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Vii
Foreword

Wheat is the staple food in the Central and West Asia and North Africa (CWANA)
region. Annual per capita consumption of wheat in CWANA is about 185 kg, the highest
in the world. The region accounts for 23% of global wheat area but only 14% of global
wheat production. Wheat productivity is only 1.5 t/ha, compared with the world average
of 5 t/ha. The main limiting factors include drought—70% of wheat acreage in CWANA
is affected by drought—heat and cold stress, diseases and pests. To meet domestic
demand, many countries in the region have to import large quantities of bread wheat,
which places a heavy burden on national economies.

Of the various wheat pests, the Sunn Pest is the most devastating. It can cause up to
100% crop loss. It affects about 15 million hectares of wheat annually, and over US$150
million is spent each year on pesticides in the Sunn Pest-prone areas. In addition to the
high cost, insecticides pose risks to human health and the environment. In collaboration
with a range of partners, ICARDA has been developing integrated pest management
(IPM) options for Sunn Pest. The partners include NARS in CWANA; the University of
Vermont, USA; CABI Bioscience; and the Natural Resources Institute, University of
Greenwich, UK.

Scientists from 23 countries in CWANA and Eastern Europe (where wheat and
barley crops suffer Sunn Pest infestation) met at ICARDA headquarters on 19-22 July
2004 for the Second International Conference on Sunn Pest on the theme ‘Enhancing
International Cereal Production Capacity for Food Security’. The conference was co-
organized by ICARDA, the University of Vermont and the Arab Society for Plant
Protection.

Research findings presented and discussed during the conference highlighted
various technical possibilities of IPM: safeguarding the complex of natural enemies, use
of insect-killing fungi, host plant resistance, cultural practices, and selective use of
pesticides. IPM will reduce production costs, benefit national economies and significantly
reduce environmental pollution and health hazards.

While very encouraging progress has been made in research, several priority issues
were identified to further enhance the field implementation of effective, sustainable and
environmentally sound IPM strategies. Significant investment in both research and on-
farm fidd activities must be made through regional approaches and internationa
collaboration. Because insects do not recognize country borders, a regional strategy is
critical, if we are to reduce the negative impact of Sunn Pest on food security. The
ultimate goal is to maintain Sunn Pest populations at low levels using an integrated

approach in awell coordinated regional program.
\*\‘QW&? A

Mahmoud Solh
Director General
ICARDA
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Preface

Sunn Pest is a broad term covering a group of insect species that cause serious damage to
wheat and barley in the developing world. One species, Eurygaster integriceps Puton,
stands out as the most prevalent, and causes the most severe damage. Yield loss in wheat
can reach 90-100% when insect populations are high. Also important is the fact that this
species injects a chemical into the grain while feeding. This chemical destroys glutin,
imparts an off-flavor to the flour subsequently made, and prevents the final product,
bread, from rising properly. In certain parts of the world even cattle refuse to feed on the
hay made from Sunn Pest infested fields.

Sunn Pest is found from North Africa through West Asia and countries of the
former Soviet Union, and east to Pakistan. It causes problems throughout its range and
management is difficult. Currently the primary defense isto spray crops with insecticides.

In 1993 FAO and ICARDA convened the First International Conference on Sunn
Pest. About 25 scientists attended. The consensus of the group was that research should
be revived, with emphasis on integrated pest management (IPM) strategies. In 1996
ICARDA, NARS and the University of Vermont initiated a concentrated effort to develop
new approaches. These initial efforts were supported by funds from the United States
Agency for International Development (USAID) and the Conservation, Food and Health
Foundation. Severa years later the Department for International Development (DFID) in
the United Kingdom funded a major proposal on research and devel opment for Sunn Pest
IPM. A cohesive group of NARS staff in West Asian countries, international institutions
and universities started work on many aspects of IPM. This group was coordinated by
ICARDA.

Excellent progress was made towards effective management of Sunn Pest. In 2004,
ten years after the first Sunn Pest conference, a second international conference was
convened, and attended by 150 participants from 23 countries. This publication, the
proceedings of the Second International Conference on Sunn Pest, contains 54 papers on
a range of subjects, al of which directly contribute to a clearer understanding of Sunn
Pest IPM.

We trust that the contents of these proceedings, representing many different facets
of Sunn Pest biology and management, justify our efforts and the sponsors’ support.

Editors

Bruce L. Parker
Margaret Skinner
Mustapha El Bouhssini
Safaa G. Kumari
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The CGIAR System-wide Program on Integrated
Pest Management: Initiation, Mission, Objectives,
Governance and Activities

Khaled M. Makkouk
ICARDA, P.O. Box 5466, Aleppo, Syria

Abstract
Makkouk, K.M. 2007. The CGIAR System-wide Program on Integrated Pest M anagement:
Initiation, Mission, Objectives, Governance and Activities. Pages 3-7.

A System-wide Program on integrated pest management (SP-IPM) was established by the CGIAR in
1995 as an inter-ingtitutional partnership program that responds to CG governance, administration, funding
and reporting, with a mission to increase the quality and usefulness of IPM research for higher productivity,
sustainable profitability and healthier harvest of cropping systems and enhance the well-being of people,
particularly in resource limited agricultural areasin the developing world. In this paper, | will briefly describe
the specific objectives, partnership and governance of the SP-IPM and summarize its achievements during the

past eight years.
Keywords: CGIAR, SP-IPM.

Introduction

In response to Agenda 21, the action plan
developed by the United Nations Conference
on Environment and Development, convened
in Rio de Janeiro in 1992, the CGIAR
established a special Task Force to develop
recommendations on how to incorporate such
an agenda into the CG system strategy and
plan of work. One of the Task Force
recommendations was to develop an inter-
centers IPM initiative. Accordingly, IARCs
were invited to a meeting in Oslo, Norway in
1994 to discuss the establishment of such an
initiative. CG representatives in the Oslo
meeting recommended the establishment of an
IARCsIPM  network and articulated a
coherent CG policy on IPM. They aso
nominated I TA to be the convening center for
the network. The Centers Directors Committee
(CDC) accepted the Odo  meeting
recommendations and endorsed the inclusion
of two non-CG centers, AVRDC and ICIPE,
in the network.

During the first meeting of the IARC-
IPM network in the Hague (1995), IARC
representatives recommended to CDC and to

the CG Technical Advisory Committee (TAC)
the formation of a system-wide program on
IPM (SP-IPM) to support and coordinate
activitiesin this field, and to establish an Inter-
Center Working Group on IPM (ICWG-I1PM)
to serve as its steering committee and to
provide a forum for discussion of relevant CG
policy, strategy and activities. In this meeting
a number of project areas were also selected.
Thus, the SP-IPM emerged as an inter-
institutional  partnership program of the
CGIAR that responds to CG governance,
administration, funding and reporting, with a
mission to increase the quality and usefulness
of IPM research for higher productivity,
sustainable profitability and healthier harvest
of cropping systems and enhance the well-
being of people, particularly in resource-
limited agricultural areas in the developing
world.

Objectives

The main objectives of the SP-IPM are to: (i)
promote inter-institutional partnerships and
break barriers to IPM development, (ii)
promote holistic and ecological
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approaches/methodologies for IPM technology
development,  (iii) promote  effective
communication between stakeholders for
informed decison-making, (iv) promote
farmer adoption of proven IPM technologies
for sustainable and healthier harvests, and (v)
promote public awareness and impact of IPM
strategies.

Partners

Partnership in the SP-IPM includes a balanced
group of research organizations (eight CGIAR
Centers, three IARCs and NARSs through
projects and IPM pilot sites), IPM promoting
agencies (GIPMF, IPM Forum, IAPPS,
BioNET and World Bank), advocacy groups
(CGIAR NGO Committee and Pesticide
Action Network) and the private sector Crop
Life International). Table 1 lists the complete
membership in the TWG.

Governance and Coordination

The SP-IPM implementation  structure
includes a Steering Committee (SC), an Inter-
Ingtitutional Working Group (IIWG) (Table
1), Thematic Working Groups (TWG) (Table
2) and a coordinating Secretariat. The SC
serve as the decision body of the program with
membership restricted to the Program Leader
and IIWG officialy appointed institutional
representatives. The Program Coordinator is
an ex-officio member. The SC conducts
business meetings annually, on the last day of
each [IWG meeting.

The IIWG is the discussion forum to
make recommendations to the SC, agree on
policy and vision, priority problems for which
an inter-ingtitutional effort could make a
difference, on contractual obligations to
strengthen collaboration, promote networking,
and review progress. Membership includes SC
members, program coordinator, special project
coordinators, and leaders of the thematic
working groups. Occasionaly, 1HWG is
enlarged to include NARSs staff on SP-IPM

implementation activities and representatives
of gpecial interest groups to update IIWG on
topical IPM issues.

Table 1. Members of the Inter-Institutiona
Working Group (I1WG).

CGIAR Centers

- Internationa Institute of Tropical
Agriculture (1ITA)
Centro Internaciona de lap Papa (CIP)
Centro Internaciona del Meoramiento de
Maizy Trigo (CIMMYT)
International Center for Agricultural
Research in the Dry Areas (ICARDA)
International Center for Research on
Agroforestry (ICRAF)
Internationa Institute of Tropical
Agriculture (11TA)
International Crops Research Institute for
the Semi-Arid Tropics (ICRISAT)
International Rice Research Institute (IRRI)
International Service for National
Agricultural Research (ISNAR)
West Africa Rice Development Association
(WARDA)

Other Partners
Asian Vegetable Research and
Development Center (AVRDC)
CABI Bioscience
International Center of Insect Physiology
and Ecology (ICIPE)
FAO/World Bank Global IPM Facility
IPM Forum
Pesticide Action Network (PAN)
representing NGOs
CropLife International

The TWG examines priority problems
and develops a coherent response, which may
or may not include development and
implementation of special projects. Peer
review by thematic groups will insure that the
special projects and activities are well
designed to ensure inter-ingtitutional research,
compliment existing efforts, and that proposed
activities are properly prioritized to respond to
the most pressing needs. At present, there are



The CGIAR System-wide Programon IPM ....... by Makkouk 5

nine approved thematic working groups (Table
2).

The  Coordinating  Secretariat s
comprised of the Program Leader and the
Coordinator who will catalyze and facilitate
approved activities, mobilizes and
disseminates technical and material resources,
develop information and publicity materials on
IPM learning and advocacy, serve as a contact
point, seek funding, and organize external
evaluation of the program.

Table 2. Coordinators of the different SP-IPM
Thematic Groups.

Thematic Working

Group Coordinator/Institute

1. Tropica F. Moraes/CIAT
whitefly group

2. FPR& L E. Van de Fliert/CIP

methods for IPM

3. Soil Biota* A. Bellotti/CIAT
A. Yahyaoui/ICARDA

4. Functiona agro- 1. Gordan/ICIPE
biodiversity

5. Crop lossand O. Ortiz/CIP
impact H. de
assessment* Groottee/ CIMMY T

6. Biotechnology D. Bergvinson.
for IPM CIMMYT

7. Leaf miner fly A. Lagnaoui/CIP
IPM*

8. Alieninvasive M. Tamo/IITA
species

9. IPM policy K. Galagher/FAO-
research GIPMF

* Organized international workshop on the respective
theme.

Summary of Achievements

The major activities and achievements of the
SP-IPM over the last eight years can be
summarized as follows:

Project on  “Sustainable integrated
management of whiteflies as pests and
vectors of plant viruses in the tropics” - The
whitefly project started in 1996, covering 12
countries in Latin America and the Caribbean,
and 10 in Africa, and involved five IARCs, 26
NARSs and six advanced research institutes in
the UK, Germany and the USA. Phase | of the
project completed diagnostic surveys to
assess/characterize agronomic, socio-
economic, and epidemiological features of
whiteflies and whitefly transmitted viruses in
cassava, legumes and sweet potato in six
countries in Latin America, nine in Africa,
three in the Caribbean and in Mexico using the
standardized methodologies developed by the
partners. Phase Il of the project will extend
project activities geographically, scientifically
and organizationally. This is in line with
earlier project recognition that improved
understanding of population  dynamics,
epidemiology of vira diseases, biology,
genetic variability, natural enemies and host
plant selection will be essential to the
development and implementation of integrated
management methods.

Global project on “Farmer participatory
research and learning for IPM” - This
project coordinated by the SP-IPM Task Force
on FPR-IPM, in collaboration with the
System-wide Program on  Participatory
Research and Gender Analysis (SP-PRGA),
FAO Global IPM Facility, and CABI
Biosciences provided research planners,
managers, and policy makers with guidelines
on the principles and practices of farmer
participation that underpin successful IPM,
and developed a common vision of what the
various stakeholders would need to do
differently in order to increase the
effectiveness of participatory approaches in
IPM. This was accomplished through a series
of mentored study-exchange visits between
contrasting pairs of successful projects on
participatory research and learning. To
capitalize on FPR experiences world-wide,
mentor exchange visits were followed by a
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learning workshop a  which project
participants and representatives from other
projects/programs conducted a cross-cutting
analysis of the case studies generated by the
study tour participants in order to provide
practical guidelines on the choice and use of
participatory approaches.

Pilot sites for IPM learning and adoption -
Although a number of promising IPM options
are available, adoption of IPM at the farm
level is disappointingly slow in the developing
countries. Poor communication between
researchers and farmers is believed, by many
stakeholders in the agricultural development
process, to be a major constraint limiting IPM
adoption. Effective partnerships to involve
farmers in the research process to develop,
test/adapt and disseminate IPM options are
also uncommon. Additionally, organizational
and policy obstacles and extension bottlenecks
discourage the dissemination of proven
options. In response to these constraints, SP-
IPM introduced “pilot sites” in 2000 as part of
its implementation strategy to introduce “best
bet” IPM options to farming communities,
assist participating organizations to gain
experience in developing effective farmer-
scientist-extension (FSE) partnerships, and
increase understanding, dissemination and
adoption of IPM options by farmers.

Five pilot sites were selected in major
cropping systems or agro-ecologies in Africa
(Kenya, Nigeria, Burkina Faso, Morocco,
Egypt) where farmers had already identified
pests as a principal concern. The selection
criteriaincluded prior characterization of other
bio-physica and socio-economic features of
the candidate; availability of promising IPM
options that have the potential to achieve a
decisve improvement in the locality;
existence of research and development
activities to provide a platform for pilot site
development; opportunities for achieving new
synergies by closer collaboration between
IARCs and partners; the presence of strong
partners to take primary responsibility for site
activities; and identification of a wide

extrapolation domain for the results of pilot
activities. At each pilot site, FSE teams
analyzed production problems, identified
farmers’ coping strategies, and agreed on “best
bet” options to evaluate. There is no room here
to discuss in details the activities and results
obtained in each pilot site, but in general,
results obtained were very encouraging and
the successes achieved over the period 2000-
2002 encouraged up-scaling of theses
activities by some of the NARSs in the
respective countries.

International Workshops - Three thematic
working groups organized international
workshops and facilitated globa information
exchange to harmonize approaches on: (i)
managing soil-borne pests, declining soil
fertility, soil borne beneficial organisms and
plant health in tropica and sub-tropical
agriculture; (i) developing a common
framework and methods for impact
assessment, taking into account the economic,
environmental, human- and social-capital
aspects of 1PM; and (iii) addressing problems
associated with leaf mining flies in a wide
range of cropping systems.

Public awareness of IPM benefits - A key
activity of the SP-IPM is information
dissemination to increase public and donor
awareness of the benefits of IPM and to raise
the profile of IPM within donor communities.
The program has produced and disseminated
various informational resources such as
CGIAR research  highlights,  scientific
publications and book chapter contributions in
three IPM books, newsletters of partners
organizations such as IAPPS and CABI,
public awareness brochures (1), publicity
videos, and information resources on CD for
farmer participatory research and participatory
learning, technical report to donors, a video
CD “Breaking the Cycle” on participatory
IPM of Striga/cereal stem borers  (3),
adaptation of cassava IPM information into a
user-friendly format to facilitate farm-level
understanding and use, IPM information
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exchange workshops (2) in collaboration with
the Consortium for International Crop
Protection (CICP) and the CGIAR NGO

listserves (e.g., fpr-ipm@cgiar.org and NGO-
IPMnet@cgiar.org), and interactive web-based
electronic newsletter in collaboration with the

Committee, an updated website EU-supported RUNnetwork for information
(www.spipm.cgiar.org), projects websites brokerage.
(e.g., www.tropicalwhiteflyproject.cgiar.org),
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Abstract
Gollin, D. 2007. Making an Economic Miracle: Agricultural Science, Technology, and

Economic Growth. Pages 9-15.

Economic tools and concepts can be applied usefully to the alocation of resources for agricultural
research. Previous research suggests that investments in agricultural research tend to have high rates of return.
Economic arguments also explain why the public sector role in agricultural research can be critical: while
private actors may have incentives to develop or market chemicals, they have few incentives to develop
technologies that do not require the use of purchased inputs. As a result, public investments in agricultural
research, such as those on Sunn Pest, can have high payoffs.

Keywords: Priority setting returns to research, Sunn Pest.

Introduction

The discipline of economics may have little to
offer in the efforts to control Sunn Pest
directly. Compared to spraying or the
development of techniques for rearing
entomopathogenic fungi, economics can only
offer indirect support for the struggle to help
farmers deal with pest problems. But financial
congtraints and economic language are often
invoked to justify the limited funding for
research and implementation of Sunn Pest
control measures-as indeed, this language is
generally used to justify the limited
expenditure on many worthy projects. This
paper will briefly review the reasons why
economic concepts may be appropriate for
thinking about control of Sunn Pest. The paper
will then offer some reasons for believing that
agricultural research, in general, can play an
important role in improving productivity and
contributing to economic growth. The paper
makes no attempt to provide an economic
assessment of the importance of Sunn Pest,
nor to suggest what budgetary resources
should be devoted to Sunn Pest controls; these
are questions that would require different
methodology and considerable data collection.
Instead, this paper draws on theoretical

arguments and on the experience of the Green
Revolution to argue that agricultural research
can contribute to economic growth miracles.

Scarce Resources and the
Application of Economic Concepts

Economics is often defined as the discipline
that studies the alocation of scarce resources
among competing uses. This definition seems
particularly apt for the discussion of Sunn Pest
and the funding of research related to its
control. At present, Sunn Pest affects broad
areas of West Asia and North Africa
(WANA), where it causes direct and indirect
crop losses to wheat and barley. By some
estimates, government expenditures on Sunn
Pest spraying and control amount to $40
million annually and extend over 15 million
ha. On affected areas unprotected by spraying,
crop losses of 50-90 percent are possible in
wheat, taking into account the fact that grain
produced on affected plants may be unusable
for bread baking. Many of the farmers affected
most directly by Sunn Pest are those growing
crops in or near mountainous terrain in dry
areas. Many poor families are affected, and for
them the crop losses caused by the pest may
represent significant income losses.
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Until recently, spraying has typically
been viewed as a government activity, rather
than a farmer responsibility. As such, it
represents a substantial drain on public
budgets and aso imposes considerable
external damage to headth and the
environment. With per capita incomes in the
WANA region relatively stagnant since 1980
(Figure 1), and with per capita public
expenditures actually declining (Figure 2),
there are simply few resources to put in to
Sunn Pest control.
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Figure 1. GDP per capita, West Asia and North
Africa, 1970-2001.
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Figure 2. Government Final Consumption
Expenditure per capita, West Asia and North
Africa, 1970-2001.

Sunn Pest control is then competing for
scarce public money. But public funding is not
the only mechanism by which pest problems
can be addressed. Farmers themselves might
reasonably be expected to invest in control,

either through chemical use or through
changes in practices. Private firms might in
principle be expected to offer control services
or even to provide research. Are these
alternative models reasonable? Is public
financing essential ?

Although alternatives are possible, Sunn
Pest in many ways offers a classic example of
a “public goods” problem, as economics
understands the term. No individual farmer
has an incentive to spray at an efficient level.
If an individual farmer sprays, other farmers
may benefit, without having to share the cost.
If many farmers are spraying, each individual
farmer has an incentive to “free ride” and to
avoid spraying, hoping that he or she can

enjoy the benefits of neighbors’ actions
without bearing the costs. Moreover,
individual farmers may use chemicals

inefficiently or in ways that damage their
health or the environment. As a result, it may
be more sensible for governments to provide
the spraying services.

Leaving aside spraying, IPM research
typically focuses on reducing input use, rather
than increasing it. For private firms, there are
few reasons to invest in this kind of research,
unless it uses some other input intensively
(e.g., substitutes a machine for chemicals).
Thus, most IPM research has come out of
governmental institutions  and non-
governmental organizations (NGOS).

As for varietal improvement research,
private firms have historically invested little in
research on wheat or barley, because those
crops are self-pollinated and hence farmers
can save seeds from one crop to the next. This
limits the attractiveness of the market for
improved varieties; a company that invests in
research will not be able to recoup much of its
research expenditure through seed sales. As a
result, in most countries, wheat and barley
research have been largely undertaken by the
public sector. In developing countries, national
agricultural research systems (NARS) have
been assisted in this work by international
agricultural research centers (IARCs), which
have collaborated to breed improved crop
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varieties for a large number of crops and
regions.

The public contribution to Sunn Pest
research, management, and control is thus
essential, and the resources available for the
purpose are limited. Economics offers us some
insights into how resources can be alocated
and also into the question of whether overal
levels of funding are adequate.

This paper has little concrete advice to
offer about how Sunn Pest resources are
allocated across competing research areas or
between research and control. Without
detailed data, there is little basis for such
statements. Moreover, additional information
would be needed to discuss the priority
assigned to Sunn Pest within NARS or IARC
research programs or within agriculture
ministries. There are strong reasons, however,
to believe that public spending on agriculture
is generally too low in many WANA
countries, and there are also reasons to argue
that international spending on agricultural
research and development is inefficiently low.
Put in different terms, this is to suggest that
the payoffs to spending on agriculture and
agricultural research may be very high.

Agriculture in Public Priorities

Agriculture and agricultural research often
receive fairly low levels of public support in
developing countries. In many countries,
agriculture has been viewed as a backward
sector, and the development theories of the
1950s and 1960s tended to focus on
modernization and industrialization. Public
spending and capital investments thus tended
to be skewed away from agriculture.

For many countries, macroeconomic
policies further worked against agriculture. As
has been widely documented (e.g., 16, 19),
many countries supported their development
efforts by promoting domestic industria
interests through various kinds of protection,
including tariffs, credit subsidies, and tax
breaks. A key implicit form of support was
overvaluation of exchange rates. In many

countries, governments pursued exchange rate
policies (deliberately or not) that had the effect
of overvaluing the local currency. This tends
to make tradable goods relatively cheap -- a
boon for importers of machinery and capital
goods, but a penalty for agricultural producers,
who often found the domestic currency price
of their output driven down to extremely low
levels.

The “bias against agriculture” was fairly
strong in most WANA countries through the
1990s, with relatively high rates of tariff
protection for manufactures and very high
levels of non-tariff barriers. A 1997 study
noted that, with the policy regimes then in
place, “a significant bias against agriculture
will remain and continue to inhibit the
potential of agriculture to contribute more
significantly to domestic output and exports”
(5).

In terms of public investment,
international  investments in  agricultural
development-and especially in science and
technology-have declined considerably in the
past 15 years. As noted by Byerlee et al. (2),
World Bank lending for agricultural research
was a a lower level in nomina terms
(unadjusted for inflation) in 2000-02 than in
any three-year period since at least 1981.
Taking inflation into account, World Bank
lending for agricultural research has declined
dramatically - a situation exacerbated by the
decline in support from many bilateral donors,
including USAID.

Lessons from Theory: Agriculture and
Economic Growth

The decline in funding has occurred despite
growing evidence that investments in
agriculture - and particularly in agricultura
science and technology - have high payoffs. A
long literature in development economics has
recognized that agricultural growth plays an
important role in stimulating economy-wide
growth in incomes and reductions in poverty.
Recent reviews of this literature include
Méllor (18) and Timmer (21).
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These papers offer  well-reasoned
“stories” for the connection between
agricultural growth and economic growth, but
only in the past severd vyears have
macroeconomic theorists begun to accept that
the link might be important. Indeed, a
prevalent view has been that agricultura
growth might in fact dow or impede the
process of economic development. (12, 17).

Recent papers have challenged this
notion, including Caselli and Coleman (3),
Kongsamut, Rebelo and Xie (15), Irz and Roe
(13), Gollin, Parente, and Rogerson (9, 10,
11), and Kogel and Prskawetz (14). Gollin et
al. (10) show that differences in agricultural
productivity levels can account for a
substantial  fraction of the differences in
incomes across countries. Subsequent work,
reported in Gollin et al. (11) argues that
agricultural technology changes can lead to
dramatic growth in the short- and medium-run,
although long-run income levels are likely to
depend on policies affecting other sectors of
the economy.

In this research, the authors suggest that
subsistence food needs play an important role
in constraining development in poor countries.
Because productivity is generally quite low,
countries must devote large amounts of labor
to producing food, and incomes in the rura
sector will be correspondingly low. Without
improvements in agricultural technology,
these economies cannot begin to release labor
to other sectors or to produce non-agricultural
goods. An implication is that countries might
be able to escape this “food problem” if they
could import sufficient quantities of food, but
with a few exceptions (some of them in the
WANA region), most economies are not in a
position to do so. Certainly, where populations
are large and are dispersed in rura areas (i.e.,
in countries that have significant agricultural
populations) it will not be feasible to import
food and distribute it on the scale required.

Gollin et al. (11) suggest that low levels
of agricultural productivity can slow
economies’ development by 100 years or
more; dramatic improvements in agricultural

technology (“Green Revolutions”) have the
potential to unleash rapid economic growth,
although this growth cannot be sustained
unless policies for the non-agricultural sector
are good.

Lessons from Policy: Agricultural
Research and the Green Revolution

This theoretical literature meshes with a
growing empirical literature supporting the
links between agricultural productivity change
and growth. Some of this literature in turn
emphasizes the importance of agricultura
growth and agricultural science for poverty
reduction; see, for example, Datt and
Ravallion (4) or Thirtle et al. (20).

One strand of this literature examines the
returns to public investments in agricultural
research. Numerous studies have found that
the returns to agricultural research are high —
often extraordinarily high. Even a skeptical
review of the literature by Alston et al. (1)
suggests that rates of return of 30-40 percent
are common, echoing previous findings by
Evenson and various co-authors.

These estimates are typically based on the
costs and benefits of individua research
programs, which of course are different from
the growth impacts of research. To examine
this issue, we need a different methodology.
One approach comes from a comprehensive
review of crop breeding impacts across 11
crops and all regions, reported in Evenson and
Gollin (6) and summarized in Evenson and
Gollin (7). This work suggests that
investments in IARC research did in fact lead
to substantial productivity improvements
across crops and regions, though with widely
varying degrees of impact. In some regions,
such as sub-Saharan Africa, research impacts
were quite modest, partly because research on
relevant crops (cassava, tropical maize) lagged
behind research on rice and wheat, and partly
because of ill-conceived research strategies
that sought ssmply to transfer technologies
developed elsewhere, rather than to invest in
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intensive programs of breeding within Africa
itself.

Evenson and Gollin (6) also summarize
work by Evenson and Rosegrant (8)
examining the overal impact of the
investments in research through the IARC
system. Without attaching a precise value to
the rate of return, Evenson and Rosegrant
consider the likely outcomes of two
counterfactual scenarios — one in which no
“Green Revolution” had occurred and
productivity grew quite dowly from 1960-
2000, and one in which a “lite” Green
Revolution had taken place, with no input
from IARCs. Depending on the scenario under
consideration, Evenson and Rosegrant (8)
concluded that these counterfactuals would
have left the world substantially worse off,
with yields of food crops in developing
countries lower by 8-20 percent. Crop prices
would have been higher, by 6-20 percent,
leading to reduced food consumption; total
calorie intake per person would have been 4-
14 percent lower in developing countries, with
substantial variation across countries. As a
consequence, the number of malnourished
children would have been higher, by 2-8
percent.

These are large impacts. Although a
Green Revolution cannot by itself eliminate
hunger or poverty, this research suggests that
improvements in agricultural productivity can
have a major impact on human welfare.

Implications for IPM and Sunn Pest

What does this tell us, if anything, about the
value of investments in integrated pest
management (IPM) programs generaly, or
Sunn Pest controls in particular? Perhaps not
much; after all, the returns to any individual
research program depend on the science that is
available, the resources that are brought to
bear, and indeed on a certain amount of luck.
But the theoretical and empirical evidence lead
support to the notion that investments in
research can have large payoffs. Not al
research investments will prove successful, of

courseg; if there are no failures, then arguably
there is evidence of underinvestment.

But among the questions to ask of a
research program, we might consider the
following:

- Does the science justify the investments?
Is the probability of success sufficient,
given the (uncertain) research payoffs
and the (more certain) costs?

- Can the research be deferred? Given
progress in other fields, is it wise to
postpone the research and to take
advantage of spillovers from research
done on other subjects?

- Will other actors take the lead in carrying
out the research? Is it possible to take
advantage  of spillovers  across
ingtitutions?

- Of the various research projects that
satisfy these criteria, how does it
compare in terms of likely payoffs? How
does it compare in terms of impact on
poverty or equity?

There are many more such questions we
could ask, and indeed an entire literature
focuses on the economics of research priority
setting.

But many IPM programs and Sunn Pest
management programs in particular, seem
likely to meet these criteria. The science
involved is generally well understood. Thereis
no reason to wait for advances in other fields
or upstream disciplines (as there might be, for
example, in developing vaccines for animal
diseases). Other actors are unlikely to do the
work that public ingtitutions are currently
doing and contemplating. For private sector
firms, there is little financia incentive to
invest in Sunn Pest management strategies,
because there is unlikely to be a saeable
product that could allow them to recoup any
investments in research. Seeds of resistant
crop varieties might well be taken up by
farmers, but for wheat and barley, the two
most susceptible crops, there is little private
sector seed research. This reflects the fact that
farmers can generally save the seeds of self-
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pollinated crops, so private firms cannot
recoup much return from investments in
research.

Under current circumstances, Sunn Pest
research is unlikely to be funded on a large
scale by NARS in rich countries, except as a
donative collaboration with poor countries.
Sunn Pest is not yet a major problem in the
rich countries, and consequently it ranks low
on the priority list of researchers. Like many
agricultural problems of developing countries,
then, it is unlikely to be solved without
substantial commitments by  research
institutions in the affected region - ideally
working with additional financial and human
resources from the international community.

Conclusions

Can investments in Sunn Pest IPM programs
produce economic growth miracles? Perhaps
not on their own. It is surely unredlistic to
expect Sunn Pest programs to deliver dramatic
improvements in income levels or growth
rates. It may not be unrealistic, however, to
assume that research on Sunn Pest
management and control may have high rates
of return or that, like many previous research
programs, it may play a role in the long,
incremental, and unglamorous - but ultimately
vital - process of improving agricultural
productivity.
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Abstract
Brader, L. 2007. How Can Scientists and Scientific Programmes Connect with Public and
Private Enterpriseto Further the Cause of IPM. Pages 17-24.

The IPM research and development activities over the last 20 years have clearly shown the
heterogeneity of the agricultural production systems. Thus, no standard solutions can be offered to address the
plant health needs of the individua farmers. Extension staff can offer a set of tools, but the farmers
themselves must be able to decide on how these tools can be used most effectively. The traditional extension
methods of offering standard solutions are not suitable anymore. Plant health research hasincreasingly moved
in this direction, but the extension services have not. An exception is the Farmer Field School approach that
has proven its effectiveness. The lack of appropriate extension approaches is further exacerbated by the
registration requirements for plant protection products. IPM researchers have not facilitated the necessary
transformation towards more effective farmer support systems. For example, the IPM definition keeps
changing because of the evolving understanding of the key elements needed for producing a healthy crop. It is
high time to define in broadly understandable terms what IPM is. The god is to produce a healthy crop with
minimum use of synthetic pesticides. On this basis closer collaboration has to be established with extension
and regulatory agencies to finaly arrive at a joint and appropriate approach. Changes have to take placein a
system that is still dominated by strong interest groups with outdated ideas. A rea lobbying exercise will
have to be undertaken. The IPM research community has little capacity to do this well. It will need effective
partners that require clear facts showing what can be gained by growing healthier crops.

Keywords: Integrated Pest Management (IPM), plant health, extension, farmer field school.

Introduction mites, after spraying sulphur preparations to
control apple scab (9). Pickett in Canada and
For over 60 years it is known that chemical DeBach and Ray F. Smith in California were
control has undesirable side effects on the ~ among the pioneers that laid the basis for what
agro-ecosystem leading to a deterioration of ~ We now call Integrated Pest Management
the health status of crops. During the 1930s  (IPM). Their work was supported by many
and the early 1940s such undesirable changes others.
were first observed and studied in particular in In the developing world the beginning of
citrus production in Florida and California, ~ |PM may be traced back to research carried
and in apple orchards in Nova Scotia, Canada. out in the Cariete Valley in Peru. The tobacco
Researchers determined that the negative budworm, Heliothis virescens Fabricius,
effect on the natural enemy complex led to  appeared for the first time in the valley in
rap|d popu|a[ion gro\N'[h of new peg SpECIGS 1939, and the use of insecticides resulted in a
In citrus growing a sharp increase occurred in -~ rapid build up of the cotton aphid, Aphis
various scale insects after spraying with DDT ~ gossypii  Glover. The Heliothis problem
to control among others citrus thrips. The ~ Worsened every year notwithstanding an
population density of other pest species also increased number of insecticide applications.
increased (4, 13). In apple orchards in Nova ~ Again the elimination of the natural enemy
Scotia there was a strong increase of various ~ complex by the insecticides used proved to be

pest species, in particular scale insects and ~ the maor reason for the serious pest
outbresks. This was exacerbated by the
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emergence of pesticide resistance. Excellent
work to develop improved control systems
was undertaken by Barducci, Beingolea and
others (2, 3).

IPM a Slow Mover

Since those early days a tremendous amount
of research and development efforts have been
carried out with the purpose to ensure the
development and introduction of effective
IPM practices. This work is not limited
anymore to entomology, but is now covering
al plant hedth disciplines. However,
notwithstanding this extensive range of
research and development activities one notes
that IPM, while routinely referred to in
agricultural development efforts, is not being
applied on a very wide scale. In amost al
cases pesticides are till considered the first
and easiest approach to address plant health
problems. Pesticide statistics over the last
decades do show a reduction in the overall
guantity of active ingredients of insecticides
used, but this is essentiadly due to the
development of new products of which smaller
guantities of active ingredient are applied per
unit area.

Some of the best IPM research and
development work has been undertaken in
Cdlifornia, USA. An analysis of pesticide use
in this State led to the conclusion, that data
from the Cdlifornia Pesticide Use Reports
support the hypothesis that relatively little
reduction occurred during the decade of the
1990s, even though there is “nationwide
infrastructure in the land grant universities,
Cooperative Extension Service, and USDA
that presumably have a goa of reduction of
pesticide use or risk” (5). In the USA the
trends in the use of the total amount of active
ingredient of the various pesticides since 1964
areasfollows (7, 8).

- Insecticides: no reduction from 1964 till
1976, from 1976 till 1982 a reduction of about
30 percent, from 1982 till 1992 a further
reduction of 25 percent, during the 1990s the
total amount of active ingredient used stayed

about the same, some 60 million pounds per

year. Thus, in 1997 the amount of insecticide

active ingredient used was about 50 percent of

the amount used in 1964.

- Fungicides. a gradua increase from 1964
till 1997 of about 200 percent.

- Herbicides: the amount of active ingredient
used has increased seven-fold between
1964 and 1997.

Osteen (7, 8) considers that the reduction
in insecticide use is primarily due to the
replacement of organochlorines by other
insecticides that can be applied at much lower
rates. In addition, during the 1980s, reduction
in commodity prices and land that was idled
under Federal Programmes, led to an overal
decline in pesticide use. With respect to IPM
practices Osteen notes that since 1991 there
has been an increase in the use of microbial
pesticides, in particular Bacillus thuringiensis
Berliner (Bt.) strains, but its use is mainly
limited to fruit trees and vegetables. Between
10 and 43 percent of the apple, blueberry,
grape, nectarine, plum, prune, sweet cherry,
blackberry and raspberry acreage received Bt.
applications in 1997. Bt. was used on about
half or more of the cabbage, celery, eggplant,
tomato, and pepper acreage in 1996. Bt-treated
cotton acreage increased form 5 percent in
1992 to 9 percent in 1995, but fell to 2 percent
in 1997. This decrease may be associated with
the increased planting of Bt. gene containing
cotton seed.

During the 1990s there has been an
increase in the use of pheromones. For
example, pheromones were used for
monitoring on 33 percent and for pest control
on 7 percent of cotton grown; they were used
on amuch smaller portion of other field crops.
Scouting for insects in field crops ranged from
59 percent for soybeans to 98 percent for fall
potatoes, with 66 and 88 percent of the corn
and cotton acreage also being scouted. On
average, scouting for insects reached 67
percent among all field crops in 1996. But, as
noted above, these developments do not seem
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to have led to a noticeable reduction in the
amount of insecticides used.

IPM became a component of federal
agricultural policy in the USA in 1972 with
the aim to reduce the risks from pesticide use
and to develop more sustainable agricultural
production strategies. IPM has indeed been
introduced widely in the USA. However, the
pesticide statistics indicate that this has had a
limited effect on the amount of pesticides
used. Epstein and Bassein (5), discuss a
number of reasons for this.

i. IPM adoption against insect pests may
entail a change in the specific chemicals
used rather than a change in the volume
of material applied.

ii. Fungicide useis generally not driven by
the presence of the disease, but rather
by the perceived risk of disease or the
consequences of disease that occurred
in earlier years.

iii.  IPM programmes are usually dominated
by chemical control and are better
defined as programmes of pesticide
management, instead of ecologically
based pest management programmes.

iv. Reduced pesticide use is an economic
benefit to growers, but, in many cases,
this reduction must be accompanied by
an increase in cultural control practices
to maintain adequate pest management,
entailing additional costs

Osteen (8) refers to a national study of
biologicaly based IPM in the early 1990s,
sponsored by USDA and EPA, which
concluded that dozens of technical,
institutional, regulatory, economic, and other
constraints need addressing in order to achieve
broader adoption of IPM. Three constraints
were identified for all commodity groups:

(i) lack of funding and personnel to
conduct site-specific research and
demonstrations;

(if) producer perception that IPM is riskier
than conventional methods, more
expensive, and not a short-run solution;
and

(i) educational degree programmes that are
structured towards narrow expertise
rather than broad knowledge of
cropping systems.

Notwithstanding the wide range of
examples demonstrating the  possible
beneficial impact of the adoption of 1PM, the
data for the USA seem to confirm the
hypothesis that, so far, the overall beneficial
effect of IPM in agricultural practice has been
rather limited. James et al. (6), while
discussing the CGIAR  Systemwide
Programme on Integrated Pest Management,
summarize the situation as follows.

- In the search for sustainable options to
increase food security, IPM plays a key
role, having the potentia to increase the
productivity of agricultural systems
while minimizing threats to human
health and the environment.

- IPM has evolved from pesticide
abatement strategies aimed at avoiding
the pesticide treadmill into analytical
approaches to understand pest status
within production ecologies in order to
make informed decisions on appropriate
actions.

- Although a number of promising
options are available, adoption of 1PM
at farm level is disappointingly slow in
the devel oping countries.

- Thus, the full potential of IPM to reduce
shortfalls in food production is poorly
realized.

- Many research initiatives focus largely
on developing component technologies
with minimal understanding of client-
oriented approaches in the innovation
process, and neglect the key role of
policy environment in IPM promotion.

IPM in Rice Growing, a Success
Story

Very impressive results have, however, been
achieved over the last 15 years with the
introduction of IPM in rice growing in
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Southeast Asia. An analysis of this successful
undertaking may help in defining the
conditions needed to increase the success rate
of IPM introduction. It should be kept in mind
that attempts to introduce IPM in rice growing
started only to show lasting beneficial results
from the early 1990s onwards when Farmer
Field Schools (FFS) were conducted for the
first time in Indonesia. An overview of the
development and implementation of FFS has
been published by Pontius, Dilts and Bartlett
in 2002 under the title “Ten years of IPM
training in Asia. From farmer field school to
community IPM” (10).

The authors note that “the centralized
systems were unable to take into account the
reality of pronounced agro-ecological diversity
within countries, regions and even villages.
The inclusion of routine pesticide applications
within the input packages (of the rice Green
Revolution) often caused severe ecological
disruptions, most notably the rise of pest
resurgence and (pesticide) resistance”.

The FFS alow the farmers to become the
decision makers with respect to the action to
be taken to grow a healthy crop. The approach
is known in particular from rice growing in
Southeast Asia, but is now being applied on a
wide range of crops in other developing
regions. It consists of participatory, non-
forma adult education, and so far over 75,000
FFS have been conducted. The authors
describe the FFS as an interactive way of
deploying science. And, they note that
scientific  excellence and adherence to
ecological principles provide a strong entry
point for IPM development. The idea that
farmers can and should empower themselves
became the acknowledged motivating force
among programme developers and field staff.
Nowadays, across Asia, farmer empowerment
continues to be the foundation of IPM
activities. A key element is that the agro-
ecological diversity of the different farmer’s
fields is taken into account for implementing
effective plant health practices. The FFS
ensure that the farmers obtain the necessary
knowledge and experience for this.

The success of the IPM activities in
Indonesia was helped, in particular, by
effective policy support. Pontius et a. (10)
describe this as follows. “Scientists were able
to persuade several ministers of the
ineffectiveness of intensive insecticide use
(notably, the Department of Agriculture
remained unconvinced). The scientists
proposed an IPM programme based on (i) a
farm-level IPM strategy, (i) IPM training for
technical personnel who would train farmers,
and (iii) limiting the availability of broad
spectrum insecticides. An inter-ministerial
coalition supported the proposal and took it to
the president. The result was Presidential
Decree No. 3, 1986. The degree called for
farmer and field worker IPM training, the
banning of 57 broad-spectrum insecticides
from use in rice production and the eventual
elimination of subsidies for insecticides. The
decree created a policy environment at all
levels of government that ensured support for
rice IPM implementation”.

The FFS approach is based on four 1PM
principles (10) that provide a guide to what
farmers should be able to do when they
participate in an FFS. They are:

- grow ahealthy crop;

- conserve natural enemies,

- conduct regular field observations; and
- become|PM experts.

Farmers have displayed an intellectual
curiosity to understand rice agro-ecosystem
ecological processes and an eagerness to
formulate community-wide approaches to
increase the impact of IPM. They are not only
taking part in IPM activities, they are taking
over IPM activities.

Pontius et al. stress that “IPM is a set of
practical guidelines for how to best manage a
specific crop. The rice IPM FFS learning
approach, however, is based on wel
established theories, supported by good field
data”. This leads to the following description
of IPM. “IPM is a set of practical guidelines,
derived from a sound scientific understanding,
used by farmers to grow a healthy crop”.
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It is noted that one of the biggest
problems with many of the developments of
IPM over the years has been the tendency to
generalize and make recommendations for
farmers across large and highly heterogeneous
areas. The shift from caendar based
applications to farmers as IPM managers
places an increasingly large burden on the user
in terms of ecological knowledge, observation
and analysis. FFSs place the control of small-
scale agro-ecosystems in the hands of people
who manage them.
Getting IPM institutionalized at the field
level required working through complex
government bureaucratic systems. Centralized
bureaucracies ae not conducive to
participatory |PM. Attention needs to be given
to the highest and lowest levels of the system
that provide the context for IPM field
activities. Policy guidance from top levels can
combine effectively with bottom-up pressure
generated by farmers.
Schmidt et al. (11) have used the FFS
approach for a review of success factors in
integrated pest management. It is worthwhile
to highlight a number of issues raised by these
authors. They note that the feature common to
natural resource management and IPM is not
only that they represent examples of
endeavours to implement sustainable
agricultural practices, but also that they are al
applied in very complex, and highly diverse,
agro-ecological situations where any major
change deserves a preceding, careful, holistic
analysis. Conseguently, the role of the farmer
and his or her family in deciding to make
changes needs to be included systematically
into the entire process of searching and
applying new solutions. Under these
conditions traditional ways of extension hit the
limits. The traditional extension approaches
used during the Green Revolution were
characterized by
- technologies developed by researchers on
research stations;

- top-down transfer of technology by
researchers to extensionists, and from these
to farmers; and

- blanket recommendations for large areas.

Schmidt et al. (11) note that, for a variety
of reasons, nowadays the concept of economic
damage thresholds is a point of disagreement
among many |PM experts. They stress that the
real breakthrough in IPM development and
application in rice growing in Indonesia
occurred when the ecological principles of
IPM were merged with lessons learned from
non-formal education and the FFS extension
model was developed. The following
important results are listed:

- in 1997 in Indonesia some 600,000 rice
farmers had already attended FFSs. These
farmers have becomethe owners of the
programme;

- after having attended a FFS farmers apply
80 to 100 percent lessinsecticide;

- vyields remain stable or increase even
dightly, which is attributed to increased
crop observations;

- reduced costs for inputs by stable yields
imply improving benefits for IPM farmers;

- health hazards caused by pedticide
application are reduced;

- environmental pollution is reduced;

- the nationa economy saves finances
because pesticide subsidies are abandoned
and less pesticides are imported;

- stableinterest groups emerge from FFSs;

- FFS graduates spread the principles of |PM
to their fellow farmers; and

- local government bodies contribute to the
funding of FFSs.

The following success factors in extension
for IPM are enumerated.

() Extenson and farmers. building
confidence  between farmers and
extensionists, and raising farmers’ self-
confidence and decision-making

abilities.
(i) Extension and research: facilitating
action research and  furthering

participatory technology development,
and helping to perceive problems in a
common manner.
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(iii) Extension methods and contents:
integrating local knowledge and arriving
at understandable explanations of
complex problems.

(iv) Broad impact of extension: farmer
interactive extension, group approach
and IPM as a movement leading to
farmers becoming a critical mass.

(v) Motivation of farmers. attractiveness to
farmers and ownership.

(vi) Extension staff: practical and continuous
education and staff motivation.

(vii) Political environment: favourable policy
framework, awareness building with
mass media and local situation analysis.

(viii) Institutional set-up: selection of partners
which are favourable to the work to be
undertaken.

FFS have definitely proven to be
effective tools for the introduction of 1PM.
Currently FFS are conducted in over 30
countries worldwide. A review of 25 impact
studies on FFS leads to the following
conclusion (14). “Generally, the case studies
reported reductions, sometimes drastic
reductions, in pesticide use attributable to the
effect of training. There was aso a genera
increase in yield due to the effect of training”.
In this review it is aso noted that the exercise
of agro-ecosystem analysis stimulated skills of
thinking and communicating which could
subsequently be applied to broader areas of
people’s lives.

How to Further the Cause of IPM

The IPM research and development activities
over the last 20 years have clearly shown the
heterogeneity of the agricultural production
systems. Thus, standard solutions can not be
the answer to address the plant health needs of
the individual farmers. A set of tools can be
offered by extension staff, but the farmers
themselves must be able to decide on how
these tools can be used most effectively. The
traditional extension methods of offering
standard solutions are not suitable anymore.

Thus, research and extension staff must in the
first place understand the practical problems at
the farm level to be able to jointly develop
with farmers sustainable solutions. If the cause
of IPM is to be furthered in an effective
manner, then al persons and institutions
concerned should adopt these principles.

IPM researchers have not facilitated the
necessary transformation towards more
effective farmer support systems. For
example, the IPM definition keeps changing
because of the evolving understanding of the
key elements needed for producing a healthy
crop. For an effective dialogue with al
stakeholders it is important to define in clearly
understandable terms what IPM wants to
achieve. The goal should be to produce a
healthy crop with minimum use of synthetic
pesticides. Researchers need to better
understand what it means to produce a healthy
crop and how to do it.

A clear definition is also essential to
better demonstrate the impact of IPM. For
example van den Berg (14) in his review of
FFS raises the question what do IPM
initiatives attempt to achieve? Is the purpose
to reduce insecticide use, to enhance
sustainable pest management, or to enhance
adaptive crop management? Is it to increase
yields, to increase profits, or to improve
livelihoods? In an information booklet of the
Systemwide IPM Programme (12) it is noted
that an impediment to the wider adoption of
IPM is the lack of an adequate framework for
evaluating the true costs and benefits of crop
protection measures. In recent years little
progress has been made in developing a new
conceptual framework focusing on quantifying
the opportunities for IPM interventions within
the defined biophysica and policy
environments or in gathering relevant data.
Improved knowledge on these cost and benefit
factors remain a challenge for the research
community. This is a mgor task that ill
requires extensive research and development
efforts.

The Systemwide IPM  Programme
considers that “an inappropriate regulatory
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framework for registration of biopesticides in
many countries has provided a specia
impediment to the development and use of
these products in developing countries (12).
The Environmental Protection Agency in the
USA has established atier approval system for
biological pesticides. These have helped to
lower the development costs of biopesticides,
which are now estimated around $5 million
per product, compared to $50-70 million for
conventional pesticides. In 1997 the average
time to register a biological pesticide was 11
months, compared to 38 months for
conventional  pesticides (8). However,
registration requirements in most countries do
not seem to offer effective conditions for new
products developed within the IPM context.
This merits to be analyzed in much more detail
in order to convince authorities to adopt
systems favouring IPM implementation.

Closer collaboration has to be established
by researchers with extension and regulatory
agencies to findly arrive at joint and
appropriate approaches that address the above
issues in an effective manner. Changes have to
take place in a system that is still dominated
by strong interest groups with outdated ideas.
A rea lobbying exercise will have to be
undertaken. The IPM research community has
little capacity to do this well. It will need
effective partners that require clear facts
showing what can be gained by growing
healthier crops. This 2™ International
Conference on Sunn Pest can be considered a
real success if the promising research results
obtained over the last years can be
amalgamated into an effective IPM
programme that is built on the above
principles.
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Abstract
Kooyman, C. 2007. Green Muscle, from Isolateto Commer cial Product. Pages 25-36.

Locusts and grasshoppers are still mainly controlled by means of chemical insecticides. However,
progress has been made over the last 15 years to develop aternative means of control. A biological product
based on the entomopathogenic fungus Metarhizium anisopliae var. acridum Driver & Milner has been
developed over a period of 12 years by the LUBILOSA program, a French acronym meaning biological
control of locusts and grasshoppers. The program was executed by CABI, IITA, AGRHYMET and GTZ with
funding from the international development agencies of Canada, the Netherlands, Switzerland, Germany, the
United Kingdom and the United States of America. The program brought together a group of researchers with
a wide diversity of expertise to be able to go through al the necessary steps for the development of an
effective and easy-to-use product. These steps included the search for isolates, bioassays to select the best
isolates, field testing, (eco) toxicologica testing, mass production and storage studies, formulation,
application and commercialisation. One isolate was selected on the basis of its efficacy and ease of
production. A licensing agreement was signed with the South African company Biological Control Products,
which registered the product under the name Green Muscle€®. Though the product is now on the market, full
acceptance is still some way off. One important hurdle is registration, which has not yet been achieved in the
majority of affected countries. Acceptance by the locust control establishment is also still problematic, which
primarily has to do with the product’s slow speed of kill. Lessons learned in the LUBILOSA program and
possible ways forward will be discussed.

K eywor ds: Biopesticide, entomopathogenic fungus, locust control, Metarhizium.

Introduction

Locusts and grasshoppers regularly cause
extensive and serious damage to crops in
many parts of Africa, Asia and the Americas.
Locusts are well known for their potential of
invading cropping areas in swarms of millions
of individuals leaving behind devastated fields
and plantations. Fortunately, these invasions
are infrequent and may be followed by long
periods of recession (21). However,
grasshoppers form a more chronic problem in
some areas causing serious yield losses in
most years.

Locust and grasshopper control is
currently carried out with chemical pesticides.
For many years, the product of choice was
Dieldrin, a persistent pesticide well suited for
barrier treatment. However, concern about its
negative impact on the environment caused it
to be banned in most countries. Most modern

pesticides replacing it, like Fenitrothion and
Malathion, are much less persistent and have
therefore to be applied more frequently in
blanket treatments and in larger volumes. So,
even though these products are less toxic than
Dieldrin, their environmental impact may well
be worse.

During the last major desert locust
outbreak (1986-1989), donors spent more than
US$200 million and almost 15 million litres of
pesticides were applied (1). Environmental
pressure groups aerted donors to the side
effects of this massive use of chemica
pesticides (6). Donors then appealed to the
scientific community to find more acceptable
locust control methods. One of the submitted
proposals led to funding of the LUBILOSA
program.
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Materials and Methods

LUBILOSA

The LUBILOSA (LUtte Blologique contre les
L Ocustes et les SAuteriaux) program started in
late 1989 as a collaboration between the then
International Institute of Biological Control
(INBC, now CAB International Bioscience),
Ascot, UK, the Biological Control Centre for
Africa of the International Institute of Tropical
Agriculture (1ITA), Cotonou, Benin, and the
then Département de Formation en Protection
des Végétaux (DFPV, now Programme Majeur
Formation) of AGRHYMET, Niamey, Niger.
During its 12 year life, the program received
funding from the Canadian International
Development Agency (CIDA), the Swiss
Agency for Development and Cooperation
(SDC), the Dutch Directorate Genera of
International Cooperation (DGIS), the UK
Department for International Development
(DFID), the German Society for Technical
Cooperation (GTZ) and the US Agency of
I nternational Development (USAID).
LUBILOSA’s multi-disciplinary team
developed a microbial pesticide based on the
entomopathogenic ~ fungus  Metarhiziium
anisopliae var. acridum Driver & Milner, a
naturally occurring grasshopper pathogen,
which has been commercialised under the
name Green Muscle®.

The development process went through a
number of steps. pathogen surveys, isolate
selection, field testing, formulation and
application, development of mass production,
storage  studies, toxicological  testing,
ecotoxicological  studies, socio-economics,
commercial  licensing and registration.
However, the very first step was to decide on
the kind of alternative to chemical control.

In the late 1980s, there were a number of
possible options for locust and grasshopper
control, though only those using chemical
insecticides were in general use (Table 1).
Since the objective was to find aternatives to
chemica  insecticides, only botanica
insecticides, like neem oil, and natura
enemies were considered. The former did have

little environmental impact and were already
being produced. However, it was difficult to
imagine how sufficient numbers of trees could
be planted to produce the huge quantities of
product needed in times of large locust
outbreaks. On the other hand, some pathogens
could be mass produced.

Table 1. Grasshopper control options (1989).

Control option

Examples Characteristics

Chemical insecticides

Organophosphates
(e.g. Fenitrothion)

moderately toxic to
mammals, toxic to
birds and fish, broad
spectrum

low mammalian and
avian toxicity, broad
spectrum, insects

Pyrethroids
(e.g. Deltamethrin)

may recover

Insect growth non-toxic to

regulators vertebrates, affect

(e.g. Diflubenzuron)  aquatic arthropods,
only effective against
nymphs

Botanical insecticides

little environmental
impact, slow action,
low mortality,
problems with quality
(esp. ai. content)

Neem oil
(azadirachtin)

Natural enemies

Vertebrates difficult to
manipulate as control

agents

Insects mass production too

expensive

Nematodes Species parasitising
grasshoppers difficult
to mass-produce

some cause
epizootics, some can
be mass-produced on
artificial media

Pathogens
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Grasshopper pathogens occur in the

following groups:

1. Viruses: those isolated from grasshoppers
not very virulent, production in vivo.

2. Bacteria: species infecting grasshoppers
not effective under field conditions, no Bt
varieties known that infect grasshoppers,
production in vitro.

3. Protozoa: species infecting grasshoppers
not effective under field conditions,
production in vivo.

4. Fungi: virulent isolates available, new
discovery that certain fungi (eg.
Metarhizium, Beauveria) can  be
formulated in ail, production in vitro.

An analysis of the known grasshopper
pathogens showed clearly that fungi were the
most attractive group to investigate. An
African isolate of Metarhizium was aready
available at 11BC and one of its scientists had
discovered that certain hyphomycete fungi are
more effective when formulated in oil as
opposed to water (19), which opened the
possibility of using them in areas where water
is scarce. It was therefore decided to
concentrate efforts on this group of fungi.

Since locusts and grasshoppers are never
exotic pests, classical hiological control was
not an option. Searching for an exotic fungus
that might be very virulent in a new
association with local grasshoppers, was
considered, but such a fungus may not be as
specific to the target insects as a co-evolved
fungus. For that reason, the latter kind was
deemed preferable for use as a biological
control agent (18).

Pathogen Surveys

At the start of the LUBILOSA program, only
28 isolates of hyphomycete fungi from
Orthoptera were available in international
culture collections (ARSEF and CABI/IMI),
and out of those only 3 were from Africa and
none from the Near East. Surveys were
conducted in West Africa, Madagascar, Oman
and Pakistan, and over a period of 3 years,
yielded 179 isolates from locusts and
grasshoppers and 2 from crickets (20). The

great majority were isolates of Metarhiziium
anisopliae var. acridum, (originally identified
as M. flavoviride (Gams & Rozsypal)
originating from 13 countries. All isolates
collected were stored in the culture collection
of CAB International. Subseguently, more
isolates have been discovered in other
continents  indicating a  pan-tropica
distribution extending into subtropical zones.

I solate Selection

The pathogenicity of 159 isolates of
Metarhizium and Beauveria was tested in
bioassays using adult desert locusts,
Schistocerca gregaria Forskdl (2). A dose of
7.5%10* spores in 2 pl was applied under the
pronotum and the locusts were then kept
individually in containers until death.
Pathogenicity was measured as median lethal
time (MLT). Out of the 21 most virulent
isolates, 17 belonged to M. a. var. acridum.
The origina isolate present at 1IBC, IMI
330189, was among those. It had been
discovered by a DFPV team in 1989 near
Niamey, Niger, on the grasshopper
Ornithacris cavroisi (Finot). Since it was not
significantly less pathogenic than any other
isolate and had shown good growth on
artificial media, a single spore of this isolate
was chosen for further devel opment.

Field Testing

As soon as laboratory work had confirmed the
potential of IMI 330189, field testing started.
Trials progressed from semi-field (arena) trials
(3) through small-scale to large-scale trias (9,
12, 14, 17) and finally operationa trials (11,
10, 13). At the time of writing, trials had been
carried out in 18 countriesin Africaand onein
Europe (Spain). Target species included the
desert locust and other African locust species
and several grasshopper species including the
notorious Senegalese grasshopper, Oedaleus
senegalensis Krauss.

At moderately high afternoon
temperatures  (28-35°C) and occasional
overcast skies, 80-90% mortality was
generally achieved in 2-3 weeks (Figure 1).
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Higher and lower temperatures caused
mortality to be slower. Spores of Metarhizium
persisted for weeks in Sahelian grassand with
a half-life of around 7 days during the rainy
season. Final mortality of grasshoppers caged
on treated vegetation was >90% after 3 weeks
and +25% after 7 weeks. On sparse vegetation
and under very hot conditions, the haf-life
was shorter.
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Figure 1. Mean grasshopper population density
after application of Metarhizium at 100 g/ha and
Fenitrothion at 250 g/ha on 50 ha plots (A) and 800
haplots (B) (13).

The slow mode of action of Metarhizium
combined with the high mobility of many of
the target species caused some experimental
problems. E.g., to be able to show the effect of
the fungus on O. senegalensis in the field, 25
ha proved to be the smallest possible plot size.
In the case of locust nymphs, hopper bands
instead of fixed plots had to be the
experimental units. The effect on adult locusts
was very difficult to assess, but ateam of three
experienced locust specialists was able to
make reliable population estimates.

Formulation and Application

Traditionally, fungal spores used to be
suspended in water with or without detergent,
but efficacy was often disappointing, to the
point where people tended to give up on
entomopathogenic fungi. However, in the
1980s, it was discovered that certain
hyphomycete fungi can be formulated in ail,
which greatly improves their efficacy (19).
This enables the use of fungi in relatively hot
and dry environments, where water is scarce
and water-based formulations  quickly
evaporate. Once the spores have landed on the
insect, ambient relative humidity is not very
important. Oil formulations can be used in
ultra-low volume (ULV) spraying equipment,
which is commonly used in locust control and
is more efficient than high volume equipment,
especialy for spraying large areas. Green
Muscle can therefore be used in a variety of
environments from desert to humid forest.

Initially, technical concentrate (TC, i.e.
dry spores) was taken to the trial site and then
suspended in suitable oil (e.g. 30% groundnut
oil and 70% kerosene). However, spores did
not remain long in suspension and settled on
the bottom of containers, including the
insecticide tanks of vehicles and aircraft. This
caused variable active ingredient content of
the spray and the concentrated suspension near
the bottom tended to clog the filters. The
presence of substrate residue exacerbated the
clogging problem.

To solve these problems, a special spore
extractor was developed that better separated
spores from substrate particles and excluded
chains and aggregates of spores. Dry Green
Muscle powder now contains 99% single
spores and very little substrate residue. In
addition, an oil miscible flowable concentrate
(OF) was developed, which keeps spores in
suspension for a long time (patented).
Clogging of filters does not often happen any
more. The OF can be used in al available
ULV equipment (hand-held, vehicle- or
aircraft-mounted) after dilution with diesel or
an oil/kerosene mixture. TC suspended in the
oil/kerosene mixture can be used in hand-held
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sprayers, but the reservoir needs to be

regularly shaken to prevent settling of spores.
Green Muscle is applied at 0.5-2 I/ha

depending on the type of application, the

lowest for aerial application and the highest

for hand-held sprayers. The active ingredient

dose varies with target species and density of

vegetation:

- Zonocerus variegates L.: 12.5-25 g/ha

- Oedaleus senegalensis Krauss: 25-50 g/ha

- Hieroglyphus daganensis Krauss: 25-75 g/ha

- Schistocerca gregaria Forska: 25-50 g/ha

- Locustana pardalina Walker: 25-75 g/ha

Development of Mass Production
For use in a biopesticide, a pathogen has to be
mass-produced. For fungi that can grow on
artificial media, there are two possible
production systems. Liquid fermentation is
relatively easy and cheap, and is attractive for
very large-scale (industrial)  production.
However, the spores produced in such a
system are blastospores, which have relatively
thin outer walls and are not very resistant to
adverse conditions. This restricts their use to
humid conditions with little insolation.
LUBILOSA opted for atwo phase system
that produces robust aeria conidia (5, 7). The
first phase is liquid and during this phase, the
fungus grows in a nutrient broth containing a
carbon and a nitrogen source (often sugar and
yeast). After bulking up the biomass in this
way, a solid substrate is inoculated with the
broth containing the fungus. This substrate can
consist of some form of cereal, clay granules
or even cloth. The fungus then rapidly
exhausts its nutrient supply and starts to
sporulate. After drying the substrate for a
number of days, the spores are extracted. As
mentioned before, a specia spore extractor has
been developed to separate spores from the
substrate and to produce a powder of single
spores. At every step of the production
process, it is essentia to carry out quality
control, especially to check for contamination
with other, potentially toxic, fungi or human
pathogens.

When developing mass production for
Metarhizium, the question came up whether
the program should concentrate on a low-tech
system that could be applied by farmers in a
kind of cottage industry. However, in the
course of our work, it became clear that
Metarhizium cannot compete well with
saprophytic  fungi, like Aspergillus and
Penicillium. Since some of these fungi are
greenish like Metarhizium, one needs a
microscope to distinguish them. Poor farmers,
who are the ones most often affected by
grasshoppers, are not likely to invest in strict
quality control measures to avoid producing
unwanted fungi.

For that reason, LUBILOSA developed
an intermediate technology, which was
implemented in  IITA’s pilot fungus
production plant. The technology is described
in Jenkins et al. (7). High-tech fungus
production technology has been developed by
producers in Europe, North America and
South Africa. Table 2 summarises the different
levels of technology.

Table 2. Fungus production at different levels of
technology.

Tech Investment

level level Features

Low- Low
tech investment

Suitable for village
level cottage industry;
High risk of
contamination with
other, potentialy
toxic fungi

Small batches of
substrate (plastic bags
etc.);

Little wastage in case
of contamination

Medium- Moderate
tech investment

High- High
tech investment

Large batches of
substrate (industrial
vessals);
Prevention of
contamination
difficult and risk of
large wastage
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The cost of production at the [ITA plant
is roughly US$200/kg (5). The product is
made available at cost price for experimental
purposes. The price charged at the factory gate
by one commercial producer (BCP, see below)
is around US$350/kg. At the currently
recommended dose rates, this works out at
$4.50 to $26 per ha, which is high compared
to conventiona locust control products ($5-
15/ha). Efforts are underway to reduce this
price through higher efficiency and larger-
scale production. If further reductions in dose
rate are possible, this will also bring down the
cost of application.

Storage Studies

The ready biopesticide product needs to be
stored, first at the manufacturer, then at the
local supplier and often by the end user as
well. Locust outbreaks cannot be predicted
long in advance and when they happen, large
guantities of insecticide are needed. Such
demand can usually not be met within the
necessary time, so the only option isto keep a
strategic stock. Even if the stock is rotated
whenever orders come in, some product may
have to be stored for several years.

The program investigated the best way to
store Metarhizium for long periods. It turned
out that dry spores kept best, provided that
they contained less than 6% water (15). Spores
are packed in hermetically closed sachets
made of aluminium covered with plastic. The
shelf life at various temperaturesis as follows:

- 4°C: >6 years

- <20°C: >3 years

- 20-30°C: £1 year

- 30-40°C: +6 months
The OF formulation can be stored for at least 6
months, if the temperature does not exceed
30°C.

Toxicological Testing

Any pesticide has to be assessed asto its effect
on man and other non-target organisms. For
this purpose, the US Environmental Protection
Agency (EPA) has developed tiered testing,
which is a cost-effective step by step

experimentation that passes from laboratory
tests through semi-field to field experiments.
The first tier involves maximum exposure of
experimental animals to the active ingredient.
Some of the results of isolate IMI 330189
were as follows:

- Acute toxicity (rat): none

- Inhalation toxicity (rat): none

- LD50 (rat): >2000 mg/kg body weight

- Infection: none

- Eyes, mucosa (rabbit): dight irritation

often observed
- Allergy: rare
- Aviantoxicity: no effects observed

If atest has a positive result, the product
will undergo a similar test at a redlistic dose
on an organism kept at artificial conditions
that resemble natural ones as much as possible
(second tier). In case of another positive result,
the product has to move to third tier testing of
realistic doses under natural conditions, which
usually takes the form of ecotoxicological
studies.

Ecotoxicological Studies

Ecotoxicology examines the impact of
introduced substances on the environment, e.g.
whether the product gets into ground and
surface water and affects aguatic organisms.
The effect on soil micro-organisms and
mesofauna is also studied as well as the effect
on terrestrial vertebrates, bees, silkworms and
other beneficial organisms. A number of
studies have been conducted by the
LUBILOSA program, including studies on
non-target arthropods during large-scae
applications in eastern Niger and in centra
and south-western Tanzania (16).

These studies concluded that Green
Muscle has very low risk to parasitoid wasps
and practically no risk to all other non-target
taxa, (silkworms were shown to be susceptible
in atier 2 study). In contrast, Fenitrothion has
a broad-spectrum effect on arthropods,
especialy ants, and is moderately hazardous to
mammals. A modern insecticide with low
toxicity to mammals, birds and fish, Fipronil,
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has a very broad-spectrum effect on
arthropods, even at low doses, especially on
termites.

Host-Pathogen Ecology

In the course of LUBILOSA’s efficacy
studies, it was observed that grasshoppers
incubated in the sun took longer to die than
those incubated in the shade. It was aready
known that some insects infected by pathogens
raise their body temperature higher than
normal by basking longer in the sun (or near a
light bulb). Our investigations found that
locusts and grasshoppers do the same (4)
(Figure 2). Normally, they raise their body
temperature to around 38°C, if weather

conditions alow. A high body temperature is
even more important for infected locusts,
because Metarhiziium stops growing above
35°C. Such individuals spend therefore more
time basking than their healthy counterparts,
often at the expense of feeding. This is the
locusts and

main reason why infected
grasshoppers consume less.
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A consequence of this behavioural fever
response is that in the tropics, the fungus does
not grow during a significant part of the day,
unless the sky is overcast. Typicdly, the
fungus grows for a few hours in the morning
and the evening and shuts down during the
middle of the day. At night, growth slows
down considerably if the temperature drops
below 20°C. For this reason, Green Muscle
takes weeks to bring about a significant
population reduction.

Socio-economics

Socio-economic studies were carried out to
find out whether farmers would accept a
product like Green Muscle (8, 22). The slow
mode of action of the product was initially
seen as a serious obstacle. However,
grasshoppers are often treated before they
move into the crops, and even if they arein the
crop, consumption of infected hoppers
gradually decreases.
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Figure 2. Observed body temperatures of brown locust nymphs, Locustana pardalina Walker, against

ambient temperatures in the Karoo, South Africa (4).
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Farmers greatly appreciated the fact that
Green Muscle is safe for them and their
livestock. However, though they
acknowledged that they would save on health
care compared to chemical products, the price
of Green Muscle was considered too high.
Fortunately, recent trials have demonstrated
that the originally recommended dose rate can
be halved, so that the product has now become
much more affordable. Currently, we are
testing mixtures of Green Muscle with small
doses of pyrethroids to provide some knock-
down effect, which will allay concerns about
slow mortality.

Commercial Licensing

At some point, it was felt that the product
would only succeed if it was licenced to a
commercial company. Large companies had
by that time lost interest in biopesticides, so
the program searched for small- to medium-
sized companies, preferably in Africa. Only
one suitable company existed in Africa,
Biological Control Products SA (Pty) Ltd.
(BCP) of Ashwood near Durban, South Africa.
Because of its location, it was offered a
licence for southern, eastern and north-eastern
Africaand the Middle East. Another company,
Natural Plant Protection (NPP) of Nogueéres,
France, was offered a licence for West Africa
and Europe.

BCP started commercial production in
1998 after registering Green Muscle in South
Africa. NPP, through its mother company
Calliope, obtained a temporary sales permit
for Green Muscle in the CILSS countries, but
did not manage to produce it with their
production process. A new production plant
has been constructed in Dakar, Senegal, by
Fondation Agir pour I’Education et la Santé,
which obtained alicencein early 2007.

Registration

In most African countries, there are no
guidelines for the registration of biopesticides,
but the existing procedures for the registration
of conventional synthetic pesticides have
limited value. There are, however, guidelines

in the OECD, US, EU, FAO, South Africaand
CILSS. In Kenya and Madagascar, they are at
an advanced stage.

The current situation is that BCP has
registered Green Muscle in South Africa,
Namibia, Sudan, Tanzania and Zambia, while
registration is in progress in Algeria and
Yemen. Calliope tried to register the product
in the CILSS countries, but was only granted a
temporary sales permit. The FAO has placed
Green Muscle on the list of recommended
locust control products, but this does not seem
to facilitate the registration process at all.

Discussion

The LUBILOSA program succeeded because
it integrated the input of collaborators from
many disciplines. Because of its professional
approach, it managed to attract funding for 12
years. It was the first program of its kind and
had to learn certain things the hard way.
Similar projects can learn from this. One of
the things we learned was the importance of
the search for suitable isolates. Though the
first isolate in our possession was chosen in
the end, this was sheer luck. Only about 30%
of the 159 isolates screened were worth a
second look. Even some of the isolates from
the target insect were not among the best.
Moreover, pathogenicity should not be the
only selection criterion. For a pathogen to be
used in a biopesticide, it has to be easy to
grow on artificial media.

Any pesticide will fail if it cannot reach
its target. The right formulation and
application technique are therefore essential
ingredients in the development of a
biopesticide. Biologists often tend to neglect
these issues. LUBILOSA demonstrated the
advantage of formulating spores in oil.
Though this may not be appropriate in all
situations, it is well worth considering it in the
beginning. Apart from enhancing infectivity,
oil formulations are better suited to ULV
application, which minimises the volume to be
sprayed making control operations more
efficient and cost-effective. The drawback of
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ULV application is that it depends on a certain
wind speed (idealy between 2 and 5 m/s).
This can be overcome to some extent by using
mistblowers with ULV attachment. In some
cases, oil/water emulsions can be a solution.

A pathogen that cannot easily be
produced will not make an affordable
biopesticide and will at best be used in small
niche markets. For that reason, those that can
grow on artificial media are the most
attractive. Many people like the idea of
farmers producing their own pathogens.
However, thisis only advisable if thereislittle
danger of contamination with toxic micro-
organisms or human pathogens. In most cases,
it will turn out to be better to leave production
to the specidlists, i.e. commercia producers.
Nowadays, there are a fair number to choose
from. Unfortunately, production of most
pathogens is not cheap. In the case of fungi, it
will be difficult to produce them for less than
$300/kg. That often makes it difficult to
compete with chemical products, if those are
available for the target insect. It is therefore
important to reduce the application dose as
much as possible.

The shelf life of the final product should
be long enough at ambient temperatures. For
commercial success, it should be possible to
keep it for at least two growing seasons,
preferably without the need for a cold room. In
dried form, that is possible for many fungi and
other micro-organisms. And at 4°C, many can
be kept for years. There may, however, often
be aneed for cold-chain distribution.

Some Metarhiziium isolates produce
toxins and have undesirable side-effects. It is
therefore advisable to test promising isolates
fairly early in the development process in
order not to waste resources on an unusable
isolate. Infectivity studies on beneficial non-
target arthropods should also be carried out
early enough. If the chosen isolate does infect
some beneficials, this problem can usualy be
managed rather than that the isolate is
abandoned.

Host-pathogen ecology is an important
issue. As the LUBILOSA experience shows,

the behaviour of infected insectsis likely to be
different from healthy ones. The changed
behaviour may work in favour of the control
effort (like reduced consumption) or against it
(like behavioural fever).

Though the LUBILOSA program
achieved its goal of developing a safe and
easy-to-use product, it did not manage to
create a market for it. In my opinion, the
biggest obstacle at the moment is registration.
The one company that is producing Green
Muscle does not have the resources to push
registration in many countries a once.
Fortunately, a producer has now been found in
West Africa, a part of Africa where there is
some demand from the market.

A related problem is the current sales
price of the product. Even if the recommended
dose is reduced, the price will till be difficult
to afford for many end users. It is hoped that
larger orders will lead to increased production
capacity and subsequent reduction in price.
However, that may take some years, because
any company has to recover the costs of
registration, which are substantial.

In the meantime, most sympathetic
observers believe that subsidised prices are the
only sure way of getting Green Muscle
accepted by the market in the short term.
Unfortunately, thisis a difficult proposition in
today’s economic policy climate. Still, 1 hope
that African governments and international
donors will consider it for the sake of the
people’s health and that of the environment. It
isironic that development agencies that spent
$17 million on the development of a
technically successful product, are now
reluctant to help making it a commercia
success. With this in mind, programs
developing similar products should probably
go into partnership with a commercia
producer quite early on.

International  environmental  pressure
groups should also take notice, if they are
serious about minimising the use of chemical
pesticides. They were at the origin of the ban
on Dieldrin and the drive for alternatives to
chemical insecticides but seem to be absent
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from the debate now, at least asfar as Africais
concerned.

A practically identica product, Green
Guard®, is on its way to becoming a successin
Australia, where it has been adopted by the
Australian Plague Locust Commission for
wide-spread use. What worked in its favour

was that there was a strong demand for a
biological product by organic sheep farmers,
who basically refused the use of chemical
insecticides on their huge farms. This made
the government take notice and facilitated
registration in a continent-sized country where
alot of locust control istaking place.
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Nazar N. Hama, Zuhair A. Stephan, Mohammed A. Ali and M uzhir L. Aboud
State Board for Agricultural Research (SBAR) Ministry of Agriculture, Abu-Ghraib, Baghdad, Irag.

Abstract
Hama, N.N., Z.A. Stephan, M.A. Ali and M.L. Aboud. 2007. Sunn Pest Status in Irag.
Pages 39-43.

Since 1989 Sunn Pest, Eurygaster integriceps Puton has been considered an economic pest on wheat
and barley grown under rain-fed regions in the northern governorates. From seventies to nineties of the past
century a number of new wheat and barley varieties (Mexipac, Abu-Ghraib, IPA 95, 99 & Al-Irag), were
introduced to a large area in central and southern governorates as a part of a national plan to reach food self
sufficiency. Consequently, the pest infestation map had changed dramatically because of Sunn Pest invading
most wheat and barley grown on irrigated areas in central, middle Euphrates and southern governorates.
Thousands of hectares of wheat were sprayed 2-3 times /season in Diwaniya and Al-Najef governorates from
2002-2004 due to the severity of the infestation. Field observations and research data, confirmed the
hibernation of Sunn Pest under date palm leaf base, blade weeds and rice hay during winter and early spring.

This paper will discuss relevant postulates as an attempt to explain this new situation.
Keywords: Central, middle Euphrates & southern governorates, Sunn Pest, wheat.

Introduction

Iraq has been considered by many authors as
among the middle eastern countries which
suffered through time from serious damage to
its cereals annual production by Sunn Pest,
Eurygaster integriceps Puton (7). This is true
for wheat and barley grown on rain-fed areas.
But the infestation map has changed
dramatically from1980-2000 and beyond.
During which Sunn Pest colonized wheat and
barley fields grown in irrigated regions at most
central and middle Euphrates governorates
such as Salahadin, Baghdad, Diyala, Al-
Anbar and Babil.

In fact, research data have documented its
hibernation and infestation at the above
regions (1, 2). From 2001-2004 a number of
Sunn Pest outbreaks occurred in Al-Najef,
Diwaniya (previously known Qadisya) and
Karbala (Personal communication and Internal
reports).

Several constraints were facing our
national program against Sunn Pest such as
total reliance on aerial spraying of broad-
spectrum insecticides. From 1983-2003 there

was a period of recession and scientific
blockade, and there was a serious lack of
knowledge regarding ecology, biology
behavior, distribution and quantitative data
relevant to the economic threshold of the Sunn
Pest; and country strived to reach national
food sufficiency. This led to the introduction
of new wheat and barley varieties whose crop
characteristics were apparently in favor of the
pest growth and development. Several
research data have indicated the positive
correlation between cultivation of some early
maturing wheat and barley varieties and
occurrence of Sunn Pest outbreaks (4, 5, 6).

This paper is an attempt to answer the
question raised by the Ministry of Agriculture
by extrapolating a logical explanation for the
dispersal and colonization of cereals grown in
most central, middle Euphrates and southern
governorates by Sunn Pest. Our emphasis will
primarily focus on the introduction and
cultivation of new cereal varieties and the role
of some cultural practices by farmers and
other relevant factors.
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Material and Methods

Due to the great difficulties we are facing in
conducting any research, this paper was
designed to gather data concerning the subject
matter depending on the followings. @). by
reviewing al available local sources of
information such as annual national reports,
Ministry of Agriculture & Atomic Energy
internal reports and personal communications.
As well as we were able to collect specific
data regarding the newly introduced wheat and
barley varieties such as total cultivated area,
maturity classification etc.; b). reviewing
abstracts, reports and research paper through
the internet; and c). conducting field surveys
to evaluate the status of the problem in some
target governorates.

On April 2004, a field survey was
conducted on barley and wheat fields in four
governorates. Diwaniya, Al-Najef, Karbala,
and Babil during harvest. Plant protection
specialists in each agriculture office who are
familiar with the history of pest in their areas
were consulted. Several unsprayed wheat
fields were scouted with the assistance of a
square meter wooden frame. Sampled areas
were randomly selected (5-10 locations/field)
and insects visually counted/observed. In the
laboratory the different stages of the pest were
identified and recorded.

Results and Discussion

Our infestation map showed Sunn Pest
chronological changes starting in 1989 which
was the official declaration date that E.
integriceps was considered as an economic
pest on cereds grown in the northern
governorates:. Mosul, Arbil, Dehok and
Sulaimania. From 1990-1998 it has expanded
its original ecologica zone into other
governorates namely, Salahaldin, Diyala and
Baghdad, while from 1999- 2004 it moved
further toward central and mid Euphrates
governorates such as Babil, Kerbela, Ngjef and
Diwania.

During 1970-1990 the only wheat
cultivar grown on irrigated region was
Mexipac since the country demand for bread
wheat was depending on wheat varieties
grown under rain-fed conditions. These were
located in the northern part of the country. The
first change in the infestation map has been
documented in Table 1, which shows the
infestation and hibernation of Sunn Pest over
most central and western governorates,
Salahaldin had the highest insect field and in
hibernation densities; 1.93 and11 insects/m?
respectively followed by Diyala, Baghdad, Al-
Anbar and Babil governorates which had less
Sunn Pest in fields and hibernation densities.
This was the case until 2001when a dramatic
change took place regarding Sunn Pest
infestation zones. In that year E. integriceps
became an economic pest in Diwaniyia and
Al-Nagjef governorates with an average field
density of 10 insects m2 On year 2002 the
infestation spread into the neighboring
governorates of Babil and Karbala with an
average density of 0.2 and 2.5 insects/m?
respectively.

Table 1. Invasion of wheat fields by Sunn Pest in
selected central governorates (1991-1996).

Hiber nation
Field density
Density (Insect/ m?  (insect/ m?)
Governorate Range X Range
Salahaldin 0.70-1.93 112 311
Diyala 0.60-1.20 0.69 35
Baghdad 0.02-0.42 0.28 3-6
Al-Anbar 0.08-0.33 0.24 4-5
Babil NA 0.01 0.0

Data extrapolated from Al-Khafgji (1).

Despite the chemical spraying program
the problem continued during the following
years (2003-2004) on both Diwaniya and Al-
Najef with an average densities from 2.5 to 7.6
and 2 to 3 insects/m?for year 2003 and 2.5 and
05 to 1.0 insecty m? for year 2004,
respectively. Consequently aerial spraying of
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broad spectrum insecticides was conducted

over many of the infested areas (Ministry of

Agriculture internal reports and

pers.commun.).

To investigate the situation further data
presented in Table 2. showed more insight to
the problem. Sunn Pest density for
unharvested wheat field was 5.5, 4.4, 0.4 and
0.2 insect/ m?for fieldsin Al-Ngjef, Diwaniya,
Karbala and Babil respectively. Moreover,
insect population structure was 15 to 17.25
and 58-60 % for 3" instar nymphs, adults and
4-5" instars nymphs respectively.

In fact data from Table 3 have indicated
that these wheat and barley varieties such as
IPA 99, Abu-Ghraib, Al-lrag, Mexipac, were
widely cultivated and since they are as
medium to late maturing cultivars as well as
their agronomic characteristics all together
favor, completion of Sunn Pest life cycle. The
major new wheat and barley varieties
cultivated over most central, middle Euphrates
and southern governorates for last 10 years
such as IPA 95, IPA99, Abu-Ghraib, Tamooz
2, Al-lz, Triticadlea and Sameer were highly
susceptible. Their agronomical and
morphological characteristics such as spikelets
density, glumes thickness and leaf pubescence
are in complete harmonization with the insect
life span.

As pointed out earlier the main goa of
this paper was to identify the most logical
reasons behind the unexpected invasion and
out break over most cereas field grown over
central, middle Euphrates and some southern
governorates by Sunn Pest.

After reviewing available international
scientific literature and local relevant research
data, reports as well as extrapolation of our
data we come to believe that (probably) a set
of interacting environmental factors was
responsible for the new situation. Our data
suggest the following:

A. Country efforts during 1990s to achieve
bread wheat sufficiency led to
development and cultivation of high yield
cereal cultivars. These varieties agronomic
characteristics; medium to late maturity

such as IPA 9599 (wheat and barley),
Abu-Ghraib, Tamooz 2, Al-lz, Al-lraq and
Sameer (Table 3). Other crop properties for
these cultivars such as spikelets density,
glum thickness and other morphological
characteristics could make these varieties
more susceptible to pest attacks. Relevant
Research data acknowledged the positive
correlation between severa morphological
and agronomic characteristics of the
cultivars such as earliness of crop,
spikelets  density, richness and leaf
pubescence and susceptibility of the
cultivar to Sunn Pest attack (7).
Furthermore, in a two years study by
Rezabeigi et al (8) (25 wheat varieties)
reported that whole wheat varieties Baiat,
Azati, Gholestan, Karadj and Navid were
the most resistance and Rashid, Altar,
Sadari, Inia, Zardak, Tabusi and Omid
seemed more susceptible to Sunn Pest
infestation. Moreover, there are significant
differences among  Varamin  and
Kermashah populations of Eurygaster both
in size and weight and their degree of
damage to wheat varieties.

B. Our farmers cultural practices such as
cultivation of the same variety on the same
area repeatedly for long periods without
crop rotation and restricting  their
cultivation to only land near orchards
(hibernation sites), delaying crop harvest
and growing both barley and wheat on the
same area. All these factors support Sunn
Pest survival and completion of their life
span. Severa researchers studied the
relationship between these factors and
Sunn Pest biological features. For instance
in barley, (5) reported that Sunn Pest
completed its life cycle at harvest time.
Radjabi (4) in his analysis of Sunn Pest
periodic outbreaks pointed out that late and
slow harvest led to rapid increase in pest
population and consequently a new
outbreak. Half of these main wheat and
barley cultivars were developed through
stimulation of mutation by radiation and
the remaining were developed through
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classical breeding program. Most of these
cultivars were selected primarily for their
high yield and drought logging resistance,
thus farmers only motivated to grow
varieties with additional price incentives.
Thus out of 32 registered wheat and barley

varieties only several cultivars such as IPA
95,99, Abu-Ghraib, Tamooz 2, Al-1z, Al-
Iraq, Sameer and Triticale are the most
widely distributed and cultivated by
farmers over thousands of hectares for the
last 10 years (Table 3).

Table 2. Eurygaster integriceps density on unsprayed wheat fields in several middle Euphrates and southern
governorates at harvest time, 2004 season.

Density (insects/ m?)

Pop. Structure (%)
Nymph

Governorate Range X Cultivars Adult 1 2 3 4-5
Diwaniya 0.018.0 4.42 IPA-99 25 - - 17 58
Al-Iraq
Al-Najef 3.0-9.0 55 Mexipac 25 - - 15 60
Karbala 0.0-1.0 04 IPA-99 - - - - -
Mexipac
Babil 0.0-1.0 0.2 IPA-99 - - - - -
Mexipac
Abu-Ghraib

Table 3. Wheat and barley varieties cultivated in different central and middle Euphrates (1997-2001).

Wheat & Barley Total cultivated area Maturity
Varieties 1997/1998 1998/1999 1999/2000 2000/2001 Class
IPA-99 42060 35640 379110 203850 Late
Abu-Ghraib 12570 15750 175680 223380 Medium
IPA-95 17910 15150 134610 150510 Medium
Tamooz-2 7620 34380 104370 59010 Late
Intesar 95190 4290 570 750 -
Tamooz-3 2520 8010 7750 720 -
Hashimiya 1050 1110 9900 2610 -
Rabeese 5790 6570 4920 9750 -

Al-1z 1050 2940 10470 56070 Late
Lm-Rabeeae 2550 1470 7020 33120 -
Wahat Al-lrag 4140 1710 3360 28650 -
Adnaniya 1020 1470 6600 20940 -
Aratoom 1800 5340 1500 5730 -
Mexipac 2640 720 5100 2850 -

Noor 1350 3060 3330 2250 -
Latefiya 360 960 2580 2250 -
Tahady 570 2070 600 - -
Al-Gaid (Al-Irag) 90 570 1680 13350 -

Say 2190 570 - - -
Triticaly (barley) - - - - Late
IPA-99 (barley) - - - - Late
Sameer (barley) - - - - Medium

Source; State Board for Seed Certification 2002 Annual report.

Data regarding cultivated areais in donum=2500 m?,
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C. Sunn Pest biological versatility enables the

insect to adopt and colonize and hibernate
in a new environment (1, 2, 3). Other
environmental changes may also play an

additional role such as temperature and
relative humidity and destruction of the
surrounding range and bush land but these
factors are beyond the scope of this paper.
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Abstract
Popov, C., A. Brabulescu, F. Muresanu, S. Vasilescu, F. Gogu and |. Dobrin. 2007. Sunn Pest
Management in Romania. Pages 45-60.

Eurygaster integriceps Puton is one of the most important pests of wheat in Romania. Investigations
were done on the key elements of the integrated control of Sunn Pest. The elements were: the ratio between
species and their distribution areas in Romania, the size and space distribution of Sunn Pest populations, the
study of the annua peculiarities of their life cycle, the relationships between pest and oophagous parasites,
and the establishment of the economic damage thresholds and means for their control. Eurygaster integriceps
infests about 1,000,000 ha of wheat in 24 districts. The contribution of the cophagous parasitoids Telenomus
chloropus Thomson and Trissolcus grandis Thomson, and the economic damage thresholds were calculated
differentially in accordance with the crop stage and harvest destination. Forecasting is a magjor concern in
Romania and procedures are based on a methodology developed by ARDI Fundulea, and applied across the
country by the District Inspectors for Plant Protection and Phytosanitary Quarantine. Chemical control of
Sunn Pest in Romaniais supported by the Government.

Keywords: Eurygaster integriceps, Sunn Pest, wheat |PM.

Introduction

Eurygaster integriceps Puton is one of the
most important pests of wheat in Romania (2,
5,6, 8,9, 24, 27, 29, 30, 33, 39). In damaging
areas of E. integriceps, security of wheat
harvest quality is inconceivable without some
energetic protection measures (3, 11, 31, 32,
38).

Investigations covering a great number of
years tried to underline the contribution of
some elements in outlying the integrated
control concept for Sunn Pest. Thus, the
following elements have been examined: ratio
between species and their distribution areas in
Romania, size and space distribution of Sunn
Pest populations, study of annual peculiarities
of their life cycle, relationships between pest
and oophagous parasites, establishing the
economic damage thresholds and the means
for their control. Thus, the share of various
elements has been established, and namely
prevalence of E. integriceps has been proved,
this covering a damaging area of about

1,000,000 ha of wheat in 24 districts;
contribution ~ of  oophagous  parasites
(Telenomus  chloropus  Thomson  and
Trissolcus grandis Thomson), and the
economic damage thresholds, as calculated
differentially in accordance with crop
vegetation stage and harvest destination.
Chemical control of Sunn Pest in Romania is
supported by Government, conform Main
Undertakings Regarding Organization and
Development of Nationwide Campaign of
Sunn Pest Control in Romania (17, 18, 25, 39).

Material and Methods

Investigations extended to the whole country
for a great number of years and were aimed at
various aspects playing arole in the dynamics
of Sunn Pest populations. Ratio between
Eurygaster species as established in the recent
decades on about 15,000 specimens annually
has been compared to data published by
Montandon (4) and Radulescu & Gruita (40).
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Table 1. Main undertakings regarding organization and development of the national campaign for Sunn Pest
control in Romania.

Execution
No Performed action term Coor dination
1 Establishing the Program for Sunn Pest controlling in Romania, based January MAFRD - CLPQ; ARDI
on wheat cropped surfaces in the damaging areas and on diapausing
Sunn Pest populétion levels
2 Development of Methods to pursuit the Sunn Pest life-cyclein January MAFRD - CLPQ; ARDI
representative areas within the districts included in the damaging area
3 Estimation of pesticide amount and means of application needed, February = MAFRD - CLPQ; ARDI
depending on the size of forecasted action to be performed
4 Centralized training (of the all personnel which will participatein the March MAFRD - CLPQ;
control action of Sunn Pest in the damaging area) DIPPPQ; ARDI
5 Providing necessary insecticides (according to estimated areas) and March- MAFRD - CLPQ;
funds assigned by subsidies April DIPPPQ
6 Recording biological reserve of Sunn Pest at the end of overwintering April DIPPPQ
by spring samplingsin diapausing sites in forests 5th-20th
7 Designing the surfaces having to be treated against the overwintering April MAFRD - CLPQ; ARDI
adults, according to percentage of mortality during diapause of Sunn 20th-25th
Pest populations
8 Providing terrestrial and aerial means for applying treatments against April DIPPPQ; Service
the Sunn Pest aircraft;
Agricultural producers
9 Checking, identification and homologation of airfields for airplanes April MAFRD - DIPPPQ;
and helicopters participating in the control activities, having in view Specialized units
the most efficient use of these
10  Recording migration of overwintering adults from forests to crops (in April-May  DIPPPQ
representative areas of every district) according to the method
established, in view of releasing warnings
11  Recording densities of overwintering adultsin whesat crops, May, DIPPPQ; Agricultural
designation of wheat plots where chemical treatment isimposed 1st-5th producers
12 Release of warning bulletins for applying treatments against the Dependent CLPQ;
overwintering adults on DIPPPQ
migratory
evolution
13  Performance of treatments against the overwintering adults Warned DIPPPQ; Agricultural
period producers
14 Assessment of the treatment efficacy and operative report Aftertwo  CLPQ;
days DIPPPQ
15  Observation of pest life-cyclein representative zones of every district, May-June  MAFRD - CLPQ;
in order to warn trestments against nymphs according to the DIPPPQ;
recommended method ARDI
16  Estimation of parasitization level of Sunn Pest eggs by oophagous June DIPPPQ;
parasitoids, collecting and preservation of biological material in order ARDI
to identity the species
17  Estimation of surfacesto be treated against the nymphs, depending on June DIPPPQ

adults fecundity, parasitization and climate factor evolution






