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LUBILOSA 3 Final report:  Executive Summary

Abstract
The LUBILOSA project has developed a biological pesticide for control of locusts and
grasshoppers, based on oil formulation of spores (conidia) of a specific fungal pathogen,
Metarhizium anisopliae var. acridum. This fungus variety is highly specific to locusts and
grasshoppers, and has a pan-tropical distribution. The isolate developed by LUBILOSA,
IMI 330189, is effective against most important locust and grasshopper pest species and is
safe to non-target invertebrates, fish, lizards, birds and mammals. It has been extensively
field tested using Ultra-Low Volume application techniques in Africa (hand-held, vehicle
mounted and aerial sprayers). Testing has been carried out with NARES and NGOs in
South Africa, Benin, Niger, Mali, Chad, Sudan, Mauritania, Burkina Faso, Côte d’Ivoire,
Gambia, Ghana and Senegal. Production has been transferred to the private sector, and
commercial production is expected to reach full scale in 1999. The product ‘Green Mus-
cle’ has been registered in South Africa and accepted by the FAO pesticide review panel
for use in environmentally sensitive areas.

Introduction
LUBILOSA is an acronym from the French for ‘biological control of locusts and grasshoppers’ (LUtte
BIologique contre les LOcustes et les SAuteriaux). The project started late in 1989 from an original
concept developed by Prior and Greathead (1989), with the objective of developing a biological means
of controlling locusts and grasshoppers. It soon became apparent that oil formulations of deuteromycete
fungal spores offered the most promising option. Such fungi will grow on artificial substrates and so can
be produced quickly in large quantities. Their spores are lipophilic – they suspend more readily in oils
than in water. As most locust control operations with chemical pesticides take place using oil formula-
tions, developing the biological pesticide as an oil formulation of fungal spores would enable operators
to use their same chemical pesticide equipment for applying the biological product.

Fungi in nature are most active under moist conditions; part of the original concept was that formulating
spores in oil might overcome this constraining requirement for high humidity. Thus oil formulations
should offer the dual advantage of efficacy under conditions of low humidity, and compatibility with
current application equipment.

In Phase 1 we demonstrated the technical feasibility of the idea in laboratory and cage trials, involved a
network of collaborators and selected an isolate (IMI 330189) of Metarhizium (flavoviride) anisopliae
var. acridum for further development. In particular, trials in cages and arenas confirmed that oil formu-
lations were infective even under very dry conditions.

In phase 2, we demonstrated field efficacy: a difficult issue for such highly mobile insects as grasshop-
pers and locusts. Desert locusts move around in bands, and fixed plots, unless several square kilometres
in size cannot be used. It is necessary to follow bands, and we made little headway in developing the
techniques necessary to measure Metarhizium effect on unenclosed desert locust. Progress was better
against brown locust; most of the effort however went into scaling up treatments against variegated
grasshopper and Sahelian grasshoppers.

With the sound field trial results of phase 2 in hand, phase 3 of LUBILOSA included socio-economic
and ecotoxicological elements for the first time. Results emerging from these two topics shaped the
project as it developed. In particular, our options for achieving the project objectives became clearer;
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established biopesticide producers with expertise in solid-state fermentation would need to be involved
in order to make a biological control option for grasshoppers and locusts widely available.

Production
Prior to the start of Phase 3, contacts were made with several internationally renowned biopesticide
producers to ascertain whether they would be able and willing to reliably meet LUBILOSA’s spore
requirements in Phase 3; none were able to make that commitment. Accordingly, the building at IITA
Cotonou was refurbished and the human and material capacity enhanced to meet expected spore pro-
duction requirements. The facility has proved an excellent research unit and has enabled us to refine
realistic technical specifications, and to test production, contamination control, spore separation, drying
and packaging on a large scale.

Economically, however, the technology is not viable; one of the original concepts of LUBILOSA was to
design a medium-technology plant, which could be transferred to national programmes or local start-up
companies. While this remains a possibility for more robust, competitive and productive microbial con-
trol agents (such as Beauveria bassiana and different varieties of Metarhizium anisopliae), large-scale
solid-state fermentation appears to be the only economical production method for the LUBILOSA
isolate. Expertise in such techniques is limited to perhaps a dozen companies world-wide, and LUBILOSA
has made agreements with two of these companies to ensure the availability of the Metarhizium product
on a large scale.

The importance of the pilot production plant has therefore been (a) to produce spores for the LUBILOSA
programme including collaborators; (b) to determine the particular characteristics of our isolate, to
provide technical guidance to the commercial producers; and (c) to develop a product specification.

Product specification
At the beginning of Phase 3, the Metarhizium product consisted of conidia (spores) of unknown mois-
ture content, with conidia attached to each other in chains of variable length, the mixture containing
unknown quantities of contaminating micro-organisms, fungal mycelium and substrate particles; in short,
a fairly typical mycopesticide. The improvement of the basic dry powder (Technical concentrate, TC)
formulation was an incremental, iterative process. With each up-grading of the production facility we
were able to test research findings on the importance of different factors affecting the product quality.
The end point is the product Technical Specification. This specification describes in detail what is in the
final product, in terms of maximum amounts of permitted contaminants, substrate, moisture content,
particle size etc. The detailed specification forms part of the confidential contract between LUBILOSA
and the production companies, and thus enables LUBILOSA to ensure the quality of the final industrial
product. A less detailed specification is published, and should be of assistance to anyone wishing to
develop a usable biopesticide.
Formulation and application
Socio-economic studies in West Africa showed that ULV is the preferred spray option for most farmers,
although the cost of batteries can pose problems at times of cash shortage. For large-scale treatments of
acridid outbreaks, ULV spraying with aerial or vehicle-mounted equipment is usually the only feasible
method of application.

The dry spore powder is referred to as a technical concentrate (TC), and is made up into an oil suspen-
sion (SU) formulation with common formulating oils before application. Spray operators have com-
mented that a ready-to-spray formulation is far preferable to mixing formulation ingredients with dry
powders. In response, we developed an ‘oil-miscible flowable concentrate’ (OF) formulation, which is
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sprayed with hand-held or vehicle mounted spinning disk sprayers, as well as air shear ULV equipment
including motorised mist-blowers and exhaust nozzle sprayers. Only the OF formulation is recommended
for aerial application.

Spore storage
One of the principal constraints to the implementation of biopesticides is the common perception that
they must be stored at low temperatures and that they have a short shelf life. We wanted to improve the
storage properties of Metarhizium spores up to the biological maximum. We found that there is a lot in
common between the storage properties of spores and of seeds, so we were able to tap into a body of
existing information and develop a model for storage. This model confirmed that spores must be dried to
<5% moisture content and sealed hermetically for optimum storage. In this way, spores will keep for
several years at temperatures below 20°C. We carried out field validation of the model along the pesti-
cide distribution chain. In southern Benin average temperatures in stores were ca. 30°C; spores will
keep their viability for over a year at this temperature. However, maximum temperatures in pesticide
stores in the Sahel can reach 50 or 60°C, and average temperatures vary around 35°C; the hottest time
of the year is April, just  before the rains (and grasshopper infestations) start. At such temperatures,
spores will only survive for a few weeks.

In practice, though, even ordinary chemical pesticides are not stored for long in these stores; the Niger
plant protection service usually distributes pesticides only shortly before the start of the control opera-
tions. We can also make a few simple arrangements, such as improving store ventilation and using
insulated delivery boxes. We propose to attach a visible temperature-time integrating indicator (TTI) to
each package; these indicators cost only a few cents each and change colour when exposed to unaccept-
ably high temperatures for too long.
Characterisation
The identification of fungal isolates is essential; to support registration dossiers, to check on the identity
in production, and to check that field effects are really due to the applied fungus.

Classical fungus taxonomy is based on spore size and shape; but this has led to confusion in the past, and
molecular methods are increasingly being used to characterise micro-organisms. For filamentous fungi,
the preferred method is sequencing of the ribosomal DNA (rDNA). rDNA contains both conserved and
variable sequences. Using this method, the genus Metarhizium was re-classified by Richard Milner’s
group at CSIRO, Australia. The LUBILOSA isolate has been moved from Metarhizium flavoviride to
Metarhizium anisopliae, and given a new variety name, var. acridum. This result is consistent with our
own work in this area, and most fungal taxonomy experts agree with Milner’s suggested classification
scheme. From a practical view-point, DNA sequencing facilities are not available in Africa, so there
might still be need to develop a field-oriented characterisation method. However, many laboratories
offer sequencing services at reasonable rates ($30 – 40 per sample). The method is highly sensitive and
caution will be necessary in the interpretation of results. Two isolates may have minor differences in their
sequence data, but it does not necessarily follow that there will be functionally significant differences in
the field.
Field efficacy
Confirmation of the field efficacy of Metarhizium against desert locust is a difficult issue.  Cage trials are
straightforward and yield some useful data, but measuring in a scientifically valid way the impact of
treatment on unenclosed hopper bands poses a number of problems.  Similarly, the logistic problems
involved in treating and following a desert locust swarm for several weeks would be horrendous.

simply diluted with a light oil such as diesel or kerosene before application. The OF formulation is
robust, with little or no settling, while the SU formulation needs to be shaken. Both formulations can be
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Always the biggest problem in locust research is to find desert locust infestations of the right scale in the
desert; either there are none, they are in a war zone, or there is a big infestation and spray teams treat
them quickly with chemical pesticides. As well as the difficulty of locating the right scale of infestation
for setting-up field experiments, quantifying the impact of a control agent on locusts is difficult; the
bands move fast, and vary in size and density during the day. We were finally successful in developing a
method, involving photographing dense hopper bands early in the morning, and estimating the hopper
numbers by analysing the scanned images using image analysis software. Afterwards, the photographic
image is scanned and calibrated, and the area occupied by the band calculated. The objective of develop-
ing these methods was to provide evidence for the efficacy of the novel product for desert locust con-
trol. Work in Phase 3 continued on this topic in the hope of developing a simpler, but sufficiently precise
technique; the conclusion, however, is that all methods tested are too time consuming to be practical
during large scale control operations. We also collected data on the basic ecology of desert locust
hopper bands, including feeding and predation. In general, however, the most convincing demonstra-
tions are the large-scale field trials with good quality spores in which we saw obvious population reduc-
tions.  Now that the FAO EMPRES project is operational, we have high hopes of carrying out large
scale trials in the framework of this project.
Field trials
Until 1996, a key problem for the programme had been that insufficient spores were available to treat
large areas, and the spores that were used were not of sufficiently good quality to persist well. When
treated areas are too small, we find both that treated insects leave the treated area, and untreated insects
move in; the total of both types of movements is a dilution of the measured effect of the fungus applica-
tion. Once we treated 800 ha plots, the true power of Metarhizium became apparent. We started to
observe dead grasshoppers about 10 days after application, and they continued to die until the end of the
season. In fact the treated plots were not reinvaded at all; there were fewer egg-pods laid in the treated
plots, and there were even some Metarhizium infections observed in emerging nymphs the following
season.

It was interesting to compare this with the effect of fenitrothion, a commonly used chemical pesticide.
Fenitrothion killed grasshoppers very quickly, but even 800 ha plots were re-colonised by grasshoppers.
About 15 days after application, population counts in fenitrothion plots and in Metarhizium plots were
about the same (counts were falling in the Metarhizium plots and rising in the fenitrothion plots); from
this time onwards, the Metarhizium provided better control than the chemical pesticide. Essentially,
Metarhizium provided season-long control from a single application, while repeat application of
fenitrothion would have been necessary to achieve the same degree of control.

We made many interesting observations during this trial; the spores persisted for the duration of the trial,
far longer than previous experience had led us to expect. We still don’t know whether this is due recy-
cling of the spores on grasshopper cadavers or whether spores find protected niches in soil or under
plants. We also observed the much greater selectivity of Metarhizium compared with the chemical,
discussed below.
Ecology
LUBILOSA has gained a unique understanding of the impact of Metarhizium treatments on grasshop-
per and locust populations through an ecological approach. ‘Classical’ biological control agents such as
parasitic wasps breed and spread in space and time far beyond their original release, and bring the pest
population to a permanent equilibrium level below the economic threshold. By contrast, biopesticides
are used as ‘augmentative’ biological control agents. By applying large amounts of inoculum in the form
of mycopesticide we artificially and temporarily displace the equilibrium in favour of the fungus and,
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artificially and temporarily, reduce the grasshopper population. The natural (equilibrium) incidence level
of Metarhizium is quite low.

We showed that under moist conditions, spores are produced on insects killed by the mycopesticide
application and these are able to infect other grasshoppers; the effect is limited because predators and
scavengers remove most of the Metarhizium-infected grasshoppers, both sick and dead ones.

We developed some user-friendly computer models based on this research, but the most useful outcome
has been an understanding of the environmental constraints on the effectiveness of Metarhizium in the
field. Grasshoppers and locusts are able to raise their body temperature in response to an infection, just
as we do when we have a fever. The difference is that grasshoppers need to sun themselves to raise their
body temperatures (thermo-regulate). So the old understanding of pathogens being more effective un-
der wet (cloudy) conditions may actually, in the case of grasshoppers, be because they are unable to sun
themselves and thus raise their body temperature. However, sunning behaviour is time consuming and
grasshoppers feed less when sunning. They may also suffer greater exposure to predators. We are work-
ing to incorporate this knowledge into a geographic information system (GIS) that would allow locust
control officers to predict whether conditions would be unfavourable for Metarhizium use.

This ecological understanding has enabled us to draft outline use strategies, which will enable us to
maximally exploit the biological properties of Metarhizium. These use strategies will be refined as users
gain operational experience of Metarhizium.
Environmental impact
The rationale for developing biological pest control agents is that they will reduce environmental dam-
age during locust and grasshopper control operations relative to chemicals. Environmental damage due
to chemical pesticides has been investigated but poorly quantified under Sahelian conditions. For the
first time, we now have an environmentally benign control agent in the form of Metarhizium, and we
have the opportunity to make a realistic comparison between a benign agent and a toxic standard.
Standard chemical pesticides carry the risk of poisoning humans, livestock, birds, lizards, fish, aquatic
invertebrates, bees, other beneficial insects and soil invertebrates. Newer pesticides in general are less
dangerous, particularly to vertebrates, but are not necessarily any safer towards the non-target inverte-
brates. We tested Metarhizium also against this range of organisms, and found no particular risks. A few
non-target insects can be killed in the laboratory when they are stressed and the fungus dose is high
enough. Some of these cases, such as parasitic hymenoptera and termites, we investigated in more
detail, under more realistic conditions, and found no transmission or evidence for any risk of infection in
the field.

One of the principal issues in ecotoxicology is the vast size of the samples and the huge amount of work
sorting the samples and analysing the data; naturally this heavy work load leads to delays in the publica-
tion of results. The first year’s study (1996) therefore focussed on the development of rapid assessment
techniques based on presence-absence sampling. Additionally in the first year, we conducted baseline
studies and selected the indicator species. The technique and base-line data were then used in the 1997
study to compare Metarhizium with fenitrothion, and in 1998 with fipronil. In both trials, we observed
an absolutely phenomenal degree of specificity and selectivity – Metarhizium  biopesticide really does
just pick out grasshoppers, leaving everything else alive and well, while the chemical pesticides had
some severe effects on non-target arthropods.

Ecotoxicology is in its infancy in the tropics, particularly in Africa. Many test protocols for registration
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require testing on organisms which are not even present in the ecosystem; earthworms, Daphnia water
fleas and pheasants, which would be better represented in tropical Africa by termites, Streptocephalus
crustaceans and lizards. We developed test protocols for lizards, but African countries are only now
rationalising their registration requirements and further work in this area needs to be driven by registra-
tion authority requests. The data collected by LUBILOSA met the requirements for South African
registration.

IPM
The steps necessary to incorporate the use of Metarhizium into broader locust and grasshopper manage-
ment strategies are more numerous and complex than envisaged at the start of Phase 3. We can divide
the issues into four areas; work with CILSS, national programmes, NGOs and farmers; socio-economic
studies; implementation plan; and Phase 4 activities. Work with CILSS, with national programmes,
NGOs and farmers is the grass-roots of LUBILOSA; this is where we test the Metarhizium product with
the people who will be using it in the long run. As far as possible, we encouraged our network collabo-
rators to submit a plan for a trial; we just sent the spores and the money, and waited for the eventual
report. These reports were assembled at annual meetings, in Cotonou, Bamako and Niamey respec-
tively, and are an indicator of the investment in training activities in Phase 2 of LUBILOSA.

Where we wanted to monitor the response of farmers, we sent observers to farmer participatory trials.
These were in pilot sites in the Mono province of southern Benin, in Niger or in Mali. In general, we
found that NGOs were more in tune with this approach than the government plant protection services,
although particularly in Niger, there was a lot of enthusiasm for a participatory approach.

The relative roles of NGOs and the government services in Africa are complex and evolving. Essentially,
the externally-financed NGOs have manpower and operational budgets, but lack specialised expertise.
The government plant protection services (PPS) have manpower and skills, but lack operational budg-
ets. LUBILOSA in its research phase, and as chemical companies do, contracted the PPS to carry out
trials. The PPS gained specialised technical skills in the process, and are now in a position to provide
those skills to NGOs under contract (cascade effect).
Socio-economics
We carried out a series of socio-economic studies in Phase 3. Essentially three tools were used; cost-
benefit analysis, willingness to pay and macro-economic or market studies. The socio-economist was
also involved in supervising participatory trials. The cost of production was assessed by examining the
cost of running the pilot plant at IITA; about $21 per ha. Onto this we must add the cost of distribution
and profit; however, it is certain that the commercial producers will be able to produce spores at a lower
cost. Dose rate trials in Mali in 1998 indicated that a dose of 50g/ha gives adequate control; this could
reduce the cost of the formulation by up to 50%.

We made the first estimate of the ‘externalities’ of chemical pesticide usage in Africa – we concluded
that the medical, veterinary and pesticide disposal costs met by society when farmers use chemical
pesticides comes to about $1.75 per ha.

Direct benefits are harder to estimate; locust and grasshopper attacks are notoriously variable, and the
best efforts of GTZ, USAID and NRI have failed to provide convincing data. We attempted a similar
approach, but were let down by low levels of grasshopper attack in 1998. We developed alternative
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approaches using multiple linear regression analyses and farmer’s perspectives. The regression model
needs more data collection, but should provide reliable estimates in the longer run.

Adding the farmer’s perspectives to the crop loss estimates gave substantially higher estimates of the
benefits of controlling locusts. We estimated willingness to pay by participatory rural appraisal; such
estimates can be unreliable, but the consistency of the estimates from several sites in Niger and Mali
gives us some confidence in the figure obtained of $7 per ha. Clearly there is a gap between this figure
and our estimate of production cost of $21 per ha ($11 at the lower application rate). Whether we will
need to turn to donors to make up the difference, or whether the commercial producers can deliver at a
lower cost, remains to be seen. In South Africa, the national parks commission may pay the difference in
price between a normal pesticide product and Metarhizium.

Market analysis is an important aspect of defining the long-term prospects for the Metarhizium. Assum-
ing a rather modest 10% market penetration our researches indicated that there are excellent long-term
prospects world-wide for the companies.

All data collected were gender dis-aggregated.  In common with many technologies, men have preferen-
tial access to pest control technology. This is partly justified because there would be a greater risk of
poisoning of children and families if women were to be involved in treatment with chemical pesticides.
We hope that the availability of a less toxic alternative will help redress this imbalance.
Implementation
We often see research projects which produce good results, but which fail at the implementation stage.
Sometimes the developed technology did not respond to farmer’s needs; more often, the process of
technology transfer was not given proper attention. Mindful of this problem, we drew up an implemen-
tation plan. The plan includes a careful analysis of the technology, pulling together the economic analysis
of production, efficacy data, markets and considering several different scenarios. All scenarios consid-
ered that commercialisation is the only feasible implementation route. We didn’t dismiss the option of
some sort of low-tech production system in Africa were this to emerge as competitive. But, we con-
cluded that the only option with a chance of success in the near future would be to license the LUBILOSA
technology to companies already having expertise in large scale solid state fermentation.

We also addressed Intellectual Property Rights (IPR) within LUBILOSA – a highly complex and sensi-
tive issue in a multi-donor, multi-institutional project. Various documents were drawn up in the course
of the transfer process; technical specifications, ecotoxicological profile, mammalian toxicological pro-
file, multi-party IPR agreement, trust fund proposal, confidentiality agreements, licensing agreements.
These are atypical for scientists, some of whom were dealing with confidential information for the first
time; but were necessary to gain the confidence of, and enable the interaction with, the commercial
production companies.

According to criteria laid out in the implementation plan, LUBILOSA proposed two small to medium-
sized companies (SME) to produce Metarhizium and, following discussions with donors and partners,
licensing agreements were signed in November  1998 with Biological Control Products (BCP) of South
Africa and in January 1999 with Natural Plant Protection of France. BCP submitted a registration dos-
sier to the South African authorities in October 1998, and this was accepted. NPP are expected to
submit their dossier to CILSS in April 1999. Both companies expect to scale up production to meet
demand in 1999. For a simple product with established markets, that should be the end of the story.
However, biological control of locusts is a novel area, and there will be much work to establish a
demand for Green Muscle (BCP have purchased this name from LUBILOSA; NPP have yet to decide
whether to use the same name or come up with their own.).
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Part of this process was convincing SMEs to collaborate with the programme and that the use of
Metarhizium was a viable option for locust control. Submissions were made to the Pesticides Referee
Group of the FAO (Food and Agriculture Organisation of the United Nations), which in its December
1996 report concluded that “the application of Metarhizium isolate IMI 330189 in environmentally
sensitive wildlife areas (e.g. national parks, game ranges, wetlands, etc.) where chemical control may be
unacceptable, and in areas where residues of chemical insecticides in products such as meat are unac-
ceptable, is recommended”.
Conclusion
So the third phase of LUBILOSA has seen the successful culmination of the process of developing a
robust and effective biological pesticide for locust and grasshopper control world-wide and transferring
it to the private sector. A product is now registered and in production in South Africa, with a second
producer for the West Africa market poised to start production in France, and eventually transfer to
Senegal or Cote d’Ivoire. Nevertheless, the consensus opinion is that just launching the product will not
necessarily lead to the scale of adoption which the project sponsors, participants, clients and spectators
feel justifies the investment to date; indeed, without further support the products may fail. A modest
fourth phase will therefore go ahead to ensure the large-scale uptake of Metarhizium. This will involve
activities to develop both the supply side and the demand side of the economic equation. On the supply
side, we have product stewardship; helping out the production companies in case of problems and
helping to advertise the availability of Green Muscle. On the demand side, stimulating demand by infor-
mation, publicity and advocacy, and developing integrated use strategies which capitalise on the particu-
lar properties of Metarhizium.
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LU�BI�LO�SA December 1998   Progress against logical framework milestones

OUTPUT Indicator Means of verification Comments Assumpt ions unfulfilled

Goal
Reduced environmental contamination by incorporation of mycopesticide into
locust and grasshopper control Carried forward to phase 4

Purpose
LUBILOSA Metarhizium in sustainable use in at least 2 pilot sites in Africa Carried forward to phase 4

Metarhizium is more costly
and technically demanding to
produce than envisaged

1A Sources of supply of
spores

Spores available for
trials

Trial reports: Langewald et
al 1999

Spores were produced at IITA;
process is now transferred to
private sector

The interested companies are
small and will need support in
solving technical problems
and promotion

1B Technically
improved product

Product specification Quality control checks in
Cherry et al 1999
Registration in S. Africa

LUBILOSA advances in quality
control have generated much
interest world-wide

2 Confirmation of field
efficacy particularly
against desert locust

80% mortality in 80%
of trials

Langewald et al 1999
Langewald et al 1997
Kooyman et al 1997
FAO recommendation

Metarhizium kills more slowly than
chemical pesticides; long
persistence gives season-long
control from a single application

3 Ecological knowledge
to enable use of
mycopesticide in IPM

Published
information

Blanford et al 1999
Langewald et al 1997b
Thomas et al 1997

Ecological knowledge has been
used to outline feasible use
strategies for testing

4 Evidence for
acceptably low
environmental impact

Measurement of
envir. impact of
Metarhizium

Peveling et al 1999
Registration in South Africa
FAO recommendation

Comparative trials indicated
selectivity of Metarhizium

5 National IPM
capability

NARES and NGOs
testing and using
Metarhizium

Reports from LUBILOSA
partners meetings
LUBILOSA 1997, 1998a,
1998b

Sustainable means of enabling
NARES to obtain Metarhizium
needs to developed

NARES have not been able to
raise independent means of
accessing Metarhizium



LU
B

ILO
S

A
  phase III final report, M

arch 1999
C

. Lom
er,

5

Project milestones Comments Report

OUTPUT 1: SOURCES OF SUPPLY OF SPORES see publication list *

1.A  IMPROVE AND OPERATE
SMALL-SCALE PRODUCTION
PLANT

The Cotonou plant was upgraded and operated to provide spores for
LUBILOSA and partners.  However, several small specialised
companies demonstrated a capacity to produce spores more
economically

Jenkins and Goettel, 1997

Cherry et al 1999

1.A.1 Commission IITA plant Cotonou plant fully
functioning by 12/96

Cotonou plant was commissioned by 12/96, and has been run
continuously.

Jenkins et al 1998 (2)

1.A.2 Production of conidia Conidia are being continuously produced. Current production level is
200kg pa.

Cherry et al 1999

Heviefo et al 1998 (9)

1.A.3 Experiments with
alternative substrates

Cotton seed, millet and various other substrates were tested in the
Cotonou system; although yields were sometimes higher, extra work
involved in  spore separation made this work uneconomic.
SMEs reject the use of rice because of the need to par-boil and have
chosen alternative substrates.

Jenkins BTORs

1.A.4 Yield improvements with
rice

Yield is now  30g/kg; further yield improvement would need aeration. Cherry et al 1999

1.A.5 Adjustments to production
process

Costed investment
plan by 12/97

The optimisation is described by Cherry et al 1999; an economic
analysis  showed that the IITA-style plant would never be economic
compared with the solid state fermentation processes of the SMEs.
SMEs have invested their own funds in production capacity for
Metarhizium.

Cherry et al 1999

LUBILOSA 1997 (7)

1.B ADVISE ON SPORE
PRODUCTION

Jenkins visits to BCP, South Africa, 7/97, 11/97 and 9/98 and to NPP,
France Aug. and Nov. 97.
Only the Madagascan NARES has experimental scale mass
production (USAID funded)

Jenkins and Dent BTORs

1.C WORKING
PARTNERSHIPS

Implementation plan
by 2/97
Contract(s) by 12/97

Implementation plan was prepared by 5/97 - a full (confidential)
version and a shorter public version.
BCP contract by 4/98, NPP by 10/98.

Implementation plan (8)
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1.D TECHNICAL IMPROVEMENTS

1.D.1.1 Upgrade spore extractor
at IITA

Upgrade spore
extractor including
feed mechanism by
12/96

Spore extractor and feed mechanism were upgraded in the Cotonou
plant, and a 'transferable' version (Mini-Mermelbat) is being
developed.

Bateman et al, (9)

1.D.1.2 Develop feed
mechanism

Done

1.D.1.3 Investigate larger spore
extractor

The current machine is not constraining.  LUBILOSA is assisting
SMEs to develop own machines based on principles developed

1.D.2  Oil flowable formulation By 9/96 Collag corporation developed a satisfactory flowable concentrate
which was used in the Niger 1997 aerial trial.  Some minor
adjustments were carried out.

Bateman et al (9)

1.D.3  Field testing improved
product

Niger Aug 1997; South Africa Feb 97 Langewald et al 1999

1.D.4  Further development of
product

EC formulation has been field tested in Benin and Gambia Olichon et al (4)

1.D.5  Spray tracers 6/96 A cheaper alternative (Lunar Yellow)  was field tested in 1998 in
Niger; further lab tests at Ascot

1.E BIOLOGICAL
IMPROVEMENTS

Spores can be
stored for >12
months by 12/96

Currently dried and packaged spores will keep for >18 months at
tropical room temperature.

Use of Time-Temperature Indicators (TTI) is being developed

Green Muscle Users
Handbook (6)

Lomer et al (9)

1.E.1  Storage model
development

By 12/96 Preliminary model is developed and published; further refinements
are needed

Hong et al 1997
Hong et al 1998
Hong et al. (9)

1.E.1  Implementation of
storage model &c

By 12/97 Model validation and use of TTIs in Phase 4.

1.E.2.1  Speed of kill - spore
quality

By 12/97 Suggested improvements are incorporated into production process. Cherry et al 1999
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1.E.2.2  Speed of kill - role of
lipids

By end 98 PhD thesis work at University of Bath indicated little prospect for
improvement

Jarrold 1998 (7)

1.E.3.1 UV protectants By 12/97 Field trials in Mali showed no significant gain by the incorporation of
UV protectant. (see also book by Burges 1998)

Shah et al 1998

1.E.3.2  Enhanced UV tolerance By 12/97 Copper enhancement experiments gave no improvement D. Moore, pers. Comm.

1.F  STRAIN SELECTION Decision on strain
change by 3/97

Decision was made not to change strains.  Remaining milestones
invalid.

Jenkins et al 1997 (3)

1.F.1  Laboratory data Laboratory data indicate change would not be justified; trials
discontinued

1.F.2  Field data Large cage trials, Niamey; trials discontinued

OUTPUT 2:  FIELD EXPERIMENTS

2.A  DEVELOP PROTOCOLS
FOR SGR

Publication
submitted by 3/97

Method was developed by Langewald in Mauritania in 1995; however,
needs validation in Sudan.  Further work by Wilps in Mauritania

Langewald et al 1997
Wilps et al. (9)

2.B  FIELD EXPTS VS SGR

2.B.1  Field trials, East Africa Sudan - CK report, 1/98; collaborative trials on pheromones with
ICIPE

2.B.2  Field trials, Mauritania Sept/Oct 97; observations on SGR ecology Wilps et al (9)

2.B.3  Field trials, Other W.
Africa

No locusts present

2.B.4  Field trials, South Africa Bateman report South Africa registration
documents

2.C  TRAINING NATIONAL
COUNTERPARTS

Kone visit to Cotonou, April/May 1998.
Collaborative field trial programme
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OUTPUT 3:  FIELD RESEARCH

3.A  NATURAL MORTALITY
FACTORS

Studies during 96 & 97 field trials showed that infected hoppers are
more prone to predation than healthy insects.

Thomas et al 1998 HDA

3.B  PATHOGEN
PERSISTENCE AND CYCLING

Conclusive evidence for recycling remains elusive. Thomas & Wood, 1997
Thomas et al 1995

3.B.1  Secondary pick-up Secondary pick-up was found to be much more important than
expected.  Spores persisted for 6 weeks in Niger 97 which may be
due to recycling

Langewald et al 1999
Thomas et al 1996 ZVA

3.B.2  Horizontal transmission Arthurs observations in Niger 97 indicated that <2% of grasshoppers
go through to form sporulating cadavers, but that this may be
sufficient to explain the prolonged spore availability.

Arthurs 1997 (7)

3.C  POST-INFECTION
PROCESSES

Two closely linked post-infection processes were observed –
thermoregulation and a reduction in feeding.  A possible effect on the
endocrine system is being investigated

Blanford 1999 (5)

3.C.1  Feeding reduction Grasshoppers move less, consume less and spend more time
basking once infected.  Thus although still present in the field, they
may be causing little crop damage.  Fat reserves also affected

Thomas et al 1997 ZVA
Blanford et al 1997 OSE

3.C.2  Thermoregulation Grasshoppers and locusts are able to raise their body temperature by
sunning, and thus slow the infection process

Blanford et al 1999

3.D  MODEL DEVELOPMENT User-friendly model
by end 1998

3.D.1 Population dynamic
model

Ver. 1 was prepared 12/95, but overestimated Metarhizium impact.
Ver. 2, incorporating Arthur's results on cadaver loss, will be available
by 12/98

Thomas et al 1995
Thomas et al 1997
Wood & Thomas, 1997

3.D.2 Descriptive model Model effectively controls for immigration but does not distinguish
secondary pickup and horizontal transmission

Langewald et al 1997 ZVA

3.D.3 GIS model Progress on model is good, but problem of availability of met data
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OUTPUT 4: ECOTOXICOLOGY Ecotoxicological profile prepared for FAO submission Bateman, 1998 (8)

4.A  ENVIRONMENTAL RISK
ASSESSMENT

4.A.1  Review studies, protocols 6/96 Table in PMC 15 report

4.A.2  Host range determination 3/98 No effect on predatory mites (Neoseiulus ideaus), bugs (Clavigralla
tomentosicollis), or coccinellid beetles (Chilocorus bipustulatus)
Some infections in parasitic wasps (Apoanagyrus lopezi), but no 2nd

generation effects.

Attignon et al 1997a,b (7)
Peveling & Demba, 1997
Stolz, 1997 (7)

4.A.3  Env. Monitoring, field
trials

12/96 & 12/97 Techniques developed in 1996 were used in 1997 (800 ha plots) to
monitor ground (pitfall traps) and aerial (yellow sticky traps) fauna.
Fenitrothion had little effect on flying insect population; even
grasshoppers recovered by Day 10.  Some ground fauna affected for
>1 year.
1998 (50 ha plots) compared Metarhizium with Fipronil.  Metarhizium
no effects on NTOs, fipronil affected ants and beetles.

Peveling (9)
Peveling et al 1999

4.A.4  Assessment of risk of
epizootics

12/97 A statement was prepared for the South African registration dossier;
the risk was judged acceptably low.  An EC funded research project
involving the Leverhulme Unit and University of Helsinki has been
initiated to investigate in greater detail

Thomas & Willis 1998

4.A.5  Analysis of risk to reptiles 6/97 Lizards (Acanthodactylus dumerlii) were adversely affected by two
chemical standards, fipronil and chlorpyrifos.  The examination of
Metarhizium-treated samples was compromised by contamination of
plates.
A repeat experiment in 1998 revealed 2/11 lizards died, and an
infected cyst in one lizard.  The dose in this experiment was high, and
this result does not breach Tier 1 standards.
University of Basel and LOCUSTOX are continuing this work.

Peveling & Demba, 1997

4.A.6  Comparison to toxic
standards

9/96 & 9/97 Included in Niger trials, 96, 97 and 98. Peveling et al 1999 (9)

4.A.7  Development of field test
protocols & guides

Developed in 1996 trials (50 ha plots) Peveling et al 1999 (9)
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4.A.8  Avian toxicity studies,
AAFRC

1996, 1997 Methodology established 1996, main trial 1997.  No adverse effects
from feeding spores or infected grasshoppers to pheasant chicks.

Smits et al 1998

4B  MAMMALIAN TOXICITY

4.B.1 Contract toxicity testing By end 1998 Consultant's toxicological profile by 11/97, information submitted by
companies to South African and CILSS registration authorities

GM Toxicity  profile (8)

4.B.2  Factory inspection By end 1998 Both BPC and NPP agreed to abide by LUBILOSA's gender policy
statement, and already respect the extant health and safety
regulations of their countries.

OUPUT 5: IMPLEMENTATION Metarhizium in use
at at least one
Sahelian and one
humid zone site by
end 1998

EAC found that implementation would not be complete by 12/98, and
recommended a specific implementation phase.
Outline strategies are provided in Lomer et al MS and for humid zone
by Muller

LUBILOSA phase 4
proposal
Lomer et al (9)
Muller et al 1999 (4)

5.A  MYCOPESTICIDE IN
CILSS IPM

Associated programme trials reported at partner’s meetings
1998 trials in Senegal, Gambia, Burkina Faso
Senegal; training of trainers, 36 people 8/97

LUBILOSA, 1996 (7)
LUBILOSA, 1997 (7)

5.B EXPER. VER. OF IPM
COMPONENTS

1997 & 1998 field
seasons

Trials with inoculated cadavers in southern Benin were unsuccessful
as the effect is too slow.
No further trials on egg-pod destruction have been carried out.
Role of chemicals was explored in ecotox trials
Interest in long-term impact of USAID Nosema trials in 1989 in Mali

5.C  DEV. OF IPM PILOT
SITES

1996 Demonstrations
1997 Participatory
1998 Farmer decisions

5.C.1  Zonocerus Metarhizium 609 will be best developed as commercial product for
treatment of ZVA;
Ghana: demonstration trials Dec. 97.  Band treatment reduced
treatment time to 10min/ha
Ivory Coast demonstration trials 1998
Benin participatory trials leading to implementation route

Muller & De Groote, 1998
(4)
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5.C.2  Senegalese grasshopper
in Niger

PV but no LUBILOSA in 1997 & 1998.  Pilot site will probably keep
PV involvement; Zinder with BIT (150 ha)
Tahoua - HDA in Sorghum, local NGOs.
Training of trainers: Dosso & Maradi

LUBILOSA 1998b (7)

5.C.3  Non-migratory Sahelian
grasshoppers

Mali: 1998 SECAMA trial only involved minimal LUBILOSA
participation
Demonstration trial at Douenza developed with Stromme foundation
and Church of Norway
Chad: Strong NGO sector in Chad, wide range of ecological zones
and good public sector support lead to large scale demonstration
trials in 1997 and 1998.  Training of trainers (35 people) 6 – 8/1/98
Benin – Training of trainers, 24 people, Malanville. 7/97
Benin – training of village brigades and farmers Bali, Birni Laffia &
Kargui, 16 people, 8/97.

LUBILOSA 1998b (7)

5.C.4  South Africa Funding mechanism for purchase of Green Muscle from BCP is
assured.  Operational use expected once BCP meets production
targets

LUBILOSA 1998a (7)

6. SOCIO-ECONOMIC
STUDIES

6.A  COST-BENEFIT
ANALYSIS

1996 - medico-
economic study

External costs associated with chemical pesticides estimated at about
$1.75 /ha

Houndekoun et al 1998 (9)

6.B ANALYSIS OF FARMER
PERCEPTIONS

Field studies in Mali and Niger 1997 studied willingness to pay.  More
extensive participatory response to treatments was studied in Mali
and Niger 1998.
Field studies in Benin by D. Müller (SDC training project)

DeGroote et al 1998 (4)

Müller and deGroote,
1998 (4)

6.C MARKET ANALYSES AND
MACRO-ECONOMICS

Potential markets identified for Desert locust (via donor pool funding);
Brown locust in RSA, Tree locust in Sudan, Variegated Grasshopper
in Côte d'Ivoire, Sahelian G/H via KR2 funding

DeGroote, 1997 (4)

6.D GENDER ISSUES Policy published by
4/97

Done by 6/97
Student study in Benin
LUBILOSA participates in DFPV network

LUBILOSA Gender policy
statement (6)
Gerard 1998 (5)
De Groote 1999 (4)
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7.  REMOVING CONSTRAINTS Submission of
CILSS registration
document by 6/97

NPP will submit CILSS registration dossier April 1999
BCP registration accepted in South Africa
Lomer and Dent visit to Japan; possibilities for KR2 funding.
4th phase proposal prepared

Dent 1998 (8)
Implementation plan (8)
LUBILOSA 4 proposal

7.A TECHNICAL
SPECIFICATIONS

Technical specifications have been stabilised and are being met by
SME partners.

GM Technical
Specification (8)

7.B TECHNOLOGY
TRANSFER IPR AND
COMMERCIAL
PARTNERSHIPS

IPR statement and agreements with donors negotiated by 10/98
Agreements signed with BCP and NPP

Dent et al 1999 (8)

7.C FAO SUBMISSION 11/96 & 3/98 FAO submission accepted Bateman, 1997 & 1998 (8)

7.D COLLABORATIVE LINKS Agreement reached with EMPRES regarding Core Research Team
concept.
Working relationships with VPI and MSU

7.F REGULATORY
FRAMEWORK

Lack of biopesticide regulations identified as a constraint; survey on-
going as part of SP-IPM BMO
LUBILOSA will advise EMPRES and LOCUSTOX on issues

Dent 1999 (8)

7.G PUBLIC AWARENESS 'Journée de reflexion'; Benin: Lokossa and Kandi; Niger: Maradi and
Niamey; Mali: Bamako & Mopti; Chad: Ndjamena
Product launch in South Africa.
Booklets, web site prepared

LUBILOSA 1998 (7)

OUTPUT 8: PROGRAMME MANAGEMENT

8.A: PMC Meetings Late 1996, late
1997, late 1998

Delemont, Eschborn, The Hague PMC reports

8.B: Partner's meetings April 1996, April
1997, April 1998

Cotonou, Bamako, Niamey LUBILOSA, 1997 (7)
LUBILOSA, 1998 (7)

8.C: Programme meetings Sept 1996, Sept
1997

Coincide with SIP meetings Montpellier, Banff.  Also coinciding with
Partner's meeting and EAC

8.D: EAC meeting EAC terms by
12/96; chairperson
by 3/97

Meetings held 9/97, 11/98 EAC reports to PMC
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OUTPUT 1:  SPORE PRODUCTION AND PRODUCT DEVELOPMENT

Rationale: Sources of supply of improved, LUBILOSA approved Technical Concentrate (spores) assured
for operational use  Economic evaluation indicated that the LUBILOSA production system is uneco-
nomic.  An implementation plan was developed to transfer production to the private sector.

1.A:  Spore production
1.A.1:  Commission spore production plant
Early in 1996, the IITA pilot production plant was upgraded by the installation of a large autoclave, increased liquid
fermentation (shaker) capacity, larger laminar flow hood, purchase of extra plastic tubs, air conditioners, a dehumidifier
and a large freezer.  The physical structure of the plant was modified with the separation of the two main incubator spaces
to provide one at high humidity and one at low humidity.  A cold, dry room for spore drying and packaging was installed
(5 – 10°C, 45%RH).

A consultant, Dr. A. Arnold visited on two occasions, August and November 1996; he designed and installed a ventilation
system, connected the high-power dehumidifier to the spore drier and cold room, and upgraded the spore separator
(Mermelbat) (Bateman and Jenkins (9)).

Five local staff (PG-1) worked in the plant from early 1997 onward, under the supervision of the local supervisor (PG-6).

The basics of the production system are described in Jenkins et al., (1998) (2) and a detailed description of the plant and
operating procedures in Heviefo et al., (9).  Details of the economic assessment are given in LUBILOSA (1997 (7)) and
Cherry et al., (1999).

Basics of the spore production system

Spores are stored on agar slopes in small bottles; spores are scraped from the surface and made up into a solution in Tween
80.  This is used to inoculate the liquid medium, consisting of brewer’s yeast and sucrose.  After three days’ growth, the
liquid medium is mixed with autoclaved rice in plastic bags; these bags are kept, folded over, in the plastic tubs and
incubated in the first incubation room at ambient humidity and 28oC for 8 days.  The plastic bags are then cut away and
the bowls stacked in the second incubation room at about 60% RH and 25°C for 10 days.  This is referred to as the
conditioning period, and appears to be essential to obtaining spores that will store well.

Spores are separated from the substrate in a rotating drum; a strong air-stream carries the spores to a cyclone extractor,
nick-named the Mermelbat.  This separates particles larger and smaller than the actual conidia and breaks up chains of
conidia.

From the Mermelbat, the spores are transferred to a spore drying device in the cold room, where their moisture content is
reduced to <5% over a period of 3 to 4 days.  The spores are then packed into aluminium-polythene foil sachets and stored
in the freezer.

1.A.2:  Production of conidia and contamination control
Conidia were produced continuously during 1997 and 1998.  Figures 1 - 3 show the amounts produced; detailed charac-
terisation of factors underlying yield variability is given by Cherry et al. (1999).

Control of the level of contaminating micro-organisms is essential to obtaining a good quality, safe, effective product;
even levels as low as 1 in 106 of contaminants such as Aspergillus can change an essentially safe and tested product into
one with high risks.  Contamination checks are carried out visually on the inoculum slope; by plating out the liquid
medium, by plating out the solid substrate after inoculation, and by visual inspection of the growing bowls. At the end of
the production process, a final inspection step ensures the quality of the final product.

1.A.3:  Conidial yields on alternative substrates
The best yields obtained on rice are about 35g/kg.  Other substrates, such as cotton seed and oil palm seed waste have
given yields equivalent to 90g/kg in laboratory scale experiments, but this was only possible using substrate quantities of
50-100g.
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Commercial producers have opted to use different substrates according to local availability, the details of which are
confidential.

1B:  Advise on spore production
The national programme in Madagascar, funded under a USAID grant, is the only programme continuing with a small-
container style production system, and LUBILOSA is contracted to assist with expanding this facility.

Most work advising on spore production has been carried out with LUBILOSA’s two commercial producers, NPP in
France and BCP in South Africa.  Dr. N. Jenkins has regularly visited both plants to assist in optimising productivity and
minimising contamination.

1C:  Develop working relationship with commercial organisation
Licensing agreements with the two commercial producers were completed in November 1998 with BCP and March 1999
with NPP.  Transfer of intellectual property rights was a complex issue, which is discussed further under section 7 Remov-
ing constraints.  Definition of the criteria for selecting these two companies and a description of the process are described
in the Implementation Plan (Dent, 1997 (8))

1D:  Technical improvements to Green Muscle
1.D.1:  Upgrade spore extractor
The ‘Mermelbat’ spore extractor described by Bateman et al IN PREP and installed at IITA has continued to function
satisfactorily, and spore batches meet specification.  The basic principles established during the design phase of this device
have been used to design the larger scale cyclones currently being installed and tested by BCP and NPP.

A smaller-scale device, the ‘mini-Mermelbat’ is currently being designed for use in small-scale plants, and is available for
sale or transfer to NARES.

1.D.2:  Oil flowable formulation
Details of a public-domain oil-flowable formulation will be published (Bateman et al. (9)), while confidential, high-
specification version has been developed for NPP and BCP.

1.D.3:  Field testing improved product
The oil-flowable formulation was field tested in Niger in 1997 and in South Africa in January 1998.  Some slight modifi-
cations were made on the basis of the test results.

1.D.4:  Product formulations
Aqueous formulations suitable for application as EC with knapsack sprayers have long been requested by farmers. Trial
formulations containing spores in Codacide at 10% and 1%, and in Tween at similar concentrations were field tested by a
student Sebastian Olichon at IITA and in a NARES trial in the Gambia.

1.D.5  Spray tracers
One of the principal issues raised by locust control officers using Metarhizium operationally is that of knowing whether
locust bands have already been treated or not.  We have addressed this issue by recommending the addition of ultra-violet
tracers.  Lunar Yellow provides a cheaper alternative to Lumogen (about 5% of the cost); however, it is more difficult to
formulate, and a test in Niger in 1998 failed to keep the tracer in suspension.  Further laboratory trials are planned in
Ascot.

1.E:  Biological improvements to Green Muscle
1.E.1:  Storage model development and implementation
Preliminary collaborative work with the University of Reading indicated a close correlation between published work on
seed storage and the storage properties of fungus spores (Hong et al., 1997). This was further explored in some detailed
experimental work (Hong et al., 1998). Results indicate that spores may be stored for several years at low temperatures,
and many months in the range 30 to 40°C. In particular, the moisture content of the spores is the main factor determining
their longevity, and the data have been drawn up into a basic model permitting a prediction of storage times.  For optimal
storage, the moisture content must be below 5%; however, spores are highly hygroscopic.  They are able to reabsorb
moisture from the atmosphere very quickly, hence the need to carry out the spore packaging in a cold dry room.  Con-
versely, too rapid re-hydration is detrimental to the spore viability (Moore, Langewald and Obognon, 1997).  These
storage results represent a major breakthrough and will have wide significance beyond LUBILOSA
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A model has been developed based on these results (Figure 4), and this is currently being validated against field data being
collected in pesticide stores along the supply route from Cotonou to eastern Niger.

Further refinement of this work showed the importance of the ‘conditioning’ or pre-drying period (Moore et al, 1996;
Hong et al., (9)), and refinements of the model are needed to incorporate the effects of methods of drying, and nutrient
contents (spore quality). The model is available at the LUBILOSA web site.

We tested the use of time-temperature integrating indicators (TT1).  These are currently used in shipping food and
vaccines to indicate product freshness.  The use of these indicators, which cost only a few cents each, would provide a good
assurance of the viability of spores (Lomer et al. (9)).

1.E.2:  Speed of kill - spore quality
Moore et al (1996) showed the importance of ‘conditioning’ spores for several days, preferably at reduced humidity.  This
requirement has been built into the production plant; before extraction, the spore-laden substrate is kept for 10 - 12 days
in an air-conditioned room.  After extraction, the spores are further dried for 3 to 4 days in a dehumidifier until a moisture
content of <5% is reached.  The effects of these manipulations on spore longevity have been incorporated into an improved
spore storage model (Hong et al., 1999).

It is likely that under operational conditions, spores will sometimes be stored badly, and spray operations will be con-
ducted using spores of reduced viability.  Bioassays at Ascot have examined the efficacy of such spores. These bioassays
indicated that conidial batches with less than 70% viability may have reduced virulence, but due to the nature of bioassays
it is difficult to prove this statistically.  In the interests of ensuring efficacy of the product in the field LUBILOSA does not
recommend application of conidia with viability of less than 70%.

We are also investigating the use of time-temperature integrating indicators (TTI).  These devices cost a few cents each,
and can be stuck to the outside of spore packets to indicate if the package has been exposed to temperatures likely to
degrade the spores (Lomer et al., 1999 (9)).

1.E.3:  Speed of kill - role of lipids
Published data indicates that certain lipids can be detrimental and inhibit spore germination, or conversely enhance
germination.  Various cuticular lipids were studied by a PhD student, S. Jarrold at the university Bath.  No practically
useful effects were discovered (Jarrold, 1998; (7)).

1.E.4:  Influence of UV - UV protectants
A book by H. D. Burges (Formulation of microbial pesticides, beneficial micro-organisms, nematodes and seed protectants,
publ. Kluwer Academic Press, 1998) provide a complete list of currently known UV protectants.  Trials conducted in Mali
in 1994 indicated no significant increase in spore longevity with the addition of oxybenzone (Shah et al., 1998).  Further-
more, current field data on spore survival in the field indicates excellent survival.  Research effort in this area was
therefore reduced.

1.E.5:  Influence of UV - enhanced UV tolerance
Publication by Fargues et al (1996) gives an indication of the range of UV tolerance of different isolates.  However, strain
selection bioassays have not indicated that a change of isolate would be worthwhile.

Experiments were carried out to investigate the possible role of copper in enhancing spores resistance to UV.  No differ-
ence was detected between the spores produced in the presence of copper sulphate and the control treatment.

1.E.5:  Strain characterisation
Further work on strain characterisation is proposed with P. Bridge of CABI-IMI in order to develop a field characterisa-
tion method.  The method by which the genus Metarhizium has been reclassified is DNA sequencing, which is not readily
available in Africa.
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1.F:  Strain selection
Rationale: Select strain with best virulence, productivity and stability.

Field research showed that the principal constraint to the success of mycopesticides in the field is the body temperature of
the locust.  Previously, bioassays had been conducted at a constant temperature of 30°C; a bioassay was developed with
fluctuating temperatures of 12/12 20/35°C to simulate actual grasshopper body temperatures.  To consider as a replace-
ment, a new strain would have to give an improvement of at least 30%, e.g. bringing the AST down from 9 to 7 days with
90% overall mortality.  We had also hoped to find a single strain which will kill both Zonocerus and other locusts and
grasshoppers

Bioassays carried out at Cotonou and Ascot late in 1996 using the fluctuating temperatures designed indicated only minor
variations in performance, insufficient to justify a change of strains (Jenkins et al., 1997 (2)).

OUTPUT 2: FIELD EXPERIMENTS

Rationale: Experiment evidence for efficacy of Metarhizium against Desert Locust and confirmation of
efficacy against grasshoppers and other locusts.

2.A:  Develop experimental formats for Desert Locust trials
2.A.1  Hopper band movements
The daily migration of at least 15 hopper-bands in Mauritania were observed by watchman using GPS.  Sizes of the bands
varied between 10,000 and 6 Mil. individuals.  The distances covered daily depended on various biotic and abiotic factors
such as type and density of vegetation, moulting events, predator attacks, temperature, wind speed and direction.  In the
observation areas south east of Nouakchott with dunes and a vegetation coverage of 40+ 10%, bands migrated 1.3 + 0.2
km per day.  During moulting the distances were less than 200 - 300 m.  The daily direct lines between morning and
evening resting places varied between 300 and 1500m, indicating that the bands did not move in a straight line.  In nearly
50% of the observations, they moved in circles of followed zigzag courses.  These changes of direction were caused either
by predator attacks or moulting events (which involves searching for favourable moulting bushes.  (Wilps and Achmedou,
IN PREP)

2.A.2:  Food competition between SGR and livestock
In the areas described, nearly 100 plant species were recorded (annual and perennial), and the food preferences of SGR
determined (Culmsee and Wilps, IN PREP).  Nearly 1/3 are preferred by both SGR and livestock, 1/3 only by SGR and 1/
3 only by livestock.  This implies a lack of severe competition; particularly between locusts and camels, and it is likely that
treatments of pastures in order to secure food resources for livestock is probably not economically worthwhile.  Methods
used in the study include observations of food intake by bands, feeding behaviour of hoppers in plastic fenced areas with
various plant societies, questioning of live stock breeders.  (Wilps, Culmsee and Achmedou, IN PREP.)

2.A.3:  Estimation of hopper band sizes
Methodology developed by Langewald et al has been published (Langewald et al, 1997).

However, the method is quite time-consuming and involves computer processing of scanned photographs.  Various meth-
ods of estimating numbers of individuals in hopper-bands were further tested in Mauritania, including counting of hopper
numbers in defined rectangles during migration, collection at resting places, evaluation of slides, collecting and counting
motionless hoppers in early morning.  In 50 - 70% of the cases, correct data could be obtained, but in any case, each
method is very time consuming.  During normal control measurements, in times of outbreaks or plagues only rough
estimations can be done (Wilps and Achmedou, IN PREP).

2.A.4  Influence of predators
During the observations mentioned above, 5 hopper-bands with up to 40,000 individuals were lost entirely due to predator
activities.  Most impressive was the loss of 2 bands with 300,00 and 400,000 individuals respectively by colonies of
breeding golden sparrows.  Other important predatory birds are Cursoris cursor, Passer simplex sahara, two lark species
and two Shrike species.  Other predators have been: predatory arthropods and lizards.  Artificially reared hopper-bands
containing up to 20,000 individual and released as 3rd instars were consumed in 3 to 4 days.  Combined with further field
observations it can be stated that bands of the first instar level containing 200,000 individual or less will, due to predator
activities, never undergo adult moult.  (Wilps, Achmedou and Culmsee, IN PREP).
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2.B:  Field experiments to confirm efficacy of Metarhizium
2.B.1  Mauritania; Secondary pickup
Laboratory and semi-field trials measuring secondary pickup (uptake from contaminated vegetation) resulted in labora-
tory mortality of 40%, even up to 4 days after application.  Longer duration trials failed for technical reasons and will be
repeated this year.  Semi-field trials in plastic fenced areas pointed in the same direction, but couldn’t be evaluated
properly due to the attacks of predatory wasps, which entered the open-top cages and removed the hoppers (Wilps and
Kane, IN PREP).

Laboratory experiments also examined the pick-up of Metarhizium spores during copulation  (Kane and Wilps, IN PREP).

2.B.2  Sudan
Trials in Sudan were conducted in January 1998 in collaboration with ICIPE, testing pheromones plus Metarhizium.
Results were promising; the pheromone causes the treated band to move more slowly and reduces aggregation.  Both of
these behavioural effects increase predation.  Technical issues concerning the pheromone remain to be resolved (toxicity
testing and economic evaluation).  A full report is expected.

2.B.3  Maine Soroa, Niger
In 1997, unreplicated 800 ha plots were treated by air with Metarhizium or Fenitrothion (Figure 5).  1998 trials focussed
on an ecotoxicological comparison with Fipronil, and new and widely used acridicide, currently being aggressively pro-
moted by Rhone-Poulenc.  Data were also collected on yield loss, but low grasshopper attack will probably mean that
differences will not be significant.

2.B.4  Mali – Dose rate
Trials were conducted on varying spore dose rates in Mali in 1998 (Douro-Kpindou et al., (9)).  There was no significant
difference between the effect of 100g/l and 50g/l doses.  20g/l was less effective.

2C:  Training national counterparts
The LUBILOSA team based at DFPV/AGRHYMET maintains an important biocontrol component within the DFPV
training programme.

Mr. Kone of the Mauritania DPV came to Cotonou for bench training in April/May 1998.

The principal training activities are the collaborative trials described under Output 5.

OUTPUT 3: FIELD RESEARCH

Rationale: Improve understanding of factors influencing dynamics of host-pathogen interactions in a range
of ecological zones.

3A:  Natural mortality factors
Experiments were carried out at Malanville in 1996 to examine the effect of predators on healthy and infected grasshop-
pers.  There was an approximately 40% increase in the risk of predation to infected compared with healthy hoppers.
(Thomas et al 1998). This result was examined further with brown locust in the Karoo in 1998. These studies showed
similarly that infection increases risk of predation and cannibalism under field conditions. The extent of this will depend
on the nature and abundance of the natural enemy fauna at particular sites but where activity is high, it is likely to play an
important role in both mediating speed of kill following application and influencing the dynamics of secondary cycling
(see below).

3B:  Pathogen persistence and cycling
Data collected during the 1997 trials in Niger indicated that the vast majority of infected individuals are predated or
scavenged around the time of death and only 1 - 2% of the grasshoppers killed by Metarhizium go on to produce new
sources of inoculum under these field conditions. This suggests that the chances of secondary cycling are greatly reduced
through the interaction with predators and scavengers. However, this is balanced to some extent by the fact that if cadavers
are fully mycosed and/or sporulating, they are avoided by scavengers and persist for far longer than uninfected cadavers
(i.e. they persist for many days whereas uninfected cadavers are removed within 24-48hrs). Thus, even though infected
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cadaver densities tend to be low, there are still opportunities for pathogen cycling. This was confirmed with a further study
in Niger in which infected cadavers where laid out in a grid at a realistic field density of 0.25 per m2 in an untreated
40x40m plot. Samples of grasshopper were then collected from this plot after 48 hrs and incubated for 21 days to record
infections. It was found that even though this was an open field plot and some of the grasshoppers may have been exposed
to the ‘cadaver graveyard’ for only a limited time, 20% of the grasshoppers went on to show mycosis compared with 0%
in equivalent control samples collected away from the graveyard.  Thus, under Sahelian conditions, it appears that limited
but, in population dynamic terms, important secondary cycling is likely to occur, increasing the impact of single spray
applications.

Similar experiments conducted in South Africa also suggest that infected cadavers are avoided by scavengers and preda-
tors. Here, however, it appears that extreme hot dry conditions in the Karoo act to limit sporulation of these cadavers. That
is, although infected cadavers persist, they do not tend to produce spores unless it actually rains within a few days after
death. This suggests that although not impossible, secondary cycling and long-term persistence of the pathogen in the
Karoo are very unlikely (S. Arthurs, 1998 (7)).

During the Maine Soroa field trial in 1997 (Figure 5), spore persistence was recorded for >6 weeks.  Although this may be
due to prolonged spore survival, spore recycling cannot be ruled out.  A definitive experiment to distinguish prolonged
secondary pickup from true recycling has now been conceptualised, and will be conducted at the next opportunity.

3C:  Post-infection processes
3.C.1:  Effects on feeding
Experiments conducted in laboratory and field on Acrotylus sp., H. daganensis, O. senegalensis, L. pardalina and Z.
variegatus show that feeding is reduced significantly during the disease incubation period. This results in an increase in
effective control well before disease induced mortality causes reductions in population density. (Thomas et al. 1997,
Blanford et al., 1998; S. Arthurs (7)).

3.C.2:  Thermoregulation
Data on thermoregulation by grasshoppers has been published for Oedaleus senegalensis and Zonocerus variegatus
(Blanford et al., 1997 A &B), and indicates the ability of these species to raise their body temperatures sufficiently to slow
down, but not stop totally, the development of fungus in the insect’s body.

Thermal gradient experiments confirmed these data, and these data have been used to define more realistic bioassay
conditions, and will be incorporated into a GIS model to predict expected speed of kill of the mycoinsecticide against
different target hosts in different ecological zones in Africa.  Thermoregulation (behavioural fever) explains most of the
difference between field and cage mortality times.

3.C.3:  Reproductive fitness.
In addition to effects on feeding and interactions with thermal behaviour, laboratory studies on Desert locust and field
studies on brown locust indicate that ‘sub-lethal’ infections (i.e. low doses that may take a number of weeks to kill infected
adults under harsh environmental conditions) may also have a negative impact on reproductive fitness. These studies
show that size of fat bodies (important for flight dispersal and egg production), fecundity and viability of eggs may be
reduced due to infection (unpublished data). These studies are still on going but have important implications for the
effectiveness of the pathogen against adult locusts and indicate further that the impact of the disease can be complex and
is not restricted to simple effects on mortality.

Observations also indicate an interaction with the hormonal system of locusts.

3D:  Model development
3.D.1:  Population dynamic models
A user-friendly version of the population dynamic models developed in collaboration with Simon Wood of St. Andrews
University is now available in a draft version, and is being developed as an education and training tool.  New data on
cadaver loss is being incorporated, and more work is needed to incorporate differences between species, but it is hoped to
have a reasonable working model in the new year. The aim is to use the model to inform users of how the mycopesticide
and pathogen behave and to allow them to explore the benefits of biocontrol relative to chemical alternatives.
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3.D.2:  Descriptive models
A descriptive models incorporating secondary pickup, decay and immigration give close fits to data for trials on Zonocerus
(Langewald et al., 1997) and Oedaleus (Langewald et al., SUBMITTED).

3.D.3:  GIS
Dr. Dan Johnson is working on the incorporation of disease progression data into a GIS model to detail the impact of
meteorological variables.  Current constraint is the lack of reliable and consistent meteorological data.

OUTPUT 4: ECOTOXICOLOGY

Rationale: Evidence of an acceptably low level of environmental impact

4A:  Environmental risk assessment
4.A.1:  Review of current studies
An ecotoxicology profile of Metarhizium anisopliae var. acridum IMI 330189 has been prepared for submission as part of
registration dossiers.

4.A.2:  Host range determination
A full ecotox profile including current data on host range is provided in the report ‘Green Muscle Ecotoxicological
Profile.’

4.A.3:  Environmental monitoring during field trials
A full analysis of trials conducted in 1996 is now available for publication (Peveling et al., 1999).  Medium-scale experi-
mental field applications of two grasshopper and locust control agents, the mycoinsecticide Metarhizium anisopliae
(flavoviride) var. acridum (Deuteromycotina: Hyphomycetes) and the organophosphate fenitrothion, were carried out in
August 1996 in Maïne Soroa, Niger. The objective was to evaluate effects and side-effects on target grasshoppers and
epigeal non-target arthropods, using simple binary (presence/absence) sampling techniques. Plots (» 50 ha, 3 replicates)
were treated at standard recommended dose rates of 5 x 1012 spores/ha (Metarhizium) and 250 g a.i./ha (fenitrothion). The
frequency of occurrence – or total presence – was used as a measure of relative population density. The fauna was moni-
tored at 5 day intervals for 36 days (5 d before and 31 d after treatment) and again in August 1997, using 40 miniature
pitfall traps per plot and sampling date. Presence/absence sampling proved appropriate to detect and quantify pesticide
effects, and the use of similar techniques in rapid risk assessment programs (RAPs) for locust and grasshopper control is
recommended. Both control agents were effective against grasshoppers, reflecting their inherent mode of action and speed
of kill. The efficacy of fenitrothion ranged from 75% to 86% over the 31 d post-treatment period. Metarhizium had an
efficacy of 76% during the last sampling period (3rd to 4th week). Differences between treatments were not significant
during this phase. The non-target indicator species or species groups represented four insect families which together made
up about 75% of the total catch: Carabidae, Tenebrionidae, Formicidae and Ephydridae. All indicators were found to be
reduced by fenitrothion, but statistical significance was only provided in 75% of the cases. The median hazard was 69%
(1st week), 33% (2nd week) and 51% (3rd to 4th week), respectively, and fenitrothion was classified as ‘medium risk’. Most
of the non-target fauna had fully recovered after 31 days, but one ant species was still significantly reduced in 1997, one
year after application. None of the indicators proved susceptible to the mycopesticide. The median hazard was < 25% and
the product was classified as ‘no risk’. The field trials provided further evidence that M. anisopliae var. acridum can be as
effective as organophosphates without threatening non-target arthropods other than orthopterans.

Results from the 1997 trials will appear as part of I. Stolz PhD thesis.

The 1998 trial was carried out at Dogo, Niger.  Nine 50ha plots were selected, each containing half millet and half pasture.
Three each were treated with Metarhizium (50g/ha), Fipronil (2g/ha) or untreated.  Very low grasshopper numbers and
torrential rain interfered with the smooth conduct of the experiment.  Two principal studies were carried out; parasitic
hymenoptera in millet (little difference was noted between the three treatments), and ground-dwelling fauna.  In the latter
study, in the Fipronil plots, ants were significantly reduced, and one species, Cataglyphis diehlii, was no longer found 11
days post-treatment. Two herbivorous coleopterans, the curculionid Dereodus marginellus and the chrysomelid Euryope
rubra, were severely affected by fipronil. Even 5 to 6 weeks after treatment, the relative abundance of these species was
only 11-16% and 1-2% of the control for E. rubra and D. marginellus, respectively, compared to levels of 143-174% and
70-100% in the Metarhizium treatment.. E. rubra was found on 13% and 22% of the Leptadenia bushes in control and
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Metarhizium plots, respectively, but only on 2% in the fipronil treatment. The corresponding figures for D. marginellus
are 70% (control), 49% (Metarhizium), and 1% (fipronil).

4.A.4:  Assessment of risk of epizootics in non-target invertebrates
An assessment of risk was  prepared for South African registration dossier “Safety statement”.  Further work on this topic
is planned as a separate research programme by the Leverhulme unit in collaboration with the university of Helsinki.

4.A.5:  Analysis of risk to reptiles
Field work was carried out in Mauritania on Acanthodactylus dumerlii in October/November1996 and 1997.  In 1996, a
first bioassay (inhalation exposure) with the lizard Acanthodactylus dumerlii did not reveal fungal infections of the
respiratory tract, although attempts to recover spores from lungs however were spoiled by contamination of the test plates.
The measurement endpoints activity, food consumption and body weight were not different among treatment groups
(viable spores, deactivated spores, control).

Trials were conducted in Mauritania October/November 1997.  The intended exposure route was intra-nasal exposure, but
because of the viscosity of the OF-formulation, oral exposure was used. The LD50 was greater than the maximum chal-
lenge dose used in this test (107 spores per g body weight as recommended by EPA).

The methods developed are being incorporated into LOCUSTOX and CILSS standards for the registration of pesticides in
the Sahel.

4.A.6:  Comparison to toxic standards
Chemical insecticides were included as toxic standards in the field trials (fenitrothion) and in the lizard bioassays
(chlorpyrifos and fipronil). Fenitrothion proved moderately harmful to most arthropods (see 4.A.3). However, the fauna
recovered quickly, due to immigration into the relatively small plots (50 ha) in the 1997 trial. Chlorpyrifos was very toxic
to A. dumerlii, both via the oral and the dermal route. The oral LD50 was 23.3 mg a.i./kg (95%-CL: 20.9-25.3) and the
dermal LD50 was » 40 mg. Levels of brain cholinesterase inhibition in field-collected victims were comparable to those
found in test animals (analysis carried out by FAO-Locustox). Further analysis showed that dermal exposure is more
important than oral exposure and explains the massive kills which frequently occur in Mauritania following treatment
with organophosphates. The oral LD50 of fipronil was estimated at approx. 30 mg a.i./kg. Despite the high toxicity, field
mortality is unlikely to occur at current dose rates. Sub-lethal effects on lizards are currently under investigation.

4.A.7:  Development of test protocols and guidelines
Carried out during 1996 and 1997 trials.  The protocols are now being incorporated into LOCUSTOX and CILSS recom-
mendations.

4.A.8:  Avian toxicity studies
The avian toxicity studies carried out by AgCan have been published (Smits et al. 1999). This study, conducted during
June and July, 1997, examined the pathogenic potential of Metarhizium anisopliae to non-target avian species that en-
counter infected insect prey items or contaminated food sources.  Pheasants were exposed to one of three diets, (spore-
coated feed, infected insects, or untreated feed), either from 4 to 9 days of age, or from 35 to 40 days of age. Necropsies
were conducted on birds 10 days and 46 days old. Neither consumption of infected insects, nor of spore-coated feed,
resulted in pathological changes, or significant changes in weight, growth rate, behaviour, or mortality rate.  Histological
examination of organs indicated either no changes related to treatment, or normal tissue responses to antigenic challenge.

4.A.9:  Collaboration with LOCUSTOX
Tests on two aquatic invertebrates, Streptocephalus (fairy shrimp)and Anisops were carried out by LOCUSTOX (Report;
97/1 Marquenie et al). Registration tests to GLP standards on Daphnia  and earthworms were contracted to NPP and
indicated no effect.

Further collaborative work with LOCUSTOX is planned on development of mammalian safety testing protocols in Africa,
and the development of biopesticide regulation guidelines.

4B:  Other safety  and toxicity issues
4.B.1:  Mammalian toxicity studies
Mammalian toxicity studies were carried out under contract early 1997; a ‘toxicity profile’ summarising these studies has
been prepared by an independent consultant as part of the registration dossier.
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4.B.2:  Factory inspection
Both BPC and NPP have agreed to respect LUBILOSA’s gender policy, and conform to extant health and safety regula-
tions in their respective countries (South Africa and France).

OUTPUT 5: IPM IMPLEMENTATION

Rationale: Necessary steps towards the large-scale implementation of LUBILOSA findings. The strategies
for incorporation of Metarhizium  into on-going operational acridid IPM activities became clearer as
phase 3 progressed.  The longer term strategies and the specific associated activities are described in the
LUBILOSA implementation plan, the strategy paper Lomer et al (9) and in the Phase 4 proposal.  For
the sake of uniformity with phase 3 reporting format, we continue to report under existing headings in
this section.  Section 5.C, development of IPM Pilot Sites has been restructured in accord with emerging
realities on the ground

5.A:  Mycoinsecticides in CILSS IPM strategy: LUBILOSA associated programmes

Rationale: National capabilities to use mycopesticides in IPM schemes for the control of desert locusts and
grasshoppers; engage stakeholders; expand awareness of biocontrol option to PV, extension services, farmers
and NGOs.

5.A.2:  Gambia
Farmer participatory trials were conducted in 1998 using EC formulations, total area treated was 30 ha.

5.A.3:  Mali
Activities in 1998 focussed in three main areas; near Mourdiah (north of Bamako), near Douenza (with the participation
of two NGOs; Strømme foundation and Church of Norway), and with PA/MP/AD (formerly SECAMA) near Mopti
(Douro-Kpindou IN PREP (9)).  Activities in Mali demonstrate the continued interest of these two NGOs in using Green
Muscle.  Journées de reflexion were conducted in Bamako and Mopti.
See also section 5.C.3.

5.A.4:  Senegal
Demonstration and training trials were conducted by senior PV agents in all six departments of Senegal; 36 people were
trained (‘training of trainers’).

5.A.5:  Mauritania
See section 2.C.

5.B:  Experimental verification of IPM components

Rationale: No single control technology can solve a pest problem.  Accordingly, the way other control
technologies interact with the use of Metarhizium are explored under this heading.

Trials were conducted on the destruction of egg pods by PA/MP/AD.  Some 10 tonnes of egg pods were collected in
exchange for sacks of millet.  The population effect was transient, as egg collection was confined to farmers’ fields.  Too
much effort was involved in digging outside the cultivated areas, where most egg pods are to be found. Destruction of egg
pods has not been found to be an economically viable control technology.

Samples were collected in the Mourdiah region to ascertain the impact of massive releases of the exotic microbial control
agent Nosema locustae in 1988 under a USAID programme.  Another protozoan of interest is Johenrea locustae from
Madagascar.  This protozoan might be effective as a classical biological control agent, complementary in action to
Metarhizium.

Distribution of cadavers was not found to be a feasible technique, as the impact is too slow.
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The data collected during ecotoxicology trials in Niger will be useful in determining the eventual role of chemical insec-
ticides in an IPM strategy.  Current LUBILOSA thinking on IPM strategies, and how Metarhizium would be incorporated
into on-going control operations, are contained in the draft MS Lomer et al. (9).

5.C:  Mycoinsecticide in farmer participatory trials: development of IPM pilot sites

Rationale: IPM pilot sites are the means by which the LUBILOSA technology is field tested in a fully
participatory context, and the eventual full implementation pathway tested.  The overall philosophy is that
LUBILOSA staff are involved for two seasons, during which spores are provided free of charge.  Subse-
quently, clients must find means to purchase the spores. Through a combination of participatory trials,
socio-economic studies and discussions with national programmes, a development strategy for the im-
plementation of Metarhizium  at pilot sites is emerging.  This section of the report has been restructured
around the developments on the ground in this area.

5.C.1:  Variegated grasshopper, Zonocerus variegatus ZVA
The variegated grasshopper, in addition to cassava, attacks a range of high-value crops, such as vegetables, coffee, pine-
apple, cotton. It is likely that a viable market for Green Muscle 609 will emerge in Côte d’Ivoire and Ghana.  Participatory
demonstration trials were conducted in Ghana on a scale of 30 ha.  Barrier treatments were tested for the first time, and
this reduced treatment time to 10min/ha (Douro-Kpindou IN PREP (9)).  Trials in Côte d’Ivoire are planned.

Studies conducted by D. Müller as part of an SDC training project, have indicated an implementation route to supply
Metarhizium to village groups in the Mono province of southern Benin (Müller and De Groote, 1998 (4)) (see also section
6.B).  Farmers favoured early treatment, applying 20g /ha.

Dose trials showed that even 2g/ha still gave adequate mortality.

A journée de reflexion was held at Lokossa, Mono province, Benin on 3/6/97.

Although it is clear that isolate I91-609 is much more virulent to variegated grasshopper than IMI 330189, the private
companies prefer to concentrate on the locust and Sahelian grasshopper market with IMI 330189.

5.C.2:  Senegalese grasshopper, Oedaleus senegalensis OSE
Niger is the country most affected by Senegalese grasshopper, and is the country with which LUBILOSA has the longest-
standing and closest relationship.  Of necessity for a highly mobile pest, control operations are the responsibility of the
government, enacted through the Plant Protection Service (PV).  Development of a co-ordinated IPM strategy incorporat-
ing Metarhizium is one of the key elements of LUBILOSA phase 4.  Re-orientation of government and donor policies will
be a major task, and a prerequisite for the large-scale implementation of bio-intensive IPM in Niger.

Some NGOs are active in Niger, and in the Zinder region, BIT (ILO) supported the application of Metarhizium on 150 ha.
Similarly, in Tahoua, local NGOs were involved in the application of Metarhizium against Rice grasshopper attacking
sorghum.

Journées de reflexion were held in Maradi and Niamey in 1997, and training of trainers in Maradi and Dosso (13 and 14
people, total 27 respectively) on 11 and 19 November 1997.  A further 19 PV agents and 53 village extension agents were
trained in March 1998.

5.C.3:  Less mobile Sahelian grasshoppers
A complex of less mobile Sahelian grasshoppers including Kraussella amabile, Hieroglyphus daganensis, Diabolocatantops
axillaris and Cataloipus fuscocoeruleipes also affects crops in the Sahel.  For the control of these species, farmer and
NGO involvement is much more feasible than for Senegalese grasshopper.  Furthermore, the role of PVs in crop protec-
tion in the Sahel is declining, and several externally funded NGOs are active in integrated rural development schemes.
This socio-economic environment is particularly suitable for the development of integrated grasshopper management
schemes having Metarhizium as a major component.  This implementation route is being explored in Mali and Chad.

In Mali, collaboration with the NGO SECAMA/Misereor/PA/MP/AD in the Mopti region continues.  We expect PA/MP/
AD to purchase spores in 1999.  In Douenza region, a new collaboration has been initiated with the Strømme foundation
and the Church of Norway.
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In Chad, participatory trials were conducted in five villages, involving the NGOs SAILD, PSANG, ONDR/PSAP, World
Vision and SECADEV.  A journée de reflexion organised in December 1997 was very well attended (including the
Minister for Agriculture) and reported on Chad television.  This was followed up with a training of trainers in Ndjamena,
6 – 8/1/98, attended by 35 people.

In northern Benin, a journée de reflexion was held in Kandi 8 – 9/7/97, followed by training of trainers in Malanville (24
people for six days).  This was again followed up with training of brigade members and farmers (16 people) in Bali
(Malanville) and Birni Laffia and Kargui (Karimama).

5.C.4:  South Africa; Brown Locust, Locustana pardalina, LPA
Locustana pardalina (Walker) has its outbreak area in the semi-arid Karoo area of South Africa and southern Namibia.
This locust has the highest outbreak frequency of any of the world’s locusts and there have only been 5 years in the past 50
when no control campaign was mounted in the Karoo. Before the 1940s, when effective control measures (organochlorine
BHC) became available, Brown Locust swarms used to regularly escape from the Karoo recession area and threaten food
security in nine southern African countries up to the Zambezi river. The locust is a certified pest in South Africa, and
control operations are organised by the government.

The current control strategy is to control outbreaks within the Karoo before swarms can migrate to the grain producing
areas in the Free State and North West Province and in the neighbouring countries. Although locusts do damage the
grazing in the Karoo and compete with sheep for fodder to some extent, the main aim is to keep swarms out of the
cropping areas and in this regard the South African locust control organisation has been very successful. Locust targets are
controlled by spot application of synthetic pyrethroid insecticide (Deltamethrin UL) to roosting hopper bands and fledg-
ling swarms. However, the repeated application of broad-spectrum insecticides in the unique Karoo biome is being in-
creasingly questioned by conservationists and landholders.

LUBILOSA partner company BCP (Biological Control Products) has invested in Metarhizium production capacity, and
has submitted a registration dossier to the South African authorities.  The development of an integrated strategy for Brown
locust control will rely on an evaluation of the environmental value of conservation areas, and the damage by chemical
pesticides.  GIS will be needed to evaluate the appropriate times and places for Metarhizium use, compared with other
areas where faster-acting chemicals may be appropriate.

5.C.5:  Desert locust
Implementation of Desert locust IPM will be pursued through the FAO EMPRES programme.  See 7.D.

OUTPUT 6: SOCIO-ECONOMIC STUDIES

Rationale: Socio-economic studies are carried out to identify the main factors needing attention in order to
support a wide implementation of LUBILOSA findings. In order to increase the accessibility of results
under this heading, a series of LUBILOSA Socio-economics working papers has been initiated.  See
section (4) of the LUBILOSA publication list.

6.A:  Cost-benefit analysis
Data on the millet yield saved by the application of Metarhizium were collected at the end of the 1997 trial in Niger.
However, the distribution of millet throughout the treatment plots was highly uneven, and the data could not be given a
thorough statistical analysis.  Nevertheless, the exercise was useful in developing analytical techniques based on multiple
linear regression analysis which were applied in Madagacascar and in the 1998 trial.

The 1998 trial in Niger was designed so that each plot contained half millet and half pasture (see section 4.A.3 for
experimental details).  However, grasshopper incidence was very low in 1998, and again, data may be compromised (De
Groote et al., 1999 (4: 99/8).

The costs of the mycopesticide were analysed in the Cotonou production plant.  Previously published data indicated a
production cost figure of around $20 per ha for a standard dose of 100g/ha (De Groote in LUBILOSA, 1997).  Field trials
in 1998 gave satisfactory control at 50g/ha, reducing costs to $10/ha.  Formulation, shipping and application cost an
additional $1.4, $3.3 and $0.7 respectively for aerial application.  Ground application further increases application costs
to about $7 per ha.

The medico-economic study carried out by V. Houndekoun has been re-analysed and presented at a meeting of the Ameri-
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can Agricultural Economics meeting, and will be published.  The costs to human health were estimated at $0.15/ha,
livestock losses $1.5/ha and destruction of obsolete stocks at $0.10/ha.  This gives a total cost of externalities of chemical
pesticide treatment of $1.75/ha, a small but significant amount (Houndekon et al., (9 and 4: 99/3)).

6.B:  Analysis of farmer perceptions (Willingness to pay)
Research on willingness to pay was carried out in Mali and Niger in 1997.  In Mali, farmers indicated a willingness to pay
about 5000 CFA/ha ($7), about 10% of the value of the crop.  In Niger, the inhabitants of the treatment zone (sedentarized
Fulani) do not have an area measurement unit and cannot therefore express yield except in terms of total per family.  This
came to an average of CFA 240,000, which also comes out to about 10% of the crop value at $7 per ha (Attignon et al.,
1998 (4: 98/3)).

Farmer participatory trials in southern Benin, progressed through an initial topical PRA in Hontoui.  Then participatory
technology development trials were conducted in 5 villages nearby.  Farmers compared dose rates, sprayers and applica-
tion strategies.  The dose rate selected was 20g per ha.  ULVA-plus sprayer was selected over the Pompi - although more
expensive, the higher work rate was appreciated.  The selected application strategy is to treat aggregations of young
nymphs.  This area of Benin is intensively cropped, and these aggregations are accessible.  However, in other areas of
coastal West Africa, these aggregations may be in impenetrable bush (Muller et al., 1999 (4: 99/2).

Conclusions were that sales of Green Muscle 609 to farmers’ groups would be viable, although the total annual demand
has not yet been estimated.

An attempt to develop a cheap ‘artisanal’ production system was abortive owing to the high degree of contamination.  An
interesting spin-off to this attempt, however, is the development of robust Beauveria isolates, growing on oil palm waste.
This is not being pursued by LUBILOSA, but by a student project at IITA (I. Godonou PhD thesis IN PREP).

6.C:  Macro-economic studies/Market analyses
Data on the market size for a Zonocerus-specific mycopesticide in Ghana and Côte d’Ivoire have been collected, but not
yet analysed; much of the data obtained from government offices is too highly aggregated to be useful.

For Sahelian grasshoppers, the market will be through NGOs and PVs.  See Section 7.

For Desert locust, most sales are likely to take place through FAO procurement, and a series of meetings with the FAO
EMPRES programme have taken place recently.

Other potential locust markets include Brown locust in south Africa, Red locust in Mozambique, Tree locust in Kenya and
Sudan, Elegant grasshopper in Kenya and Moroccan locust in Morocco, Europe and the ‘Stans.  Data are being collected
on crop areas at risk and the value of their production.

The interest in establishing such markets is two-fold.  Firstly, the existence of these markets allows commercial companies
to invest in production plant, from which favourable purchasing terms may then be agreed to farmers unable to afford the
full cost of production.  Secondly, demonstration of feasibility for some markets demonstrates that as the cash economies
of currently poor farming systems develops, markets for Metarhizium will emerge  (De Groote et al., 1999 (4: 99/7)).

6.D:  Gender issues
The LUBILOSA gender policy statement has been widely distributed, and is accepted by LUBILOSA’s commercial part-
ners.

A student project on gender and pest control was carried out in Benin, and confirmed suspicions that women have less
access to pest control technology than men.  In particular, they sometimes apply pesticides by carrying a bucket on their
heads and using a brush - inevitably, this leads to increased exposure to pesticide (Gerard, 1999 (5); De Groote et al., 1999
(4: 99/5)).

A workshop on ‘Gender issues in Crop Protection’ was organised by DFPV.  A network has been developed, in which
LUBILOSA participates.
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OUTPUT 7  REMOVING CONSTRAINTS TO THE UPTAKE OF
METARHIZIUM MYCOPESTICIDE

Rationale: The LUBILOSA implementation plan (Dent, 1998b (8)) identified a number of constraints to
the uptake of biological pesticides.  Activities were structured to address these constraints.  Registration
dossiers will now be submitted by LUBILOSA’s commercial partners.

7.A:  Technical specifications
The technical specifications for Green Muscle have now been stabilised.  A short, public, version is shown below and a
full, confidential version forms part of the companies’ licensing agreement between LUBILOSA and the commercial
companies.

7.B:  Technology transfer, IPR and commercial agreements
A case study is being prepared (Dent et al. (8)). Licensing agreements have been signed with BCP and NPP.

7.C: Registration documentation and FAO submission
Submissions to the FAO Pesticide Referee Panel were made in 1997 and 1998 (Bateman, 1997 and 1998 (8)).  These were
accepted, and Metarhizium IMI 330189 is now recommended by FAO for locust control in environmentally sensitive areas
(FAO Pesticide Referee Panel report for 1997 and 1998).

Safety data sheet, ecotoxicological and mammalian toxicological profiles form part of the dossier submitted to the FAO
pesticide referee panel, and were transferred to the companies under the terms of the licensing agreements.  BCP submit-
ted their dossier to the South African authorities in November 1998, and this has been accepted (Neethling and Dent,
1998 (2); Dent, 1999 (8)).  The registration was treated under existing pesticide regulations. NPP submission to CILSS is
took place in April 1999.

7.D:  Collaborative links
7.D.1:  FAO EMPRES
The most important collaborative link is with the FAO EMPRES programme.  A joint mission (Christiaan Kooyman for
LUBILOSA, Dan Swanson for MSU and Bernhard Zelazny for GTZ) took place in February/March 1998.  A full report is
available (EMPRES, 1998), and has led to the development of the Core Research Team concept, through which the
various partners involved in biocontrol of locusts will collaborate.

7.D.2:  Other links
USAID VPI project.

Madagascar is currently severely affected by a plague of African Migratory Locust (Locusta migratoria) and to a lesser
extent Red Locust (Nomadacris septemfasciata).  LUBILOSA has been requested to assist through three separate chan-
nels.

USAID/PACT are funding a research project co-ordinated by MSU.  LUBILOSA will assist in alternative technology
mass production, spore separation and storage.  However, this project aims to develop indigenous pathogens only
(Metarhizium SP9) and has rather unclear objectives.

Hugo De Groote participated in a GTZ/World Bank review mission in February 1998.

Christiaan Kooyman participated in two missions for the African Development Bank.

LUBILOSA has collaborative links with the following organisations: University of Bath and Reading (UK), University of
Basel (Switzerland), BBA, ICIPE, NARES of South Africa, Sudan, Benin, Niger, Mali, Gambia, Senegal, Burkina Faso,
Chad, Côte d’Ivoire, Ghana, LOCUSTOX, Agriculture and Agri-Food Canada and various other more informal links.

7.F:  Regulatory framework
Lack of regulations specifically relating to biological pesticides has been highlighted as a constraint to the implementation
of microbial control world-wide, but specifically in Africa.  A case study of LUBILOSA experiences registering Metarhizium
with BCP under pesticide registration regulations in South Africa has been prepared for presentation at an EMPRES
meeting in Cairo, April 1999 (Dent et al., 1999 (8)).
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The System-Wide Programme for IPM Beneficial Micro-Organisms task force (http:/www.cgiar.org/
spipm/tf/bmo/index.html) is conducting a world-wide survey of biopesticide regulations, in collabora-
tion with OECD and FAO.

7.G:  Public awareness
7.G.1:  Journées de reflexion
The ‘journée de reflexion’ is a means of public awareness-raising much favoured in francophone West Africa.  Local
heads of extension services, farmer group representatives, NGOs and other stake-holders are invited (with per diems and
food provided) to listen to a morning of technical presentations, followed by group discussions.  We held two such sessions
in 1997, one in Lokossa (Mono, southern Benin, 3/6/97)and one in Kandi (north Benin; 8 - 9/7/97).

Sessions were held in 1998 in Bamako and Mopti, Mali, and during the LUBILOSA partner’s meeting in Niamey; then in
Zinder, April 1998.  In Chad, a meeting was held in December 1997.  In Benin, at and Kandi.

A product launch was held at Pinetown, South Africa in March 1998 (LUBILOSA, 1998a (7)).

7.G.2:  Preparation of materials
• Six issues of the LUBILOSA newsletter have been sent out.
• The Web site has been updated and moved, now at:

 (http://www.cgiar.org/iita/research/lubilosa/index.htm)
(Administratively, in the CGIAR, LUBILOSA falls under IITA’s project 3, Biological Control and Biodiversity, in the
Plant Health Management Division.)
• The Green Muscle users’ handbook is available in English and French, and a version for South Africa is available.
• The Technical Bulletin set will no longer be published, as an excellent technical manual has been published by

Academic Press (Ed. L. Lacey, Manual of techniques in insect pathology).
• A second slide set was prepared and distributed at Niamey partners meeting1998.

A full list of deliverables is available in Section 6 of the publication list.

OUTPUT 8: PROGRAMME MANAGEMENT
8A:  PMC Meetings
PMC14 Délémont, Switzerland, October, 1996
PMC15 Eschborn, Germany, December 1997
PMC16 Den Haag, Netherlands, November 1998

8B:  Partner’s  meetings
8.B.1:  1996 Cotonou
8.B.2:  1997 Bamako
See report LUBILOSA 1997 (7)
8.B.3.  1998 Niamey
The 1998 LUBILOSA partner’s meeting took place 27 - 30 April 1998.  A meeting report is available (LUBILOSA 1998
(7)), containing full details of LUBILOSA partner field trials conducted during the 1997 field season.  The meeting was
attended by PV directors for the first time, also a representative of Calliope for NPP.  The results of the EAC mission were
presented, and broadly accepted by the participants.

Four working groups split up to examine the following issues:
• Politics, supply and funding of pesticides
• The 1998 campaign
• Information
• Gender issues

Reports were presented in plenary session, and a discussion on the implementation of use strategies ensued.  The draft
LUBILOSA phase 4 proposal was found to have too much emphasis on Product Stewardship, and was expanded to include
use strategies and information/stakeholder engagement.
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8.C:  Programme meetings
Programme meetings were not funded in phase 3, and took place on an ad hoc basis whenever a critical mass of project
scientists were present in one place.  Programme meetings were held at SIP meetings in Cordoba, Spain in 1996 and
Banff, Canada in 1997.  A programme meeting was held in Niamey in 1998 after the partners meeting.

8.D:  Review
The first external advisory committee (EAC)review took place in Ascot, Sept/Oct 1997.  The EAC thought it likely that
LUBILOSA would meet its principal objectives, of having a Metarhizium-based mycopesticide on the market and in use at
at least one pilot site.  However, they considered that its use would not be sustainable without further support (‘product
stewardship’), also that the LUBILOSA expertise should be applied to the development of further mycopesticide products.
The EAC also commented that an implementation project should be implemented to assure a sustainable future of the
novel technology in W-Africa.

Second EAC review was held immediately prior to PMC16.

MISCELLANEOUS NOTES
Taxonomy
A recent submitted publication by Driver, Milner et al, based on sequence data of mitochondrial DNA, revises the tax-
onomy of Metarhizium.  For the first time, the name ‘var. acridum’ is formally proposed as part the genus Metarhizium
anisopliae.  This is in agreement with LUBILOSA’s findings in this area, and the variety corresponds with ‘Group 3’ of
Metarhizium discussed in Lomer et al., 1997 (2).  However, the authors favour placing this variety in the species ansiopliae.

The new correct taxonomic appellation for the active ingredient of Green Muscle is therefore Metarhizium anisopliae var.
acridum (MAVA) or Metarhizium anisopliae (flavoviride) var. acridum.

FIGURES

Figures 1 - 3 Metarhizium spore production at Cotonou pilot plant 1996 - 1998
Figure 4 Spore longevity model
Figure 5 Grasshopper counts in Maine Soroa 1997 trial (800 ha plots)
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