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The approach of the twenty-fifth anniversary of the founding of the
International Centre of Insect Physiology and Ecology coincides with
important changes in the leadership, shape and content of a unique
international scientific research institution in Africa, and for that matter, in
the world.

ICIPE was the vision of Professor Thomas R. Odhiambo who together
with other scientists, brought what was originally a modest institution into
being and nurtured it over the years into an institution which came 1o be
recognised for its uniqueness, scientific excellence and innovation, Here
was a Centre which long before political leaders and scientists alike did so,
recognised fully the importance of the abuses heaped on the environment
everywhere and the need to ameliorate them. ICIPE was amongst the first
to include in its mandate a focus on studying ways and means ol controlling
harmful insects by biological means. The Centre thus became a pathfinder
and innovator in the area which today has come to be accepted universally as the
concept of 'sustainability’. All who over the years have had the privilege of working with
Professor Odhiambo take pride in knowing that his concepts and convictions are as valid
today as they were a quarter of a century ago, and that they were forged and
strengthened by a son of Africa.

From the seminal days of ICIPE’s founclition to the present time, much useful and
important scientific worlk has been done, frequently in difficult and sometimes turbulent
conditions created by the ever-present uncertainty of financial support, It is fitting here
to pay special tribute to the Centre’s loyal and devoted staff who understand clearly their
dual responsibilities as scientists and Africans. Their efforts and work, most recently in
the area of semiochemicals, and particularly those of locusts, are well recognised
internationally. Important worlk has also been done in the control of crop pests, a good
part of it in collaborative arrangements with other research centres. More recently, ICIPE
has moved into R&D of neem-based pest and vector control. A major contribution of
ICIPE has been its strong focus on human resource development at all levels. Thus,
when Professor Odhiambo lays down his responsibilities as ICIPE's first Director in
March 1994, he leaves to his successor a wealth of accumulated knowledge upon which
ICIPE's future endeavours can be structured.

When ICIPE's new Director designate assumes his responsibilities in the second half
of 1994 it will be his challenging task, together with his Governing Council, and his staff,
to take a long, reflective, and realistic view of ICIPE's future scientific role, which will
simultaneously involve the establishment of high standards of performance and quality
of research. Ata time when international material support to scientific research has come
under increasing scrutiny in terms of its relevance and costs, ICIPE will need to focus
on ways and means of optimising its scientific research and training efforts in
collaborative arrangements with other international institutions working in the areas of
agricultural, medical and environmental investigative research. By so doing, ICIPE's
research activities should become truly complimentary and cost-effective within a
setting of global scientific partnership aimed at the reduction and ultimate elimination
of hunger and disease and the conservation of our natural resource bases.

William T. Mashler
Chairman
ICIPE Governing Council

William T. Mashler



Prof. Thomas R. Odhiambe

The 1993 divide
ond the future of ICIPE

The year 1993 was a pivotal period for the entire ICIPE community, in at
least two senses. It was the final year of a three-year process of ICIPEs
restructuring, reprogramming, and replanning to begin to meet the
challenges of a contemporary world in which the expected peace
diviclend arising from the demolition of the Cold-War era did not extend
to Africa and its institutions. Tt was also the year in which I, as the founding
Director of the ICIPE, decided to step down from the leadership of what
has become a pioneer centre of advanced research in Africa. Consequently,
the time was fraught with uncertainties because of strategic realignments,
and shrouded in danger because of the imminent change of guard.

At this juncture, one could well ask the question: What were the major
problems that the founding fathers of the ICIPE encountered in the design
andl establishment of the ICIPE as a centre of scientific and educational
excellence in the then prevailing geopolitical and intellectual environment
of Africa a quarter of a century ago? How were they overcome? And are there new
concerns that the contemporary generation will require to address and overcome so
as to assure the Centre of an uninterrupted place in the sun?

Three disabling intellectual problems stand out as the most enduring contextual
issues of the late 1960s and the succeeding decade. First, the grovelling lack of
confidence in self by the great majority of African scientists that they indeed possess
the capacity to create and nurture a rich intellectual environment e situ For vigorous
scholarship and innovative research. Their hunger for working and affiliating with the
then existing centres of excellence in Berkeley, Harvard, Cambridge, Paris, and Tokyo
was not only organic but also persistent; it was an act of valour even to persuade them
to begin the ICIPE adventure into home-grown excellence, presumed to be dormant
in the African person. Second, there was an abject lack of confidence of Africa’s
geopolitical and geocconomic leadership in Africa-centred scientific research and
technological development (R&D) as a means ol resolving Africa’s priority problems
of development. And, third, there was an insistent new-found philosophy that Africa
can only develop with the help of human and technical assistance from the
industrialised North — in spite of the contrary evidence over the past 300 years of the
African Diasporz.

Qurapproach was to advertise internationally For voung scientists at the postdoctoral
level, and select the brightest talents from the respondents on exactly the same world-
wide scule of scientific quality and productivity. In this way, we almaost invariably
picked a cadre of first-class African scientists as well as other bright young postdoctorals
from around the world. This self-confident young group worked under the general
supervision of world-renowned scientists, who visited the ICIPE two or three times a
yeuar, helping to design experiments, analyse the results, and get the young scientists
known professionally in the world. By the mid-1970s, the ICIPE Research Centre was
a hive of productive activity, a highly stimulating intellectual environment, and already
giving the promise of approaching the solution ol lile-size problems of tropical pests,
This circumstance opened the ICIPE research community to the experimental introcuction
of resident programme leaders, and by the beginning of the 1980s, this thrusting and
bright community had adequate confidence in its own 7 situ programme leadership
and direction to phase out the practice of appointment of non-resident visiting directors
of research. Consequently, cooperation on research and education between the ICIPE
and other advanced scientific institutions around the world became a reality because
of its shared excellence and productivity, But the ICIPE had gone further — by insisting



on being relevant to tropical pest and vector management problems, especially the most
difficult ones which had previously defied resolution, such as trypanosomiasis and crop
borers, malaria and locusts.

The extensive planning and discussion which prefaced the establishment of ICIPE's
key educational and partnership networks in the early 1980s — the African Regional
Postgraduate Programme in Insect Science (ARPPIS), and the Pest Management
Research and Development Network (PESTNET) — brought the African governments
and science-oriented institutions in the continent into a realisation that high-level human
and institutional building in Africa, as well as science-led development, were not only
possible within Africa’s own internal resources, but that it was possible to accomplish
their set goals in a rewarding and productive manner.

Perhaps one of the most path-blazing accomplishments of ICIPE's R&D was the
design, development, and interactive field testing of ICIPE’s visually attractive, odour-
baited tsetse trap in the late 1980s. The intense, multi-disciplinary research that had
preceded the emergence of the ‘NGU supertrap’ — including the discovery of the blend
of urine-associated chemical attractants from the buffalo and other potential tsetse hosts —
gave promise that demand-driven R&D, if well-designed, and if informed by social and
economic research, may well lead to community-based, cost-effective solutions to
Africa-specific pest and vector management problems. That lesson was well learnt, and
is being applied to problems of vectors of human tropical diseases (especially
leishmaniasis and malariz), to the banana weevil, and to other priority problem areas
of ICIPE's concern,

In the intellectual and social environment of the 1980s, ICIPE's management
philosophy and technological methodologies have evolved to the point that it can
replicate its successes in other science-related concerns — provided the vision and
means are congruent with the goals and incentives of the leadership of the ICIPE and
its constituents.

But the constituents are changing rapidly — becoming progressively impoverished
and directionless. The financial means and foreign partnerships are fast becoming
threadbare as a result of loss of foreign interest in Africa. The emerging challenge for
the ICIPE — that of creating a new horizon for the dawning sun of the 21st century —
is to initiate steps for the Centre to have an Africa-centred, self-confident governance,
just as it has already mobilised an outstanding, self-confident African scientific,
technical, and managerial staff. A

Over the last 15 years, the ICIPE staff have become very largely African, while
maintaining a world-class research productivity and excellence; the Centre has, at the
same time, continued to have a porous system of recruitment, which has guaranteed the
selection of first-class extra-African staff, In the same manner, the membership of the
highest governing bodies of the ICIPE should boldly go out to transform themselves into
a preponderantly African institution, while still deliberately selecting a certain number
of key extra-African members to provide a measure of piquant flavour and singular
wisdom.

Nonetheless, in the last analysis, ICIPE must continue its chosen path of undertaking
excellent scientific research, important technological development, and demand-driven
productivity in regard to the type of science-led development work that the ICIPE and
other R&D institutions are beginning to undertake in Africa.

The continent is now ready for science-led, knowledge-intensive production and
tracle. The ICIPE beacon is there for all to see, and the ICIPE should have the self-
confidence and manifest courage to lead the way. It is what the founding fathers of the
ICIPE would earnestly wish to bequeath to the contemporary staff, the incoming
directorship, and the yet-to-be-transformed governance.

[—-—‘—;:H“_EE"L\‘S"H—'—:E

THOMAS R. ODHIAMBO
Outgoing Director, ICIPE
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Governing Council 1993

Dr. William T. Mashler, Chairman
Professor Toshitaka Hidaka
Professor Heinz Rembold

Dr. Michael Ashburner

Professor Fotis C. Kafatos

Dr. Sitali M. Silangwa

Dr. Robert W, Sutherst

Dr. Moctar Toure

Dr. Victor Rabinowitch

Professor Constantina Safilios-Rothschild
Professor Peter Esbjerg

Dr. John Williams Meagher
Professor Jacob Lifangi Ngu

Dr. B. E. Kipkorir

Professor 5. O. Keya

Dr. Moise Mensah

Professor Thomas R. Odhiambo



ICIPE Donors
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African Development Bank (ADB)

Arab Fund for Economic and Social Development (AFESD)
Danish International Development Agency (DANIDA)
Directorate for NGO, International Education and Research
Programmes (DPO) — Netherlands Government

European Economic Union (European Development Fund)
Finnish Government

The Gatsby Charitable Foundation

German Academic Exchange Service (DAAD)

German Academic Ministry for Economic Cooperation (BMZ)
Institute of Molecular Biology and Biotechnology — Greece
International Bank for Reconstruction and Development (World Bank)
International Development Research Centre (IDRC)
International Fund for Agricultural Development (IFAD)
Japan Society for the Promotion of Science (JSPS)

Kenya Government

Norwegian Government

The Rockefeller Foundation

Swedish Agency for Research Cooperation with Developing Countries
(SAREC)

UK Natural Resources Institute (INRD)

UK Overseas Development Administration (ODA)

United Nations Children’s Fund (UNICEF)

United Nations Development Programme (UNDP)

United Nations Environmental Programme (UNEP)

The Wellcome Trust

World Wildlife Foundation
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Iniegrated pest and vector
management (IPVM)
technology development
and adaptation to suit
local conditions
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Calendar Highlights

35 May. The 23rd Annual Research Conference reviews the ‘Role of Population Biology
in TPM" in 18 papers and posters presented by ICIPE scientists, The Conference closed with
the Annual Guest Lecture, delivered this year by Dr. Mark Byung Moon Suh, a noted
economist and political scientist, who riveted the audience with his talle, entitled “The
science and Technology Policy of Japan and Korea: From Copy to Self-Reliance’, about the
carefully planned industrial revolution in Asia.

5 May. Mr. John C.P.Olela wins the 1993 ICIPE Medal for
Innovative Research for his serendipitous discovery of a
beautiful butterfly, Junenia orithya whaose larvae
preferentially feed on young shoots of Striga hermonthica.
Striga (the witch weed) is the scourge of farmers in Africa.
The parasitic weed strangles graminaceous crops, as well
assugarcane; thusfar, no conventional method of contral,
including weedkillers, is effective against Stiga. In field
experiments conducted after his normal working day, Mr.
Olela demonstrated that mass-reared larvae are able to
controlup to 80% of the weed. Here, Mr. Clela receives his
award from the Hon. Z.T. Onyonka, as Prof, Odhiambo
(left). Dr. Suh and the Hon. Dr. Awetahegne Alemayehu,
Minister for Agriculture of Ethiopla, look on,

1 June. ICIPE appolnts a new Deputy
Director for Research in Prof. Kailesh N.
Saxena, who for nearly a decade has
served as Programme Leader of the Crop
Pests Research Programme. Saxena,
Professor of Zoology at the University of
Delhi for over 17 years, was recently
honoured by the International Biographical
Cenfre, Cambridge, UK. as ‘International
Man of the Year’ 1992-1993, and was listed
in ‘Men of Achievement’ (1992). Prof.
Saxena Is plctured here inthe screenhouse
af the Mbita Point Field Station discussing
sorghum selection with a staff member,

In another important appointment, Mr.
Vinod Tandon was appointed Financial
Manager atICIPE. Prior to his appointrment,
Mr, Tandon was the Director of Finance
with Zambia's Forestry and Forest Industries
Corporation Limited.

13 June. A 15-man international media team spends three days at ICIPE, travelling as far
as the Nguruman and Marigat field sites to gather information fora series of features focusing
on the fightagainst rural poverty in Africa. Arising from this visit, a number of documentaries
broadcast in Europe and Asia and feature articles on tsetse and desert locust control have
generated great interest in ICIPE's work.,



18 June.Massrelease of Cotesia flavipes. anatural

enemy of thestemborer Chilo partellusthat attacks
maize and other cereals, occurred in three
locations along the Kenya coast, About 30,000 of
the tiny wasps, which lay their eggs in the borer
larvae, were released at each site between May-
July, 1993, Here, Project Leader Dr. W. A. Overholt
(2nd leff) opens up the vials contalining the wasps.
Looking on are Mr. W. Malinga, Director of the
Kenya Agriculfural Research Station at Mtwapa
(centre), Dr. P. Patfs of the Swedish Agricultural
University and ICIPE fechnician K. Gitonge (leff).
Recoveries of the wasp through December, 1993
indicate that C. flavipes has reproduced In the
field for af least 8 generations without additional
releases.

8 October. A well-attended Banana
Farmers Field Day, organised by the
Crop Pests Research Programme at
Ovyugis in western Kenya, exposed
farmers fo improved cultural
practices and farm management
techniques developed by ICIFE to
reduce loss from serious banana
pests. The farmers were infroduced
to new varieties of banand and to
simple farming implements for
banana cultivation. Prof. T.R.
Odhiambo (leff) and Programme
Leader Dr. K.V, Seshu Reddy show
the Hon. Simeon Nyachae, Kenya
Minister for Agriculture some useful
products made from banana fibre,
as Dr. L. Otieno (far right) looks on,

A Tsefse Management Field Day at Ole Karamatian and
Shompole Group Ranch, Ngufuman in SW Kenya provides an
occaslon for ICIPE scientists and cattlemen of the ranch to
renew theirjointcommitment to controlling fsetse inthisnagana-
endemic region of East Africa. Dr. L. Otleno, Programme Leader
presents a copy of the 1989 Award for Innovdfive Resedarch to
the Chairman of the ranch. The award was shared by the tsetse
research group at ICIPE and members of the ranch for
development of the community-based tsetse programme.

25 November. Tokyo and Tsukuba, Japan's ‘Science City’,
were the sites of the 5th ICIPE Mobile Seminar. Maobile
seminars provide ICIPE with a forum to get its message
across 1o well-wishers and collaborators around the world.
Previous seminars have taken place in Stockholm, Brussels,
New York and Addis Ababa. It is fitting that this first seminar
in the Far East should take place in Japan, whose eminent scientists and institutions have
lent support to ICIPE, from the early planning meetings (attended by Prof. Koji Nakanishi),
to membership of the ICIPE Foundation and the Governing Council. The theme of the
seminar was ‘From Entomological Sciences to Biorational Insect Pest Management'. The
programme included presentations from eight ICIPE scientists (including the Director, Prof.
Thomas R. Odhiambo), and from Japanese researchers in universities, institutions and
industry.




Native natural enamies
important mortality factors
in the life histories of
stemborers. This Chilo
partellus larva was
dmbushad by ants during
migration between host
plants. Application of
insecticides would have
killed the ani predator.

MAIZE & SORGHUM

The introduction
and widespread

cultivation of maize

has undoubtedly
led to an increase
in abundance of
stemborers by
providing a highly
nutritious and
readily available
food source with
little natural
resistance fo borer
attack.

1993 overview of
research on ICIPE’s targel pests

Improving food security is the cornerstone of ICIPE's mandate, Although world arain
production increased favourably to 1,745 million tonnes in 1992, these global figures
mask the harsh reality of food scarcity in Africa, South Asia, and many other tropical
developing regions: in 1993, the world's poor were spending between 60 to 80% of their
incomes on food; over 184 million malnourished children of preschool
age are to found in the developing countries, At current rates of
population growth, yields of food crops per hectare must increase by
at least 40% in the next two decades if the current level of food
availability is to be maintained, even at its presently unsatisfactory
level. In addition to drought and land degradation, damage to crops
by insect pests, whether in the field or during storage, is a major cause
of foad loss.

ICIPE's Crop Pests Research Programme (CPRP) has been active at
the global level in contributing to the search for new paradigms of pest
management. The biointensive pest management (BIPM) strategy that
ICIPE advocates is based on the premise that pest populations can be
reduced to, and maintained at, levels below the economic thresholds
by manipulating the agro-ecosystem, while eschewing the use of
chemical pesticides. By promoting natural regulating mechanisms,
ICIPE's approach is in tune with the current global concern to
conserve biological diversity, at the same time recognising that pest
control is only part of the total effort needed to obtain sustainable
yields,

The BIPM approach includes an integrated application of IPM strategies such as host
plant resistance, cultural practices, biological control, botanical control, and supportive
tactics such as the application of pheromonal biclogy and crop loss assessment. In 1993
ICIPE’s CPRP concentrated on four major tropical food crops and their insect pests:
maize, sorghum, cowpea and banana. Highlights of this research, and that carried out
by scientists in PESTNET (see IBIRI section of this Report) are reported herein.

Maize (Zea mays) was introduced into West Africa about 400 years ago and into East
Africa atthe end of the last century; maize is now the most widely grown cereal in Kenya
and many other parts of East Africa. Sorghum (Sorghum hicolor) is indi genous to Africa
and is considerably more drought resistant and nutritionally balanced than maize. Both
of these important coarse grain crops are attacked by a complex of stemborers, two of
which are target pests of the CPRP: Chilo partellits (the spotted stemborer) and Busseola
Jusca. The introduction and widespread cultivation of maize has undoubtedly led to
an increase in abundance of stemborers by providing a highly nutritious and readily
available food source with little natural resistance to borer attack. Yield losses due to
stemborers are estimated at 20—40% in maize and sorghum in Africa.

Assessing crop losses

Before deciding on the BIPM control measures to be applied, and whether they are
worth the anticipated cost, the farmer needs to know at what larval densities grain vield
will suffer significant losses and consequently when intervention is needed: this is

called the economic injury level (EIL). A mathematical model was developed during
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the year, based on a simple binomial sampling
(presence or absence of the damage) method, that
relates the proportion of plants infested with the
mean larval population density for the whole field
and with the projected grain yield. This model will
form the basis for a rapid sampling technique for
farmers that will allow them to decide if the EIL has
been reached by sampling only a few plants in each
field.

Using plants’ natural resistance

Investigations into the mechanisms by which maize
and sorghum resist attack by their major pests, and
development and improvement of crop cultivars that
combine pest resistance with other desirable attributes,
such as high yield, continued in 1993. In maize,
consolidating the gains made in 1992, a third cycle of
selection was completed in two populations. Selected
5, lines showed high levels of resistance to different
types of damage caused by C. partellus. Two of the
maize populations developed are at the pre-release
stage in K.cnya, wh‘ile. work on multiple borer GilenFiics Harbution
resistance, important in areas where more than one of the spofted stemborer,
borer species is a threat, is being initiated. Chilo partellus, in Africa.

Screening maize genotypes for resistance against B. fusca has been done by This destructive pest of
PESTNET scientists working in Zambia. Of 16 recommended for testing by the national ggmuf:o%ﬂﬁm -
maize breeding team, two were resistant to foliar damage and three to stem tunnelling. 1932,

Sorghum improvement and development activities concentrated on improving the
level of stemborer resistance in high-yielding and adapted sorghum varieties and
hybrids. The work on developing multiple resistance to stemborer and shootfly

11+



yielding

HYD-6 davalqmdby ICIPE
sclentists (150 cm hejght,
average yleld of 8.5 l/fha).

This focus on
sorghum, a
traditional crop
often neglected by
researchers,
stresses ICIPE’s
concern for the
welfare of
subsistence farmers,
particularly in
marginal areas,
who often lack the
cash needed to
purchase the
fertilisers required to
bring about high
maize yields.
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bioassays of  plant
allelochemicals for insect
oviposition response.

Stressing the ‘culture’ in
agriculture

Research in cultural
approaches Lo pest
management aims  at

improving crop health by
reclucing insect pest density
and damage through a better
understanding and
management of cultural
practices. Cassava, cowpea,
groundnut and beans all
proved to be suitable non-
host crops in intercropping.
The three legumes effectively
reduced stemborerattack on
maize by 28% compared to
the monocrop.

A new cropping pattern
alternative, strip-relay
intercropping, whereby a
cereal is planted
simultaneously in strips of
34 rows with an earlier-
maturing legume followed
by a second crop of legume
in the same season, was
designed by CPRP scientists
this year. This systemreduces
insect pests and increases
productivity, while allowing
more intensive cropping.

(Atherigona soccala) continued. Four elite sorghum
hybrids and three open pollinated varieties are now
in the pre-release stage of evaluation in Kenya. This
focus on sorghum, a traditional crop often neglected
by researchers, stresses ICIPE's concern for the
welfare of subsistence farmers, particularly in
marginal areas, who often lack the cash needed to
purchase the fertilisers required to bring about high
maize yields.

A methodology for eliciting Busseola fusca
ovipositional response has been developed, using a
surrogate stem mace of wax paper. Gravid females
laid more eggs on the surrogate stems than on
susceptible INB-A maize stems. The methodology
can facilitate both the mass rearing of B. fz.{sc:cz and

.S)‘dp wfdfhs of 3or 4 rows of cereal a/femafhg wiih .s:m//ar rows of
legumes offer the same insect pest reduclion polenficl as the
fradifional single alfernate row infercrop. bul are easier fo manage.
Shown here are maize variely ICZ-5 thigh yielding. pest-resisfant) ond
cowpea vanely ICV-2 (aphia-resistant).

The effect of shrip relay cropping on the yield of first and second
cowpea crops and on land use intensification in coastal Kenya

Cowpea Yield (kg /ha)
Maize Yield

Cropping System (kg/ha) 1stCrop 2nd Crop
Maize + cowpaufcuwpnn 4838 1004 an
(strip relay cropping)’
Maize + cowpea/cowped 4784 267 58
(Single alternate row)
Maize cowped relay® 4682 0 270
Maize monocrop 4808 0 0

‘Sfﬂp relay cropping in 3:3 row ratios (see texh)
Rulny intercropping with 1:1 row ratios
JRalay planting where cowped is planted at about 8 weeks after

maize



Biocontrol for beating the borers

Two major groups of biological control agents. parasitoids and
pathogens, have been studied in CPRP for the management of
cereal pests.

Pathogens. Use of microbial pesticides, such as bacteria, fungi
and viruses, which are pathogenic to insects, is now an established
practice in IPM. The formulation and timing of application of the
entomopathogenic agentin the field are two of the most important
factors which determine the pathogen's effectiveness, Once the
emerging stemborer larvae penctrate the stems, they will be
protected from any pesticide applications. Field evaluations were
carried out on the bacterivm Beacillis thuringiensis (BO) and the
fungus Metarbizitm entisopliae. Aqueous formulations of Bf gave
higher levels of protection than granular formulations made from
ground sorghum flourand At However, since granular formulations
are likely to be popular with fFarmers living in areas lacking a clean
water supply for pathogen preparation, or in sites with multiple
generations of insects, work on formulating granules is continuing,
New formulations of Bfwith enhancing agents (to stimulate larval
feeding) and with UV protectants (to prolong field persistence) are
being developed.

Parasitoids. A pest management strategy that has been successfully used against many
intraduced pests is classical biological control, whereby natural enemies of a pest in its
aboriginal home are introduced into the area the pest has invaded. The ICIPE and
Wageningen Agricultural University (WALU) in the Netherlands are jointly implementing
a project to introduce exotic parasitoids of C. pantellus into Africa. One promising exotic
natural enemy of C. partellus is Colesia flavipes (Cameron), a small braconid wasp
imported by the project into Kenya in 1991 from Pakistan. Cofesia flavipesis a gregarious
endoparasitoid that attacks stemborer larvae in the plant stems. The female parasitoid
injects about 40 eggs in the host which eclose (hatch) after about 3 days. The emerging
parasitoid larvae feed internally for 1012 days and then exit the host
by chewing through its integument,

Sampling of maize, sorghum, and three species of large-stemmed
wild grasses revealed that Chilo partellus was the most abundant
stemborer, and may be displacing the two indigenous stemborers in
the coastal region. Field releases of C. flavipes were made at three
locations on the coast from May to July in 1993, Continued recoveries
of €. flavipes indicate that the parasitoid population developed
through at least 11 generations on its own after release in the field.
If recoveries are made during the long rains of 1994, it will be strong
evidence that C. flavipes has been successfully established in Kenya.
Sampling of several wild perennial grasses showed that Sorghum
arundinacenm, in particular, may serve as a reservoirand favourable
site for egg-laying (oviposition) for the stemborers during the dry
season, thereby ensuring a steady supply of host larvae for sustaining
the parasitoid.

The role of semiochemicals in host-finding behaviour of Cotesia spp. is being
studied, and morphological and biochemical studies are being conducted to clarify the
taxonomic systematics of three Cotesia species that cannot easily be distinguished by
their external appearance, In addition to the above, the mating behavior, population
genetics, and pheromonal biology of €. flavipes are topics for study in the ICIPE-WAU
project. ‘
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The larval feeding of
stembaorers disrupfs
translocation in maize
plants, thereby decreasing
the availability of nutrients
and water for grain
production..In young
plants. Stemborer feeding
can cause a condifion
known as ‘dead heart’,
which resulfs in death of
the plant before grain
fermation,

Cotesia flavipes parasifoids
locate suitable hosts by
responding to odours
emanating from infested
plants and stemborer frass
(waste products). Once the
hest is found, the female
wasp injecis about 40 eggs
into the stemborer. :
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Combining three IPM
componeanis reducas
stemborer aftack in malze
fo levels obfained affer
insecticide application. H-
511:suscepfible variafy,
ICZ3:stemborer-resistant
variely, mono:monoculfure,
sirip:strip-cropping, Bt:
insect pathogen,
neem:bolanical ageni.

In Zambia, Busseola fitscat was found to be the most abundant borer species in the
Mt. Makulu area. The percentage of borers parasitised by Cotesia sesamiae in sorghum
were as follows: B. fusca (33%), C. partellus (10%) and S. calamistis (9%). In maize,
these were B. fusca (25%) and C. partellus (20%), showing that B. fusca is the most
highly parasitised borer, and that sorghum favours a higher parasitism than maize,

Botanical control of stemborers

Resource-limited farmers in developing countries need low cost, non-polluting pest
control agents if they are to achieve sustainable management of pests. Natural plant-
derived substances (botanicals) can provide a renewable and locally available supply
of IPM control agents. One such botanical, alreacly well known for its pest control
properties, is neem (Azadirachta indice). This tree, which thrives even in marginal
zones, is widespread in both Africa and Asia. Although neem is not toxic, it hampers
the growth, development,

reproduction and :

- 2 g T g Grain yield in farmers’ Chilo partellus-infested sorghum plotsreated
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saccharine infestations. Grain yield in neem-treated
maize plots was equal to that obtained with insecticide
(Furadan 5G) treatment, and was 1.5 times higher
than controls in sorghum.

PESTNET scientists working in Zambia are testing
the use of Tephbrosia vogelii aqueous extracts as
botanical insecticides. Field trials this year showed
that a 15% w/v extract conferred the best protection
against stemborers and the Cicedduiding spp. leafhoppers
which transmit the maize streak virus (MSV), however
the disappearance of Colesia sesamide parasitoids
from treated fields indicates this strength of extract
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\oZ? 23, Bt e was also killing non-target organisms. Work on this
L aspect is continuing. A simple extraction method,
suitable for adoption by small scale farmers has been

developed.

Designing an IPM menu

Farmers’ adoption of technology is a step-wise process, in which the farmer eventually
selects the technology that best suits his/her socio-economic circumstances, ICIPE has
emphasised in the past decade several alternative crop pest management strategies:
host plant resistance, cultural practices, biological control, and use of botanicals. How
will the farmer make use of these IPM components — singly, on ‘a la carte’ basis, or
‘cafeteria style’, by combining the components in different ways? When strip cropping,



use of an insect-resistant maize variety, and application of Btand neem were combined,
these components were able to protect the crop to the same level as application of the
systemic insecticide, carbofuran,

Cowpea ( Vigna unguiculata) is an important intercrop with cereals in the tropics. The
major pests of cowpea include the pod borer (Maruca testulalis), the aphid (Aphis
craccivore) and thrips (Megalitrothrips sjostecti).

Studies on 14 cultivars of cowpea in 1993 showed that aphid resistance is simply
inherited (monogenic) with resistance being dominant to susceptibility. Some
morphological traits, such as peduncle colour, determinancy, ete., were found to be
loosely associated with aphid resistance, and linkage studies indicated that the genes
controlling these traits are in the same linkage group as the aphid resistance gene, Redc,
This information should therefore enable plant breeders to select aphid-resistant lines
based on these morphological traits,

In the Kwale-Kilifi Adaptive Research Project (see below), coastal farmers expressed
their preference for growing three pest-tolerant cowpea genotypes in on-farm tests,
because of their reaclily apparent higher grain yield. The three genotypes tested showed
a superior performance over local checks in terms of aphid and to some extent, Mearuca
pod borer infestations. Early-planted cowpea suffered from foliar damage due to
Ootheca beetles but the damage could be minimised by planting in larger areas. ‘Early’
intercropping of maize with cowpea proved to be an acceptable improvement over the
local practice of ‘relay’ intercropping; the former practice involves simultaneous
planting of both crops.

COWPEA

Banana-based IPM for the Lake Victoria Basin

Bananas are the primary source of dietary carbohydrate for over 400 million people
worldwide, Of the 69 million tonnes global production, about 35% originates in Africa.
In eastern Africa, two important banana pests, the banana weevil, Cosmopolites sordidus
and the root lesion nematode, Pratylenchus goodeyi are major constraints to banana
production. The former pest can cause yield losses of up to 100% when it tunnels into
the rhizome and sometimes the pseudostem, causing it to fall over with its unripe bunch,
and as studies conducted by ICIPE in 1993 at the Agricultural Research Institute (ARID)
in Maruku, Tanzania show, even low infestations of
weevils severely affect the sprouting and establishment of
banana corm.

Under a BMZ-funded collaborative project, ICIPE has
been working to quantify and reduce yield losses in
banana from pests, using a non-chemical IPM approach
in the Lake Victoria Basin countries. CPRP scientists are
developing suitable cultural practices and cropping systems
that will ultimately result in higher yields by reducing the
weevil and nematode populations.

Intercropping with groundnuts resulted in a decrease
in groundnut yield at 3 x 3 m spacings, as compared to 5
x 5 spacings, suggesting that a leguminous intercrop is
best planted during early seasons of banana establishment
to avoid excessive shading, However, banana yields were higher at the closer spacing
hecause of an increase in the number of bunches per unitarea. On the other hand, ICIPE
researchers advise caution when selecting a suitable intercrop or when practicing crop
rotation in banana-based cropping systems. Sampling of plants in a P. goodeyi-infested
ficld showed that sorghum, maize, potatoes, and tomatoes act as hosts to this nematode.

' BANANA
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Also implicated as host was the popular agroforestry species Leucaena leucocephealea,
as well as nine herbaceous weeds. A low-cost hot water treatment of banana suckers
has been developed which is effective in disinfecting the banana planting material from
weevils and nematodes.

Stocking the banana germplasm bank

VR TR :
il \ LSRR | During 1993, another 30 diverse banana cultivars were

added to ICIPE's germplasm collection at Ungoye in
Western Kenya, making a total of 167 cultivars, Re-
classification of the 294 entries held at the ARI in Maruku
left 151 taxonomically distinct cultivars being maintained.
Of these, 14 have been identified as being resistant to
both weevils and nematodes. The cooking types of
banana were found to be generally more susceptible to
these pests.

Banana-based trapping technology

Cosmaopolites sordidusis one insect pest that is especially
difficult to control with insecticides. The weevil larvae that do the damage are deep
inside the plant tissue, and are therefore inaccessible to spraying. Furthermore, the
weevil is unusually long-lived, with an average lifespan of over two years. Therefore,
trapping is a more efficient and environmentally benign method of reducing weevil
numbers.

Banana pseudostem (the non-woody false stem that supports the leaves) has been
shown by ICIPE scientists to emit a blend of volatile compounds, some of which the
weevil responds to. Continuous use of a simple trap, made by splitting the pseudostem
into two pieces, and laying them at the base of the banana mat in a field of a susceptible
cultivar brought about a 42% increase in the number of bunches and a 26% increase
in bunch weight over a one-year period.

Socio-economic aspects of banana culture

A socio-economic survey of farms in three areas in Western Kenya showed that
although sale of bananas provided about 42% of their income, poor management
practices were reflected in high infestations of both weevils and nematodes, resulting
inlow yields. ICIPE is addressing all of these issues, through its research and technology
dissemination activities. As an outreach activity of the BMZ/ICIPE project, distribution
of over 2000 clean suckers from a banana nursery in Kenya to 150 farmers in Bukoba
District in Tanzania was done in 1993. The farmers had first been familiarised with the

technologies developed by the project in a seminar.

Wedding the social and biological sciences

Two ICIPE projects to enhance the methodology and models of interaction among
social and biological scientists for effective technology dissemination have been
initiated since 1992. For effective dissemination of new technologies, a step-wise
adoption process is necessary. At each step, social scientists and biological scientists
work together, to ensure that farmer participation and understanding is maximised.
Three phases of the dissemination process which ICIPE uses are as follows:

= In the first phase, ICIPE scientists collaborate with scientists from the national
network ‘on-station’ (in this case, the Kenya Agricultural Research Institute [ICARI]
stations) to test the IPM combinations best suited for local conditions.



= In the second phase, the most successful combinations are taken ‘on-farm’, to the
small holdings of coastal farmers, and tested in partnership with the farmers
themselves, Fine tuning of the technologies to local conditions is done at this stage,
and comparisons between the farmers’ traditional practices and the ‘new’ technologies
can easily be made. :

e In the third phase, the farmer herself/himself manages the trial with only occasional
advice from the scientists.

The Interactive Socio-Economic Research for IPM Development (ISERIPM)
Project

Funded by the Rockefeller Foundation, this project is a collaboration among scientists
from CPRP, the Ministry of Agriculture of Kenya, and the Kenya Agricultural Research
Institute (KARID with the ICIPE's Social Science Interface Research Unit (S5IRU) staff. The
project is based in the Coast Province of Kenya, and uses three IPM technologies
developed at ICIPE's Mbita Point Research Station: improved maize and sorghum
genotypes, strip cropping, and use of a biological control agent, 5t. A new cropping
system, ‘strip-relay intercropping’, described earlier, was developed to enhance
indigenous coastal relay cropping practices. Further studies have demonstrated that
cassava, a popular food at the Coast, has the same potential for reducing stemborer
attack when used as a companion crop with maize.

In two other studies aimed at manipulating common intercropping systems, the
appropriate timing and combinations for relay planting are being examined. Indications
are that farmers’ current practice of relay cropping cowpea 6-8 weeks after maize has
no stemborer reduction potential. Preliminary results witl the use of stemborer-resistant
maize indicate that three genotypes can serve different categories of farmers provided
the farmers can be properly grouped according to their management capabilities.
Testing 16 sorghums indicate that the genotypes react differently in different locations;
three have been selected for phase 2 of the project.

Evaluating the biological control agent, Beacillus thuringiensis on cultivars of maize
or sorghum infested with natural populations of stemborers and testing the acceptability
of the different formulations by small-scale farmers is another ongoing activity of the

ISERIPM project.
The Kwale-Kilifi Adaptive Research Project

Launched in 1992, this UNDP-funded project focuses on farmer-participatory evaluation
and adaptation of two of ICIPE's TPM strategies for minimising crop losses due to insect
pests in two districts of coastal Kenya. Pest-resistant or pest-tolerant genotypes of maize,
cowpea and sorghum, as well as cultural practices such as intercropping, are being
tested on-station at KART and on-farm in 20 small holdings.

Ten farmers participated in on-farm testing of five of ICIPE's most promising maize
genotypes, under three fertiliser regimes. The farmers themselves evaluated three of
these to be acceptable {rom their point of view. Qualities that were judged most
favourable, in addition to yield and pest resistance, were cob size, early maturity and
husk cover.

On-station testing of four resistant/tolerant sorghum genotypes showed a tendency
for levels of stalkborer incidence to increase with fertiliser regime level, but with the
stalkborer-tolerant entries best withstanding pest attack. The relationships of crop
production practices with crop protection are being studied further. In on-farm testing
of three promising sorghum genotypes identified last year, two showed 15-30% higher
yield potential than the local variety; farmers also evaluated the relative resistance to bird
attack favourably.

See also BCERU, TABU, MBRU, BMRU, SSIRU, BTRU and IBIRI sections of this repart,

Research in crop pests was funded in 1993 by BMZ, Rockefeller, UNDP and donors to the Core Fund.
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Distribution of the desert
locust, Schistocerca
gregaria in Africa and
the Middle East.

Locusts and grasshoppers pose a major threat to agricultural production and food self-
sufficiency, especially in Africa and Asia. Locust plagues commonly follow periods of
drought, at times when reserves of food and human resources are minimal. Localised
crop losses of 100% are possible, and regional losses of 20% are not uncommon. The
long-term social and political costs of locust plagues, which can bring financial ruin to
the poorest of farmers, are harder to assess,

1 Recession areas
[C1Invasion areas

Of the nine major
species of locusts
and grasshoppers,
the desert locust
has the highest
potential for
agricultural
destruction. This
single species has
the potential to
invade 29 million
square kilometres,
posing a threat to
60 countries in -
Africa and Asia
holding over 10% of
the world’s
population.

The solitarious-phase locusts, whose recession zones extend
over millions of square kilometres, are compelled by biclogical
and climatic forces to congregate as gregarious-phase forms, The

-7 o
=S flightless immature hoppers crowd together in marching bands,
and the adults in swarms that can fly over 300 km a day,
Combating the enormous swarms containing hundreds of millions
o of individuals with pesticides is expensive, and often not cost-
) b effective, Furthermore, the application of pesticides over such
: vast areas results in incalculable damage to the environment and
Ty ; to non-target organisms in particular,
§ The primary objective of ICIPE’s Locust Research Programme
(LRP) is to develop an environmentally sustainable locust
o management and control strategy. In 1993, the LRP concentrated
its efforts on the desert locust, Schistocercea gregetriet ; LRP plans
to extend its activities to cover other species in future. Ofthe nine
" km major species of locusts and grasshoppers, the desert locust has
0 1500 the highest potential for agricultural destruction. This single
species has the potential to invade 29 million square kilometres,
: - 1. Two distinct desert locust aggregation
posing a threat to 60 L4 /j pheromone systems, one fornymphsand
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The integrated pest E_ L locusts have been uccumpllshad._Thls
= i pheromone appears to have a primer
management (IPM) = d P f y activity of speeding maturation of young
approach to locust | &, [ ] adults.
controlisnotanentirely 174 " | 3 one of the active components of the
new concept. Here _ o I “d mature male pheromone blend is specific
again, the locust makes ~ _" and can be used as a marker for this
history, The first use of rvy [‘__ | state.
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is using state-of-the-art techniques to discover the keys to locust biochemistry and
behaviour which will in turn provide the biorational basis for new control strategies. The
target now is to keep the desert locust permanently solitarious by interfering with its
gregarisation process. This requires a thorough understanding of the intra- and inter-
specific signals modulating behavioural and phase changes in the insect as well as of
the ecological conditions evoking such transformations.

Getting in synch

The key to swarm formation is the synchronised behaviour of millions of insects at the
same stage of development. Synchronisation must occur at several crucial stages in the
life cycle of the locust: moulting, maturation, mating, egg-laying (oviposition). All of
these activities appear to be regulated by semiochemicals — chemical messages sent
from one organism that produce a response in another. During 1993, major steps have
been made in fitting together the pieces of the puzzle of locust synchronous behaviour.
Scientists from LRP in collaboration with the Behavioural and Chemical Ecology
Research Unit (BCERU) of ICIPE, have made substantial progress in characterising and
identifying locust semiochemicals.

Oviposition. The desert locust
hatches from frothy pods of eylindrical
eggs laid in moist sand by the gravid
females. The egg [roth contains
volatile substances Cvolatiles which
ICIPE scientists have now shown to
evoke a response in the antennae of
other gravid females, indicating the
presence ol olfactory receptors for
these semiochemicals. Behavioural
bioassays show that the volatiles are
very potent in stimulating an egg-
laying response: 82% of gravid females
oviposited when exposed to the

: The Red Sed Coast of
volatiles as compared Sudan is where ICIPE
to 18% in response to :gna’ducts f;a; ;fm;ios ar;r the
e =] of the dese
:‘;té'}‘:_;;'[;‘;?“s‘ ‘*j:';‘zj locust This vast semi-arid.
Gt recession zone holds the
synchronised egg- clues fo gregarisation
laying behaviour of  behaviour.
females is therefore the
result of chemical
communication vfa
oviposition  aggregating
pheromones
(semiochemicals
produced and
perceived by members
of the same species).

Late instar nymphs of the desert locust feeding bn Helictropium sp., c:né df thelr
preferred host plants.
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Moulting. After hatching, the hoppers (nymphs) undergo five moults; each successive
stage between moults is called an ‘instar’. Experiments conducted to study moulting
show that synchronisation is low for first instars (38—45% moulting within 24 h), but
increases progressively, with 75-92% undergoing synchronous moulting from the 5th
instar into the immature adult or fledgling stage,

Maturation. After the last moult, the immature locust adults have developed wings and

are able to fly. Last year, ICIPE researchers demonstrated that mature males produce
a volatile phermone signal that accelerates the maturation of the immatures. The
substances in this signal are emitted about six days earlier by immature males when they
are exposed to the mature males than when they are kept alone, confirming the
maturation-accelerating effect of the male adults.

Mating. Sexual communication in the
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solitarious desert locust has been studied

Older adults
- in two different experiments this year.
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been detected by GC-EAD analysis. Two
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females 20-28 days after the last moult.
The role of acoustic signals emitted by
females as a form of sexual
communication has been ruled out in another experiment. Males were able to
successfully locate females, even when their wings were glued together, supporting the
pheromonal method of sexual signalling.
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Gregarisation

Outbreaks of gregarious groups follow successful breeding. Population size can
increase 10-30 times in each generation. As their numbers increase and they become
more crowded, changes in the behaviour and physiology of the insects occur. ICIPE
scientists working on gregarisation behaviour have discovered that volatiles emitted by
sexually mature males produce an aggregation response in both male and female
adults, but not in nymphs. Six electrophysiologically active substances have been
identified in the blend, with phenylacetonitrile comprising 75-85% of the volatiles.

It is now apparent that there is a distinct pheromone system operating in nymphs,
and that the juvenile aggregation pheromone is produced by both sexes. Adult insects
do not respond to the nymphal pheromone, indicating the presence of one or more
components inhibitory to adults. In olfactometric bioassays, nymphs of crowded
locusts also responded to volatiles derived from the faeces of young adults, but not to
those of sexually mature adults. This suggests that faecal volatiles are part of the
aggregation pheromone complex of Schistocerca gregaria, which includes the
pheromone blends produced by the nymphs and older adults. GC-EAD and GC-MS
analysis showed that the predominant components of the volatiles of the faeces of
nymphs and young adults are guaiacol and phenol, whereas the faecal volatiles of
sexually mature adults contain a third important component, phenylacetonitrile.

Investigations of pheromone production by field populations of the desert locust
were conducted at the field base at Port Sudan on the Red Sea Coast. Comparable data
were obtained from both field and laboratory-reared locusts. In addition, population
dynamics studies were carried out and models to estimate population densities of late
instar nymphs and fledgling adults have been developed.



Marking maturation and gregarisation

behavioural pattern. In order to assess what phase an
individual locust is in, a ‘marker’ can be used. One of the
volatiles produced by mature gregarious males and found
also in their faeces, appears to be specific for this
physiological state. Another tentatively identified volatile
appears to be associated with the gregarious state, but its
identity and role in the pheromone blend await further

investigation.

The colour of the haemolymph of solitarious locusts is

Gregarisation is a physiological process as well as a cHy
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greenish whereas that of the gregarious phase is yellow, " i
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Visible absorption spectroscopy has
been used to differentiate these colours
and an index relating the absorbance
values at 460 and 680 nm is being
developed to reliably distinguish the
solitarious from the gregarious forms.
Vitellogenin titres have been correlated
with the onset of maturation in adult
females.

Locust-host plant relationships

Desert locusts eat a variety of foods,
and observations of lecust feeding in

Gas chromatogram of
Schistocerca gregaria
aggregalion pheromone.
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the Red Sea coastal plain show that locusts prefer annual grasses and forbes to Panicum
turgidum, which has always been considered an important host plant. Locusts move
from grasses to Panicum tussocks when the former dry up. The volatiles emitted by
host plants contain several groups of compounds to which the insects respond, shown
by GC-MS to be mainly acetates, propionates, alcohols and aldehydes. EAG analysis
has shown the acetates and/or their corresponding alcohols to be the most stimulatory.
Work is continuing to determine what effect, if any, desert plants have on locust

feeding response and gregarisation behaviour. Raising locusts on wheat produced the
most fecund and the most solitarious individuals, which developed to the adult stage
in a shorter time than when they were raised on kikuyu grass, Pennisetum cladestenum
or on cabbage. When vegetation dries up, locusts may turn to cannibalism, as field and
laboratory tests have shown. This is particularly true of older nymphs and fledgling
adults.

Biocontrol of locusts

Locust pathogens are found in natural populations, and probably serve to retard the
insect in the wild. The protozoan parasite, Malamoebea locustae shows great potential
as a biocontrol agent, because of the high mortalities it can inflict (80-85% in 7-9 weeks)
and because of its persistence within the population by transovarial transmission from
one generation to another. Studies to assess the reproductive potential of locusts
infected with M. locustae have demonstrated that the pathogen causes a decrease in
the maturation, fecundity and longevity of locusts who survive its lethal effects. The
precipitin band of vitellogenin, an indicator of reproductive health, decreased in
diseased individuals, and ovarian weight and development was retarded. Although egg
laying continued in five

infected filial generations (F,
68 to Fs), the age-specific fertility
_A—d—a—a—a—i~a Control : i
_A index (M,) was considerably
60 A/‘ lowered, and the
s survivorship curve showed
i a gradual decline; this
=44 indicates that a chronic
= infection with the protozoan
E 36 could act in reducing locust
o ‘ population build-up.
%23_ i 2 x 10%cysts/ml Studies on the defense
c _gm0—0=0—0—0—0-0—0—0"0 mechanism of S. gregaria to
) ~ P 3 | 1 e 2 =
% 201 e Fﬂ:g_ e—a—s—s—* 2 x 107 cysts/ml M. lm,uéch'e‘ .lntll(_d.‘[(_ tlm_t
| P phagocytosis, involving type
12 - 3 granular haemocytes, is
3 ,..nr"n"‘::’-' 0 responsible for clearance of
b ~° e : ; i i : R | i the pathogen. The cellular
8 10 122 % 16 1B 20 22 24 26 28 30 32 34 response o Infecion i
Timia i weaks associated with humoral
factors, such as
Q%%’gﬁﬁg"éﬁ five phenoloxidase and lectin. The lectin showed bands at 80kD and 650kD, and is similar
genarations of locusts to that isolated ‘from Locusta migratoric; antiserum to the lectin inhibits agglutination
when the parents were of M. loctistae cysts.
gs&%mg;h . Another entomopathogen, the fungus Beauveria bassiana is being studied for its
Malamoeba locustae. The - capacity to control the desert locust. Spraying of an eoil-formulated suspension on
pathogen was fransterred nymphs brought about an LTs, of 10 days in the field cage trials. After 20 days, a
‘ﬂ;ﬂ:mﬂﬂdfﬂmﬂm A mortality of 85% was attained with the oil-based spray, and 71% with a simple aqueous
gf‘mg mﬁ,’f,’,ﬁ. b suspension. The fungus became less effective at lower humidities, higher temperatures

and increased exposure to UV light.



The above two pathogens have an additive effect.
Applying both the fungus and the protozoan together
brought about a significant decline in the LTs, compared to
the pathogenic effects of the individual pathogens. Work on
improving the efficacy of biocontrol agents is continuing,
and a broad-range biocide of protozoan origin is being
tested against both L. migratoric and S. gregevric.

It is a biophysical attraction

Locusts respond to differences in shapes and colours, and
this information can be used in designing monitoring
devices, or traps. Locusts show a maximum response Lo a
combination of blue and UV light (see 7992 ICIPE Annticl
Reporh), and prefer vertical or pointed objects in wind tunnel
tests. Studies on the effect of light intensity on the orientation
of the locusts to radiation indicate that solitarious males are
more active at light intensities of less than 100 lux, whereas
gregarious males taterate brighter conditions, and remain
active up to 400 lux.

Collaboration and networking

Currently the LRP has.a collaborative agreement on
semiochemicals research with the Pheromone Group of the
Department of Biological Sciences, Lund University, Sweden.
There is also a joint effort on some aspects of desert locust
neurophysiology with Prof. 5. Yagi of the Ministry of
Agriculture, Forestry and Fisheries, Tsukuba, Ibaraki, Japan.
The Programme is developing a joint proposal on electronic
tracking of locusts and grasshoppers with the Applied
Physics Laboratory, Johns Hopkins University and the
Rangeland Insect Laboratory, Bozman, Montana, USA. A Memorandum of Understanding
between ICIPE and the Government of Sudan regarding field research on the desert
locust was signed in 1991 and has since been implemented.

Five PhD scholars (two from Egypt, two from Sudan and one from Senegal) are being
supported by the Programme, under the ARRPIS training scheme, as part of the
networking arrangements between the ICIPE and the locust-affected countries. In
addition, there are five other PhD scholars (one from Burkina Faso, two from Kenya and
two from Sudan) who are conducting their thesis research on desert locust at ICIPE but
are not fully funded by the Programme.

The Programme received many requests for locust material from laboratories and
institutions around the world. These include Oxford University, UK; University of East
Anglia, UK; Jomo Kenyatta University of Agriculture and Technology, Kenya; University
of Oldenberg, Germany.

See also the BCERU, MBRU and IABU sections of this Repor.
The following donors sponsored locust research In 1993: IFAD, SAREC, AFESD and UNDP,

The life stages of the desert
locust: five instar hoppers
and the adulf, all shown
50% of true size.



TSETSE

Masai herdsmen and ICIPE
scientists (fop leff)
exchange views about
tsefse management
strategies inthe
.community-based Isetse
‘control project at
Nguruman in south-wesi
Kenya.

ICIPE's thrust on
tsetse research is
vector
management,
through control
strategies that are
environmentally
safe, socially
_acceptable and
‘within the reach of
the resource-poor
local community.
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Livestock play a crucial role in virtually all agricultural systems. Other than producing
milk and meat, they provide traction, fuel, hides and manure for crops. They contribute
to regional development through their multiple roles as a basis for food security, a
means of storing wealth, and an item of trade and barter.

The two major discases affecting livestock production in Africa are the trypanosomiases
(nagana) and the tick-borne discases (TBDs). These diseases and their arthropod
vectors were the targets of ICIPE's Livestock Pests Research Programme (LPRP) once
again in 1993,

The tsetse [ly (Glossine spp.) is the vector of a disease complex, the trypansomiases,
which is unique to Africa. Nagana (animal sleeping sickness) and the human form of
the disease are caused by parasites of the Tnpanosoma genus, which are transmitted
by the fly when it bites its host for a blood meal.

The tsetse infests over 10 million km? spanning 37 Alrican countries; expansion of
the tsetse belt is occurring in some regions, especially those left fallow due to war or
civil strife. Tsetse-infested land constitutes about one third of the total area of eastern
and southern Africa, with Rwanda and
Burundi almost entirely under tsetse
threat, and Tanzania and Mozambique
over three quarters infested. The disease
is most prevalent in the subhumid zone,
which has the greatest potential for
agricultural development.

The three major intervention methods
currently used in the light against African
trypansomiases all have serious
disadvantages. For example, the use of
drugs against the rypanosome parasites
in livestock, either as prophylactics or as
therapeutics, is beset by the problems of
drug resistance, the high recurrent cost
of the drugs and the logistics of delivery,
Many of the methods aimed at controlling
the population of the Glossina vector,
e.g., aerial or ground spraying, are too
expensive for the poor countries of the South. The introcuction of trypanotolerant cattle
such as the N'dama of west and central Africa into tsetse-infested areas has not been
very successtul, due to the severity of the tsetse chalienge and to the high pathogenicity
of the trypanosomes,

A disease as complex as trypanosomiasis is most effectively tackled through an
integrated approach, including the combination of environmentally sound land-use,
cost-effective vector management, strategic use of trypanocidal drugs and introduction
of trypanotolerant breeds where appropriate. The main objective of ICIPE's thrust on
tsetse research is vector management, through control strategies that are environmentally
safe, socially acceptable and within the reach of the resource-poor local community,
In pursuit of this objective, the LPRP has concentrated its efforts this year on studies of
the ecology and hbehaviour of tsetse, on the epidemiology of trypanosomiasis, and on
adaptive research which stresses community participation in tsetse control,



A method was developed for estimating
the daily natural mortality of tsetse. The
method is based on the prevailing

Glossina austfenl, aspecieswhich hasso
far not responded well to the existing
frap-types, was found to be successfully
afiracted to a medified version of the

Host blood from goats, pigs and rats
were shown fo enhance trypanosome
(T. congolense) infection, but blood from
cattle and other wild bovids suppressed

Analysis of alleles of thetsetse population
showed that although severe drought
during the year in Nguruman affected
the survival of G. pallidipes and

consequent populations, there was no
avidence that cne segment of the
population was more vulnerable to the
prevailing dry conditions than others.

Feeding ticks on cattle immunised with
solubilisedtick midgut anfigensfollowed
by treaiment using low doses of
ivermectin produced a profound
reduction in tick engorgement.

The tick parasitoid, Ixodiphagous
hookeriwassuccesstully introducedinto
new areas where the parasitoid has not
been previously reported.

Aqueous suspensions of ftwo
entfomopathogenic fungi, Beguveria
bassiana and Metarhizium anisopliae,
induced heavy tick mortaliies under
natural field conditions.

Monitoring the link between disease
and vector in Nguruman

In 1990, ICIPE began a pilot programme of
tsetse suppression in Nguruman in
southwestern Kenya. The project employed
ICIPE-designed NG2B traps in an area of
about 100 km? of the Nguruman escarpmernt,
at a trap density of 2-3 traps/km? Within
only 10 months, the population of Glossine
pallidipeswas reduced by 98-99% relative to
the area outside the suppression zone. In
1993, the study area was enlarged to cover
about 1000 km?. The enlarged area offers a
bigger challenge in studying tsetse
suppression by use of traps, particularly with
regard to fly movement. Studies on tsetse
movement showed that although flies move
widely, they prefer to move from the open
woodlands towards the more densely
wooded escarpment.

The severe drought in 1993 drastically
reduced fly survival and consequently the
population densities of Glossina pallidipes
and G longipeniis. In spite of the very high
fly mortality observed, there was no evidence
that one age group of the population was
more vulnerable than another to the dry
conditions experienced during the year
However, other climatic factors, especially
temperature and humidity, played an
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(). and double band (5F). This genetic fingerprinting can be used to
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Testing of family goats for
the presence of
trypanosomes at Ole
Karamatian and Shempole
Group Ranch in Nguruman.
Goat blood Is an ideal
medium for cuffuring these
agenfs of animal s!oepmg
sickness.

important role in regulating genotype
frequencies of the wild fly population.
Rare PGI alleles disappeared during
suboptimal conditions and reappeared
when conditions bhecame more
Favourable,

Trypanosomiasis was monitored in a
sentinel herd kept in the study area.
Whereas no parasitologically positive
cattle or goats were identified in the latter
half of the year when the work was done,
immunodiagnosis using antigen ELISA
suggested that many animals had
trypanosomiasis. There were very few
infected flies detected; an average of
1.5% G pallidipesand 2.5% G. longipennis

‘ : were diagnosed to have a trypanosome
infection. Tl'll'-': would explain why trypanosomes were virtually absent from the herd.

A method was developed for estimating the daily natural mortality of tsetse, The
method is based on the prevailing proportion of old flies and is similar to the mean
parous method used for mosquitoes. Using this method, the daily mortality rate was
found to vary between 2-5% for both male and female flies. Estimation of tsetse
mortality due to natural causes and removal by trapping is an important tool in
evaluating the feasibility of managing tsetse populations using recently developed
trapping technologies,

Designing tsetse traps

Trapping is an environmentally benign way of reducing tsetse numbers to levels where
they no longer pose a serious threat to man or livestock. Tsetse use both visual and
olfactory stimuli when locating their hosts. Knowledge of the ﬂy:, ceology and
behaviour in the vicinity of a Fae : - -
potential host can provide clues
to effective trap design and to
rational placement of traps in the
field. Tsetse traps now come in a
variety of designs, most of them
derived from the shape of a
vertebrate host. A given trap
design is somewhat species- and
sex-specific, exerting its Fatal
attraction on one species of [ly
more than others, and luring one
sex and hunger state more than
another.

Investigations on rsetse
behavioural ecology were carried
oulin orderto determine whether
the number of entrances can
influence the effectiveness of a
trap. Three trap types, each with
a different number of entrances

were compared. Each design I e 7 " t ICIPNC—?-.?B f A :

. B s e nstalling and inspecting the rap in Nguruman,
Ldl}ﬁl}ﬁ ﬂ}fe{iﬂsf?t:r:[%h (}f FM:“’&[' ?. These fraps when placed at a density of 2-3 fraps/km? have
paiticiipes, G. brevipalpis and G.  ggectively lowered the fsetse popuiation in the area to 98-99%
austeni in descending order of  of pre-tropping levels, The tin can on the right holds the odour
the number of flies caught per  bait of cow urine and another container the acefone bait,




trap. It was noted that the trap with
one entrance (the NG2G) caught
significantly more tsetse than others of
basically the same shape, but with
either two (the Siamese) or three (the
Oge) entrances. Increasing the number
of trap entrances is therefore not a
factor in increasing the efficiency of
this trap.

Since each species of tsetse has its
preferred hosts, the addition of an
odour ‘bait’ to the trap also acts to
discriminate among the particular
species attracted to the trap, In recent
years, odour attractants (cow urine,
acetone, octenal, buffalo urine, etc.)
have been used to increase G. pallidipes
catches with significant success in
lowering the incidence of nagana in
the trapping zones. Glossina austent,
however, is one species which has so
far not responded well to existing trap-
types and host odours. Studies carried
out in 1993 show that the fly responds
well to a modified version of the
pyramidal trap, and that the fly
responds better to host odours if these
are carried in dry rather than in humid
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air, Glossina austeni flourishes well in the humid coastal climate of eastern Africa.
Glossina fuscipes fuscipes is an efficient transmitter of human trypanosomiasis

(sleeping sickness). Recent studies have shown that this fly feeds almost exclusively on

monitor lizards. Could it be that the presence of monitor lizards dampens the otherwise
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Midgut evacuation stage (MES)

Probing responsivenass of tsefse al various stages of midgut
avacuation (shown above). Flles In stages 1 and 2 are evidently not
yet hungry encugh to search for food. Fliesin stages 7 and 8 may be

too weak to feed.

explosive situation during
epidemic outhbreaks of
sleeping sickness in areas
infested by G.f. fuscipes?
Investigations are in progress
toisolate and identify effective
host odours from the lizard
which can be used in suitable
traps to control this species.

The hunger status of flies
has an influence on the
probing (feeding) behaviour
and trappability of Glossinea
spp. Usinga maodel previously
devised for G. pallidipes, LPRP
scientists have demonstrated
that . longipennis visiting
traps are usually in midgut
evacuation stage (MES) 6 to
8, whereas over halfthe tsetse
biting a host animal are in
MES 35 and the other halfin
MES G and 7. This information
suggests that improving the
efficiency of a trap to attract
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Stages in the evacuation of
one bloodmeal from the
midgut of g fsefse fly. The
hunger state of the fly helps
determine how aclivaly it
searches for food and how
easlly if can be frapped.
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Monthly frypanosome infection ratesin the three specles of tsetse (Glossina pallidipes
spp.) In Shimba Hills, Coast Province Kenya. Although G. ausfeniis the rarest fly, itis

flies in the widest range of hunger stages could best be done by exploitation of cues
arising from the live host — including olfactory stimuli and visual cues (over 75% of
all fly landings occurred on the forelegs alone).

Interrupting the disease cycle

The acquisition of trypanosomes by tsetse is not a straight-forward phenomenon, Tsetse
exposed to trypanosome-infected blood do not all acquire infection with the parasite.
Infection rates of 2—5% are typical, as ICIPE frequently reports from Nguruman and in
the Lambwe Valley, although unusually high rates of 6-16% for G. pallidipes and up
to 20% for &, brevipalpis, mainly from Trypanosomea congolense (75%) and 7' vivax
(25%), have recently been observed in the Coast Province of Kenya. Glossina auistend
was shown to be the most susceptible species in this region (see table).

A complex of factors
control establishment of
the trypanosomes in the

particularly susceptible fo infection with trypanosomes fly. Some of these arise
G. pal!fdip;s G. brevipalpis G. austeni from the tsetse itself, some

N inf % Inf | R, [T N Inf % Inf from the host on which

Ay 66 1 5 . .7 5 4 a0 the fly has fed, and some
Apr.‘ 102 16 16 20 3 10 13 3 23 fromthe environment (see
May 233 35 15 an 6 20 3 2 &7 ICIPE 1992 Annual
June 174 19 11 18 1 5 3 o 0 Repord). Identification of
July 142 19 13 11 9 4 1 25 these factors may help in
Aug. 11510 ? 6.7 ol 16 ) 33 disrupting disease
Scﬂ';' 'Igg g 1; :l! 3 g g g g l.t':—ln.‘-;l'l'li.‘i.‘ii()l:l. Stuclies on
N = number of flles dissected; Inf = infected flies ]tiu-: 1_91:: . of l?mt lalrxd
actors have shown that

In keeping with
ICIPE’s philosophy
of environmental
conservation, the
main objective of
(our) control
strategy is
presented as
reducing tsetse
numbers fo levels
where they no
longer pose a
serious economic
or public health
risk, rather than
completely
eliminating them
from the
environment.
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blood ingested from goats,
pigs and rats enhances 7. congolense infection in most tsetse, but blood from cattle and
wild bovids suppresses infection. (In fact, some of these bovids are poor reservoirs of
trypanosomes). Addition of both 0.01M cholesterol and 0.06M N-acetylglucosamine to
goat blood facilitates infection, but can also cause fly mortality. Work on transmission
dynamics is continuing and studies on host effects of wildlife species are being planned.
The ecology of biting flies such as Stomoxys spp., Tabanus taeniola and Atylotiis
agrestis, for their potential role in the mechanical transmission of trypanosomes is under
investigation. Stomoxys were found to be vectors of some microfilaria, and their role
in transmission of livestock parasites such as Onchocerca will be assessed, The Vavoua
trap baited with octenol has proven effective in catching Stomoxyinae.

Community-based tsetse management

Communities that live side-by-side with tsetse experience first-hand the effect of limited
agricultural land, sick and underweight livestock, and occasionally risk to themselves
of contracting human trypanosomiasis. One such community lives in Nyaboro, on the
periphery of Ruma National Park in the Lambwe Valley in the Lake Victoria Basin of
Western Kenya, This area (Gwasi location) is a well-known endemic focus of Rhodesian
sleeping sickness and the cattle disease nagana. Since the time when Glossina pallidipes
first invaded the valley 100 years ago, the region has been the site of several tsetse
control programmes mounted by external agencies, usually totally divorced from the
community of farmers. Not surprisingly, these previous efforts have been unsuccessful
in permanently removing the threat of trypanosomiasis,

ICIPE’s approach in Gwasi location is to intimately involve an informed community
in the control operation. Working together with the Social Science Interface Research
Unit (S5IRU) of the Centre, the LPRP is first arming farmers with basic knowledge on
the hiology and ecology of the fly and the complex cycle of disease transmission.
Through training courses and in practical workshops and field demonstrations, the



farmers learn about trapping theory and techniques, and construction and placement
of traps for both control and tsetse population monitoring purposes. The ICIPE trap is
the control technology of choice, due to its relatively low cost and simplicity in
operation. In keeping with ICIPE’s philosophy of environmental conservation, the main
objective of the control strategy is presented as preventing the flies from biting man and
domestic animals and reducing tsetse numbers to levels where they no longer pose a
serious economic or public health risk, rather than completely eliminating them from
the environment.

In order to demonstrate how effective trapping can be, active surveillance of the
incidence of trypanosomiasis in man and livestock is being conducted simultaneously
with trapping operations in the control area. Baseline data on the pre-trapping density
of tsetse and its population characteristics were collected between April-December,
1993, Tests showed that the trypanosomiasis challenge over this period varied from 8-
400, and most cattle infections resulted from 7. vivax. Some parameters investigated,
such as male/female ratio, age-grading of males by the wing fray method, and packed
cell volme (PCV) of cattle, appear at this point to be less useful data. The lessons learned
in this project will be used to devise methods and materials for future use in community-
based tsetse control operations elsewhere in Africa.

In a socio-economic survey of the impact of tsetse control operations on crop and
animal production in the Lambwe Valley, the following were found to be key indicators
(P = 0.01) of the impact of tsetse control on land use systems: human settlement; bush
clearance; proportion of fallow land and tsetse-infested area; improved animal health
and survival; time when animals are brought home to the homestead; increased amount
of cropping land; soil erosion.

Two species of ticks, the brown ear tick Rbipicephalus appendiculatus and the spotted
tick, Amblyomma variegatum are vectors of protozoan and rickettsial parasites that
cause two devastating diseases, East Coast fever (ECF), a form of theileriosis and
heartwater, ECF is responsible for the death of over 1.1 million cattle annually in east,
central and southern Africa, valued at US$ 168 million. Heartwater occurs in most of the
sub-Saharan region, and is the most important tick-borne disease in southern Africa.
Ticks inhabit the most favourable agricultural land and probably infest about 90% of
Africa’s 200 million cattle, causing livestock losses worth billions of dollars.

Tick-borne diseases have conventionally been controlled by acaricides, but these
imported chemicals are generally too expensive for poorer countries. Other disadvantages
in the chemical approach to livestock ticks management include the environmental
debts rung up by acaricides, such as pollution of groundwater sources and contamination
of farm personnel, as well as of meat and milk products, In a classic example of the
‘pesticide treadmill’, underuse or misuse of the chemicals leads ticks to develop a
resistance to the acaricides. What is worse, reliance on acaricides makes even naturally
resistant breeds of cattle completely susceptible to tick infestation; in case of breakdown
of dipping regime for whatever reason, losses in cattle by both tick infestation and
disease transmission can be exceedingly high. These constraints to the use of chemicals
for controlling livestock ticks have prompted LPRP scientists to look for alternative,
environmentally sound technologies to suppress the tick population in pastures below
the economic injury level. ICIPE's emphasis this year was again on development of an
anti-tick vaccine, supplemented with other components of integrated vector management
such as biocontrol agents.

Tick basic biology

Non-chemical tick control strategies need to be based on firm knowledge of tick
behaviour and ecology. Ticks interact with their hosts, their environment and with each
other via air-borne chemical signals. Studies of the pheromones emitted in the body
volatiles and breath of host animals by ICIPE’s Behavioural and Chemical Ecology

TICKS

Reliance on
acaricides makes
even naturally
resistant breeds of
cattle completely

susceptible fo fick

infestation.



Research Unit (BCERLD
have demonstrated that
ticks are directed to zero
inontheir favoured target
feeding areas (ears for R,
appendiculatus, anal
region for A. vericgetiin)
by specific chemical
attractants present in the
volatiles, Such
compounds might he
employed as odour baits
in custom-designed tick
traps. Other possibilities
for odour-baited traps
could be based on the
pheromones that control
aggregation, mate
location and copulation,

One study this year
on the population
dynamics of ticks lookecd
atthe drop-off patterns of
the three instars

(immature forms) of £ - — 7 ot : ch :
appendiculatus ancd A.  Removing ficks from the king of beasts. Wildlife form an important
: reservolr for vector-borne livestock diseases, and can themselves
succumb to parasific infections.
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vetriegettrem. The drop-off
of engorged ticks from
their hosts is not a random process, but follows a regular pattern that tends to ensure
that the tick drops off in an area favourable for its continued development and where
it is likely to encounter a new host. Preliminary results indicaté that the engorged ticks
tend to drop off in the afternoon hours while the animals are still grazing. Work is
continuing to assess any seasonal variations in this pattern.

Biological control of ticks

e RO Current estimates put the cost of chemical acaricides consumed in

| T R et N, M T Africa at about US$ 720 million annually. One alternative

e 6 - “'-_‘ e . . control strategy to these expensive, imported products is the
: '3,%5- ot use of locally produced biological control agents, Two

entomopathogenic fungi, Beawwveria bassicana and
Metarbiziun anisopliaeare being tested for their efficacy
on ticks., In both laboratory and field tests of ticks
feeding on zebu cattle, spray application of aqueous
suspensions of the fungi at 108 spores/ml drastically
reduced egg hatchability to 0-4 %, prevented cgg
= layingin 5-11% of ticks, and reduced fecundity by 80—
= = 99% in two experiments. Heavy mortalities of up to
- 78% followed 1-2 weeks after application of the fungal
agents, after the ticks had engorged and dropped off the
animals, These approaches offer encouraging possibilities
for new alternative tick management strategies in the
near FI.I'ILLII'E,

Amblyomimea veriegetim is the host for a tiny parasite
wasp, Ixodipbagus bookeri. This year, ICIPE acarologists
released 30,000 of the parasitoids in each of two regions of Kenya
overa six-month period, in an attempt to determine if the wasp could

The spofted tick,
Amblyomma
gemma on the belly
of g giraffe.




establish itself in a tick-

Effects of the biocontrol fungi Metfarhizium anisoplice and Beouveria bassiana

infest reoi ar 1 its
infested region far from its = opye b own eartick, Rhipicephalus appendiculatus engorging on zebu caftle

site of origin. Within two

months of the final release
i : S 2 Medan Mean Mean eggs Decrease
24% of the A. variegalum . poqmeng mortality  engorgement per tick in fecundity
collected at the coast (one % @ (%)
site) were found to be
parasitised, and 34% in the Control 21 0.1738 3937 0
Sita in esters: Kenve M. anisopliae 88 0.1509 774 80

' Y4 M. bassiana 99 0.1204 106 97

However, there were no
recoveries of parasitoids in
four of the six months of
parasitoid release. Laboratory studies have shown that another tick, A. spursum, is a
suitable host for the wasp, with a parasitisation rate of 80%. Three other tick species (A.
voaherens, A. gemme, R. appendiculatus) were not accepted for parasitism.

Means from 5 cattle are presented.

Developing a tick vaccine

The high cost of acaricide treatment (ranging anywhere from US$ 2—-20 per animal per
annum) and the even more expensive curative treatment (US$ 10-20 per animal per
treatment for East Coast fever), coupled with generally poor veterinary services, means
that the majority of smallholder farmers in Africa have little or no access to treatment
of tick-borne diseases. Immunisation of livestock offers a cheaper, safer and more
sustainable tick control strategy, and ICIPE over the past decade has been actively
participating in the search for an effective tick vaccine. ICIPE's approach in this
endeavour is to develop a protein molecule that can be injected as an antigen into cattle;
the cattle in turn will produce antibodies to the tick antigen, such that when anather tick
draws blood from the immunised cow, it will ingest the antibodies which then cause
a fatal reaction within the feeding tick.

Previous work at ICIPE has shown that one of the immune effects of solubilised tick
gut antigens (SGAs) is the increase in permeability of the host gut wall of the host; this
enhances the crossing-over of molecules from the gut lumen into the haemocoel. This
characteristic has been exploited to enhance the anti-tick effects of a systemically
administered anti-tick compound. In all cases where ticks were first exposed to an
immune response in the host animal (induced by immunisation with the SGAs) and then
to the anti-tick compound, feeding performance and fecundity were drastically reduced
and mortality increased. Two proteins integral to the synergistic immunogens have been
purified.

In another study, a purified polypeptide antigen Cantigen B') recognising antibodies
from extracts of R. appendiculatus, was administered to cattle in an adjuvant carrier
system. Ticks fed on these cattle immunised with antigen B showed an increase in
mortality, and a decrease in mating, oviposition, egg hatchability, etc. These effects were
exacerbated with each successive feeding on immunised animals. A residual effect of
the immune response produced by antigen B on the complete development and
reproductive potential of ticks from one generation to another was also observed.

Naturally acquired host immunity is important in protecting certain indigenous
breeds of cattle against tick-borne diseases. Since ticks and tsetse co-exist over much
of Africa a study was mounted to determine what effects an underlying infection with
Trypanosoma congolense has on host resistance. The results show that the immune
response to tick infestation was unaffected, in spite of a high parasitaemia from the
protozoan.

See also the BCERU, MBRU, IABU and SSIRU sections of this Report for more information on lselse and tek
resedarch.

I?eEsearch onlivestock pasts was fundedin 1993 by UNDP (Global), UNDP (Africa Region)., EEU, ODA/NRI, and
DGIS.
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Insects serve as vectors of several of the world’s most devastating diseases. One of
ICIPE's original mandates is the promotion of better human health through the control
of these medical vectors, Again in 1993, activities in the Medical Vectors Research
Programme (MVRP) concentrated on two of the most important vectors and their
associated diseases: mosquitoes and sandflies. Through understanding of the behaviour
and ecology of these insects, more rational and efficient vector control strategies are
being developed.

Mosquitoes are the vectors of malaria, the most important parasitic disease afflicting
man in the tropics, and several other serious but less prevalent diseases, including
yellow fever, dengue, filariasis (elephantiasis) and encephalitis, Over 80% of the
population of Africa (about 400 million people) live in areas with little or no malaria
control programmes. WHO estimates that about 100 million clinical cases of malaria
occur in this region annually, resulting in over 1 million deaths, 90% of these in children.
Worldwide, the incidence of malaria is increasing in the 102 affected countries, with
global cases now reported anywhere between 200 to 400 million.

Malaria is caused by a protozoan parasite (Plasmodium spp.) transferred to man by
an infected Anopheles mosquito when it obtains its blood meal. The perseverance of
malaria, in spite of almost a century of research and control efforts, can be attributed
in large part to the increasing resistance of mosquitoes to the larvicidal chemicals used
in public health programmes, and to the parasites’ resistance to the antimalarial drugs
used in therapy. The high cost of chemical control of the vector, especially with the
newer and environmentally less harmful pesticides, limits the applicability of this

1. Evaluationofthe MbuClothasasimple 4. A DNA probe developed for

low-cost technology for control of
mosquito and sandfly vectors is
continuing. No resistance to the
permethrin used has been noficed,
and sustained malaria control in the
irrigation scheme study site is being
maintained.

leishmanial parasite characterisation
has proven to be a useful tool for
identifying Lelshmania field isolates.

. The gonoirophic status of female

sandflies collected by three different
methods has been determined, and
the three frap styles shown to give

2. Studies show that the Cloth remains comparable catches.
effective in killing sandflies forup te 6 Th
: . The relationship between rice
rr:%n;hsuh:parrneihrmcuncanimﬁan husbandry practices and mosquito
o0 g/ population density have been
3. Ecological studies of phlebotomine monitored for the purpose of

sandflies reveal some relationships
between fly population densities and
soil chemical and physical
characteristics at their breeding sites.

determining the optimum time for use
of mosquito biocontrol agents.



method. ICIPE's two-pronged approach =
to malaria control has for the past several =
years centered around (i) the development
of a simple technology to control the
vector when it lands inside houses, and
(i) the search for effective biological
control dagents,

The Mbu Cloth for vector control

In 1993 research activities concentrated
on evaluation and improvement of the
Mbu Cloth, developed by MVRP scientists
several yesrs ago. The cloth is active
against mosquitoes (mbie in Kiswahili),
sandflies and other insect pests such as
cockroaches, fleas, bedbugs and lice. The

clath is hung on the inside walls of houses, and
most effectively near sleeping areas, where the
volatile substances emitted in human breath and
swedl act as attractants o the biling insects, A
mosguito landing on the cloth picks up a lethal
dose of the insecticide. Indications are that the
mosquito and sandfly species in the study area
are not yet developing resistance to the
permethrin. Experiments are underway Lo
determine the most effective colour for the
cloth.

The Mbu Cloth has been officially
recommencdled foradoption by the Kenya Ministry
of Health and by UNICEF for use in the castern
and southern Africa region, These endorsements,
as well as by other governments and NGOs, will
help ensure the widespread availability of this
simple, low-cost technology.

Prostie i R

The Mbu Cloth Is installed in a rural home in
Kenya. The 9-m long cloth gives significant
profection to the entlre household agains!
mosquitoes and sandflies for up to 6 months
before it requires re-freatment. The
permethrininsecticidein the clothisharmiess
to domaestic animals and man.,

Biological control of mosquitoes

Last year's [CIPE Annuel Report described the
isolation and identification of eight strains of the
mosquito-toxic bacteria, Beacillus thuringiensis
israelensis. In order to determine the optimum time for application of this and other
biological control agents, ecological studies of mosquito breeding in the stucdy site in
a rice irrigation scheme were undertaken., Results show that the schedule of rice
husbandry was more important than rainfall in influencing breeding. The most critical
period in the cropping cycle was the flooding of the rice paddies, Another important
period occurred when the young seedlings were transplanted into the main padcdies;
the numerous shallow and sunlit pools formed from the footprints of the workers
created extensive habitats conducive to intensive breeding, especially of Anopheles
species,

‘Domestic animals

The leishmaniases are a complex of Fatal and/or disfiguring diseases caused by protozoa
ol the Leishmeania genus, The parasite has only two stages in its life cycle. One stage
is spent in the reticuloendothelial cells of a vertebrate host such as man or wild or

frequently serve as
reservoirs for parasites that
also infect man. In
sftuations where humans
and animals live in close
proximity, as on this farm in
Baringo District in Kenya,
conirol of the insect vectors
is often the only feasible
methad of disease
management.

The perseverance
of malaria, in spite
of almost a century
of research and
control efforts, can
be attributed in
large part to the
increasing
resistance of
mosquitoes to the
larvicidal
chemicals used in
public health
programmes, and
to the parasites’
resistance to the
antimalarial drugs
used in therapy.

SANDFLIES



Control of the
sandfly vectors (of
leishmaniasis) has

in the past met
with only limited
success because
of their widespread
_and hidden
breeding sites and
their resistance fo
common
insecticides.

domestic animals. The other stage must develop in the gut of tiny (3 mm) blood-sucking
phlebotomine sandflies.

Once contracted, leishmaniasis is a pernicious and intractable disease. The visceral
form, also called kala-azar, requires 30 daily injections of an expensive and toxic
antimonial drug for effective therapy; if left untreated, kala-azar is fatal within 6-12
months, The cutaneous and muco-cutaneous forms affect the skin and often lead to
permanent facial scaring and disfigurement. These diseases are widespread in the
tropics, with over 400,000 new cases recorded each year from the 80 or so affected
countries.

Control of the sandfly vectors has in the past met with only limited success because
of their widespread and hidden breeding sites (termite mounds and animal burrows are
preferred) and their resistance to common insecticides such as DDT and dieldrin. The
presence of reservoir hosts that live in close proximity to man may be difficult to restrict
and make control of the disease hardly feasible. Goats, dogs, pigs and wild animals such
as rodents, lizards, mongoose, ete., all support the parasites that can be transferred to
man by the bite of the sandfly.

ICIPE's thrusts in leishmaniasis control are based on the control of the vector using
the Mbu Cloth, on studies of the causative parasites, and on understanding the ecology
and biology of the flies. The Mbu Cloth (described above) has proven to be an effective
technology for sandfly control. Studies have shown that the cloth remains efficacious
for 6 months against the flies.

Hungry flies are more easily trapped

The physiological condition of female sandllies is relevant to their vector potential,
Sandflies attracted to host animals and baited traps are nearly always in the unfed
condition and are not gravid (pregnant). The results of a study comparing three types
of traps developed by ICIPE for population monitoring of sandflies shows that the
updraft trap, the sticky traps and the CDC trap caught comparable proportions of unfed,
fed, semi-gravid and gravid female flies, regardless of where the flies were caught and
what species of flies was trapped. Thus, the three trap types can be used interchangeably
for assessing {ly population characteristics.

Sandflies breed in the soil of earthern Hoors in traditional houses, in animal burrows
and termite mounds, and along river banks. An ecological study to determine the
relative abundance of adult phlebotomine sandflies in relation to soil characteristics,
from favoured sandfly breeding sites was undertaken in Baringo District, a leishmaniasis-
endemic focus in Kenya. The results show that Sergentomyia species were positively
correlated with organic carbon, potassium and sand during the wet season; during the
dry season, they were negatively correlated with pH and positively with magnesium.

Characterising the parasites

Knowledge of the species of parasites present in a leishmaniasis focus is essential for
effective disease control and treatment. A species-specific DNA probe that can be used
to distinguish Leishmetric tropice from the other species causing the cutaneous form
of the disease in Kenya (L. aethiopica and L. major) has been developed, The DNA
probe selected is specific for L. tropica and is sensitive to the level of 103 parasites in
dot blot hybridisation. In addition, use of OFAGE and TAFE techniques have shown
that the profiles of chromosome-dyed DNA molecules varies significantly among the
species of Leishmeaiia.

See also the MBRU, IABU and SSIRU sections of this Report.

Research on medical vectors was funded by donors o the Core Fund.



Specialist research
support units

Behavioural and Chemical Ecology Research Unit (BCERU) scientists hold expertise in
arthropod ethology, electrophysiology and chemistry. The mandate of the Unit is to
undertake research in areas of chemical and behavioural ecology pertinent to ICIPE's
target pests. In 1993, BCERU centred its activities on crop borers, the banana weevil,
tsetse, the desert locust and ticks. In addition, several botanicals potentially useful for
livestock and crop protection were investigated,

Crop borers research — learning to beat the borers pl=) I

Chilo partellus. During 1993, basic studies directed to the process of developing and
optimising a controlled-release dispenser for more widespread use in C. partellus
monitoring over long distances were undertaken. Last year, BCERU scientists demonstrated
that both the major components (Z-11-hexadecenal and Z-11-hexadecen-1-ol) of the sex
pheromone blend of the insect were involved in attracting males of this species in Africa.
This year, studies on the periodicity of the female’s calling behaviour and the
corresponding rates at which she releases the pheromone blend, as well as the ratios
of components emitted were initiated. In addition, the kinetics of synthetic pheromone
release from different dispensers is being examined.

In areas where mixed populations of crop borers co-exist, results show that both €.
partellus and C. orichalcociliellus are allured to our traps; this suggests a close similarity
in the pheromone systems of the two. On the other hand, a pronounced antagonistic
effect of Busseola fusca pheromone was found on the performance of the pheromone
of ¢ partellus, indicating that where these two pests occur together and need to be

‘l.
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The experimental pheromone
dispenserdevelopedfor Chilo parfelius
is also an effective bait for C.
orichalociliellus. On the other hand, its
performance is strongly affected by
the pheromone of Busseola fusca.

A miner monoterpencid constituent of
banana plant varieties susceptible or
tolerant to the banana weevil,
Cosmopolitessordidusisalso atiractive
to the adult stages of the insect. The
component is absent in a resistant

variety.

Plant odours from intact flowering
cowpeda plants were shown to activate
and orientate Maruca testulalis moths
to the odour source, Identification of
active components in the plant is in
hand.

Sensory responses of the tsetse
Glossina morsitans morsitans to 13
synthetic analogues of previously
identified phenclic kairomones
showed high activities with respect to
two synthelic compounds. Evaluation
of these In the field has started.

Progress has been made in locating
candidate attractants from isetse
larvae that are active foward gravid
females of G. m. morsifans and G. m.
cenlralis. The major components for
each species have been identified
and are being evaluated.

The locust pheromone complex
meodulating the cohesive behaviour
of 2nd to 5th Instar nymphs, young
adults and older adults has been
defined. The adult pheromone blend,
now fully characterised, hasalso bean
shown to accelerate the maturation
of young adults.

Haemolymph UV-absorption of the
desert locust at 460 nm and 680 nm
due to yellow and blue pigments,
respectively, appears to be useful in
characterisingthe phase ofthe insect.
Further studies are in hand to validate
this.

Detailed studies on the behaviour of
two FRhipicephalus species of ticks
have confirmed the mediation of host-
derived semiochemicals in the
location of feeding sites.

e SN ’)’5 —1L.



sfemborer, Busseold fusca,

monitored concurrently, special consideration will need to be given on the way the two
pheromone traps are deployed. An additional important observation is that in a mixed
population of B. fusca and C. partellus, females of the former appear to avoid laying
eggs on plants already infested with €. partelluslarvae. This suggests an allomonal link
hetween the two borers and an additive effect of their infestations on the final yield loss.

An oviposition deterrent has been isolated from the petroleum ether washings of
whorls of 3-week-old sorghum plants of the resistant cultivar, IS 1044. The substance
deterred oviposition by €. parfellus in laboratory bioassays, and a bioassay-guided
search for the active component pinpointed methyl-11,14,17-eicosatrienoate as the
active factor deterring oviposition.

Banana weevil. Work on several groups of semiochemicals of Cosmopolites sordics
continued during the year, GC-EAD studies on the volatiles of eight local banana
cultivars revealed the existence of 22 minor compounds showing biological activity.
One electrophysiologically active monoterpenoid ether has been identified and shown
to be attractive to both males and females of the pest. Interestingly, this component is
present in all susceptible and tolerant banana plant varieties, but not in a resistant
variety. The identification of other possible attractants is in progress.

The search for feeding stimulants in the pseudostem was undertaken by a Tanzanian
ARPPIS student. Polar extracts were found to be the most stimulatory; the complex
blend of polar compounds have now been fractionated by micro-preparative HPLC into
seven components. Feeding bioassays have shown that these compounds act together
additively or synergistically; no single compound
dominates in activity.

The aggregation behaviour of the adult weevil
was shown to be associated with a male-produced
pheromone. Gas chromatographic (GC) analysis has
revealed seven components, ol which four give
strong electrophysiological responses. GC-MS analysis
has suggested that the candidate pheromone
components are a group of closely related bi-cyclic
ethers,

Busseola fusca. As part of the PhD project of a
Nigerian ARPPIS scholar on the sensory perception of
semiochemicals of B, fitscet, the types and distribution

of antennal sensilla of the male
insects were studied. Five types of
sensilla were evident, with some
discernible structural differences
within each type and a clear sex
differentiation in some types. The
role of these sensilla in the
perception of host odours and
pheromones is still unknown.

Maruca testulalis. A detailed
analysis of the pod borer, M.
testilalis responses to volatiles
collected from intact flowering 4 ypser ook of he sensila Gsensory cells) on the antennae.
cowpesd plants wasundertakenina  wpich ore responsible for picking up odours arising frorm the
wind tunnel by an ARPPIS scholar  Aos! plont and from otherB. fusca inalvicuals. Shown here s

from Sierra Leone. Activation time %9 mfa'd/E'pc;n‘fbn af agnda/e aqrennafs;gn:gnfbec;’nhga
S s et enmorecepior or a sivloconica sensifa (5). a chemo-
of the moths was found to correlate mechanorecepior (m) and severdl olfactory unifs of the

negatively with the concentration  pagiconica (8) Hvps.




of host odours. However, although the moths were strongly attracted to the odours over
awide range of concentrations, they invariably failed to land on the odour source. Thus,
although the initial orientation of the insect is mediated by host odours, additional cues
may be involved in landing and host plant recognition. GC-EAD of the volatiles revealed
that of about 40 components, only 5 evoked strong electroantennal responses.
Identification of these compounds is at hand.

Odour baits for tsefse

The Unit’s focus on tsetse has been centred around the identification of a broad range
of semiochemicals that are attractive to different tsetse species or are potentially useful
in attracting specific physiological states of the flies, During the year, BCERU worlkers
experimented with different techniques for trapping air-borne volatiles from the bodies
of host animals. A packet containing different adsorbents placed between aluminium
foil and fine wire gauzes was devised. These packets were found to be very effective
and can be plastered on almost any part of the host body. A study is now underway
to compare the relative attractancy of

volatiles from host animals preferred by OH OH
different species of tsetse and to locate and @\/\
identify the electrophysiologically active $140—
components. ‘ £ m-PP I Pb .

The olfactory sensitivity of &. m. =% o— mPP(G.m.m.) 5-Ind /
morsitans to 13 analogues of previously @ 100 «— Pb(G.m.m.) o s
identified phenolic kairomones was @ | ° 5Ind(Gm.m.)
investigated. Although the pattern of results W o— MPP(G.pd) o 9
shows some resemblance to that of G, & gob *— 5Ind(G.pd) o
pallidipes obtained lastyear, a few significant ~ § °— Pb(G.pd —-—-"’jii—‘ .
departures were recorded. Most interesting £
were the high activities of 5-indanol and ?
propylbenzene. These two constitute lead
compounds for further optimisation studies. 0 . .
In the meantime, their effectiveness in the 0016 016 . 16 16
field is being investigated. Dose in uM

Extensive GC-EAD studies of larval
volatiles of &. m. morsitans and G. .
cewzuw'lfs SI'IF_)_VV(L‘LI, in both cases, one area associated with single promirllent. EAG-active The graph shows the
peaks identified by GC-MS as being C15 and C12 hydrocarbons, respectively for the two sponse of two species of
insects. Behavioural studlies of these putative pheromonal components are underway. fsefse, Glossina morsitans

Gravid females of G. m. morsitans respond to volatiles from the larvae, as well as to
4 —cresol and a number of kairomone analogues. Maximum receptor sensitivity in both
species occurred during the time of actual larviposition and prior to ovulation.

Locust semiochemicals control key activities

Progress was made in elucidating the identity and role of the pheromone systems
involved in modulating key behavioural traits of the gregarious-phase desert locust,
Schistocerca gregaria: aggregation, maturation and oviposition. Noteworthy insights
into locust behaviour provided by BCERU research during the year include the
following:
Young adults which do not emit any significant amount of aggregative volatiles
of their own respond to volatiles from the faeces of both nymphs and adult
insects, although they are indifferent to the volatile emissions of live nymphs. The
faecal volatiles of nymphs and young adults are chemically identical, both
containing guaiacol and phenol as the major components. The faecal volatiles
may function not only to hold the young adults together, butalsoto do soin close
association with the nymphs when these are in the process of fledging
(undergoing the final moult into the fledgling stage). This would ensure the

morsitans (G. m. m.) and G.
pallidipes (G. p.) fo the
same three phenolic
compounds which could
have potential use as
odour baifs In a isefse lrap.
The differential response of
the two implies that the
baifs would be more
affractive fo one species
than another.



A moth exhibifs her hair-
pencils, specialised
projections profruding from
the fail region, which hold
sensory cells thal collect
velatile chemicals that
juide the moth to its
leeding site and fo other

‘moths of the same species.

Pheromone associated

with egg froth attracts it
gravid famales to a 4
common agg-field &

Aggregation-
Maturation

Aggregation cues for
this stage are still unknown

1st staga
nymph

F‘harumal]{
-
\5
Maturation™

Maturation
acceleration -,__:-__:___:___Gro g Maturation of early
by adult o maulters retarded during
heromones contact with 5th stage
R nymphs by NAD

Nymphal and fledgling
faecal volatiles
work to keep this
stage cohesive

The five pheromaonal systems of the desert locust which control aggregation behaviour, neceassary for

swarm farmation. The evidence for a separate system keeping the first Instar nymphs together is at

prasent circumstantial,

cohesiveness of the whole fledgling generation that emerges,

which would continue to rely on its faecal volatiles until its

members start to produce the adult aggregation pheromone. Thus,

the aggregation behaviour of the insect is modulated by a

pheromone complex made up of not only the nymphal and adult

volatiles, but also volatiles emitted by the faeces of nymphs and
young adults.

= The volatiles of older adults are composed of phenylacetonitrile,
guaiacol, phenol, benzaldehyde, veratrole and anisole as the
major electrophysiologically active components. Only the first
four, however, are behaviourally active. Phenylacetonitrile
comprises about 75-80% of the volatiles and is the most potent
aggregant of the adult stages,

* Maturation of young adults is accelerated by essentially the
same pheromone blend produced by mature adult males. Thus,
the volatile emission of the gregarious adult males plays a
parsimonious role, acting as both an aggregant and as a
maturation accelerant.



= Nymphal volatiles {nbibit the maturation of young adults, thus contributing to
maturation synchrony by retarding the process in the early fledgers.

= Egg-laying (oviposition) in gregarious-phase locusts is mediated by a volatile signal
emitted from the egg froth and probably a close-range or contact polar signal also
present in the froth, Two electroantennally active components have been identified
in the froth volatiles and are being evaluated in behavioural assays.

As part of BCERU's efforts in identifying phase markers, it was demonstrated this year

that a pair of blue and yellow pigments in the insect haemolymph can provide a

convenient basis for quick characterisation of the phase of the insect. The ratio of

absorptions at 460 and 680 nm has been shown thus far to be very effective in

differentiating the phases of laboratory insects. Further observations are underway to

validate these findings with insects originating from different populations and fed on

different diets.

Tick-related research

Feeding site location. Last year we speculated on the possible mediation of
semiochemicals in host location and recognition, and feeding site location by adult
Rhipicephalus appendiculatus. An ARPPIS PhD scholar from Zaire has recently
undertaken a detailed observational study of ticks released on different parts of the host
body. Although initially ticks exhibit random searching movements, as they get closer
to the feeding site a straight path movement is observed, until the tick is finally arrested
at the feeding site. Olfactometric assays have confirmed the mediation of volatile and
non-volatile kairomones emitted by the host in this behaviour.

Tick-repelling plants. Last year, BCERU scientists reported on the tick-repellent
properties and constituents of Cleome monophbylla (Capparidaceae). During the year,
we examined a related shrub, Gynandropsis gynandrea, which is traditionally used as
a vegetable and in folk medicine. This plant was recently reported to be allomonal to
ticks (ICIPE Annual Report, 1990, 1991). Twenty-eight (28) constituents of the essential
oil of the shrub have been identified by GC-MS. Several of these have shown some
degree of repellent action against adult ticks. Gynandropsis gynandra has been
proposed as a possible anti-tick pasture plant (JCIPE Annual Report, 1991),

In vitro feeding optimisation. The apparatus for in  vitro feeding of R
appendiculatus was further improved this year by placing the blood chamber above
the tick chamber which allows the ticks to attach on the undersurface of the artificial
blood-containing membrane. The system allows effective transmission of the parasite
Theileria parva in both females and males.

Botanicals — building on traditional knowledge

ARPPIS scholars from Tanzania and Ethiopia based in the Unit have been investigating
botanicals known from folklore as agents for livestock and crop protection. Three
Qcimum species (O. suave, O. kenyenze and O. kilimandscharicum) have been
assessed against three storage pests (Sitophilus zeameis, Rhizopertha dominica and
Sitotroga cereclella). Ground O. kilimandscharicum and its essential oil were the most
toxic, however, O, suave oil was the most persistent; its effect could be observed up
to 70 days after application. More than 90% of the constituents of the three Ocimum
plants have been identified and assays are in progress to identify the active components.

See also the CPRP, LRP, LPRP and MBRU sections aof this Report.

Research by BCERU sclentists was funded in 1993 by EEU and UNDP (fsefse); IFAD , UNDP, SAREC and AFESD
(locust); Norwegian Government (banana weevil); and SAREC (Chilo pheromone).
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Nerolidol

A few of the 15 compounds
identified from
Gynandropis gynandra il
which show a repellent
action to the fick,
Rhipicephalus
appendiculatus
comparable to DEET, a
commercial arthropod
repellant.
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In its second year of operation, the Molecular Biology Research Unit (MBRU) continues
to undertake research in biochemistry and molecular biclogy pertinent to the brodder
goals of ICIPE’s programmes. The worlk of the Unit has been streamlined to be directly
relevant and supportive to selected research objectives of the programmes, which
during the past year, involved collaboration on crop pests research in the area of Bt
research; on livestock pests (tsetse-trypanosome relationships and development of
microsatellite markers); on medical vectors (development of DNA probes for Leishmenid),
and, on locust research (identification of biochemical markers for solitarious and
gregarious locusts). In addition, the Unit continues to provide centre-wide services in
light microscopy, and scanning and transmission electron microscopy. Additional
services are provided in photography and photofinishing.

Tsetse-trypanosome relationships

Transformation of bloodstream trypanosomes into procyclic (midgut) forms is a crucial
step in the establishment of a mature infection within the tsetse fly. Consequently, a
great deal of effort has been devoted in trying to understand the fly midgut factor(s)
that mediate this process. Work carried out in the biochemistry laboratory has resulted
in the isolation of a chimeric molecule (rypsin-lectin complex) involved in transformation
of bloodstream trypanosomes.

Consumption of a bloodmeal induces the release of several molecules within the
tsetse fly midgut, including a group of agglutinins (lectins) and trypsin or trypsin-like
enzymes, As reported previously (JCIPE 1992 Annual ReporD), the lectin and trypsin
share several similarities, suggesting the occurrence of both activities on the same or
on a closely related protein. The protein was isolated from midgut extracts of previously

1. A bloodmeadl-induced chimeric 3. Molecular karyotyping has revealed a
molecule (trypsin-lectin) important in striking = peolymorphism among
differentiation of bloodstream Leishmania species. This karyotyping
trypanosomes info procyclic (midguf) appreach should provide useful
forms has been isolated and partially information for studies on the taxenomy
characterised. Polyclonal antibodies and epidemiclogy of leishmaniasis.
have beenused torzhoy "TE BIeIslie® 4 A genomic library of Glossina pallidipes
ofasimilarmolecule which |_sl'ound only is under construction, and screening for
inseveral members of Glossinaspecias. simple sequence re'pauis done. With
The passibllily Hiatthis might, cxpiain the ultimate aim of identifyingthe genes
why(setse areineanlyknownyecliers of responsibleforimportantbiologicaltraits
trypanosomes is being explored. intsetserelative to theirtrappabillity and

2. A method for infroducing the DNA virus capacity as disedse vectors.
intotsetse populationsinthefieldis being vsi th
developed. The method will be used in 3 ‘: :ﬂ;‘:’ef“;::ﬁ?m 5 ";'r";’g";;":rﬁz*ﬁﬁ
conjunctioh Jwith 1agizairapping characterised, lts assessmentasan anti-
technology as part of the sterile insect fick vaccine component is underway,

technique (SIT) method of control.
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fed Glossina longipennis by anion-exchange (Mono Q) and fast protein liquid F
chromatography (FPLC). Trypsin activity was detected in both the unbound and bound i i TRV CLEE,
fractions while agglutination activity was found only in the bound fractions, where it _ A i t
is co-eluted with trypsin activity. When the bound fractions with agglutinating activities & § .
were rechromatographed on the same column, a single protein peak resulted with Iy 5 4 RIS
molecular weight (M,) of about 61,000. This band gave two closely migrating non- ' ' { ¥ J
covalently linked subunits, the larger of which (M, ~ 33,000) showed trypsin activity. ! -
The results show that the molecule involved in trypanosome differentiation is a (' ¥ U o L
lectin-trypsin complex. Consequently, inhibitors of lectin activity (glucosamine) or | : j ¥
trypsin activity (soybean trypsin inhibitor) can interfere with parasite differentiation. | i 4
Work to define the precise structure of this molecule is currently in progress. i Hl

Leishmania chromosomes vary in size and number "; i 7 g

Research on the development of DNA probes for the identification of Leisbmanica & ] s
parasites, the causative agents of leishmaniasis, continued in 1993. In addition, pulsed :
field gradient electrophoresis was used to study relationships between different ‘

Leishmania species and between isolates of the same species from widely separated m’dﬂ”d’ﬁ." STaEG
geographical areas. Applying transverse alternating field electrophoresis (TAFE) and mzf i

orthogonal field alternation gel electrophoresis (OFAGE) to the reference strains of ,“‘chrd omes (karyotypes)
Leishmanic donovani 1C-245, NLB-065, NLB-061 and NLB-325, we found that the four | of four Leishmania
| donovanl reference strains.

L. donovani reference strains exhibited a striking polymorphism. Differences were , L !
noticeahle in terms of variation in sizes and intensity of chromosomal bands and in the m mm: thicium
number of chromosomes. Studies have also shown that Leishmania species have a train NLE
distinctive molecular karyotype when their chromosomes are size-fractionated by
pulsed field gradient electrophoresis methods. This karyotyping approach should

provide useful additional information for studies on the taxonomy and epidemiology m

of leishmaniasis. ' chromosome and m =
ﬁfi?nichrbma:jbmaaf_ﬁuch :

A virus to control tsetse differences helpin
identifying the origin of the
parasite infection.

Previous studies have shown that Glossine pallidipes
infected with the tsetse DNA virus become sterile and
that the testes of such flies manifest severe necrotic
lesions and absence of spermatozoa. This virus might
therefore be useful as a biological control agent in
tsetse control operations as a form of the SIT (sterile
insect technique),

studies on the effects of infection of tsetse with the
DNA virus on feeding, longevity, duration of pregnancy
cycle, mean pupal weights and male accessory
reproductive gland function have revealed that these
physiological parameters are severely affected.
Infected tsetse probe many more times than normal
flies before settling to feed; they are not able to digest
the bloodmeal and live for a significantly shorter time
than their normal counterparts. Female pregnancy
cycles become much longer and pupae from infected
females are significantly lighter in weight. Infected
males of G. morsitans centralis generally fail to form
spermatophores, hence the severe reduction in their
inseminating potential. Only 1.6% of infected males
were able to inseminate their mates, compared to
98% of the uninfected controls. Further studies will
confirm how the virus affects the cells of the accessory
reproductive glands, although first suggestions are’
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that the virus interferes with the formation of gland
secretions necessary for the formation of the
spermatophore (the sperm sac transferred into the,
female fly during copulation),

Field-oriented research is currently concentrating on
developing a method, appropriate for use with the
tsetse trap technology, for introducing the DNA virus
directly into wild populations of the flies. Such methods
would be ideal because they would circumvent the
need to rear large numbers of different sterile Glossina
species, some of which are extremely difficult to rear in
the laboratory. Field infection would also significantly
reduce the costs of the application.

Mapping the tsetse genome

While a complete genetic map exists for Drosophila spp. (fruit flies) and Anopheles
gambiae , an important vector of malaria, very little is known about the genome of other
medically important disease vectors, including Glossina species. Knowledge about the
linkages of genes that render tsetse fly populations vulnerable to control strategies, and
those that interrupt the transmission of the trypanosome parasites from the fly to its
vertebrate host is prerequisite to manipulating the genetic makeup of the flies. For
instance, mapping genes that mediate olfactionwould contribute to understanding why
fly populations in the wild respond differently to odour-baited traps. Other important
genes (o investigate are those controlling insecticide resistance, vectorial capacity, and
genes that produce a trypanocidal effect.

One current project in MBRU is to develop genetic molecular markers (DNA
markers) that pinpoint variations in the DNA of different fly species and among
individual flies, Microsatellite markers will be isolated, using RAPD and primers (see
1992 ICIPE Annual ReporD). In 1993, work has been done on the construction of a
Glossina pallidipes genomic library and screening for simple sequence repeats, using
(GT)y5 and (TAAA); probes. Sequencing of the positives clones and preparation of
polymorphic markers is currently in progress. This will supplement the plasmid
genomic library of G. morsitans morsitans constructed last year.

Causing indigestion in ticks

Bloodmeal digestion plays a central role in the life of a tick, since important processes
such as mouliing, mating and vitellogenesis are preceded by a bloodmeal. Red cell
breakdown (haemolysis) is a prerequisite for digestion, because the process releases
haemoglobin, the major blood protein, thus facilitating its attack by proteolytic
digestive systems. Consequently, it may be possible to interfere with tick digestion and
related physiological processes by the vaccination of animals with purified midgut
haemolysin.

In line with this hypothesis, the isolation and characterisation of the midgut
haemolysin of the brown ear tick, Rhipicephalus appendiculatis has been initiated.
Once purified, the haemolysin will be assessed for its potential as an anti-tick vaccine
component. Our results to date show that the K. appendiculatis midgut haemolysin
is a M, ~ 500,000 glycoprotein, showing endpoint inhibition, and that its activity is
positively modulated by EDTA. Furthermore, the haemolysin shows sigmoidal kinetics,
indicating that there may be several other components involved in haemolysis. As in
many other haematophagus arthropods, the midgut haemolysin is not detectable in
unfed ticks, but its activity is stimulated by a bloodmeal, and increases during the
growth phase of tick digestion.

See also the LERE, MVRP and BCERU sections of this vepor.
MBRU research this year was supported by the EEU, UNDP (Africa region), USAID, OPEC Fund and donors
fo the Core Fund.



The primary task of the Biotechnology Research Unit (BTRU) is to perform insect-related
biotechnology research in collaboration with relevant programmes and units in the
Centre. During 1993, the Unit concentrated on optimising fermentation conditions for
production of Bacillus thuringiensis (Bt)-based pesticides and on the massive field
application of Bt serotype H1 (‘Dudustop”) for control of houseflies in refugee camps

in Kenya.
Bi-based biopesticides

Bt is one of a group of bacteria that are toxic to insects. The bacterium produces toxins
which cause disruption of the insect midgut, eventually leading to death. In the area of
research and development of Bt-based biopesticides, the following activities are being
undertaken:

= jsolation and identification of insecticidal Bt strains and evaluation of their
pathogenicity to target pest insects
evaluation of biosafety aspects
quality control of strains and toxins
study of persistence in the field
production of optimal formulations of the bioinsecticides, including incorporation
of UV screens
= development of modes of application

Tsetse-specific Bt. The Unit continues to evaluate the potential of the Bt tsetse-
specific bacteria as a biological control agent in collaboration with the Livestock Pests
Research Programme (LPRP). Some promising persistent formulations have been
developed. The BTRU is undertaking the serotyping and characterisation of the Bt in
collaboration with the Forest Research and Development Foundation (FRDF) of

Quebec, Canada.

Optimising fermentation conditions. Production of Br-based pesticides continues
in the Biostat RE 15-litre fermentor, both for in-house work and for the Crop Pests
Research Programme (CPRP) of ICIPE. A research project aimed at determining the
conditions for producing optimal yields of Bt H1 as a biological pest control agent is
being conducted in collaboration with the Department of Applied Chemistry and
Microbiology of the University of Helsinki, Finland. Conditions for production of 107
cells/ml or 107 spores/ml within 20 h have been established. The bacteria are grown on
a medium of low-cost, locally available materials, including soybean, molasses and

phosphates.

Daveloptas aVctios fornmiarons. OPTIMAL PRODUCTION OF BT SEROTYPE H1

Since Btis sensitive to ultraviolet light,
Fhmm“' need fDrmeDrp 91at10n °,f5“‘.’P'f In 1993, the Unit established the conditions for production of Bt
and cheap I:Troaclas_-.pec:l.rum_ ulLraymkt serotype H1 (fly factor). The paramefers identified are pH,
protectants in Bz formulations if the  jemperature, aeration and agitation. The established conditions can
pathogen is to retain its activity for long be used fo produce maximal quantities of sporesin aferrmentor within
periods of time. An active dry yeast 20 hours. This improvement in process development is being
matrix system can be used successfully considered for registration as a Utility Model by the Kenya Industrial
to encapsulate Br  var Rurstaki to Properties Office (KIPO).
maintain its biological activity.

Formulations of Bt spores and crystals, encapsulated together within a yeast extract
containing either Orzan (lignosulphonate) ultraviolet screen or Coax (a feeding
stimulant) showed moderate spore viability and retained at least 50% of their toxicity

g



ICIPE sclentists test the run-
off from garbage in the
densely populated
community of Kiberain
Nairobi for the presence of
fly larvae. Bt is being
fested as a microblal
biocontrol agent for control
of dlsmsa-spmadlng
filthflies in this village.
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30 and 14 h, respectively, after exposure to an
ultraviolet source.

In most developing countries, long-term storability
at room temperature will be an important property of
At formulations. The fermentation broth produced by
BTRLU has been treated with a number of preservatives,
of which sodium chloride and propionic acid appear
to be the most promising. The shelf-life studies are
continuing,

Field testing of Bt for control of filthflies

Bt serotype H1 is effective in controlling filthflies
that breed in toilets, garbage and effluents. In 1992,
1 project to treat toilets of the deep pit latrine type
was initiated in refugee camps in Kenya and ina low-
income, high-density residential area in Nairobi. This
wils cl(mg in collaboration with the University of
Helsinki, the United N‘umn'-. High Commissioner for Refugees (UNHCR), CARE
International, Lutheran World Federation (LWF), the International Committee of the
Red Cross (ICRC) and ApproTECH, a local non-governmental organisation, among
others. By the end of 1993, over 3200 toilets in Ifo Camp, Dadaab in northeastern Kenya
had been treated with the ICIPE formulation of Bt ‘Dudustop’.

Previous studies have shown that B¢ has a long-lasting control effect on fly larvae,
due to the growth of the bacterium in the excreta or lilth and production of the toxin,
thuringiensin. However, for cost-effective fly control, more specific data about the
duration of the toxic Ll'[ec‘ts of the treatments and the initial concentration of the
bacterium required are needed. Accordingly, tests were initiated in July, 1993 to assess
the foregoing. A centrifuged paste of Btwas used, produced at the Technical Research
Centre of Finland in a 2 m® (working volume 1200 litres) fermentor. The paste
preparation was diluted with water to 1:10, ' 3
1:20, 1:30 and 1:100 concentrations. Five iy ¥
months after the start of the trials, all the
concentrations used remained effective in
controlling flies. The initial concentration of
the bacterial preparation is therefore not
significant for the concentrations tested.

The ICIPE Pathogen Bank

The Unit continues to carry out quzlity control
of all the micro-organisms in the ICIPE
Pathogen Bank, which is in the custody of
BTRU. To date, there are over 200 isolates in
the Bank. Most of the organisms are stored in
glycerol at 4°C. The organisms are still viable
after 2-3 years of storage. The Unit hopes to
acquire a lyophiliser to freeze-dry the samples
for longer storage periods. Work on isolating
and screening more potent isolates from the
local environment continues in collaboration
with the Molecular Biology Research Unit
(MBRU) of ICIPE.

See also the CPRE, LPRP and MBRU sections of this Report, Appﬂcdﬁon Of the Bt for mufaﬂon foa pl‘f ICJTJ’IHE
toiletin Kibera, Nairobi. The preparationremains
Work in BTRU was fundedin 1993 by the following donors:  acfive for up to 6 months, after which re-

Academy of Finland, EEU and donors fo the Core Fund. treatrnent is necessary.



The increasing awareness among scientists and graduate students at ICIPE of the need
for biomathematical input into all scientific work has considerably increased the
workload and scope of activities of the Biomathematics Research Unit (BMRU). The Unit
assists the Centre by providing consultancies through modelling and Geographic
Information Systems (GIS), biostatistics, computing and training. In addition, the Unit
undertakes original research in modelling, and in biostatistics.

Specialist services offered by BMRU

Biostatistics. Biostatistical services in the design of experiments, analysis of data and
assistance with interpretation of results is an important function of the Unit. ARPPIS PhD
scholars continue to take up an increasing proportion of time spent on data management
and analysis. The Unit actively collaborates with national institutions in biostatistical
waork.

Geographbical Information Systems (GIS). GIS services were in higher demand
during the year due to increasing awareness of the usefulness of GIS models. Most new
projects now include some measure of GIS activities. In the ISERIPM project (Interactive
Socio-Economic Research for Biointensive Pest Management), these concentrated on
the acquisition and mapping of socio-economic data necessary for characterisation of
villages in the Kwale and Kilifi districts of Coast Province, Kenya. This will aid in the
selection of study sites, in combination with climatic and soil data for the two districts.
Through this project, the Unit acquired a Global Positioning Systems (GPS) receiver
which is expected to play a key role in future GIS activities.

For the community-based tsetse control project in the Livestock Pests Research
Programme (LPRP), a map of Nguruman was prepared showing vegetation cover, roads,
rivers and tsetse trap locations. The project area has been extended to the border with
Tanzania, and this new area will be incorporated into the GIS database early in 1994.

Contact and collaboration with the Regional Centre for Services in Surveying,
Mapping and Remote Sensing (RCSSMRS), United Nations Environment Programme
(UNEP), International Livestock Research on Animal Diseases (ILRAD), Kenya Agricultural
Research Institute (KARD and Kenya Meteorological Department (KMD) were maintained
during the year for the acquisition of information and use of needed equipment which
were not available at the Centre. Collaboration with Purdue University in the USA on
the use of GIS has also been initiated.

Computing. The acquisition of eight new computers and three laserjet printers in 1993
further strengthened the computing power of the

Centre. In addition, four automatic remote weather F i
stations were installed or re-installed at various

field stations of ICIPE during the year, enhancing b
the collection of weather data essential for the
research work at ICIPE. Slide and graphic
production, as well as other software services
have been on the increase during the year,

Training. Safl training in the use of statistical,
word processing, data management and graphics
softwares were conducted during the year, both at
the headquarters (Duduville) and at the Coast
Station (Mombasa). ARPPIS teaching in biostatistics
and computing were also undertaken by the Unit.

Project staff of the Kwale/
Kilift Adaptive Research
Project at a fraining course
on the use of sofiware for
data management and
graphics. Parlicipants are
drawn mainly from the
KARI, who collaborate with
ICIPE on this project.
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Evaluating non-precision in field scores

Several methods have been developed for quantifying the non-precision in field scores
this year. Visual assessments are usually carried out on experimental plots of crops with
different treatments in order to determine the level of some factor, such as disease or
pest infestation and damage, which are scored for incidence or severity using a pre-
determined range of scores. Non-precision in the scores arises as a result of human
judgmental error and inconsistency and from the inter-dependency of the scores, when
the scorer will naturally compare the scores of the previous plots, before determining
the score of the present plot. Small differences in the ‘true’ scores are hence concealed,
especially when the scores’ range is narrow. It is necessary to quantitiatively describe
the non-precision before statistical inferences are made on such data. Given a set of n
scores in the order of observation, §,,5, 81 ...., 8, different methods for quantifying the
non-precision in score s, were proposed.

Measuring intercropping advantage

The Land Equivalent Ratio (LER) is probably the most frequently used index for
expressing intercropping yield advantage. The LER is defined as the relative area
requiraed by a sole crop to produce the same yield as in intercropping. However,
component crops in an intercrop sometimes differ greatly in their maturity periods. A
common example is the usual practice of intercropping cassava and maize by farmers
inthe tropics. While maize is usually planted twice annually, one crop of cassava usually
requires a whole year in the field. An essential point, which has hitherto been ignored
in the literature, is that the sole crop must be grown for the same length of time as the
intercrop to evaluate the intercropping advantage. Results of modifications proposed
by BMRU researchers indicate that the LER and its various forms over-estimate
intercropping advantage in relation to optimum land use when the intercrops differ in
maturity periods.

Modelling tsetse populations

Continuous assessment of population level is an integral part of any pest management
campaign. Population estimates of tsetse are most often determined on the basis of the
mark-release-recapture method. This method is particularly time-consuming and does
not permit a clear definition of the area covered in the estimates. However, population
estimates based on trap catches can be relatively defined in space and time. The
availability of tsetse for trapping appears to be closely linked with the hunger status of
the flies.

Anapproach to estimating tsetse population size based on proportional representation
of trap-caught flies in the various hunger stages was developed by BMRU staff. Likely
field situations regarding the distribution of flies in the various hunger stages were
considered. Preliminary simulation studies have shown encouraging results, with the
extincting population situation giving highest estimates. This result was also confirmed
using field data. Further development of the model is continuing,

How far does a tick travel?

A study to determine the expected path and distance a tick moves from the time it is
picked up by its host until the point when it reaches its feeding site is underway. A
preliminary experiment showed that a model developed in BMRU could be used to
monitor tick movement.

Classifying crop varieties

Crop varieties are usually classified as resistant or susceptible to pests based on some
infestation and/or damage level. A univariate statistical procedure for classifying crop
varieties into resistance groups, developed by a Ugandan ARPPIS student in the Unit,
gives resulls which can be applied to single-parameter based classification problems.
See also the CPRP, LPRIP and SSIRU sections of this Report,

Blomathematics research and facilifles were sponsered by EEU, UNEP and Core Fund donors in 1993,



The Insect and Animal Breeding Unit (IABLD is concerned with effective production and
dlistribution of the high-quality insects and small mammals required by the core research
programmes/units for use in their research for the control of target pests of major food
crops and vectors of important livestock and human diseases. The unit is organised into
three sections: phytophagous arthropod rearing (stemborers, podborers and locusts);
haematophagous arthropod rearing (tsetse and mosquitoes); small mammals breeding
(rabbits, rats, mice and hamsters).

IABU is also active in training scientific and technical personnel from national and
international institutions in insect rearing and animal breeding technology, and offers
consultative services in insectary management and design.

Research in insect breeding

The R & D projects undertaken by IABU are aimed at improving techniques for efficient
and cost-effective production. Lepidopteran stemborers require a moisture content of
about 80% in their diets, and this is usually achieved by incorporating agar as a gelling
agent. This year, IABU staff have discovered that about 50% of the agar — the most
expensive ingredient, accounting for two-thirds of the cost of the diet — can be
substituted with locally available and inexpensive maize meal, with no deleterious
effects on larval production.

The tedious task of manually counting out individual eggs and neonate larvae has
been superseded by using a system of estimating the numbers of B. fusca eggs by
weight, This year, the Unit collaborated with the Crop Pests Research Programme
(CPRP) and Behavioural and Chemical Ecology Research Unit (BCERLD) in developing
bioassay techniques for determining sorghum antibiosis and the efficacy of neem seed
derivatives to Chilo partellus by incorporating the relevant plant extracts in the artificial
diet.

See alvo CPREP and LRP sections of this Report.

1993 IABU Production and Supply

Chilo partelius. Af the Mbita Point Field Station (MPFS)
49.5 million egg equivalents (MEQ) of this stemborer
were producedand 11. | MEQ distributed. It was decided
this year to replace the laboratory colony, now in 83rd
generation, with a nucleus of feral collections. To this
end, 245 adulf pairs were collected for eveniual
substitution once the wild population progeny are
numerous enough.

Busseolafusca. Afotalof 3.3 and 0.8 MEQ were produced
and distributed, respectively af MPFS for work on this
stemborer.

Maruca testulalis. This podborer is being reared at
Duduville exciusively for use by some ARPPIS scholars.
This year, 0.4 MEQ were produced and supplied.

Glossina morsitans morsitans and G. m. centralls. These
Isetse species are reared in the IABU laboratories at
Duduville. The level of production of each of the Iwo
species was maintained at between 10,000 to 14,000

fliesthroughout the year. The level was sufficientto meet
user demand.

Mosquitoes. Two species were reared this year, Aedes
aegypti and Culex quinquefasciatus, with production of
131,000 and 119,000, respectively. These colonies are
due for Infusion of wild genes next year.

Locusts. The gregarious colony reached the 27th
generation since Its inception while the solifary colony
is now inits 17th generation. A total of 54, 102 gregarious
and 3393 solitary locusts were produced and supplied
to users this year.

Smallmammals. The number of rabbits, rats, Swiss mice,
balb/c mice, and hamsters produced and supplied
were 1813, 1757, 766, 1901 and &%, respeciively. One
hundred (100) extrarabbif holding cages were acquired
during the year, and this substantially increasedthe rate
of rabbil preduction as compared fo the previous year.

JABL work was sponsored this vear by the Netheriands Government, UNDP, EEC and Core Fund donors,
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The Social Science Interface 4 < CABSUI
Research Unit (SSIRUD aims at Research activities and
promoting  interactive research collaborative projects

involving multidisciplinary

scientists, collaborating agencies Interactive Socio-economic Research for Bio-Intensive Pest
I : 4 ities. in e ; Management Technology Development (ISERIPM) in Coast
11C I‘dn‘nmg COmITILUMLEs, i order and Western Provinces (in collaboration with CPRP and LPRP)

to assist the Centre in fulfilling its e o R

basic mandate of developi Adaptive Research on Community-based Management of
Mm. m.-‘m 255 fJ ; LVLIOP,l.ng_ Tsetse and Trypanosomiasis in Lambwe Valley (ARCMTT) (in

appropriate pest and vectol collaboration with LPRP).

management technologies. SSIRU LK cKilil Adeptive Resedfsh Projoet (KKAR) (
i s - wale an i i n

research in 1993 consisted of a collaboration with CPRP and LPRP).

variety of field activities involving .
socio-econontic surveys, st.:c:::'-:gw:’gk‘:w ﬁpfp?;)nf the Tselse Research Project in

community training and Tl AR el e
mobilisation, and monitoring and Socio-Economic Aspects of the Problems of Ticks in Kuja
: 83 River, Western Kenya (with LPRP).

assessment of technology
development and the adoption Socio-Economic Research on the Application of the Mbu-
processes. Cloth Technology in Baringo ?Iﬂr_ict (with MVRP)

In 1993 the Interactive Socio-
Economic Research for Bio-Intensive Pest Management (ISERIPM) Project set oul on-
station crop trials at six sites at the Kenyan Coast. The farming communities were
mohilised to visit the on-station trials and to participate in their evaluation. In the
ARCMTT project on the community-based management of tsetse, the major field
activities carried out included the promotion of community participation in the
management of the tsetse trapping technology, and monitoring and technology impact
assessments,

A socio-economic survey of Lambwe Valley

An economic survey of 30 homesteads in Lambwe valley, specifically in the area where
ICIPE is currently carrying out an adaptive research project (ARCMTT) to assess the
sustainability of its tsetse trap under the management of the local community, was
aimed at determining current crop yields and livestock productivity as well as current
homestead levels of incomes, consumption and expenditures. Preliminary results show
that crop yields are very low in this region, probably the result of the low application
of inputs. Most of the production was consumed within the homestead. Livestock
population projections showed dwindling holding herd sizes for cattle, donkeys, sheep
and goats. ‘

Livestock accounts for about a third of farm income. Most of the livestock farmers
perceive trypanosomiasis as the most important constraint to livestock improvement
and production. Control of the disease is crucial if the problem of lack of draught power,
which is perceived as the second most important constraint in crop production, is to
be alleviated.

Data were collected on 546 head of cattle kept by 60 homesteads. The entire herd
was of the Zebu breed. The sex-age structure showed that female cattle are maintained
for relatively longer periods. The proportion of calves was quite small, an indicator of
low herd fertility. The herd showed prolonged age at first calving (4.7 years), long
calving intervals (2.4 years) and low calving rate (0.41 calves/female/year). Another
study showed that there is need for strengthening local capacity for organisation and
management,




Assessing community capacity for IPVM

A study carried out as part of the activities of the socio-economic component of the
Kwale and Kilifi Adaptive Research Project aimed to assess the contribution made by
the various components of the farmers’ production system to household food security,
in relation to the farmer’s resource base, and patterns of production and consumption,
bearing in mind that these factors can determine a farmer’s capacity to adopt and sustain
IPVM technologies. More than two-thirds of the respondents had more than 4 hectares,
with about 38% owning more than 8 hectares. Estimated annual cash incomes for
households were low, with a significant number declaring incomes of less than Kshs
12,000 (about $184) per year.

Another study carried out in the context of the ISERIPM Project sought to analyse the
availability and use of household and other labour resources for agricultural production
and the implications of labour resources constraints upon the adoption of IPVM
technologies. Although many male family members were not resident on the farms for
the greater part of the year, more than half of the households reported regular
involvement of adult males in farming activities.

The primacy of housekeeping roles for female members appeared to relegate
agricultural work to the secondary, though critical, place. Hired labour was used to a
limited extent, with land preparation and weeding using most of this resource. About
43% of the households used hired labour for land preparation, 27% for weeding and 17%

for planting.
Livestock production systems

Three closely related studies were carried out on the livestock sector to provide
benchmark information for assessing the impact of integrated tick management
technologies being developed at ICIPE and expected to be tested at Kuja River in
western Kenya. Out of 272 homesteads, it was found that 14.7% farmers were in the G1
category (no livestock), 35% had less than 10 55U, 26% had between 1020 55U, and
23% had 20 or more SSU.

A study in progress to assess farmers’ indigenous knowledge and control of ticks and
tick-borne diseases (TBDs) indicates that although TBDs are endemic, farmers do not
know the vectorial role of ticks in the transmission of disease and associated economic
losses. For example, only 14% of respondents ranked disease as the most important
harm caused by ticks. By contrast, 42% and 26% ranked loss of blood and milk
respectively as the most important economic losses caused by ticks. No methods of tick
control are used regularly by the farmers, but hand deticking, spraying and dipping are
sporadically used. There is therefore a great need for farmer education on ticks and tick-
borne diseases in this region.

Sustainability of Mbu cloth technology

In 1989, the Medical Vectors' Research Programme provided 2000 permethrin-
impregnated Mbu cloths to residents in the Perkerra Irrigation Scheme area of Baringo
District in Kenya. Between 1991-93, more cloths were sold to the tenants of the scheme.
A SSIRU study to provide an understanding of the perceptions of the users of the cloth,
and their capability and that of the larger community to afford, handle and sustain the
technology was done in the study area. Malaria was the most common disease in the
area, and whereas the users of the Mbu cloth had used other methods of controlling
mosquitoes, 68% preferred Mbu cloths, 28.9% preferred bednets and 1.2% preferred
traditional methods. Reasons for the preference of Mbu cloths included their effectiveness
in controlling mosquitoes and their relatively low price. However, 85% of the users had
not re-impregnated the cloths after 6 months as recommended. Two-thirds of the users
had a high enough income so that they could afford to purchase the cloths, mainly from
money earned from sale of their crop produce and livestock.

See also CPRP, LPRP and MVRP sections of this Repori.

Research in S5IRU was funded by Rockefaller, UNDP, EEU and doners to the Core Fund.



Institufional bullding, inferaciive
research and informaiion

Two decades of capacity building in insect science and pest management

Although insect pests pose tremendous constraints to food security and health in Africa,
the human resource base necessary for the development and utilisation of insect pest
and vector management technology is limited. More specifically, African countries lack
the necessary cadre of scientists at postgraduate level as well as the institutional
capacities to undertake purpose-oriented research for development. Even at the
consumer level, there is need to educate JPVM (insect pest and vector management)
practitioners and farmers to ensure the diffusion, internalisation and usage of such
technology.,

Soon after its establishment in the early 1970s, the ICIPE realised the need for
enhanced training in insect science and for international as well as regional cooperation
in capacity building for sustainable TPVM. Consequently, the ICIPE has adopted a
networking approach in developing Africa-wide programmes. ICIPE's capacity-
building strategies are being implemented through two major networks:

e The African Regional Postgraduate Programme in Insect Science (ARPPIS), and
= The Pest Management Research and Development Network (PESTNET).

The ARPPIS PhD Programme

In 1983, in collaboration with several institutions of higher learning in Africa, and with
the financial backing of several donors, ICIPE initiated a unique training programme:;
the African Regional Postgraduate Programme in Insect Science (ARPPIS). The
programme was designed to bring together African universities into partnership with
ICIPE in offering young African scientists the opportunity to pursue higher training on
the management of African insect pests and disease vectors within the ecological and
socio-cultural context of the Continent. The universities register students for their PhD
degrees, while the training is offered at the ICIPE using a curriculum of coursework and
research developed jointly by the ICIPE and the universities, and approved by their
graduate schools,

ARPPIS PhD students Today, with 26 participating universities in 22 countries and 115 scholars enrolled,
underfoke their research the ARPPIS programme has become a model in co-operative high-level manpower
P‘W?"’” "h, "?’! . E”" W’”! i development in Africa. The programme has to date produced 40 PhD graduates. Thirty-
;hq”m@his are Wﬂﬂﬂd by three (33) scholars are still on the programme, while the rest are awaiting graduation

or thesis examination. After 13 years of implementation, ARPPIS has developed into a
reputable collaborative training facility that continues to attract the interest of increasing
numbers of African universities and scholars. 1993
saw the graduation of 13 members of the 1990 class.
Ten scholars from eight African countries, including
for the first time Egypt and Malagasy, enrolled on 22
February for the 1993 class.

The ARPPIS MSc Programme

Following the continued success of the foregoing
ARPPIS model, and the need to accelerate post-
graduate education in insect science, leading
educationists, policy makers and donors have
endorsed the establishment of a wider ARPPIS
network with four Sub-Regional Centres offering the
Masters Degree in Insect Science. This Programme is



already being implemented in a step-wise manner, beginning with the Sub-Regional
Centre for Southern Africa based at the University of Zimbabwe, Harare, where the first
intake of seven Zimbabwean and Namibian students graduated in October 1993 with
an MSc in Tropical Entomology. Other Sub-Regional Centres are to be located as follows:
Eastern and North-Eastern Africa (University of Addis Ababa, Ethiopia); Anglophone
West Africa (University of Ghana, Legon). The Centre for French-speaking Africa is yet
to be selected. More recently, several universities in North Africa (Egypt, Libya, Algeria,
Morocco, and Western Sahara) have shown interest in participating in ARPPIS, and a
Sub-Regional Centre for Northern Africa might soon be necessary.

Professional development training

IBIRI coordinates other non-degree training programmes for postdoctoral scientists,
pest and vector management research scholars and research associates from the national
agricultural research and extension systems (NARES). A total of 11 postdoctoral research
fellows, including four in the senior category, worked at ICIPE in 1993. The scientists
originated from Kenya (6), Chad (1), Sierra Leone (1), Sudan (2), and Ghana (1).

The Research Training Internship Scheme is now well established at ICIPE and is
offered to individuals at modest fees. Participants are normally sponsored by a donor
agency. During the year, trainees from 5ri Lanka and Tanzania participated on this
programme. Under the Industrial Attachment Programme, a total of 18 students on
industrial attachment were trained during the year.

The Visiting Scientist Programme enabled several scientists to participate in
collaborative research at ICIPE under various schemes. Under the Research Associateship
Scheme, two research associates from the Netherlands worked on projects on which the
ICIPE is collaborating with Wageningen Agricultural University (WALD: tsetse and
biological control of stemborers. A third Tanzanian scientist worked with the Banana
Project. Two scientists worked at the ICIPE on appointment under the more senior
Visiting Scientist Scheme this year.

Due to financial constraints, ICIPE staff development training was severely curtailed
in 1993, However, three members of staff were sponsored for skills-development
training abroad, with the assistance of collaborating institutions and donor agencies. The
Association of African Universities (AALD continued its collaboration with the ICIPE
through ARPPIS, which is an Associate Member. The AAU awarded grants to support
visits to the ICIPE by two professors on the AAU Staff Exchange Programme. The Royal
Society, in a long-standing collaboration with the ICIPE on the John Pringle Staff
Exchange Scheme, awarded an exchange fellowship to an ICIPE scientist tenable at the
Department of Veterinary Parasitology. Cooperation with the Third World Academy of
Sciences CTWAS) was maintained. The TWAS selected 6 nominees to benefit from the
ICIPE/TWAS Fellowship Scheme in 1994.

Specialist courses for fechnology adoption

In-country training courses for national staff and farmers were conducted as a part of
ICIPE’s capacity building and technology transfer through the PESTNET collaborative
activities. In collaboration with the Kenya Government's Department of Livestock
Development, and with financial support from the World Bank, the ICIPE conducted
a project to disseminate tsetse trapping technology in the Lake Victoria region of Kenya.
The practical development, application and maintenance of the ICIPE NGU tsetse trap
and methodologies for assessing the impact of the tsetse control programme were
covered. By the end of the project, which was implemented over a 6-week period, 12
senior and mid-level officers, 9 extension personnel, 15 community leaders and over
1000 farmers had been trained.

An International Group Training Course on methods and techniques used for
biological control in the tropics was held at the ICIPE for three weeks and covered the
most recent developments and advances in field techniques used in biological control.
Special emphasis was placed on training in practical applications of pathogens as IPM
components. The course was attended by 14 scientists from 11 African countries and
included three women participants. ;

African countries
lack the necessary
cadre of scientists
at postgraduate
level as well as the
institutional
capacities to
undertake
purpose-oriented
research for
development.



IPVM technology is tested, validated and adapted interactively with national agricultural
research and extension systems (NARES) through the instrument of the Pest Management
Research and Development Network (PESTNET), established through ICIPE's initiative
in 1986. Since its inception, the network has spearheaded productive collaboration with
NARES in Kenya, Zambia, Somalia, Ethiopia, Tanzania, Rwanda, Sudan and the
Philippines.

Several features distinguish PESTNET from other netwotks in the region. The
emphasis on interaction with the national research and extension systems at policy and
operational levels means that pest and vector management efforts are fully coordinated.
Recognising the value of equal partnership, PESTNET has given new meaning to the
concept of ‘resident scientific team’ (RST). PESTNET's RSTs are fully integrated into the
national systems, and are responsible to the national Directors of Research through the

Station Directors. In 1993, due to reduced funding,

Objectives of PESTNET RSTs operated in only three countries: Ethiopia,

Generation of scientific information and pest
management methodologies

Kenya and Zambia; teams in Somalia and Rwanda
were withdrawn for security reasons.

Development of these methodologies Iinto eco- PESTNET recognises that technology
specific packages of IPM technologies development, adaptation and utilisation are part of
2';";%*;‘;2'5"9 of national scientific leadership a mutually reinforcing continuum in which inputs

¥ and outputs at every step of the way contribute

towards the ultimate success of that particular

Main Actlvities of PESTNET
technology. The farmer, who is the intended
* g""":’“m“'? 5‘3'9"'::': research and fechnology beneficiary of the technology, is an important source
evelopment adaptation of information for technology development. Through

L

Institutional bullding activities, Including human
resources and research facilities development

its social science interface research work, ICIPE

Facllitating information exchange and integrating ensures that the technologies that PESTNET and its
activities of national and international institutions partners disseminate are not only farmer-driven but

PESTNET recognises
that technology
development,
adaptation and
utilisation are part

ofa
re

mutually
inforcing

continuum in

which in
outputs

puts and
at every

step of the way
contribute towards
the ultimate
success of that
particular
technology.
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are also firmly grounded in indigenous knowledge.
This is in sharp contrast to the conventional approach,where technology is first
developed by researchers and then transferred through an extension agent to the end-
Users.

PESTNET activities in Zambia

During the year, PESTNET (in collaboration with the NARES) continued to carry out

investigations on key insect pests of maize and sorghum in Zambia. The following

activities were carried out:

= [nvestigations on effective concentration of the natural plant product from Tephrosica
vogelfi

= Studies on the effects of intercropping maize and its infestation and damage by
stemborers

e Determining the incidence of Cotesia sesamiae parasitism among stemborer species
in relation to their host plants

= Screening several maize genotypes to determine tolerant and resistant cultivars

Training activities

In efforts to strengthen scientific interaction and cooperation within the southern

African region, PESTNET held a 3-week regional workshop on ‘Statistics in Plant

Protection’ attended by participants from Tanzania, Zambia and Zimbabwe. The

workshop was funded by the Plant Protection and Improvement Programme (PPIP) for

Zambia, Botswana and Tanzania. The workshop reviewed the most widely used

statistical concepts for technically accurate but proficient design and data analysis in

plant protection experiments.

PESTNET activities in Kenya

The Kwale-Kilifi Adaptive Research Project, is a joint project between the ICIPE and the
Kenya Agricultural Research Institute (KARI). The objectives of this project are to
increase food production and cash incomes of resource-poor farmers on the Kenyan



coast through increased knowledge
and use of improved IPVM practices
of selected crops and livestock.

To this end, volunteer farmers in
the Shimba Hills (Kwale district)
were trained in tsetse rap making
and are deploying and servicing
them in their own farms as a model
effort. Similarly, farmers are
simultaneously testing introduced
crop technologies (new varieties)
side-by-side with livestock
technology (traps) to assess their
relative adoption potential.
Women's groups are already
collaborating in selecting and
reflining the crop technologies for
maize, cowpea and sorghum as
they relate to the domestic/
consumption needs and dietary
preferences of the farm families.

The refined design of the tsetse
trap, modified to attract the two
locally dominant species, was
employed for assessing the tsetse population density for a 12 month continuum at five
sites around the game reserve in Shimba Hills (Kwale district). Data on monthly
incidence of trypanosomiasis was also assembled on over 200 head of cattle per site.
These will constitute the benchmark data prior to mass deployment of traps in the next
year to assess the impact of tsetse trapping technology,

Group training courses were organised for NARES personnel and farmers in on-farm/
farming systems approaches and on pest/vector management technologies, including
a study tour to ICIPE’s Mbita Point Field Station. One more KARI scientist was sponsored
for advanced (PhD) training under ARPPIS at ICIPE. Construction and equipping of an
insectary facility at Mtwapa and field facility at Muhaka have been completed as long-
term physical support for adaptive research in the region.

PESTNET activities in Ethiopia

o
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Farmers in the Kenya PESTNET profect discuss the good
harvest following the use of improved maize varietfies.
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Some of the major problems of food production in rural Ethiopia are strongly related
to insect pest and disease vectors. As a result of infestations by tsetse and ticks, the large
livestock population in Ethiopia (approximately 77 million) does not fully contribute to
the economic and social well being of the people. In addition, about 30-40% of crop
production is lost every year through insect degradation. PESTNET scientists and
technicians, led by a former ARPPIS graduate, are designing a tsetse control strategy that
is sustainable and manageable by the rural people
within their limited resources. The project activities
include:

e Demonstration ol a4 package for tsetse control
under Ethiopian refugee resettlement conditions.
The activity is focusing on the Omo River Basin,
Ketto, Angertutin and later Gambella, which are
the major sites for refugee resettlements.

= Evaluation of different tsetse control techniques
including traps, targets and insecticide-treated cattle
in the study area.

= Analysis of cost-effectiveness ol tsetse control
methodologies under the unique resettlement
condlitions of the displaced persons.

Through ifs social

science interface
research work,
ICIPE ensures that
the technologies
that PESTNET and its
partners
disseminate are
not only farmer-
driven but are also
firmly grounded in
indigenous
knowledge.

Field days constitute one of
the linkages between
farmers and researchers in
identifying locally adapted
pest-resistant sorghum
varieties developed by
ICIPE under the Kwale-Kilifi
Adaptive Research Project
in coastal zones. '




* Assessment of natural resources in the area and agricultural potential of the tsetse-
reclaimed land for subsequent intense livestock and crop production.

¢ Training of mid-level staff (extension workers) involved in day-to-day operation of
the tsetse and trypanosomiasis control programme.

= Involvement and training of the community for effective participation in tsetse pest
management.

In order to facilitate smooth operation of the PESTNET ICIPE/Ethiopia activities, the
Ethiopian Government, represented by H.E. Mr. Ato Seyoum Mesfin, Minister for
Agriculture, and the ICIPE, represented by its Director, Professor Thomas R. Odhiambo,
signed a Country Agreement on 9 January, 1993 for innovation of new pest management
technologies to address these pest and disease vector problems.

Training ensures skilled IPVM operators

At the practitioner level, technology may only have meaningful impact if applied by
skilled operators. It is for this reason that the ICIPE puts a premium on the training of
field technicians, extension agents and farmers, especially women’s groups. Through
group training courses, field days and demonstrations, and informal interactions during
field testing, validation and adaptation of IPVM technologies is done.,

The contents of the training courses are developed from farmer-validated technologies
and information generated by ICIPE scientists. From 1977 to 1993, a total of 523
participants from 50 countries in Africa, the Middle East and Asia have attended 35

specialised short courses and field demonstrations

International consumer-based training co! held at th ;
icedisuheii ain® | ¢ the ICIPE.

ICIPE from 1977-1992

One such farmer-oriented training course took

No. of courses place in Kenya, for farmers in the Kwale-Kilifi

Area of fraining
Adaptive Research Project. The farmers were
ln::g;gtg:mp::: fc:';?'ll:m:; 16 trained in tsetse trap making and in the installation
Methodologies in host plant and maintenance of the traps. Seventeen out of
a total of 26 who participated in group training

resistance (mechanisms, screening,
loss assessment, efc.)

Insect mass rearing technology
Blological control of pests and vectors
Implementation of tseise frap technology

5 courses as well as in a computer training course
2 held in Zambia were drawn from PESTNET
1 collaborating countries. PESTNET collaborating
1 countries continue to benefit from education and

training offered at the ICIPE as well as within

Use of computers in pest management
o 3 individual countries. A Rwandese who was

rasearch

Pest management documentation and
information systems 1

sponsored through PESTNET completed his PhD
studies and is now working with the NARES in
Rwanda, Attachment training for one Somalia

staff member was continued for three months of 1993,

PMDISS information exchange includes the grey literature

Because of the relative isolation of many African scientists, they depend to a great extent
on obtaining information from outside the continent. This information may not offer
appropriate solutions to the problems at hand. In Africa, the ‘grey literature’, as found
in national annual research reports, theses, conference proceedings, consultancy
reports, etc., provides a valuable source of information for pest management.

The Pest Management Documentation and Information System and Service (PMDISS)
is a network that incorporates all types of information. PMDISS is an information
network for national research and educational organisations, and is already active in
six countries in Africa — Kenya, Uganda, Zambia, Mozambique, Rwanda and Senegal.
The database and secretariat are based at ICIPE Headquarters in Nairobi.



The Information Resource Services provides backstopping to ICIPE’s research and
training activities through a state-of-the-art information resources facility and the
exchange and dissemination of insect pest and vector management information within
the PESTNET region. Notwithstanding the shortage of funds this year, the Information
Resource Centre (IRC) received about 800 books, and maintained its subscription to 150
journals as well as receiving about 50 new titles through donations and exchange. The
growth of book acquisitions by a factor of about 30% was possible because of the
continued arrival of books from the previous year's book grant from the Swiss
Government and two major donations. The donations included one by the International
Institute for Environmental Development (IIED) of all its publications and another of
the personal library collections of Dr. Pritam Singh, the renowned expert in insect
rearing. Dr. Singh donated his library to ICIPE on his retirement from the New Zealand
Department of Industrial Research.

ICIPE started subscribing to FIDONET whose link, like that of CGNET, is hosted in
the IRC. The IRC is a Fido “point” (5:731/10.4) linked to the host node at the African
Regional Organisation for Standardisation (ARSO). The Fido communication system has
not only electronically linked ICIPE to other local subscribers but also to other networks
such as APC and INTERNET which have Fido gateways.

Service offered by the IRC centred on the facilitation of current awareness based on
subseriptions to indexing and abstracting services in both printed and electronic
formats. The IRC produced its in-house Library and Documentation Bulletin regularly,
while PMDISS provided its quarterly bibliography as well. Over 1500 records were
incorporated in the PMDISS data base this year. The enquiries desk recorded 80955 user
visits. Computer bibliographic searches (92) were done and unlike in the past they were
all done on locally held databases on hard disk and CD-ROMs.

The Communication section of IBIRI is responsible for organising major events
at the ICIPE, which this year included the 23rd Annual Research Conference (ARC), and
two mobile seminars. The first mobhile seminar to be held in Africa, and the fourth in
the series, was held in Ethiopia. The fifth seminar was held in Japan. The Communications
section were also busy this year with organising the lively ICIPE Tuesday seminar
programme, and other information and exchange activities.

The authors’ editor in the office of the Science Editor this year processed over 44
scientific manuscripts destined for publication in international journals, as well as
research and project reports, proceedings, and rapporteur’s reports, Another major task
of this office was the compilation and editing of the 71992 ICIPE Annual Report, which
for the first time included a general interest section for the non-scientist reader.

In publishing activities, the ICIPE editors are assisted by the ICIPE Science Press
(ISP). This year the Press has undertaken the whole gamut of production procedures
including the conceptualisation, design, typesetting and printing of prime documents
for the Centre as well as for other international bodies. An important contribution to the
region’s document production capability has been the publishing of registers and survey
material for a number of organisations in Kenya, Tanzania, Uganda and Ethiopia.

As a service to the scientific community, ICIPE serves as the headquarters and
secretariat of the international journal, Insect Science and its Application (154).
Volume 13, Nos. 5 & G were published in 1993, and Volume 14, Nos. 1 to 4. About 62%
of the papers in volume 13 originated in Africa, with ICIPE contributing about 18% of
the total. The journal is published by ICIPE Science Press (ISP).

With effect from January 1993, a new Editorial Advisory Board of 17 members and
an Editorial Team were constituted to implement new journal policies. Professor K.N.
Saxena, who has been Associate Editor of the journal for some time, became the Editor-
in-Chief in 1993. Three new associate editors have been appointed:; Professor R.W.
Mwangi of the University of Nairobi, Dr. J.A. Odera, Director of Kenya Forestry Research
Institute and Dr. R.K. Saini of ICIPE.

Soe also CPRP, LPRP, MVRF and S5IRU sections of this report.
Donors to IBIRI activitles Include UNDP. EEU. DAAD and donors to the Core Fund.
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Publications by ICIPE Staff

*Articles published in refereed journals. The list does not include
manuscripts in press and those submitled during 1993,

Abenes M.L.P. and Khan Z.R. Spinning behaviour of two species of rice leaffolders, Crapbealocrocis
medinalis (Guenée) and Marasmia patnalis Bradley (Lepidoptera: Pyralidac). Insect Science and ils
Application 14, 135-140. 93-1134.
Abdul G. 0., Bentley M. D., Benson B. W., Huang Fu-Yung, Gelbaun L. and Hassanali A. Two new
Prieurianin-Class Limonoids from Turraea mombasana. J. Nat. Prod. 36, 1414=1417. 03-1183
Ajala 8.0., Mutinda C.M. and Chiliswa P. Heterotic effects and association of Chilo partellus (Swinhoe)
resistance parameters with mature plant traits in some maize populations. African Crop Science journal 1,
9-13. 93-1129,
Amoo A.0]., Dipcolu 0.0., Capstick P.B., Munyinyi D.M., Gichuru L.N. and Odhiambo T.R. [xodid
ticks (Acar:Ixodidae) and livestock production: Effect of varying acaricide treatments on ticks and
productivity in East Coast fever-immunized weaner and dairy cattle. Journal of American Medical
Entomology 30, 503-512. 93-1101.
Aniedu I, Mutinga M.J. and Mutero C.M. Vertical estimates of survivorship of larvae and pupae of
Anopheles gambiae Giles complex in Baringo District, Kenya. Insect Science and its Application 14, 3948,
03-1133.
Asimeng E.J. and Mutinga M.J. A preliminary account of larvivorous fish in the Mwea irrigation system.
Biological Control 3, 319-322. 93-1165,
Asimeng E.J. and Mutinga M.J. Effect of rice husbandry on masquito breeding at Mwea irrigation scheme
with reference to hiocontrol strategies. Journal of the American Mosquito Control Association 9, 17-22.
93-1100.
Bettarini F., Borgonovi G.E., Fionari T., Gagliardi L., Caprioli V., Massardo P., Ogoche J.LJ.,
Hassanali A., Nyandat E. and Chapya A. Antiparasitic compounds [rom East African plants; Isolation and
biological activity of anonaine, matricarianol, canthin-6-one and caryophyliene oxide. Insect Science and
its Application 14, 93-99. 93-1143.
Brownbridge M. Feeding stimulation in Chilo partellus (Swinhoe) (Lepidoptera:Pyralidiae) larvae by some
commonly available sugars and its effect on larval morality caused by Bacillus thuringiensis (Berliner).

Insect Science and its Application 14, 465470, 93-1179
Budenberg W.J., Ndiege LO. and Karago F.W. Evidence for volatile male-produced pheromone in
banana weevil Cosmopolites sordidus. Journal of Chemical Ecology 19, 1905-1916. 093-1156.

Budenberg W.J., Ndiege 1.O., Karago F.W. and Hansson B.S. Behavioral and clectrophysiological
responses of the banana weevil Cosmopolites sordidus to host plant volatiles. Journal of Chemical Ecology
19, 267-277. 93-1099.
Chitere P.0O. and Omolo B.A. Farmers indigenous knowledge of crop pests and their damage in western
Kenya. International Journal of Pest Mandagement 39, 126-132, 93-1167.
Chitere P.O. Sampling of smallholder farmers for involvement in farm adoption studies in western Kenya.
Journal of Fastern African Research and Development 23, 151-159. 93-1181
Groenendijk C.A., Dekker M.J., Otieno L.H. and Takken W. A survey of the distribution of Glossina
pallidipes Austen around the Lambwe Valley, South Nyanza District, Kenya. fnsect Science and ils

Application 14, 225-228, 03-1137.
Hassan 5.M. and Dipeolu 0.0. Livestock tick predation by chickens: The rate of digestion of ticks in the
alimentary tract of chickens. Biocontrol Science and Technology 3, 79-83. 93-1123.

Jura W.G.Z.0., Zdarck J. and Otieno L.H. A simple method for artificial infection of setse, Glossina
morsitans morsitans larvae with DNA virus of G, pallidipes. Insect Science and its Application 14, 383-387.
93-1163
Kaaya G.P.,Seshu-Reddy K.V., Kokwaro E.D. and Munyinyi D.M. Pathogenicity of Beauveria bassiana,
Metarbizium anisoplice and Serratia mercescens to the banana weevil Cosmopolites sordidus. Biocontrol
Science and Technology 3, 177-187. 93-1142.
Koppenhofer A.M. Observations on egg-laying behaviour of the banana weevil, Cosmapolites sordicus

(Germar), Entomaologia Experimentalis et Applicata 68, 187-192, 93-1144.
Koppenhoffer, A.M. Egg predators of the banana weevil, Cosmopolites sordidus (Germar) (Col,,
Curculionidae) in western Kenya. Journal of Apjplied Entomology 116, 352-357. 93-1173.



Kumar H. Responscs of Chtlo partellus(Lepidoptera:Pyralidae) and Busseola fisca( Lepidoptera:Noctuidac)
to hybrids of a resistant and a susceptible maize. Journal of Economic Entomology 86, 962-968.93-1153,
Kumar H., Nyangiri E.M.O and Asino G.O. Colenization responses and damage by Chilo partelius
(Lepidoptera:Pyralidae) to four variably resistant cultivars of maize. Jowrnal of Economic Entomology 80,
789-740. 93-1149.
Kumar J. and Asino G.O. Resistance of maize 10 Chilo partellus (Lepidoptera:Pyralidae): Effect of plant
phenology. Journal of Economic Entomology 86, 969-973. 93-1152.
Kyamanywa 5., Balidawwa C.W. and Ampofo K.J.O. Effect of maize planis on colonization af cowpea
plants by bean flower thrips, Megalurothrips sjostedti. Entomologia Experimentalis el Applicata 69, G1-68.
03-1138.
Kyamanywa S., Baliddawa C.W. and Omolo E. Influence of cowpea/maize mixture on generalists
predators and their effect on population density of the legume flower thrips, Megeilirothrips sjostedti Trybom
(Thysanoptera:Thripidae), fnsect Science and its Application 14, 493499, 93-1180
Leonard D.E, and Saini R.K. Semiochemicals from anal exudate of larvae of tsetse flies Glossina morsitans
morsitans Westwood and Glossing centralis Machado attract gravicd females. Journal of Chemical Ecology

19, 2023-20406. 93-1155.
Lwande W., Hassanali A., Wanyama O.B., Ngola, 5. and Mwangi J.W. Constituents of the essential oil
of Helichrysum odoratissimum (1.) Less. Journal of Essential Oil Research 5, 93-95. 93-1092.

Maniania N.K. Effcctiveness of the entomopathogenic fungus Beanveria bassianea (Bals.) Vuill. for control
of the stem borer Chilo partellus (Swinhoe) in maize in Kenya, Crop Protection 12, 601-604.  93-1154.
Maniania N.K. Evaluation of three lormulations of Beauveria bassiana (Bals.) Vuill. for control of the stem
borer Chilo partellus (Swinhoe) (Lep.,Pyralidae). Jorrmnel of Applied Entomology 115, 266-272. 93-1130.
Massamba N.N., Mutinga M.J. and Odero B.N. Characterization of Kenyan isolates of Lelshmanic by
celluluse acetate clectrophoresis. Insect Science and its Application 14, 153-161, 93-1135.
Mihok 8., Olubayo R.O., Darji N. and Zweygarth E. The influence of host blood on infection rates in
Glossina morsitans sspp. infected with Trypanosoma congolense, T. bruceiand T. simiae. Parasitology 107,

41-48. 93-1126.
Mwangi E. N., Newson R. M. and Kaaya G. P. A hymenopteran parasitoid of the bont tick Amblyomma
variegatum Fabricius (Acarina: [xodidae) in Kenya. Discovery and Innovation. 5, 331-335. 93-1185

Moloo §. K., Gettinby G., Olubayo R. O., Kabata J. M. and Okumu 1. O. A comparison of African buffalo,
N'Dama and Boran cattle as reservoirs of Trypanosoma vivax for different Glossina species. Parasitology.

106, 277-282. 03-1184
Mutero C.M. and Mutinga M.J. Defecation by dnopheles arabiensis mosquitoes of host blood infected with
live Trypanosoma congolense, Tropical Medical Parasitology 44, 23-26. 93-1124.

Mutero C.M., Mutinga M.J. and Amimo F.A. Gonotrophic status of female phlebotomine sandflies
collected by three different methods in Kenya. Medical and Velerinary Entomology 7, 291-293.
93-1169.

Mutinga M.J., Mnzava A., Kimokoti R., Nyamori M., and Ngindu A.M. Malaria prevalence and morbidity
in relation to the use of permethrin-treated wall cloths in Kenya. Zast Afvican Medical Jowrnal 70, 756-762.
93-1157.
Mutinga M.J., Kamau C.C., Basimike M., Mutero C.M. and Kyai F.M. A bioassay to evaluate the efficacy
of permethrin-impregnated screens used against phlebotomine sandflics (Diptera:Psychodidae) in Baringo
District of Kenya. East African Medical fournal 70, 168-170. 03-1104.
Nokoe S., Capstick P.B., Latif A.A. and Punyua D.K. Derivation of an index for assessing the resistance
of Zebu cattle to Rhipicepbalus appendiculatus Neumann (Acsrina: Ixodicdae). Insect Science and its
application 14, 15-19, 93-1132.
Nyandat E., Rwekika E., Galeffi C., Palazzion G. and Nicoletti M. Olinioside, 5-(4"-0-B-D-Glucopyranosyl)-
caffeoyloxy-5,6-dihydro-4-methyl-(2H)-pyran-2-one from Olinia usambarensis. Phytochemistry 33, 1493

1496. 093-1141.
Obeng-OforiD. The behaviour of nine stored product beetles at pitfall trap arenas and their capture in millet.
Entomalogia Experimentalis el Applicata 66, 161-169, 93-1172.

Obeng-Ofori D., Torto B. and Hassanali A. Evidence for mediation of two releaser pheromones in the
aggregation behaviour of the gregarious desert locust, Schistocerca gregaria(Forskal) (Orthoptera:Acrididae).
Journal of Chemical Ecology 19, 1665-1676. 03-1159.

Ochieng-Odero J.P.R. and Singh P. The rearing and production of Cnephasia jactatanc (Walker)
(Lepidoptera:Tortricidae) using the ‘Insect Rearing Management Systemy', Jrsect Setence and its Application

14, 289-303, 93-1151.
Odindo M.O. and Mbai M.O. Evaluation of some formulations of Nesema marucae for the control of Chilo
partellus (Lep., Pyralidac). fournal of Applied Entomology 116, 145-150. 93-1160.
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Odulaja A. and Nokoe 8. A maximin-minimax approach for classifying crop varieties into resistance groups
based on yield potential and loss. International Journal of Pest Management 39, G4—GG. 93-1140,

Odulaja A. and Oghiakhe 8. A nonlinear maodel describing yield loss in cowpea (Vignea unguiculaia) due
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Income and expenditure for the year ended

Amount (KSh millions)

Financial Year

Financial Year

31 December 1993 1993 1992
INCOME
Grants 4034 261.9
Premium on foreign exchange bearer certificates 5.3 41.7
Miscellancous 30.3 26.0
445.0 329.6
EXPENDITURE
Core research 286.1 115.7
Research support services 18.9 30.7
Training and international cooperation 40.0 52.8
Information 7.9 183
Management and general operations 31.6 59.0
Provision for doubtful grants 0.0 13.4
404.5 289.9
Land and buildings 0.4 4.6
Scientific equipment 10.7 12.7
Office equipment and furniture 2.3 0.6
Vehicles 11.0 9.8
Generalors 1.3 0.0
430.4 317.6
SURPLUS FOR THE YEAR 14.6 120

Financial Year

Financial Year

Balance sheet as at 31 December 1993 1993 1992
FIXED ASSETS
Nominally valued at Shs.20 i =
ICIPE Riverside House 18.5 19.0
CURRENT ASSETS
Premium receivable on foreign exchange bearer certificates — 2.6
Stack 0.4 0.0
Grants receivable 329 59.9
Debtors and prepayments 31.1 9.4
Deposits — building maintenance fund 12.0 G.8
— Others 92.1 1.9
Bank balances and cash 54.6 10.0
223.1 90.6
CURRENT LIABILITIES
Bank overdralt 259 19.9
Loan repayable within one year 0.9 03
Creditors and accruals 04.2 53.0
Unexpected operating funds 82.0 16.5
203.0 89.7
NET CURRENT ASSETS 20.1 0.9
TOTAL NET ASSETS 38.6 19.9
“Financed by:
Reserve funds 10.4 (4.6
Buildings maintenance fund 12.0 6.8
22.4 2.2
Deferred financing 5.9 a.5
Long term loan (secured) 10.3 11.2
38.6 19.9




Donors for 1993

Amount Received
(K5h millions}

Granis received and receivable 1993 1992
African Development Bank CADB) 21,2 0.0
Arah Fund for Economic and Social Development (AFESD) 8.0 2.9
Canadian International Development Agency (CIDA) 0.0 0.1
Danish International Development Agency (DANIDA) — Danish Government  29.5 17.9
European Economic Union (EEU) 54.4 180
Finnish Government 1.3 6.0
French Government 0.0 2.0
Gatsby Charitable Foundation 0.3 Q.0
German Academic Exchange Service (DAAD) 14.0 54
German Federal Ministry of Economic Cooperation (BMZ) 14.2 0.2
Insttute of Molecular Biology and Biotechnology — Greece 2.3 0.2
International Bank for Reconstruction and Development (World Banl) 43,2 20.6

0.9 1.9

International Development Research Centre (IDRC)

International Fund for Agricultural Development (IFAD) 25.1 5.9
Japan Society for the Promotion of Science (JSPS) 0.3 0.2
Kenya Government 2.0 2.0
Natural Resources Insttute (NRI) — UK, 7.8 3.0
Netherlands Government 25.7 289
Norwegian Government 259 17.0
OPEC Fund lor Economic Development 0,0 2.1
PEW Trust (through World Wildlife Foundation) 0.2 a.o
Rockefeller Foundation 22.0 8.0
Swedish Agency for Research Cooperation with
Developing Countries (SAREC) 464 329
United Nations Children’s Fund (UNICEF) 0.6 0.4
United Nations Development Programme (UNDP) 112.2 62.7
United Nations Environmental Programme (UNEP) 815 1.2
United States Agency for International Development (USAID) 0. 1.9
Wellcome Trust 0.5 a.0
TOTAL GRANTS RECEIVED AND RECEIVABLE 466.9 251.6
Add:Unexpected grants — brought forward 16,5 26.8
483.4 278.4
Less:Unexpected grants — carried  forwared (80.0) (16.5)
403.4 261.9

GRANTS TAKEN INTO INCOME

The rate of exchange used at 31 December, 1993 was KShs 65 = US$ 1.0 and KShs 35 = USS 1.0 at
31 December, 1992,
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“The creation and nurturing of an enabling environment for scientific discovery and
technological innovation . . . enables the full potential of the brainpower of the
scientist and technologist to be realised — to wonder, to explore, to tinker, and to

find fulfillment”.

Thomas R. Odhiambo
African scientist and vistonary
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The International Centre of Insect Physiology and Ecology (ICIPE),
founded in 1970 and based in Nairobi Kenya, is one of a group of
international agricultural research organisations. Specialising in
insect science and its application, the Centre is one of the first § L;J ',\
organisations whose mandate is based around environmental

conservation. .

The staff, largely made up ofmmmﬁummemlxmgwww ‘l
conduct research into integrated pest and vector management (IPV
practice and applications as well as on beneficial insects. The ‘Centn:
has an active education and training programme, and is the focus of
several international networks.

Governance is by a 16-member Governing Council, drawn from the
world-wide scientific community, academia, and relevant professions.
Funding comes from donations from United Nations agencies, ‘
government aid agencies and private foundations.
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