
5.0 over 8 years. There were changes in phytoplankton species, cessation
of fish reproduction, disappearance of benthic crustaceans and the
appearance of filamentous algae. However. no changes in primary
productivity, rates of decomposition or nutrient concentralions were
observed. Key changes in the food web had already been noted when
the pH dropped to 5.8.

The decline and loss of fisheries caused by acidification has been
documented in the north-eastern United States and Scandinavia. In the
north-eastern United States fishless acidified lakes have been found.
especially in the Adirondack Mountains of New York State. Some streams
in Pennsylvania and Massachusetts are also considered to be affected by
acidification, but Haines and Baker {1986} concluded that ‘the extent of
damage to date appears small relative to the total resource.’

In Norway a survey was made in 1986 of 1000 lakes to compare with
an earlier one in 1974-75 (Henriksen et al.. 1989). It was found in
southern Norway that the number of barren lakes had doubled. The
chemical changes were characterized by a decrease of calcium and an
increase of aluminum rather than by a marked decrease in pH. In 1986,
52% of the lakes surveyed were considered as endangered. Models suggest
that a reduction of 30% in the loading would lead to recovery in 28% of
these lakes, and a reduction of 50% would ensure viable conditions for
fish in 40%. The total land alfected by acidification in Norway has
increased from 33 000 km’ in 1974-79 to 36 000 km” in 1986.

The effect of acidification on metal bioavailability has been examined.
Aluminum and mercury are the two maost critical metals; effects of others
such as cadmium and lead seem less important. The impact in both cases
is serious, but quite different. The effect of aluminum, which has been
documented in both laboratory and field studies, is toxicity to the fish
themselves, including acute effects on the gills and effects on reproduction.
So far as fish populations are concerned, the latter effect is the more
important, with reproductive failure leading to the decline and extinction
of populations. There is considerable variation in the sensitivity of indi-
vidual fish species to pH. Some, such as the fathead minnow, are affected
at pH 5.6 whereas others, such as yellow perch, can survive pH values
as low as 4.5. In contrast, although fish in acidic waters do accumulate
increased levels of mercury, these are well below toxic levels. The problem
is that piscivorous birds and mammals are likely to be at risk (Scheuham-
mer, 1991). This risk to predators of fish is reflected in the ‘fish advisories’
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that have been issued. In Canada, fish consumption restrictions have been
recommended for 90% of the walleye and 60% of the lake trout popula-
tions. This followed a survey of over 1000 lakes in Ontario. Similar
restrictions have been made in the north-castern United States and in
Sweden. Although the number of lakes in Sweden for which advisories
have been issued is only 250, it has been estimated (Hakanson. Nilsson
and Andersson, 1988) that as many as 10 000 lakes may be involved.
Limited data suggest that liming of lakes can improve this situation.

A similar problem. again not involving anthropogenic sources of
mercury, but through an increase in biocavailability caused by human
activity, has occurred when large areas of land have been flooded during
hydroelectric projects. One such project was the Churchiil-Nelson River
hydreelectric development project in Manitoba, Canada. Levels of mercury
in fish increased soon after impoundment. In predatory fish, they increased
from ¢, 0.5 p.p.m. to . 2.5 p.p.m. due to mobilization of mercury from the
soil and subsequent methylation by bacteria (Bodaly et al., 1984). Mercury
levels in fish showed no decline 5 years after impoundment. Elevated levels
were noted in fish-eating mammals, although no toxic effects were noted.
Many local people had blood levels above 20 p.p.b., but no adverse effects
were detected.

A current project that is causing considerable concern and cantroversy
is the James Bay II project. in Canada. The original James Bay project was
begun in 1973 to generate hydroelectric power. Tt involved the diversion
of three rivers and involved the flooding of 10 000 km” of land. The new
project would involve flooding an additional 4000 km* of land in which
the soil is rich in mercury. The area affected is equivalent to that of France.
There is considerable scientific debate about the time-scale involved for
the rise and subsequent decline of mercury levels in fish. Raphals (1992)
considers that the ‘aggregate lake would be one of the most mercury-
polluted water bodies in the world and would remain a significant problem
for 80-100 years.’

The problems caused by chlor-alkali plants, the use of mercury com-
pounds in pulp mills and the use of mercurials as seed-dressings are now
well known and should be things of the past. In contrast, problems that
are likely to remain far into the future are the liberation of mercury into
fakes when they become more acidic and the leaching out of mercury
from the soil when areas are flooded for reservoirs and hydroelectric
projects.

The best approach to safeguard human health would be surveys of
mercury levels in fish. Such surveys would enable bans to be imposed in
the case of commercial fisheries and safety warnings to be issued in the
case of sport fishing. However, the cost of such a monitoring program
would be high, since it involves the collection and analysis of fish from
many lakes.
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Besides effects on humans and other fish-eaters, the fish populations
themsclves may respond indirectly to effects on other parts of the Jood
chain. Such indirect responses can complicate the interpretation of field
obscrvations. Zooplankton are particularly susceptible both to low pH and
metals (Spry and Wiener, 1991). In the experimental acidification studies
in Ontario, the rate of growth of lake trout first increased and then
markedly decreased as pll was reduced (Mills et al.. 1987).

Based on these and other studies, it was considered that sulfate
deposition should be limited to 9-14 kg ha™'yr™' to protect the most
sensitive aquatic ecosystems (Schindler, 1988). These values are [ar below
the 20-50 kg ha 'yr ' deposition measured over much of eastern North
America and western Furope. Thus the standards suggested by Schindler
could only be attained with very substantial reductions in the
anthropogenic emissions of sulfur dioxide {SO»).

A recent report by the Joint Nature Conscrvation Committee in the UK
(Farmer and Bareham, 199 3) concludes that. if Britain sticks to the target
of a 60% reduction of the 1980 acidic emissions, 818 Sites of Special
Scientific Interest (S8S1s) totaling 321 000 ha would remain vulnerable
to acid rain. If the reduction were as much as 80%. the number of
vulnerable sites would drop to 336. To put this problem into perspective,
the number of 858Is in England and Wales is 4520, and they total just
over a million hectures,

Terrestrial environments

That pollution caused by coal burning can affect plants has long been
known. The term “acid rain” was coined by Angus Smith in 1832 in a
paper delivered to the Literary and Philosophical Society of Manchester.

The ecarliest scientific papers on the subject seem to be those by
Wislicenus in Germany in 1907 and Crowther and Ruston in the UK in
1911. Wislicenus' studies were carried out in the industrialized valleys of
castern Germany. The extensive forest devastation that was recorded there
was largely attributed to SO:. Both acute and chronic damage was noted.
Coniferous trees proved o be more sensitive to chronic exposure. whereas
deciduous trecs reacted more o acute exposure.

Crowther and Ruston (1911) commented that the rain falling through
the polluted atmosphere around Leeds became ‘notably rich in suspended
matters. chlorides, sulphates [often also other sulphur compounds, such
as S0.]. nitrogenous compounds [notably ammonia] and frec acid.’ They
found that these pollutants had direct adverse effects on leaves. but
considered that the most serious effect was on nitrogen fixation in the
soil.

Studies on terrestrial systems are a good deal more complicated than
those on aquatic systems. The basic chemistry of the acidification of bodies
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ol water is fairly well understood. So is the dependence of the rate of
acidification on the rate of input and on the buffering capacity of bodies
of water. The effect of ptl on the survival and reproduction of aquatic
organisms is easier to study than the corresponding effects on terrestrial
organisms, especially long-lived organisms such as trees,

It is also clear that multiple pollutants and & multitude of other factors
are involved. The pollutants include ozone and the heavy metals in
addition to SO, and NO,. Effects may be direct {c.g. on the foliuge of the
tree) or indirect (e.g. an alleration of the nutrients in the seil). Air
pollutants may stress forests beyond their ability to cope with natural
stresses such as disease, insect attack. drought and other climatic factors.
It can be very difficult to separate effects of pollutants from effects of natural
factors. The most detailed studies have been made in Furope, especiully
in Germany.

Forests

Figure 9.2, taken [rom the 1988 State of the World Report issued by the
Worldwatch Institute, shows the extent of damage to forests in Europe.
The proportion of forest considered damaged is remarkably high. In several
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Figure 9.2 Forest danage in Buiope. 1986 {data from Brewn, L.R,, State of the World,
198K, Norton. New York),
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countries — Holland, Switzerland and the UK — it is at or just above 50%.
and for Europe as a whole the figure is 22%.

Two basic points should be made in relation to these ligures. First, they
refer to damage from all sources. It is impossible to relate the damage to
pollution, let alone any specific pollutant. Secondly, there is considerable
disagreement about what measures of damage to use. Most surveys are
based on foliage loss and degree of foliage discoloration. Nilsson and
Duinker (1987} have pointed out that foliage discoloration and loss is
caused by a variety of factors. including extreme temperature and drought,
and is not well correlated with forest decline. These workers have preduced
maps of the damaged volume of forests in Europe expressed as a fraction
of growing stock (Figure 9.3).

The loss of forests in Germany is now an important political issue and
the word ‘Waldsterben' — forest death — is now a household word. The
history of the damage in Germany has been given by Blank (19853},
Damage in the early 1970s was largely confined 1o the silver fir. This
species is not important in German forests and, in any case, localized
diebacks have been recorded over the past two centuries. However. by the
mid-1970s silver fir decline occurred at many locations in Germany and
in several other countries. From the late 1970s, damage was noted in
several other species, notably the Norway and Scots pine and the common
beech. Since these three species account for three-quarters of the total
forest area of Germany, there was considerable alarm. In severely affected
areas of Baden-Wurttemberg. the damage to spruce increased from 6% in
1981 to 94% in 1983,

"The serious situation in Poland has been described by Mazurski (1990).
He concluded that ‘the structure of Polish industry remains unchanged
and therefore ecological conditions continue to deteriorate, including the
conditions necessary for hecalthy forests. In many areas [orests are
threatened with total extinction. This is especially noticeable in the
western Sudetes Mountains, Therefore, resolute and rapid action is
imperative to protect Poland's natural environment and that of
ncighboring countries,’

Potential causes of forest declines

1. Direct effect of acid. Direct effects of sulfuric and nitric acids are not
considered a major factor. Levels needed experimentally to cause
damage, even to sensitive plants, are much higher than those
recorded. Further, there has been no recent increase in the acidity of
rain in the affected arcas.

S0, and NO,. Although these gases can affect plants, including trees,
they have not been considered as a major cause in western Germany.,
Levels are usually well below those considered critical (25 ug m™

!\J
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Figure 9.3 Volume of forest in Europe damaged as a fraction of growing stock {from Nilsson, S. and Duinker, P.. Environment, 29¢9), 4-31, 1987,
with permission).
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Figure 9.4 Forest damage and sulfur deposition in Europe, 1986-88 (data from Brown,
I.R., State of the World, 1988, Norton. New York, and UNEP, Environmental Data Report,
Blackwell, Oxford, 1992),

overall mean, or daily levels of 50 ug m™}. In certain areas of eastern
Germany and Czechoslovakia, however. levels greater than these
critical ones have been observed. Certainly in Europe there is no good
correlation between forest damage and sulfur deposition (Figure 9.4).

3. Ozone. A concentration of ozone of 100-200 pg m™' has been found
1o damage trees when exposed for 6-8 hours a day [or several days.
This concentration is only 2—3 times background levels. In many rural
areas of Europe average daily concentrations are regularly in this
range and peak levels often cxceed background levels six- to ten-fold.
In Germany. scientists studying the dieback of conifers consider that
ozone is the single most important factor (Postel, 1984).

A wide variety of other chemicals, such as peroxides and formaldehyde,
have been identified in the atmosphere and may contribute to damage to
plants (Gaffney et al., 1987). Certainly it is clear that no single hypothesis
can account for the varying patterns of forest decline that have been
observed.
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The problem of ‘Waldsterben' has recently been reviewed by Kandler
{1992). He concluded that ‘the suggestion that a large-scale decline of
European forests {Waldsterben) has taken place since 1978/1980 is not
corrohorated by 10 years of intensive research.’ e traced the elfects of
80, damage, which started in the second half of the nineteenth century,
and considered that, with a few exceptions, complete recolonization of
devastated areas has been observed since 1960 and that there is now no
correlation between the spatial and temporal distribution of air pollutants
and damage to trees. In a companion paper (Mueller-Dombois, 1992), it
is noted that forest declines of a similar type are also occurring in several
Pacific forests unaffected by industrial pollution. Here dieback of the
canopy is considered a natural phenomenon of forest dynamics,

It seems likely that a wide range of factors, both natural and unnatural,
are at work on forest dynamics, From a chemical point ol view, ozone
seems the chemical most likely to do damage. This is supported by recent
studies in the south-eastern United States (Richardson. Sasak and Fendick,
1992). Here no direct effects of acid precipitation were seen, but ozone
greatly affected photosynthesis. These workers considered that cven
normal ozone levels in this region caused some reduction of photosynthesis
and strong inhibition occurred at 2-3 times normal ambient levels,

Effects of acidic deposition on human health were considered by a
Working Group of the World Health Organization, the findings of which
were published in 1986 (WL, 1986). The data available suggested a
minimal risk to healthy individuals inhaling acidic aerosols at ambient
concentration. However, some risk to sensitive groups (L.e. asthmatics) could
not be ruled out. As far as indirect effects are concerned, the Group identified
several polential problems caused by the ability of acidifted water to leach
out increasing quantitics of metals (as discussed earlier in this chapter).

Climate change

The early history of the "greenhouse’ cffect has been detailed by Gribbin
(1990}, The first description of the importance of the atmosphere in
controlling the earth's temperature was made by the French mathemat-
ician Baron Jean Bapiste Fourier in 1827, He likened the atmosphere of
the earth to the glass cover of a box. The role of water vapor and trace
gases such as carbon dioxide in keeping the earth at a pleasant tempera-
ture was described by the British scientist John Tyndall in 1863, He
appears to have been the first to coin the phrase ‘greenhouse effect’. That
industrial pollution might. over a period, increase the temperature of the
carth was first put forward by the famous Swedish chemist Svante
Arrhenius. While he is best known for his work on electrolysis, in 1886
he wrote a book, Worlds in the Making, that put forward the concept that
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the available energy of the universe is self-renewing. The book includes
the role of various molecules in maintaining the earth's temperature. He
expressed the hope that the greenhouse effect would improve the cold
climate of his native Sweden.

By far the most important of the greenhouse gases is carbon dioxide.
The steady, and so far inexorable, rise of the level of carbon dioxide in the
atmosphere is one of the very few undisputed aspects of the greenhouse
effect. The relative importance of fossil fuel combustion and land-use
changes for emissions of C(): has already been mentioned in Chapter 3
{Figure 3.2). Large-scale felling of trees, as occurred in North America in
the nineteenth century and Europe even earlier. is now happening in the
tropical rainforest. This both increases the carbon dioxide emissions when
the wood is burnt and decreases the amount of carbon diexide taken up
by photosynthesis. However. the burning of fossil fuel remains the main
cause of the increase of atmospheric carbon dioxide.

The main point of debate has been, and still is, how large an cffect this
build-up of carbon dioxide will have on the global temperature. This issue
cannot be debated here. However, most models agree that the temperature
increase caused by a doubling of the carbon dioxide level {which if present
rates continued would be by 2030) would be between 1.5 and 2.5 °C.
Here we wish to consider the effect that this is likely to have on forestry
and agriculture.

Forestry

Interesting evidence for global warming has come from a stand of pine
trees on the island of Tasmania, ofl the southern coast of Australia. The
Huon pine lives for up to 700 years in this unpolluted area of the world.
Studies have shown that the width of the tree rings can be related to the
temperature of the summer (Anderson, 1991). Both the cold spell of the
early 1900s (when the pack ice of the Antarctic expanded and icebergs
drifted much further north than usual) and the ‘little ice age’ of the
seventeenth century can be clearly seen. Using this record of tree ring
width, the temperature increase in the past 20 years is greater than
anything seen in the previous 700 years. Effects of global warming would
not be confined to a rise in sea-level. There would also be major effects on
vegetation. The northern forests of Scandinavia. Russia, China and North
America are dominated by evergreen conifers. Further south, excepl on
high ground, the woods are dominated by deciduous forests of oak, beech
and other broadleaved species. In the tropics we have the evergreen
broadleaved rainforests. The boundaries of the different forest types have
moved in the past as global temperatures have changed. During the last
ice age, which involved a global temperature change of approximately
4 °C, this change occurred over 1000 years. One important aspect of the
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problem is the speed with which it is likely that these global warming
effects will now occur. Palaeoecological studies on the boreal treeline in
central Canada suggest that, during a period of climate warming some
4000 years ago, the initial transformation from tundra to forest occurred
in about 150 years {MacDonald ef al., 1993). This suggests that changes
in the past have occurred at similar speeds to those predicted from the
present manmade global warming. Studies in the United States have
suggested that the northern movement by as much as 300 or 400 miles
of the southern boundary of the sugar maple could be associated with a
doubling of the €O, concentration. The fossil record and present-day
distributions suggest that some species have been able to shift successfully
i response to climate change. In contrast, others have not, either because
their rate of migration was too slow or because of the presence of barriers.
A number of plant genera that had a circumpolar distribution in the
Tertiary period became extinct in Hurope while surviving in North
America. These included magnolia, hemlocks. sweet gums and tulip trees;
it is presumed that east—west barriers such as the Alps, Pyrences and the
Mediterranean were responsible (Peters and Darling. 1985). Of particular
concern are nature reserves, which are frequently isolated areas of original
habitat surrounded by large areas of human-dominated lands.

Altitudinal shifts of vegetation can also be expected. It has been calculated
that a 3 °C increase in temperature would cause a 500 m altitudinal shift in
species distribution, Species originating near to the peaks would not have
any higher habitat to which they could shift as warming occurred and would
be expected to become extinct. Extinctions of alpine plants occurred in
Central and South America when vegetation zones moved upwards by 1000
m after the last glacial maximum (Peters and Darling, 1983).

The future possible effects of global warming, combined with the
present-day effects of acid rain and depletion of the ozone layer, mean that
it is difficult to predict accurately the effects on the ecosystems of the earth.

Agriculture

The possible impacts of global warming on agriculture can be considered
under several headings: effects of temperature rise, rainfall changes,
increase of carbon dioxide levels and the numbers and composition of pest
species. These are considered in turn.

Temperature rise

The results from the various models devised to estimate the changes
expected from the rise of carbon dioxide and other greenhouse gases vary
considerably. Nevertheless, there is broad agreement that rises in temper-
ature will occur. It has been calculated that increased temperatures would
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be advantageous for the rice crop of Thailand (Bachelet ¢t al.. 1992), They
would allow a northward expansion of rice-growing areas and lengthen-
ing of the growing season in those areas currently limited by low
temperatures, In contrast, potaloes are favored by low temperatures and
the areas suitable for this crop could be expected to decrease. The grain
belt of North America. which provides much of the exportable food supply
of the world, would be expected to shift northwards.

Rainfall changes

Water is the major limiting factor for agriculture. Regrettably. as far as
global warming is concerned. the predictions on rainfall changes are more
variable than they are for temperature. For example, when four predictive
models were run to estimate the impact of doubling of CO; on the Thailand
rice crop. there was general agreement among them for temperature but
little agreement for raintall. Increased temperature will certainly increase
evapotranspiration which is likely to negate any increase in rainfall.

Effects of carbon dioxide levels

Plants can be divided into two groups (C; and C,) based on the mechanism
that they employ to fix carbon dioxide. Both groups have cells that control
carbon dioxide, oxygen and water exchange across their surfaces. As the
carbon dioxide level rises, both groups lose less water, but the C. plants
have a pump that concenirates carbon dioxide near to the site of active
photosynthesis. As carbon dioxide levels rise, this pump reduces oxygen
binding. The C; plants do not have this mechanism and therefore are
favored in high carbon dioxide levels. Nearly all trees and many major
crops, including potatoes, rice and wheat, are C, plants.

Elevated carbon dioxide levels have long been used in greenhouses Lo
accelerate plant growth, but it is doubtful i this advantageous effect would
be widespread. One reason is that, although plants show increased
photosynthesis initially. the rates soon drop to the same values as under
normal CQO; levels. Another problem is that increased rates of photo-
synthesis are only seen if other needs, such as nutrients and water, are
not limiting. It is therefore not surprising that studies on the grasslands
of the Arctic tundra have not shown increases of productivity with
increasing CO: levels. There is also the problem that the community
structure of plants could change if C; plants outcompete C, plants.

Effects on pests

There are many estimates of global losses of agricultural crops from insects,
discase and weeds. Among these are figures of 12%. 12% and 11%,
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respectively (Pimentel, 1991). Increased temperature is expected to favor
insects and weeds. In the former, increasing temperature would be
expected to increase fecundity and number of generations by extension of
the breeding season. Also, pests from the tropical areas could extend their
range northwards, Weeds, on balance, are better adapted than crops to
arid conditions, and could be expected to increase their compelitive
advantage with crops. Fungal plant diseases, on the other hand. should
decrease in importance as dry conditions reduce their ability to attack
crops.

In conclusion, it can be said that most models predict that global
warming would increase problems for agricultural production. Modeling
of climate changes suggests a 10--15% grain yield decline across a broad
belt of more tropical countries in Africa, Tatin America, India and
South-East Asia. Some important crops that would be affected are millet.
rice, sorghum, soybean and wheat.

While farming in northern marginal areas — sheep in Iceland, wine in
England — could be expected to improve, the main concerns are effects on
the mid-latitude grainbelt. Losses of 10-30% of unirrigated crops have
been predicted for the grain-exporting regions of North America and
Australia, unless offset by changes in agricultural practice. These changes
could include increased irrigation, better control of pests and soil erosion.
and the use of different varieties of plants. The 1988 Toronto Conference
on The Changing Atmosphere concluded ‘While averaged global food
supplies may not be seriously threatened, unless appropriate action is
taken to anticipate climate change and adapt to it, serious regional and
year-to-year food shortage may result, with particular impact on the
vulnerable.” Handling the problems caused by global warming will call for
an integrated approach, not merely to pest management, but also Lo sound
ecological agriculture.

Methane and other greenhouse gases

Carbon dioxide is not the only greenhouse gas, although it is the most
important in that it contributes half the total greenhouse eftect. Another
is methane, which is produced naturally by bacteria in the absence of
oxygen. This can happen in swamps (hence its old name ‘marsh gas’}.
rice paddies and the guts of animals, especially of ruminants such as cattle.
Methane is also produced when wood and vegetation are burnt and from
leaks from natural gas and coal mines. The natural and anthropogenic
sources of methane are shown in Figure 9.5. Methane is a more effective
greenhouse gas than carbon dioxide, in that it is some 30 times more
effective at trapping heat. Howcver, it is much less stable, and is broken
down by the ultraviolet light from the sun. It is estimated that methane
currently contributes only about a fifth of the greenhouse effect. A
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(a)

Cattle (25.4%)

Rice paddies {23.7%) Waste (10.2%)

Natural gas (16.9%)

Burning (23.7%)

Annual total = 295 million tons

{b)

Wild animals (2.5%})

Other (23.9%)

Wetlands (55.8%) Insects (12.7%)

Oceans (5.1%)

Annual total = 197 million tons

Figure 9.5 (a} Anthropogenic and (b} natural sources of methane (data from OECD, The
State of the Environment, QECD. Paris, 1991).

particular concern is that, should the tundra of the far north begin to
thaw, large quantities of methane could be released from the underlying
layers of dead plants.

Nitrous oxide is an even stronger greenhouse gas, although it occurs
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at much lower concentrations. It is part of the natural nitrogen cycle, but
almost half comes from man-made sources (combustion, use of fertilizers
and from animal and human wastes).

The ‘doomsday’ scenario for a runaway greenhouse effect goes like this:
as the temperature increases, large amounts of methane are released from
the tundra. Simultaneously the increased ultraviolet radiation. caused by
depletion of the ozone layer. damages the phytoplankton of the oceans.
This removes an important ‘sink’ for carbon dioxide. further increasing
global warming and thus the release of more methane. In the worst of all
cases, the positive feedback mechanisms might combine to trigger an
unstoppable warming. Greenpeace sent questionnaires to 400 relevant
scientists. Of the 113 who replied, almost hall thought a runaway
greenhouse effect was possible and 13% thought it probable.

However, some atmospheric contaminants actually decrease the green-
house effect. Sulfate particles thrown into the atmosphere by the burning
of fossil fuel cool the earth by reflecting more of the sun's energy back
into space. Similarly, noticeable cooling effects have followed volcanic
eruptions such as Agung, El Chicon and, most recently, Pinatubo in the
Philippines. The Pinatubo eruption ejected some 20 million tons of SO,
into the stratosphere, making a layer that reduced the amount of solar
heating that reached the earth's surface. It is estimated that the effects of
the eruption will last 2-3 vears.

Ozone/CFCs

The chlorofluorocarbons {CFCs) are, molecule for molecule, the strongest
of the greenhouse gases. However, the main concern over these com-
pounds is the depletion of the ozone layer. Ozone depletion is becoming
increasingly well documented and here we will refer only to a few recent
studies. Satellite mapping of total ozone concentrations started in 1979,
and has revealed a steady decline globally. The data, showing a 1% per
year loss over the period 197986, are shown in Figure 9.6 (Bowman
1988). Figure 9.7 shows the global pattern of decline of ozone based on
satellite data up to March 1991 (Stolarski et al., 1992). The declines are
greatest towards the polar regions, but decreases are found in all regions
except near the equator. More recent studies (Hofmann et al., 1992) have
shown a marked reduction in the ozone layers in the Antarctic at both
11-13 and 25-30 km altitude regions, This greater depletion at the lower
altitude was considered due to aerosol particles from the eruption of Mount
Pinatubo in June 1991.

Once the Antarctic hole was discovered, studies were undertaken to
see if a similar situation was developing in the Arctic. The European Arctic
Stratospheric Experiment was started in 1989 to study the problem. This
is the largest ever European environmental science project and, despite its
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Figure 9.6 Temporal trends in ozone levels over the Antarctic. 1979-86 (from Bownun,
K.P., Science, NY, 239, 48-5¢), 1988, with permission),
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Figure 9.7 Contours of total ozone mapping spectrometer data. Average trends in per cent
per decade for December to March, 1978-91 {from Stolarski, R., Bojkov, R., Bishop. 1. et
al., Science, NY, 256, 342-9, 1992, with permission).
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name, includes scientists from Canada, Japan, New Zealand and the United
States. The data showed that while loss of ozone was occurring, this loss
was much smaller than in the Arctic {10% compared to 60%). In the
mid-latitudes, 30-60 ° north or south, however, the depletion was similar,
at around &% in late winter/early spring. The worrying feature here is
that, whercas the mid-latitudes of the northern hemisphere contain large
human populations. the equivalent band in the southern hemisphere is
largely ocean. Although this reduces the likelihood of effects on human
health, there are environmental concerns. There is no consensus on the
likely effect of increased UV radiation on the southern oceans. The (arget
of greatest concern is phyleplankton; experimental studies have shown
that even modest increases of UV radiation can decrease productivity. The
actual degree to which productivity is affected is difficult to measure. The
possibility of serious damage is increased because the greatest depletion
of the ozone layer (up to 60%) occurs in the southern spring. This is when
the plankton is undergoing a great burst of productivity, The best estimates
of the reduction of productivity of plankton arc about 10-20%. This is
small compared to the natural annual fluctuations that the system has
been capable of surviving. The guestion of whether a 10-20% reduction
in primary productivity is critical at the low point of natural fluctuations
has not been resolved. It seems unlikely that higher organisms. such as
fish, whales and seabirds would be affected directly, but obviously they
would be affected if the Antarctic food web were disturbed.

Recent mesocosm studies (Bothwell, Sherbot and Pollock, 1994) on the
differential response of algae and insect larvac to UV radiation suggest
that there may indeed be such ecosystem effects. Initially the growth of
algae is inhibited, but after a few weeks the effect on the insect population
is so marked that the algac cun increase due to the lower predatory
pressure. The authors conclude that if differential sensitivity to UVB
between algae and herbivores is a generalisable phenomenon, short-term
measurements of IVB inhibition of algal photosynthesis, which have been
the focus of much rescarch during recent years, may not be addressing
the most critical element of aquatic ecosystem sensitivity to clevations of
UVRB irradiance.’

The international aspects of the CFC problem are shown by two
phenomena. Although 93% of the CFCs are released in the northern
hemisphere, the redistribution is rapid enough that the concentrations in
the southern hemisphere lag behind those in the north by oniy 10%. Also,
by far the largest ozone depletion occurs over Antarctica.

Control of CFCs is a case where international action has been taken.
In 1985 the United Nations Environment Programme came up with the
Vienna Convention for the Protection of the Ozone Layer. This convention
only dealt with international cooperation on observations and research
and did not contain specific contrels. Controls were. however. introduced
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in the Montreal Protocol adopted in 1987. The participants agreed to a
freeze on production of CFCs at 1986 levels by 1990. They further agreed
to a reduction of 20% by the beginning of 1994 and a reduction of an
additional 30% by January 1999. Developing countries, however, received
extensions of the deadlines and the Soviet Union also got an exemption.
Overall it has been estimated that the reductions by the turn of the century
would amount to 35% rather than 50%.

[t is ironic that the biggest story, the "ozone hole’ over Antarctica, broke
just 2 weeks before the Montreal meeting. This was too late for the
information, which was anyhow still preliminary, to be evaluated by the
scientists of the individual governments, for decisions to be made and for
delegates to be instructed. However, the information did lead to amend-
ments to the Montreal Protocol (London 1990). These increased the speed
of reducing production of CFCs and called for zero production and
consumption by the year 2000.

There is now abundant evidence that the size of the Antarctic ozone hole
is increasing. The levels of ozone measured in the Antarctic spring have
decreased sharply over the past 15 years and the duration of these decreases
has increased. Evidence is now coming in about problems —not yet assevere
—in the Arctic. That CFCs can survive in the stratosphere for 100 years (it
varies from compound to compound, but a century is a reasonable average
figure} means that, even with a complete ban on CFCs, the ozone layer
would not be completely restored until the twenty-second century,

Are remedial measures possible? Several suggestions have been made.
Two are pumping ozone into the stratosphere, and adding hydrocarbons
which would react with the chlorine. The difficulties, and not just the
technical difficulties, are enormous. Decisions would have to be based on
the best available calculations. How serious will things really be if we do
nothing? Will the solution really work? One would not know until
afterwards. Who should make the decision? Somebody, some group, has
to make the decision. All too obviously it is going to be a difficult decision,
but we have to remember that no decision is also a decision.
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The international
approach to integrated
pest management and

life-cycle analysis of
chemicals

There is an increasing nced for an international ap-
proach to environmental problems to tackle matters
such as locust control. the spread of resistance among
pest species and such environmental problems as acid
rain, climate change and the 'hole’ in the ozone layer.
The international organizations created by the Confer-
cnce on the Human Environment in 1972 and the
deliberations of the recent United Nations Conference
on Environment and Development are described.
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Neither pests nor chemicals liberated into the environment respect inter-
national boundaries. The discovery, now over 30 years ago, of DDE in the
fauna of Antarctica showed the global distribution of chemical pollutants.
Certainly acid rain, climate change and the 'hole’ in the ozone layer can
only be tackled internationally.

The importance of international bodies in the regulation of chemicals
has been increasing for decades.Organizations such as the World Health
Organization (WHO) and the Food and Agriculture Organization (FAO)
were set up under the auspices of the United Nations soon after the end
of the Second World War. Both have played a major role in the regulation
of pesticides. The Codex Alimentarius set up by FAO in 1962 to produce
food safety standards has already been discussed in Chapter 3. A commit-
tee to examine pesticide residues in food was set up jointly by FAC and
WHOQ and meets annually. So far they have evaluated more than 200
pesticides. In the 1970s the FAQ broadened its work on chemical safety
by looking towards harmonization of national requirements for registra-
tion of pesticides. This led to an International Code of Conduct on the
Distribution and Use of Pesticides that was approved at an FAQO conference
in 1985.

From the environmental point of view the UN-sponsored Conference
on the Human Environment in Stockholm in 1972, which led to the
formation of UNEP, was an important turning point. Within UNEP, several
important programs relating to our knowledge of environmental chemi-
cals have been set up. The International Register of Potentially Toxic
Chemicals (TRPTC) was started in 1976 and continues to collect and
distribute information. Currently the IRPTC holds the toxicological profiles
on some 800 compounds on computer. Additionally there are files on
waste management, on chemicals currently being tested and on national
regulations covering more than 8000 substances. The International
Referral System for Sources of Environmental Information (INFOTERRA)
was established in 1977 as a network of national references points for
environmental questions. Its directory lists over 6500 institutions
world-wide and it has access to some 600 databases. - - -

The Global Environmental Monitoring System (GEMS) was created in
1975 to monitor the global environment and undertake periodic assess-
ments of its health. The GEMS networks monitor changes in atmospheric
composition, air and water pollution, deforestation and many issues
related to diversity. Major programs include HEALS (Human Exposure
Assessment Locations), which monitors the total human exposure to
selected pollutants, and GRID (Global Resource Information Database),
which provides environmental data in a readily accessible form. GEMS
supports two research centers, the World Conservation Monitoring Centre
at Cambridge and the Monitoring and Assessment Research Centre in
London.
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Other international agencies have also played an important part. The
OQECD Environment Committee was formed in 1970. By the mid-1970s,
the OECD had set up six expert working groups on the minimum amount
of data that should be available for every new chemical, the so-called MPD
{minimum pre-market data). While this was not passed by the Council as
a directive. it was used in most of the 24 member countries (such as the
USEPA scoring system). It also formed the basis for the European Chem-
icals Control Act (79/831/EEC) adopted by the European Community in
1979, European legislation also calls for additional tests to be made when
the tonnage first reaches certain levels.

Legislation calling for the manufacturer to produce a minimum data
set before being allowed to market the material has proved much easier
than tackling the problem of accumulating the basic data on existing
chemicals. The lack of data on existing chemicals (p. 13} was highlighted
by a US National Research Council Report in 1984.

Steps were undertaken by the OECD to obtain data on existing
chemicals. A first step was to develop a registry of which chemicals
were under investigation in member couniries. Initially this enabled
national bodies to get in touch with others involved with the same
chemical, but was also a stepping-stone to the prevention of duplication
of effort. This program, EXICHEM, now has some 13 500 entries on
5000 chemicals. Subsequently the OECD produced a list of chemicals
that are produced in volumes of over 10 000 tons yr ' in any member
country (p. 13). These chemicals account for over 90% of the total
global chemical production.

Air pollution has long been recognized as an international problem.
Sweden reported to the Stockholm Conference on transboundary air
pollution in Scandinavia. In the same year, the OECD began a cooperative
program to measure long-range transport of air pollutants (LRTAP). This
problem was subsequently taken up by the EEC, which led to the EEC
Convention on LRTAP in 1979, Agreements on monitoring and research
were more readily reached than agreements on the actual reductions of
pollutants such as SO, and NO,. A UN protocol on the reduction of sulfur
emissions by 30% was adopted in 1985. However, it has not been ratified
by several major industrial nations, including the UK and the USA.

The oceans are another area where international cooperation is essen-
tial. An Intergovernmental Working Group on Marine Pollution was
established at the Stockholm Conference. Scientific advice has since been
provided by GESAMP (Group of Experts on the Scientific Aspects of Marine
Pollution). The Convention on the Prevention of Marine Pollution by
Dumping was agreed in London in 1972. A comprehensive new frame-
work for the marine environment, the UN Convention on the Law of the
Sea was agreed in 1982; it had been signed by 160 countries by the end
of 1990. The difficulty with this agreement, as with so many other
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international agreements, is that agreements are {reelv entered, but the
will to enforce them has often been lacking.

The UN Regional Seas Program has been more successful than some
broader agreements since it requires several countries to work together
to achieve common goals, Since the Convention for the Protection of the
Mediterranean Sea against Pollution was signed in Barcelona in 1976,
considerable progress has been made on the imstallation of pollution
control around the Mediterranean. Much, however, remains to be done.

The most iImportant event on the international scene of recent years
has been the United Nations Conference on Environment and Development
(UNCED) held in Rioc de Janeire in june 1992, Il was attended by
representatives of 115 countries and produced a document known as
Agenda 21 to point the way forward into the twenty-first century.

From the point of view of this book the most important chapters of
Agenda 21 are that on Changing Consumption Patterns (Chapter 4),
Promoting Sustainable Agriculture and Rural Development {Chapter 14),
the Environmentally Sound Management of Toxic Chemicals (Chapter
19}, and the Environmentally Sound Management of Hazardous Wastes
(Chapter 20).

The issue of changing consumption patterns is very broad and this
" chapter of Agenda 21 is more general than the other three chapters that
we will be discussing. 1t is also more political in nature. Under ‘Basis for
action’ it states, ‘measures to be undertaken at the iniernational level for
the protection and enhancement of the environment must take fully into
account the current imbalances in the global patterns of consumption and
production.” Some of these imbalances, notably in terms of emissions of
pollutants and usage of energy, have already been considered earlier in
this book (Chapter 2).

Chapter 4 has described the role of international organizations, espe-
cially FAQ and WHQ, in pesticide regulation. Especially important has been
the discouragement of the use of the organochlorine insecticides. However,
the point has been made more than once in the previous chapters that it is
perhaps a mistake both to ‘tar’ all organochlorines ‘with the same brush’
and to write them off for use in the developing world, ignoring the positive
features several of them possess, such as the low acute mammalian toxicity
and the ease with which application as a powder is possible in the absence
of spraying equipment and water. FAQ has, however, also attempted to
promote IPM as a move towards sustainability of agriculture in developing
countries. As well as aid for IPM projects, conferences and training
programs have been mounted. Many aid agencies in developed countries,
such as ODA in the UK and USAID in the USA, have also financed and
advised IPM projects. This has often been done in collaboration with
international agencies such as FAQ or the World Bank.

International research stations (such as IITA, ICRISAT and [RRI} in
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the CGIAR network of research stations were referred to requently in
Chapter 7 in relation to the development of IPM in Asia, Africa and Latin
America. After many years of focusing on plant breeding as their approach
to crop protection. these research stations have now accepted IPM in their
remit. Other international centers. but not linked to specified crops in the
same way as CGIAR institutes, include ICIPE and IIBC {again see Chapter
7). Both are making major contributions to the development of IPM. The
latter institute is specifically for biological control, but is increasingly
including other elements of 1PM in its thinking to improve the efficacy of
natural control agents.

Consortia of European higher education institutions, with encourage-
ment from the EEC, are developing training courses for IPM workers from
developing countries. The courses will eventually be held in those
countries, with the support of staff and training manuals from Europe.

The basic objectives of Chapter 4 in Agenda 21 are set out as:

1. All countries should strive to promote sustainable consumption
patterns.

2. Developed countries should take the lead in achieving sustainable
consumpticon patterns.

3. Developing countries should seek to achieve sustainable consumption
patterns in their development process, guaranteeing the provisions of
basic needs for the poor, while avoiding those unsustainable patterns,
particularly in industrialized countries, generally recognized as un-
duly hazardous to the environment, inefficient and wasteful, in their
development processes.

The proposed activities to reach these goals were given as:

encouraging greater efficiency in the use of energy and resources;
minimizing the generation of waste;

assisting individuals to make environmentally sound decisions:
exercising leadership through government purchase;

moving towards environmentally sound pricing;

reinforcing values that support sustainable consumption.

SRUERESES

It is. as several activities listed in the UNED document indicate. going to
take a fundamental change in attitude, a movement away from the
‘throw-away society’. A Westerner walking through a market in a
developing country is struck by the painstaking repair of old, apparently
worthless articles. This maintenance of old equipment is environmentally
friendly, but it is based on a plentiful supply of cheap labor, or in more
blunt terms. poverty. The deveioped world has taken on board the concept
of ‘green goods’. For example, products are now labeled ‘ozone friendly’,
and recycling is ‘in’, even though there are serious doubts about the
effectiveness of some of these programs. However, there is little evidence
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that the developed world is prepared to make any real sucrifices. For
example. the goal of (.7% of GNP (gross national product) being devoted
to foreign aid programs is receding rather than being realized. If we are
going to raise the standards of the developing world significantly towards
those of the developed world, it is (as we discussed in Chapter 3) going to
take a drastic change in the use of energy and materials to produce goods
and services,

Chapter 14 of Agenda 21 covers the very wide topic of ‘Promoting
sustainable agriculture and rural development’. This has the general
theme that agriculture in developing countries must satisfy the demands
of a growing population, largely by increasing preduction on land already
under cultivation to avoeid further inroads on land only marginally suitable
for cropping. Much of the chapter is concerned with farming systems,
genetic resources, etc., and emphasis is placed on low-input sustainable
agricultural systems. This has implications on pesticides and IPM. The
latter forms one of the 12 programs of the chapter. The whole chapter
sets deadlines that appear to us to be totally unrealistic. For example, the
entire agricultural policy review and establishment of the subsequent
program have a 1995 deadline. By 2005, developing countries are
expected to manage policy, program and planning activities. A key
objective of the IPM program is ‘to improve and implement plant protec-
tion and animal health services, including mechanisms Lo control the
distribution and use of pesticides, also to implement the international Code
of Conduct on the Distribution and Use of Pesticides.” not later than the
year 2000! Another is ‘to establish operational and interactive networks
among farmers, researchers and extension services to promote and develop
integrated pest management,” not later than 1998,

The program has as its bases:

1. the fact that losses caused by pests are estimated at between 25 and
50%:

2. that overuse of chemical control of agricultural pests has adversely
affected farm budgets, human health and the environment; and

3. that integrated pest management is the best option for the future.

This could all have been written 30 years ago. However. a welcome and
positive codicil is that the program also firmly includes continued use of
pesticides and their appropriate management and regulation. Also wel-
come is the emphasis on farmer education into safe handling, application
and disposal of chemicals.

As in other chapters in the document, considerable responsibility is
placed on governments in the developing world to move forward rapidly
in developing national research, coordination and development of human
resources, though with the support of international organizations. In
relation to pest management, UN agencies should specifically work with
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regional organizations to establish a system for collecting, analyzing and
distributing data on pesticide use. to establish IPM networks and to develop
proper IPM. There seems here little recognition of what has been achieved
so far (Chapter 7 of this book). We feel it is all too vague and patronizing.
It gives the impression that Rio, in relation to IPM. is a revolution rather
than an intent to accelerate an evolution.

The cost of the program is estimated at US$1.9 billion annually between
1993 and 2000. National governments appear (o be expected to meet all
of this apart from US$(.3 billion annually. The latter would come in grant
from the international community. Again. as in other chapters of Agenda
21, the developed world is prejudicing the success of its Rio initiative by
its limited generosity.

The ‘Green Revolution” was a phase of agricultural development in
which high yields achieved by high inputs and new crop varieties
(dependent on such inputs) were the goal. Particularly in the developing
world. this revolution (no differently from political revolutions!) has proved
unsustainable and so. after an initial peak, yields of many food crops are
declining. This is due to many effects, including soil problems. However,
in the context of this book. three important factors are the high suscepti-
bility of the new high-yielding varieties, the side-effects of the overuse of
pesticides, and the results of a decrease in biodiversity in agroecosytems.

There is no doubt in our minds. and in this we agree with the compilers
of Agenda 21, that IPM is the future for sustainable crop protection. We
also believe TPM is the way to a sustainable future for continued use of
agrochemicals and therefore for the agrochemical industry. However, it
has to be accepted that IPM will not give the levels of pest control
achievable by sole reliance on pesticides in the carly years of their use.
Moreover, the pest-resistant crop varieties needed for IPM are unlikely to
show the yield potential of the high-input-dependent varieties of the Green
Revolution (p. 145). These two elements suggest that:

1. Although IPM will again raise yields where they have been depressed
by overuse of pesticides. there has to be some yield sacrifice in
comparison with the maximum yield achievements of the past.

The use of IPM may affect world redistribution of food production,
since locally unimportant blemishes caused by pests may lead to
significant losses from secondary infections during transport or cold
storage.

2]

There is therefore a dilemma in proposing IPM as the way forward in food
production for the long term if one accepts the emphasis in Agenda 21
on increasing production per unit area as opposed to increasing the area
cultivated in the developing world. Of course, in the short term, IPM will
enable vield increases to be achieved on the large proportion of cultivated
land where reliance on insecticides has been uneconomic and therefore
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losses from pests have been high. Eventually, however, it will probably be
up to agronomists and cropping systems scientists, rather than crop
protection specialists, to integrate IPM into their contributions for
increasing production from the land already under cultivation.

The introduction to Chapter 19 of the UNCED document states that
‘the two major problems, particularly in developing countries, are (a) lack
of sufficient scientific information for the assessment of risks entailed by
the use of a great number of chemicals, and (b) lack of resources for
assessment of chemicals for which data are at hand.” Although these are
major problems, it seems to us that they rank secondary to the lack of
resources for remedial action once the assessments have been made and
the problems identified.

The document clearly peints the way forward with its suggestion for
increased coordination between international bodies. It also reviews the
problems of the number of chemicals involved, and the OECD initiatives
that have already been considered in Chapter 2 of this book. The
importance of international cooperation does not need to be stressed, but
there is a need to centralize risk assessment as far as possible.

The report (Section 19.12) states: 'Risk assessment is resource-
intensive. It could be made cost-effective by strengthening international
cooperation and better coordination, thereby making the best use of
available resources and avoiding unneccessary duplication of effort. Ilow-
ever, each nation should have a critical mass of technical staff with
experience in toxicity testing and exposure analysis, which are two
important components of risk assessment.’

While this statement is fine, the following paragraphs refer to the fact
that governments should ‘give high priority to hazard assessment of
chemicals' and should ‘generate data necessary for assessing, building,
inter alia, on international programs.” We would like to put forward the
view that hazard assessment, especially the development of standards,
should be done internaticnally, This would either be directly by interna-
tional agencies or by ‘larming out’ the assessment to individual countries,
on a chemical by chemical basis. This should not be considered paternal-
ism by the developed world. It should be the norm within both the
developed and the developing world. In the recent UNEF/WHO (1992)
report on air pollution in the ‘megacities’ (those with populations of over
10 million) there is an appendix of the air pollution standards of various
countries. Table 10.1 gives the values for 1 hour exposure to ozone for
countries in Asia compared to the WHO standard. It will be seen that there
are no significant variations and thus reliance on the international
standard, without using resources to set national standards, should be
acceptable. In this way scarce resources can be used at a national level
to look at use patterns that could affect human exposure and potential
environmental problems that are unique to the individual country.
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Table 10.1 Standards for ozone in Asia
{from UNEP/WHQOQ (1992) Urban Air Pollution
in Megacities of the World, Blackwell, Oxford.
with permission)

Country Air guality standard
"o moh

China 120-200
Indonesia 160

Japan 120

Korea 200
Philippines 12¢

Thalland 200

WHO 150-200

Similarly there seems no need to 'establish, in conjunction with IRPTC,
national registers and databases, including safety information, for
chemicals’ {Section 19.61). National availability of pre-existing databases,
such as [RPTC. seems to be the need. Rather, national resources should
be focused on such aspects of the problem as outlined in the next
paragraph of the document, viz., ‘generate field monitoring data for toxic
chemicals of high environmental importance.’

In brief, hazard is a function of toxicity and exposure. It is suggested
that, in general, toxicity is considered internationally and exposure is
measured nationally.

The Basel Convention on the Control of Transboundary Movements of
Hazardous Wastes and their Disposal was adopted in 1989, Although it
was adopted by 116 countries, only a few have ratified it; 95% of the
world's waste is generated by countries that have not ratified the conven-
tion. These include the USA, Japan and all the EEC countries except France.
The convention will have little effect if the main industrial countries do
not sign. At the moment it is ‘business as usual’ for traders in toxic waste
(Anon., 1992).

The overwhelming problem facing us today, how to control the human
population, is, fortunately for the authors, outside the scope of this book.
Given that the human population will continue to increase, the problems
are how to produce encugh food and how to allow for an increase in
econemic growth without destroying the life systems of the planet.

Massive efforts are needed to improve efficiency of industrial processes
50 as to sustain output while decreasing both the use of energy and raw
materials. Schmidt-Bleek (1992) puts it as follows, ‘many times less virgin
resources must be extracted from the earth per unit service delivered,
including water and air, and many times less waste, emissions, and
effluents must be generated and placed in contact with the environment
per unit of service delivered. Waste disposal itself is inherently material
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and energy intensive.” In other words we have to move away, firmly and
rapidly, from our short-lifc, over-packed. energy-wasteful approach.

There is a need to combine economic growth with sustainable develop-
ment. Fifty years ago the Nobel prizewinner Sir John Hicks defined income
as ‘the maximum value which you can consume in a given time and still
expect to be as well off as at the beginning.” Nevertheless the GNP, the most
widely used current indicator by such organizations as the World Bank does
net take this into account. Environmental degradation can well boost GNP
in the short term, and most politicians think only in the short term.

To be sustainable, an economy must maintain its total capital stock. If
its population increases. then to maintain constant income per capita, either
the total capital stock must be increased, or production efficiency per unit
of capital must increase. Although the United Nations Statistical Division
(UNSD) started to work on an international standard system of accounts in
1968, progress was slow. In 1991 the IINSD reworked the accounting
system after consultation with the World Bank and UNEP. The results have
been published in a handbook entitled Concepts and Methods of Environmen-
tal Statistics: Statistics of the Natural Environment. It is clearly difficult to
make such computations with great accuracy. The approach for non-
renewable resources starts by estimating the value of the resource, the
percentage used and the environmental cost of that use. Thus, if one
comparcs coal to oil, the value of oil would be somewhat higher than coal
{more energy per ton). The percentage of the resource used would be lower
{there are larger reserves of coal than oil) and the cost of environmental
damage would be higher with coal {although both produce CO,, coal also
produces SO, and NO,). If part of the revenues from coal or il sales were
invested in rencwable forms of energy production, this would contribute to
the modified GNP. A recent survey {Pearce and Atkinson. 1992; cited in
Duthie, 199 3) estimated environmental damage ranging from 1% of GNP
in the Netherlands to 17% of GNP in Indonesia and Nigeria.

Despite the difficulties in putting envirenmental costs into national and
international accounting, it is important that it be done as well as possible.
A greater awareness of environmental costs will not only help the
environment. but may also decrease the likelihood of human conflict. At
the conference on Environmental Change and Acute Conflict held in
Toronto (Homer-Dixon, Boutwell and Rathjens, 1993), it was concluded
that ‘scarcities of renewable resources are already contributing to violent
conflicts in many parts of the developing world' and that ‘these conflicts
may foreshadow a surge of similar violence in coming decades.’
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A look into the future

The major issues of pesticides, TPM and industrial
pollution raised in this book are briefly re-examined in
relation to likely future developments. Some ‘crystal-
gazing' 20 years ahead is attempted.
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Stlent Spring concludes with a chapter entitled "The other road’. It is a
strong advocacy of biological control. The various approaches for biolog-
ical control put forward by Rachel Carson have already been reviewed in
Chapter 3 and described in more detail in Chapter 5. As pointed out in
Chapter 3, the term ‘integrated pest management’ had not been coined
at the time that Silent Spring was written. In "The other road” it is implied,
but not specifically stated. that control of pests can be achieved without
pesticides. It is true that advocates of IPM want to move away from ‘the
chemical barrage”. However, most consider thatl pesticides remain, and
are likely to remain. an important tool.

Silent Spring is largely concerned with the effects of organochlorine
pesticides on man and the environment. Its index shows many entries for
all of the well-known organochlorine pesticides. However, there are very
lfew for others such as the carbamates, organophosphates and pyrethroids.
Since Silent Spring was written, there has been a major shift from the
persistent, bicaccumulating organochlorines to much less persistent pesti-
cides without bivaccumulating properties. This shift is now virtually
complete in the developed world. There have also been some im-
provements in selectivity and delivery systems. Examples are pesticides

~that block chitin synthesis and the ULV (ultra-low volume) techniques
that have decrcased the amount of pesticide needed per unit area.
Nevertheless, as Table 2.2 shows. large amounts of pesticides are still used.
Organochlorine pesticides, largely phased out in developed countries, are
rapidly being replaced by more modern insecticides in developing countries
also. However. as pointed out in Chapters 4 and 7, fairly large quantities
are still used in India and China., for both crop pest and vector control. In
both these countries. much of the organochlorine is produced locally. We
have found it difficult to obtain up-to-date figures for organochlorine usage
in developing countries. The figures we have (Table 11.1) stem from as
far back as 1988 in some instances. The organochlorines for which we
have figures are limited to aldrin, chlordane, dieldrin, dienochlor, endo-
sulfan and lindane for crop application; for public health they are aidrin.
NDT. lindane/y-HCH, heptachlor and chlordane. Table 11.1 confirms our
impression, based on anecdote, that only a few 100 tons are still used in
Africa, though more may be used for vector control. The stocks were
mainly bought in the past, though small amounts of fresh HCH are
imported for treating seeds or as a soil treatment for termites, In Asia,
usage in India, and we suspect China, remains considerable. However,
only small amounts are used over much of the rest of the region. Use in
Latin America is also probably not a serious problem.

Rachel Carson contrasted two roads, the insecticide road and “The other
road’. The future, however. belongs to a third road — the ‘'middle road’ of
IPM, After long gestation since the foundations of IPM surfaced in the late
19505 and early 1960s (Chapter 3). IPM has advanced rapidly in the past
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Table 11.1 Metric tons of organochlorine insecticide used in 1he developing
world (data courtesy of Landell Mills Market Research Limited)

Country Year Field Application  Year Public Health
Asia
India 1993 9039 - -
Indonesia 1991 210 1991 11 800
Malaysia 1991 93 1981 237
Pakistan 1991 188 -
Philippines 1991 394 1991 195
Singapore 1991 49
South Korea 1992 161 1991 0
Taiwan 1993 18 -
Thailand 1953 252 1991 677
Middle East and Africa
Iran 1992 111 - -
lvory Coast 1892 a7 - -
Kenya 1992 15 - -
Morocco 1992 0 : -
Nigeria 1989 93 -
Sudan 1992 125
Zimbabwe 1992 42 - -
South America
Argentina 1993 0 1988 G7
Brazit 1933 1229 1988 1432
Chile 1990 23 1988 Very little
Colombia 1093 190 1988 171
Costa Rica 1293 12 -
Ecuador 1930 13 - -
Guatemala 1993 a1 -
Honduras 1993 17 - -
Nicaragua 1990 i1 -
Paraguay 1990 23
Feru 1993 95
Venezuela 1990 76 1988 23

. Naot surveyed,

decade. This has happened both in developed and developing countries.
Fven the initial stage of basing pesticide use on economic thresholds has
reduced the frequency of applications and conserved indigenous biological
control (Chapter 6). It has proved possible to introduce such measures on
many crops and in many countrics without the need for extensive
preliminary research. We envisage that future research will increasingly
progress four lines of development, described in more detail in Chapter 5:

1. It will become increasingly simple for farmers to operate economic
thresholds. There will be more involvement of national advisory
services in providing forecasting services Lo replace crop inspection.
Also, initially mainly in developed countries, farmers will increasingly
look to IPM consultants to manage their crop protection,
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2. There will be a gradual spread of IPM protocols for different crops,
evolving towards {ully fledged menu systems. For some crops, artificial
intelligence programming of computers will provide ‘farmer-friendly’
decision-making tools.

3. Such protocols and menus will. if incentives to overcome market
limitations can be introduced, make increasing use of biopesticides
(pathogens and plant-derived toxing) for a wide range of crop protec-
tion problems. also of semiochemicals for insect control. The next 20
years will also see the appearance of new pesticides with novel modes
of action. These compounds will also show greater seleclivity and high
safety for human health and the environment.

4. There will be further improvements in pesticide application technol-
ogy. making controlled droplet application a more practical and
farmer-operable system.

In the present book, we have attempted a wider canvas than just pesticides.
For that reason. also because many problems discussed were not identified
in 1962, comparisons with the views put forward in Silent Spring cannot
be made.

With several major environmental concerns, there is going to be a
need for continued measurement and analysis. A prime example is
climate change. Here just about the only thing on which there is
agreement is the rise in the levels ol atmospheric carbon dioxide. 'The
consequences are far from clear, and the necessity for taking strong, and
expensive, action is not persuasive. There is a difficulty — if those who
claim that severe, even disastrous, effects will occur are right, it will be
too late by the time this has been proved. If it is considered neccssary
to stop the rise of atmospheric carbon dioxide, it will take very strong
measures indeed. Current discussions hinge on holding emissions to the
1990 levels, but this would still cause a steady rise in the carbon dioxide
levels.

There is no doubt about the decrease of tropospheric ozone. but again
there is doubt about the seriousness of the increase of UV radiation. Here,
however, the solution is easier and less expensive, It is possible for mankind
to stop using chlorofluorocarbons. The restrictions on these compounds
(Chapter 8) have been a success story of international cooperation.

With acid rain there is no doubt that damage has been done and this
has led to some agreements for the reduction of SO, and N0, emissions.
How much should the reduction be, since it gels progressively more
expensive, remains the big question. As already cited in Chapter 8, a recent
report of the UK Joint Nature Conservation Committee gives estimates of
how much damage to S8SIs would be prevented by various degrees of
emission control, All these problems are a combination of science and
politics. It is necessary to have as firm a scientific base as possible. which
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includes an honest assessment of the uncertainties. Once this is obtained,
it is a decision by society whether the costs outweigh the benefits.

The information available on chemicals is, thanks to international
cooperation, improving at a good pace. It is important 1o avoid duplication,
but this can only be done if the information is freely available. It is vital
that problems involved with ‘freedom of information’ in respect of indus-
trial data are solved. Internationally compiled. comprehensive and readily
available data on the toxicology of chemicals are needed. These would
cnable national authorities to concentrate on the exposure side of the
hazard assessment, before making the final judgment on the acceptability
or otherwise of the risk.

Life-cycle analysis, or the ‘cradle to grave’ approach for the handling
of chemicals, is gaining support. As discussed in Chapter 3, there is a need
to expand this concept. Schmidt-Bleck (1992} has recently examined the
ecological side of the changes in industrial practices that he considers
necessary in the future. He states that ‘continued cconomic development
requires drastic adjustments of the energy and material intensity for
products and services during the coming decades.” The reductions that
Schmidt-Bleek considers necessary are startling. They are a 50% reduction
in the material strecams of production within 25 years and 90% within
5() years. Some areas that he considers should be tackled are listed in
Table 11.2. The changes proposed should help to decrease CO» emissions,
However, if stabilization of levels of atmospheric CO. is considered neces-
sary, then other measures — decreased use of fossil fuels in energy
production, increases in the area of forests — will have to be implemented.

What will be the focus of the third major UN Conference in 2012, if
the sequence is continued? The Stockholm Conference of 1972, which set
up the UNEP and led to many international programs and conventions,
can be counted as a success. Tt is far too carly to make any judgment of
the impact of the Rio Conference in 1992, which had ‘sustainable
development’ as its theme. The north—south divide was both a major factor
and a friction point at Rio. )

It is diverting to make some predictions (and safe enough since, il the
authors are still alive 20 years from now. their aclive careers will be avert):

1. There will still be a developed—developing world divide, but there will
be a decrease in the size and the depth of that divide. The per capita
usages of resources of the developed world will have decreased to a
level below that currently used in western Europe. This applies
especially to the current prolific usage in the United States. Although
some changes in human life styles will be entailed, there will still be
a comfortable standard of living.

2. Several countries now classed as 'developing” will have taken their
place among the developed countries. Thus there will be a divide, but
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Table 11.2 Changes needed in material intensity of industrial processes (after
Schmidt-Bleck. F. {1992) Fresenins Environ, Bull.. 1, 417-22)

Bt —

o !

A drastic, life-cycle dematerialization of industrial processes

Substantial improvement of retention of natural resources in circulation

Packing and transport intensities of goods and services must be sharply curtailed
Many new types of products, vehicles, materials, etc. must be available within 10-30
years

Economic incentive policies by governments are essential

International cooperation is vitat for eco-restructuring

6.

the developed group will be larger. One could argue two ways. Either
this will make the "haves’ stronger in resisting the demands of the
‘have-nots'. or the resources of the developed world will be better able
to help the developing world.

In crop protection, chemical herbicides will still be used extensively.
However, use of insecticides and fungicides will have falien
considerably (and asymptotically} to about 10-20% of the present
level.

Data on climate change will be much stronger. Although there will
still be debate, scientific opinion on the severity of the effects will have
moved towards the low end of the present scale.

There will be evidence that the bans of CFCs are having an effect and
that the concentration of ozone in the troposphere, although lower
than 30 years befere, has become essentially stable.

The earlier predictions of the ‘gloom and doom’ lobby about imminent
starvation. such as Paul Ehrlich’s The Population Bomb published in
1968, have been incorrect. However. increasing human population
and increasing per capita use of resources in the developing world will,
despite pressures [rom certain groups. cause the word ‘population’ to
be in the title of the 2012 conference.

Certatnly, we live in interesting times.
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Chilo
intercropping against 111
on millet 187
on rice 144,173, 192
on sorghum 189
China
coal burning 2638
IPM in 180, 182
Chitin development 3(12
Chlordane 43
Chlordimeform 43
Chlorinated polyeyclics 15
Chlorofenvinphos. bird mortality 18
Chlorofluorocarbons (CFCs) 30
classiftcation 32
regulation 49
in stratosphere 34, 285
Chlorophenols 264
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Chrysanthemurmn crop, aphid contrel 42 Contact irritancy 76
CICIL 209 Containers. disposable 83
CIKARD 226 Contamination, Mediterrancan
Circulifer tenellus 105 cstuaries 21
CITES 4 Contarinin sorghicola 189
Citrus cultivation 8(, 212-13 Control systems, compatibility 88
Citrus rust mile 212 Controlled droplet application 84
Climate Controls. diversification of 70
adaptation to 93 Cooperatives 240
change 277, 304 Copper sulfate 22
Clover, undersown 110 Corn borer 95
Coal Corn earworm 120
reducing consumption 47 Corticium sasakil 173
soft 8 Cosmopolites sordidus 118
sulfur oxides from 24 Cost: benefit analysis 71, 233
Coccinelids 79 Cost: efficiency assessment 233
see also Ladybirds Cotesia spp. 179, 208, 209
Coceus alping 197 Coltlon
Cochliomyia hominovorax 130-1 Africa 194
Cocoa 117 Asia 180
Coconut beetle 183 bud shedding 72
Coconut bug 119 Central America 179
Coconut leaf-miner, Fiji 95 early harvesting 122, 156
Coconul moth 92 early planting 121
Coconul palm 184 intercropping 113
Codes of conduct 237 Peru 42
Codex Alimentarius Commission 44, pesticide resistance 5. 66
290 South America 210-12
Codling moth 74 Cotton leafworm 210
viral control 98 Cotton stainer 116, 119
Coffee, borers 118 Cottony cushion scale 91, 92
Coffee berry disease 198 Cowpea mosaic virus 130
Coftee crops 81. 197 Cowpea pod borer 111, 143
Coftee leal rust 198 Crabs. as pests 192
Coffee mealvbug 197 Crocidolomia binotalis 180
Colchicine, us mutagen 137 Crop canopy, penetration of 83
Coleoptera, as predators 85 Crop economics 71, 216
Celletotrichum coffeanum 198 Crop inspection 73
Color Crop isolation 120
attractant in traps 180 Crop losses 2, 65
resistance factor 141 Crop monitoring 73
Community-based systems 229--3{}, Crop plants, genetic diversity 103
240 Crop residues, destruction of 117
Compaction 115 Crop rotation 70. 121, 188
Compensation, resistance factor 144 Cropping intensity 102
Compression sprayers 84 Cropping patterns 104-5. 111
Computer modeling 74, 157-8 Crossing, convergenl 140
Confusion technique 40 Crucifers, in Asia 178
Coniesta ignefusalis 187 Cryptolaemus 144
Conservation, natural enemies 99, 174 Cucurbits, in Asia 178
Consultative Group on International Cultivars. resistant 41
Agricultural Research 41, 135 Cultivation, as cubtural control 115

Consumption patterns, changing 292 Cultural controt 113-15
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Africa 185, 191

before insecticides 63

and farm management 70

sirategies 114

in tropical regions 114
Cuticle inhibitors 61, 155
Cutworm control. Russia 107
Cutworms 178
Cyclododecane 33
Cysteine 144

Dactylis glomerata 109
Databases 297

DBCP 43
DDE 247
DDT

as carcinogen 43

continuing use 17

control strategies 262

in developing countries 17, 45

diversity reduction 104

environmental effects 249-30

estrogenic effect 255

export from UUSA 44

hazard 247-8

inIndia 171,178

phasing out 42

resistance 2{)

yield increases from use 195
DDT and PCBs. classes 15

structures 12
DDT/pyrethrum combination 81
Defoliation, by insccts 72
Deforestation. and CO> 48, 278
Deltamethrin 20
Demissine 144
Density dependence 84, 94, 99
Dermuatobia hominis 214
Desulfurization 24
Detoxification systems 51
Deuteromyceles 86
Developed countries, energy use 23
Developing couniries

Africa 185

cnergy use 23

foed production 66

industrialization 335

IPMin 215

legislation 217

South America 200

South and South-East Asia 168
Development pressure 100
Diabroticu balteata 112

Diadegma semiclausum 179
Diadromus collaris 179
Diamond-back moth 96, 105, 178-9
Diatraea saccharalis 92, 137, 208
Diazinon. bird mortality 18
Dicladispa 173, 194
Dicldrin 43
Diglyphus begini 206, 214
Dikretla cruentata 110
DIMBOA 142, 144
Dimethoate 79, 150
Dioxin equivalents 5, 232
Dioxins
in environment 7. 245, 263
from PV(C 54
as impurities 22
Diptera
as parasitoids 86
as predators 835
see also Flies
Dirphya nigricornis 118
Dispersal. biocontrol agents from release
sites 94
Diurnal factors. in pesticide application
7Y
Puron 21
Diversity loss, through pesticides 104,
252
Drift hazard %1-3
Droplet sizes 81-2
Dysdercus 116, 119

Frdysone 154
Echinochloa 174,192
Ecological processes 101
Ecologists, industrial 54
Economic injury level 71, 72
Economic thresholds 172,17
183, 188, 194, 196, 210-1 13,
216, 218
bollworms 183
developing countries 172, 2278,
303

introduction of 5, 42, 58

Kenya 234

and scouting 136

and spraying 70

Sudan 196
Economics. IPM 233-3
Ecosystems

aquatic 20

evolution o 102

stability of 101
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Ecotoxicological information 7
Education, developing countries 217
Eelworms 121
Effective demand 234
Eggs. development 74
Eggshells, and DDT 250
Flectroporation 141
Flectrostatic spraying 83
FMBRAPA 2086, 210
Empoasca 112, 150, 195
Encarsia 88
Endosulfan 64. 76, 156
Endrin
fish poisoning 2
restrictions 43
Enemies, evaluation of 93
Enemy: pest associations 92
Enemy: pest ratios 75, 81, 89, 152
Energy consumption 53
Lnergy production, chemicals from
22
Environmental compartments 34
Environmental pollution
economics of 256
South America 202
Environmenial risk assessment 247,
296
Environmental standards 256
Environmental statistics 298
Ephestia 188
Epicauta 142
Eptdeictic pheromones 126
Epidinocarsis fopezi 94, 190
Epipyrops melanoleuca 183, 184
Epizootics 86

Equitability. diversity assessment 101

Eriococeus orariensis 95
Erythroneura elegantula . 110
Esterases 18

Estrogens, in environment 254-5
Estuaries, Mediterranean 21
Fthyl dimethyl sulfate 137
Ethylene dibromide 43

Euschistus heres 207

Euphorbia heterophylla 193
Euristylus 189

European Community. Black and Gray

lists 14
Eurapean Inventory of Existing
Commercial Substances 12
EXICHEM 291
Experimental studies 158-6()

Exposure, hazard assessment 13, 248

Extension workers 227, 231
Extrinsic resistance 144, 151, 152

Fallen fruits. removal of 118
FAO

establishment 294

IPM guidelines 172
Farm management 7
Farmers' organizations 239-41
B-farnesene 126
Fenitrothion 20
Fenthion, bird mortality 18
Fermentation, pathogens 96
Fertilizers. natural compounds 12
Field boundaries 108
Fiji

coconut [caf-miner 95

coconut moth control 92
Filling systems 83
Fire extinguishers, CFCsin 32
Fish. monitoring mercury in 271
Fish mortality 20, 251
Flies

assassin 85

bean 178

frit 115

fruit 80, 132

hesstan 121

horn 214

hover 127

melon 178

robber &5

root 108, 110

shoot 111, 189

tachinid 86, 92, 209

tsctse 8(. 132, 198-9, 225, 229

wheat bulb 121
Flouracil 134
Food. residues in 44
Food webs

and ozone levels 2835

and pH changes 270
Forest spraving 19, 20
Forests

damage to 273-7

and global warming 278-9
Formulation 77
Fossil fuels, economics of 48
Freedom of information 7
Frego mutant 143, 146, 156
Fritfly 115
Froghopper 209
Fruit flies 80, 132
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Functional responses of natural
enemies 90, 151
Fungi
in inundation 98
pathogens 86, 96
see also Deuteromycetes; Mildew:
Rust fungi: Smut fungi
Fungicides
and pathogenic fungi 96
regional use 16
uses 22
Furans 248, 264, 265
Fusarium oxysporum 195
Fusion power 47

Gall midges 174, 189

Gamma-ray sterilization 130

(as, carbon production 47

Gas cmission regulations, Japan 25

GATT 8, 60, 260

Ceese, grevlag 18

Gene pools 137

Gene transfer 137, 140-1

Gene-for-gene hypothesis 148

Generators, PCBs in 45

Genetic diversity, crop plants 103

Genetic engineering 96, 98, 133

Geothermal power 47

Germplasm banks 136-7

GESAMP 291

Glasshouse crops

parasitoids 88
pesticide resistance 3. 66

Global Environmental Monitoring
Programme 4, 290

Global Resource Information Database
290

Global warming 38, 278

Glossing 198

Glucosides, in cassava 190

Glyphosate 21

Gossypol 141

Government policies, affecting [PM
236-8

Grafting 139

Graham. Frank Jr 2

Grain borer 185

Grainbelt, and global warming 281

Granule application 82

Grape berry moth 125

Grape leafhopper 110

Grasshoppers 187

Gireat Lakes, hazard assecssment 14, 253

Green lealhopper 176
Green revolution 12, 168, 175, 236,
295

Greenhouse crops 99
sreenthouse effect 46, 277

see alse Global warming
Greenland, ice core studies 28
Ground beetles 86, 108
Groundnuts, rosette virus 122
Groundwiter contamination §2
Gummuosts, resistance factor 143

Habitat change 21
Habitat modification 9(), 99
Haematobia irritans 214
Hairiness, resistance factor 142-3
Half-lives 49
Handling time for natural enemies 90
Harmenious control 39
Harvesting practice 122-3
Hawthorn 105
Hazard asscssment, OECD 13
Hazardous waste, transnational
transport 31
HCIC-22 33
HCH 43,171,178
Head bug 189
Headlands, flowering 108
Health hazards
pesticide over-use 178
resistant plants 145
Heavy metals 26
anthropogenic sources 28, 29
natural sources 28, 29
pollution by 27
Hedgerows, removal of 104
Heliocheilus alpipunctella 187, 188
Heliothis
on cotton 121, 181, 183, 195,
210-11
host selection 142
on maize 113,117
on ornamentals 214
on tomato 178
viruses against 98
Hellula undalis 180
Heniileia vastatriv 198
Hemiptera, predators in 85
Heptachlor 43
Herbicides
regional use 16
uses 21
Hessian fly 121
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Hibiscus 196

Hippocrates 12

Hispa beetle 173, 174

Honeydew, as attractant 129

Hormones, insect 154

Horn fly 214

Horticultural crops, Asia 184-5

Hosi-plant resistance 41. 70, 89,
134-53

Host/prey densities 93

Hover flies. attracting 127

Human Exposure Assessment Locations
250

Humidity, and fungal pathogens 98

Hybridization 103

Hydrocarbons, oceanic poliution 32

Hymenoptera

as parasitoids 86
as predators 83
Hyperparasitoids 94

Ice core studics, Greenland 28
leerya pattersonii 197
ICIPE 225, 226
[LEIA 226
Incineration
municipal 264
PVC 34
toxic wastes 31
India, IPM in 174, 181
Indonesia
IPMin 175, 184
pesticide use 177, 236
removal of subsidies 168
training programme 230-2
Industrialization. coal-based 49
Information requirements. for IPM
228,232, 305
INIA 210
Inocalation 91, 183
[nsect growth regulators 40, 76, 153
Insect reservoirs 104
Insecticides
and resistant plants 130
sefective 42
tolerance 77
see also Pesticides
Insects
beneficial 20
carnivorous 78
predatory 85
Integrated pest management
complexity of 63

concept 38, 58
integration into agriculture and
health 224

Integrated Pest Management for Rice
Network 176

Intensive farming 227

Interaction. threc-way. in pest
management 152

Intercountry Programme for Integrated
Pest Control in Rice 176

Intercropping 111-13, 185, 189, 192

[ntergovernmental Working Group on
Marine Pollution 291

International actions, pesticide policy
and legislation 39

International Atomic Energy Agency
132

International Board for Plant Genetic
Resources 136

International Centre of Insect
Physiology and Ecology 111

International Code of Conduct on the
Distribution and Use of Pesticides
290, 294

International Crops Rescarch Institute
for the Semi-Arid Tropics 187

International Institute of Biological
Contral 190

International Institute of Tropical
Agriculture 190

International Organization for Biological
Control 61

International Referral System for
Sources of Environmental
Information 4, 290

International Register of Potentially
Toxic Chemicals 4. 7, 290

International Research Institutes 134,
292

International Rice Research Institute
103, 232

Inundation 93, 184, 196

Irrigation 116, 193

Isotitma javensis 183

James Bay Project 271
Japan
fungicides 169
gas emission regulations 25
increased pesticide use 4
Juvenile hormone 134. 135

Kairomones 127, 129
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Kenva
economic thresholds 234
mealybugs 233
pesticide legislation 43

Kill strategies 62-3

Kinoprene 154

Knapsack sprayers 84

Korea, pesticide production 171

Labor costs, cultural control 114
Labor shortages. Brazil 203
Ladybirds 79. 85, 88, 144
see also Coccinellids
Land flooding, toxic effects of 271
Land use, South America 200
Landfills
leaching 30
waste disposal 50
Lead
in gasoline 27
natural occurrence 12
production 33 -
Leaf area index 144
Leaf beetles 112
Leaf curl virus 194
Leaf miners 95, 197. 214
Leal roller moths 79
Leafl webber 180
Leathoppers 105, 110, 112, 150, 176,
195
Leatherjuckets 121
Legislation regarding pesticides
developing countries 217
enforcement of 256
European 291
pesticide restrictions 43
Legumes, in Asia 178
Lentils 144
Leprosis virus 212
Leptinotarsa decemlineata 144
Leptohylemyia coarctata 121
Leptospermumn scoparinm 95
Leucinodis orbonalis 178
Leucoptera 197
Levuana iridescens 92
Life-cycle assessment 7, 38. 3(}5
Life-cycle management, chemicals
51-4
Life-stage targeting regarding delaying
insecticide resistance 63
Lindane 43
Liriomyza trifolii 214
Livestock, South America 214

Locusts
breeding areas 106
control 186
London Convention on Dumping 4.
291
London Protocol 32, 286
Loopers, on coffee 81
LRTAP 291
Lucerne 146, 156, 214
Lygus 121, 146, 136

Madagascar 193
Mahanarva posticata 209
Maize
intercropping 113
stallk destruction 117
Maize streak virus 121
Malathion 18
forest spraying 20
inindia 171
Malaysia
- IPMin 179, 184 - - -
pesticide use 169
tachinid flies from 92
Maliarpha 192, 193
Manuring 116
Marginal rate of return 235
Muaruca testulalis 111, 143
Masai, tsetse trapping 229
Mass releases. Trichogramma 95-6
Material use, reduction in 53
Mauritius, Myna bird introduction 91
Muayetiola destructor 121
Mecal moth, bacterial resistance 96
Mealybugs
cassava 94, 185, 190
coffce 197
Kenya 233
Media involvement, in public concern
regarding pesticides 246
Mediterranean estuaries,
contamination 21
Mediterrancan fruit fly 132
Mciotic drive 133
Meloidogyne incegnita 143
Mclon. intercropping 192
Melon fly 178
Menu systems in IPM 136-7, 225,
235,304
Mercosul 201, 204
Mercury
mobilization of 271
natural occurrence 12
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Metagonistylum minense 206, 209
Metal lability, and pH 270
Metarhizium 95, 98, 206, 209
Methane. as greenhousc gas 281
Methoprene 154
Methyl parathion 178
Metopolophium dirhedum 210
Microbial agents, properties 97
Midgely, Thomas 32
Midges 121, 174, 189
Migratory pests, insecticide resistance
in 64

Mildew. downy 187
Millet

case study 186-8

resistant 188
Millet spike borer 187, 188
Minimum pre-market data, for new

industrial chemicals 13

Minimum tillage 115
Mites

blackcurrant gall 118

cassava green 185, 19¢), 191

citrus rust 212

predatory 77

red spider 157

spider 79
Mixed cultivation 119, 185
Monitoring 74

pest status 106
Monoculture 70, 111
Mononychellus tanajoa 191
Montreal Protocol 32, 49, 286
Morphology. resistance factors 143
Mortality curves 78
Moths

coconut 92

codling 74, 98

diamond-back 96. 103, 178-9

grape berry 125

gypsy 20

leaf roller 79

meal 96

pea 74
Mulberry scale %8
Mulching 115
Municipal wastes, hydrocarbons 32
Mustard, as trap crop 180
Mutagenesis 134
Myiasis 130-1
Myuna bird, introduced to Mauritius 91
Myxomatosis. resistance to 96
Myzus 110, 214

Nagana 225
Natural enemies 112, 146
Necrosis, resistance factor 143
Nectar 107
Neem tree [28, 130
Nematocerus 113
Nematodes
in control regimes &6
hypersensitivity to 143
Nepetalactone 127
Nephotettix virescens 176
Nerve pases 17
Neuroptera, as predators 853
Neurotoxicity 18
New Zealand. weed control 95
Nezara viridula 207
NGU trap 199
Nicotine sulfate 178
Nilapavarta lugens 173
NIMBY 30
Nitro-compounds 33
Nitrogen availability 117
Nitrogen oxides 23, 268
as greenhouse gases 282-3
natural release 24
sources 26
Nomuvraea rileyi 206
Nonpesticides, regulation 45
Nonpreterence 135
Nontarget insects 87
North America Free Trade Area 260)
Nuclear industry 47, 50
Nuclear reactors, decommissioning 30
Nuclear waste, disposal of 49
Numerical responses, of natural
enemics 90, 151
Nultritional factors, in resistance 144
Nymphuda depunctalis 193

Oceanic pollution. by hydrocarbons 32
Octano! 80
QECD
environmental cost estimates 53
hazard assessment 7, 13, 265
high-volume chemicals 33
register of chemicals 291
transboundary waste transport 51
Oecophylla 119
Oil
carbon content 47
in marine environment 33
(il palm 185
Oil spills 33
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Qil-based {formulations 83, 98
Onodes indicata 208
Onthophagus gazella 215
Operator contamination 83
Ophiomyia phaseoli 178
Opomyza florum 122
Orchard crops. pesticide resistance 5,
66
Organic farming 61
Qrganochlerine pesticides, reduction in
2
Orgunochlorines, mentioned in Silent
Spring 17
Organomercury compounds 22, 178
Organophosphates
development 17
long-term effects 19
resistance 76
toxicity 18
Ornamental plants 214
Oryctes 118, 184
Ostrinia nubilalis 142, 144
Oulema melanopla 115
Outcrossing. random 137
Overseas Development Administration
188
Oviposition deterrents 125
Ox ploughs 225
Oyugis-Kendu Bay project 225, 234
Ozone
and CFCs 32, 34, 283-6
depletion 8. 283, 285
and forest damage 276
ground-level 24
hole 49, 283, 286

Paddy rice 116
Pakistan, pesticide use 171, 182
Palatability, resistance factor 141
Parachrysocharis javensis 184
Paraquat 21
Parasitism

and adult food sources 107

alternate hosts 106
Parasiloids 78, 79, 86

cultivar selection by 151

ecotypes 93

training 127
Parathenesia claripalpis 209
Parathion 18

bird mortality 18

Mexico 2

regulation 44

Partridge
grey 21
raising 108
Passer 187
Pathogens 86
inundation 96
shelf-life 96
soil-borne 95
PCBs
in environment 7, 12, 34, 248
reduction in sales 263
regulation 43
sources 31
stability of 30
Pea aphids 144, 214
Peda moths 74
Pectinophora 116
Pedigree breeding 139
Pentadiene 33
Periodic table 27
Peru
bollworm 120
cotton crop 42, 212
pesticide use 202
production of biocontrol agents 206
sugar cang 209
Pest densities
assessment 92
beneficial results 71
and cultural control 114
escape level 88
scouting 73
Pest distribution 90
Pest management 39
Pest monitoring 124, 181, 227
Pest pressure 112
Pest status, monitoring 106
Pest surveys, Asia 172
Pest—weed associations 105
Pesticide Action Network 43
Pesticide Exposure Group of Sufferers
19
Pesticide resistance 4-3
Pesticides
Brazil 2024
development costs 62
and diversity loss 104, 252
ecological changes 175
economic costs 237-8
environmental effects 250-1
factors in use of 39
import 17}
overdosing 70
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persisience 5, 58

production 33, 170

public perception 60

reduction in use 238-60

regional use 16

resistance to 6.2

risks from 61

selectivity 153

subsidies 6(), 174, 176, 237

Sudan 195

treadmill 63

use in Alrica 186

use in Asia 1689

use in South America 202

see also Insecticides
Pests

changes in importance 138

and global warming 280-1
pii changes. and food webs 270)
Phacelia tanacetifolia 109
Phenological resistance 144
Phenoxyacetic acids 21
Pheromones 4(), 71, 123-6

aggregative 156

as bait 80

confusion [25-6, 136

sex 124

specificity 123-4

intraps 74, 125, 188
Philippines

insecticide use 173

[PM in 179

rice 232
Phosphamidon, bird mortality 18. 19
Phthalate esters 15
Phytotoxicity 71
Phyllocoptruta oleivora 212
Phylloxera 116, 139, 148
Physiological functions regarding

biomarkers 261

Piezodorus guildinii 207
Pigeon peas 145
Pigmy beetle 122
Pirimicurb 76
Planococcus kenyae 197
Plant breeding

cassava 191

and genetics 139-40

nmiillet 186-7

toxicity testing 145

traditional 103. 137-8
Plant density 72, 122

Plant discase vectors 150

Plant fumilies, bivactive molecules in
103

Plant growth 117

Plant metabolites 78

Plant odors 151

Plantation crops. Asia 184-5

Plants. species loss 102

Plasmids 140

Plastics. recycling 54

Platyhedra 117

Pleurotropis parvilus 95

Ploceus 187

Ploughing, deep 196

Phuella 144, 178

Plutonium 49

Poisoning. by insecticides 45

Policies. inappropriate. of governments
regarding biodiversity

Pollen 107

Pollution standards 257

Polyaromatics 15, 262-53

Polycultures 111

Polyceycelic aromatics 15

Polvethylene 34

Polygodial 128

Polvhedrosis 98, 183

Polyneuropathy 18

Polyphenolase reactions 143

Population. South America 201

Population dynamics 89

Population increase 45, 306

Praon volurre 127

Precocenes 155

Predator-prey relations 78

Predators 85

polyphagous 83

Premium pricing 7]

Prickly pear 87

Private sector 241-2

Problem trading, in plant resistance
146

Product life 61

Praductivity;respiration ratic 102

Promecotheca reichei 95

Protective clothing 84

Protozoa. in control regimes 86

Pruning 119

Psalydolytta 187

Pseudomonas syringae 198

Pseudoplusia sp. 214

Pseudoresistance 144

Pseudotheraptus wayi 119
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Public health, cconomics 258
Puccinia graminis 146
Pulsatilla vulgaris 104
Push—pull strategy 129
PV, incineration 54
Pyrethroids

as pesticides 17

resistance 634, 77

synthetic 20, 65, 82, 181
Pyricularia oryzae 173
Pyridines 33
Pyrilla 183, 184

Quarantine facilitics 93
Quelea 187

Rabbits. resistance to myxematosis 96
Ruchel Carson Trust 2
Radiation, sterilization by 44}
Radioactive waste ()
Radon. natural occurrence 12
Rainfall, and global warming 280
Raised banks 109
Re-registration of pesticides 62
Recyeled waste 50, 54, 293
Red rot 183
Red spider mite 137
Reforestation 48
Refrigerators, CFCs in 32
Refuge areas 80, 81
Registration. pathogens 98
Release points in biological control 94
Renewable energy 47
Residues

infood 44, 171. 178

measurcment, of 248
Resistance

DRT 20

detection 138

horizontal 149

loss of 138

mechanisms 141-3

partial 150

pyramiding 146

sources of 136-7

transter 139

vertical 148
Resistance to bacteria 96
Resistance 1o pesticides 62-5
Resistance 1o pyrethroids 63-4
Resistance to viruses 191
Resource concentration hypothesis 112
Rhinoceros beetle 118, 184

Rhipicephalus appendiculatus 226
Rhopalosiphumt padi 122
Rice
Africa 192
case study 173
diseases of 173
globai production 103
host-plant resistance 173-4
pesticides for 169
pestsof 121, 144, 1734, 176,
192-3
Rice blast 173, 192
Rice caseworm 193
Rice white borer 121
Rio Conference. see UN Conference on
Environment and Development
Rio Declaration 51
River blindness 228
Robber flies 85
Robins, American 18
Rodents 173, 185
Rodolia iceryae 197
Roguing, as cultural control 118, 188
Rolling. as cultural control 113
Rosette virus 122
Rerational use of pesticides 63
Russia. cutworm control 107
Rust fungi 146, 198. 212
Rye grass, undersown Fi0

Sacadodes pyralis 212

Sahel, millet 186

Sanitation. as cultural control 117

Sdao Paulo University 205, 212

Sawlly 107

Scale insects 88, 91,92, 197

Scapanres australis 185

Scirpophaga 121,173, 176, 183

Sclerospora graminicola 187

Screening, for plant resistance 138-9

Screw-worm, sterilization 40, 130-1

Scrobipalpuloides absoluta 213

Seyphophorus 118

Sea-level changes 278

Scarching time. by natural enemies 94

Seasonal factors 79, 94

Seascnal inoculation, as technique of
biological control 98

Secondary compounds, in plants 138,
141, 144. 146

Sced treatment 82, 268

Seedling pests 122

Selection pressure 87
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Selective pesticides 6, 76
Selectivity window 79
Selenium 144
Semiochemicals 123
Semiothisa abydata 208
Senna Dam 194
Sequential use of pesticides 63
Seral successton 101
Sesamia 173, 187, 189
Set-aside 21
Sex attractants 40
Sexual development. chemical effects
on 255
Shade trecs 119
Sheath blight 173
Sheep-dip, organophosphorus 19
Shoot fly 189
Shot-hole borer 117
Silanes 33
Silent Spring 2. 3
anecdotal cases 19
biological alternatives to pesticides
39-40, 85, 302
genetic controls mentioned in 129
sterilization mentioned in 70, 130
Silent Spring Revisited 2
Simazine 21
Since Silent Spring 2
Sisal weevil 118
Site selection, waste disposal 50
Sitobion avenge 110, 210
Sleeper chemicals 34
Smut fungi 187, 189
Snake venom, genetic engineering 98
Soil contamination 82
Soil cultivation 104
Soil tillage 115
Soil-horne pathogens 95
Solanaceae
in Asia 178
glandular hairs 143
Solar power 48
Songbirds, effects of DDT on 250
Sorghum. cultivation 189
Sorghum shoot fly 111
South and South-east Asia 168-85
Sowing dates 121-2
Sowing practice 121
Soybeans 73, 202, 204
South America 2068
Species loss, plants 1()2
Spider mites 79
Spiders 85

see also Arachnida
Spindle tree 74, 106
Spodoptera 178, 187, 212, 215
Spray cans, CFCsin 32
Spray programs 58
calendar-based 168
Spruce budworm 250
Stable compounds, classes 30
Stem borers
on cabbage 180
and intercropping 111
on millet 187
onrice 173,174, 176,192, 193
on sorghum 189
Sterilization 40, 71
by gamma-rays 130, 199
chemical 133
Stink-bugs 207
Stockholm Declaration 4
Stratosphere, CFCs in 34
Striga 187, 188, 189
Strip farming 119-20
Subsidies, on pesticides 60, 168
Subsistence systems 227
Success rates of inoculation 91
Sudan
cotton crop 194
IPM in 186, 195
Sudetes Mountains 274
Sugar beet. defoliation 72
Sugar cane
borer 92, 132, 137, 206, 208
cultivation in Asia 183
diseases of 87
hopper 209
in South America 208-9
Sulfates 268
Sulfur, elemental 178
Sulfur oxides 23, 268
and forestry 274
reduction of 49, 272
sources 26
Supermarkets, role of 61
Surface water, pesticides in 251
Sustainable development 45
Swammerdamia lutarea 105
Symphyla 122
Symptom expression, in resistance 145
Synergists 64
Syrphids 108. 109

Tachinidae 86, 92, 209
Taste, factor in plant breeding 138
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Tea, shot-hole borer in 117
Technology transfer 206
Telonemus remus 206, 212
Temperature dependence 93
Temperature rises, and agriculture
279-80

Temporal selectivity of insecticides 79
Terrestrial systems, acidification 272-3
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