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Foreword 

T he year 1996 will become a milestone in 
the metamorphosis of IOPE. After 
mega-restructuring in 1994/ 95, the 

Centre, together with its partners in research 
and development as well as its donors, has 
laid the foundation for its updated work 
agenda toward the year 2020. Two major 
documents have been prepared, the Vision and 
Strateg~j toward 2020 and the 5-Year Plan, 1996-
2000. The process leading to these two 
documents (good consultation with partners, 
in-depth discussion with our Governing 
Council members, and approval by the 4th 
ICIPE Periodic External Review) has been very 
important and rewarding in respect of team 
building and gaining new insight into the 
problematic insect-related issues in 
development. It should also be noted that the 
Vision and Strateg~j toward 2020 and the 5-Yenr 
Plan are bound to evolve and will be updated 
to follow global needs as they change over 
time. 

The Report of the 4th lOPE Periodic 
External Revie·w (IPER), submitted to the 
Governing Council and donors in March 1997 
has confirmed the Centre's special status in 
the world of international research and 
development organisations, by concentrating 
not only on agriculture, but on health and the 
environment as well, as they are affected by 
arthropods. Carried out under the 
Chairmanship of the Director of Agriculture of 
the World Bank and at the request of the 
Sponsoring Group of ICIPE (SGI) donors, a 
team of eight international experts conducted 
the intensive three-week exercise which 
included every one ofiCIPE's scientific 
departments, projects and activities. I would 
like to express our sincere appreciation to this 
dedicated group, led by Prof. William S. 
Bowers, and including Professors Eddy W. 
Cupp, Barbara Ekbom, Grace Goodell, Wen 
Kilama, James Nation, Mrs. Mary Okello and 
Dr Philip Viallate. 

Upon request of the Sponsoring Group of 
ICIPE members, a special consultancy on the 
Centre' s financial management was carried 
out by a team from GTZ and IRRI. The 
findings and recommendations showed that 
major positive changes have been 
implemented but that additional step~in 
particular staff training and the modernisation 
of the standard software in use-were needed. 

Following their recommendations, further 
reorganisation, upgrading and streamlining of 
the scientific and management departments 
has taken place, and I am pleased to announce 
that the Senior Management team has b€en 
strengthened by the recruitment in rnid-1997 
of a Deputy Director General for Research and 
a Director of International Cooperation and 
Capacity Building. We shall take the IPER 
team's recommendations seriously and do our 
best to live up to their expressions of 
confidence in the 'new' ICIPE. We are also 
counting on the donor community to support 
ICIPE adequately with core funds to allow a 
seamless and rapid implementation of the 5-
Year Plan and management recommendations. 

Jacob L. Ngu, Chairman, ICIPE Governing 
Council 
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Message from the Dir,ector 
General 

T his year'sAnnuaJ Report* is~as lOPE 
itself-people-centered. Since its major 
restructuring three years ago, lOPE has 

redefined its mandate to better address the 
constraints to development as influenced by 
arthropods. The issue of sustainable 
development has been around for a while 
no·w, as have the issues of natural resource 
conservation and the link between poverty, 
development and the environment. At ICIPE, 
these concerns are not only taken seriously 
and discussed, they are worked on and 
implemented in partnership with our 
constituency: the local communities who 
stand to benefit from improvements in their 
environment, food security, health, and 
economic status. 

Insects and related arthropods (ticks, mites, 
spiders, etc.) are central to many~ if not most, 
of the serious problems facing humanity 
today. Despite the overaJI record use of drugs 
and pesticides, there are today more people 
suffering from curable diseases, there are 
greater crop losses due to arthropod pests, and 
there are more animals dying from insect- and 
tick-transmitted diseases than ever before, 
particularly in the developing countries. 
However, the ecological services rendered by 
arthropods outweigh by an order of 
magnitude their deleterious effects. These 
ecological senrices have been taken for 
granted until recently, when, for example, the 
pollinators have started to disappear, causing 
tremendous crop yield reductions. This is just 
the beginning of a chain reaction that will 
affect not only crops, but vegetation in 
general. 

In another sphere, arthropods are playing a 
major role in the conservation and 
rehabilitation of our .soils, again a limited 
resource which we can ill-afford to lose in 
these days of dramatic population growth and 
need for intensifying agricultural production. 
The great wealth of insect biodiversity can also 
provide much-needed high quality protein 
food and dietary supplements for assuring a 

4 balanced diet. Whereas production of 

conventional animal protein requires 
substantial amounts of feed such as cereal and 
legume grains-most of which could be 
consumed by human~insects can thrive on 
alternative feedstuffs. 

As you have likely read in leading news 
and scientific publications and heard from the 
media, many world food and health experts 
believe the answer to the food security 
problem is through the application of 
biotechnology and gene technology. I want to 
challenge these statements here, and refer you 
back to the time when synthetic pesticides 
arrived on the market, now some 50 years ago. 
Yes, there has been a tremendous increase in 
food production and improvement of health in 
many parts of the world. The biggest 
beneficiaries, however, are the people in the 
industrialised nations, where food prices have 
dropped tremendously, and where hea.lth care 
is available (albeit at a price). In the 
developing nations, the green revolution has 
in some cases averted major shortages, and 
has helped a few countries join the ranks of 
the OECD or gain the status of newly 
industrialised countries. However, we have 
also to consider the cost of this development, 
in terms of environmental degradation, 
increasing health care costs, widening income 
gap, and global climate change. All of the 
aforementioned problems will threaten our 
long-term survival unless drastic steps are 
undertaken to provide truly sustainable 
development, both in the developed and 
developing countries. 

Bio-and gene technology are not the panacea 
for achieving true sustainabi.lity. True 
sustainability will come only from a deep 
understanding of the mechanisms under! ying 
the fu.nctioningofecosystems and their amazing 
resilience. Throughgeneticmanipulations, we 
may create new crop varieties, new animal races, 
cure hereditary diseases-all that we thi 11 k we 
need- but nothing that is absolutely essential or 
that we cannot derive from Otuexisting natural 
resources, given thatwemust first understand 
them. 



Not that gene technology will not be of use 
in some instances, but what we have now is a 
technology, with greedy investors looking for 
opportunities, rather than looking for real 
solutions to real problems. Solutions which 
are affordable by the needy majority~ 
solutions which are not likely to require more 
sophisticated research to deal with the 
problems they create or are likely to create. 
"iliere is a need to reiterate that it is the 
integration and diversity, not the segregation 
and uniformity, of technologies that will in 
the end provide the much sought-after 
sustainability and resilience in man-made 
environments such as agroecosystems. 

We need to contemplate integration at the 
level of the community• and ali of its activities. 
For instance, nature has given us a wide 
choice of arthropod management products in 
the form of highly effective bacteria, fungi, 
viruses, parasitoids, predators, plant extracts, 
and so on. These can be produced easily and 
efficiently in developing countries, thereby 
contributing to income generation, 
employment, technology development and 
conservation of biodiversity. Such products 
are also ecologically sound and economically 
affordable. ICIPE now has such products 
under development and production in its 
TechnoPark, a joint venture between the 
Centre and the private sector. 

It takes courage to go in another direction 
from that which is currently fashionable, to go 

ICIPE's co1rstituency includes tile sma llsca le fanrters of tl1e 
tropics wlrose lives are intimiltely li11ked to the land and 
to tire vagaries of nah~re sucll as e1111iromnenta l degradation 
and invasion by arthropod pests. ICIPE is 11ow working 
with !H!l1eral comnnmities to design artd implement new 
people-driven, integrated ntral developuumt projects witJr 
income generation as tJ1e centrepiece. 

Hans R. Herren (ce11tre) meeting members of ICIPE's 
co11stitueucy at tire Kenya coast. 

in the direction which ·will lead to the expected 
results within the shortest possible time. In 
one approach to solving the 4-H problem
human, animat plant and environmental 
health-ICIPE is now involved in helping 
several local communities in the design and 
implementation of new people-driven, 
integrated rural development projects, with 
income generation as the centrepiece. We 
firmly believe that sustainable development 
projects will succeed only when local 
communities are the engines and their leaders 
the drivers. 

It is our desire to make it easier for you to 
become more closely associated with us, 
whether you are a donor, a collaborator (or 
potential collaborator), a partner, an end-user, 
or simply a person interested in our insect 
science-based development activities. To this 
end we have developed a www page, which 
will be continuously improved and updated to 
provide you with the most recent information 
and knowledge as well as serving as a forum 
for dialogue. We shall be pleased to offer you 
the opportunity to interact with our scientists 
at even the very early stages of project 
development and execution, and we hope that 
you will respond to this challenge. 

Looking forward to reading you on-line, 

•This year's Report is shorter and will llig1rlight 1996 tmd 1997 
activities. lrr a world llJat is rrurving at cybersp.'lce speed, we feel 
it is important to keep yortupdatedwitlJ as lillie delay tiS possible, 
arrd given ll1e glut of information with tolric/r our readers llave to 
cope, we are preseu ti ng our report in as concerrtrnlerl and readable 
format as possible. 5 
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I Cl PE news and briefs renect 
growing collaboration and 
partnerships 

Tire Vice PrcsiLlent oft1re Rep11blic of Kenya, Prof. George Saitoti 
(top plroto, centre) was tire special guest at tire ceremony marSdng 
the end of IClPE's first q11arter-century. As tlre lrost cou1rtry, 
Kenya lras confirmed to cooperate witlr ICIPE iJr researclt and 
tedmology transfer and by do11ations of land, berrefits artd 
seroice.s, sud1 as a rrewly tanrracked· road· to t1re Duduville 
lu~adquarters. Here, Hans R. Herren (riglrt) and Interim DDG, 
Alzmed Hassanali (left)demoustrate tlte NG2G tsetse trap. 

Below: The beauty of artlrropods was demoustrated at tire 
wrveilirrg of a metal sculpture by noted Kerrya11 artist, Kioko 

, Mlvitiki. IClPE's Govenring Cormcil CJmirman, Prof. jacob Ng11 is 
sta1rdi11g to the Vice Presidellt's riglrt. 

1996 was eventful in many respects for 
ICIPE. The Centre celebrated the end of 
its 25th anniversary year in September, 
and the launching of it's Visio1t and 
Strategy toward 2020. The event, 
coordinated by the Public Relations 
Office, was attended by heads of 
diplomatic missions and national and 
international organisations, donor 
agencies and private-sector 
entrepreneurs. 

On 6th September, the handing over 
of ICIPE's tsetse trapping technology to 
the Jocal community in Nguruman, Rift Valley 
Province took place in this semi-arid region of 
Kenya. The ceremony symbolises one of the 
final steps in the Centre's research efforts to 

develop tsetse control methods that are 
environmentally benign, affordab1e and 
sustainable by the end-users. 

During the year, ICIPE also featured in a 
series of broadcasts for Radio France Science 
Corporation. The series was aired on 600 radio 
stations around the wor1d. Press coverage 
improved, both locally and internationally, 
and the PR Office kept lOPE staff and others 
informed of key developments and 
forthcoming events through the popular and 

T11e lrartdilrg over ofiCIPE's tsetse trappitlg technology to 
th.e loca I community in Nguruman. Tire Cmrtre will continue 
its partrrerslrip with tire corrrrmmity by ltelping in monitoring 
and improving trnpping efficiency. Prof. George Saitoti 
(riglrt) represented tl1e Kenya Goverument as tire Vice L 
Presiderrt of tire lrost comrtnJ. 
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In tire l1ighlm1d region of sout1umr Et1riopia, TCIPE is working 
tviUr tire local people and tlle Et1riopian state govenrments of 
Oromia and Tigrai in an integrated de-velopment effort to 
introduce improved tsetse and mosquito control, income 
gerrerating activities arrd capacity building, all in collaboration 
witll the Et11iopiat1 ScieJice and TeclwologJJ Commissior.r. 

monthly newsletter, 'ICIPE Update'. In 
addition, the Office helped organise several 
important workshops, seminars, exhibitions 
and conferences, such as the Malaria Task 
Force Meeting, International Workshop on the 
Management of Tropical Gramineous 
Stemborers, International Group Training 
Course on Basic Biology and Trapping 
Technologies for Mid-Level Professionals from 
Somalia (sponsored by the International 
Committee of the Red Cross) and the Neem 
Awareness Workshop, among others. 

lf\\n,w'" d .,.c.•l 
,~ctnr ao .,., Th C h 

\s ,,,d ~~ ~· ~t e entre was ost to a number of 
:.. . ..u~t.:unl 
,,,ut~ion· tt•l'' distinguished guests, including Ambassadors 
1\\IC 1 LI~U"'f d Ch d'Aff • f 14 • th ,ncotn;t;bul\• an arges aues o conntnes; · · e 
.::IP11c';nu • Director of the USAID-Funded IPM 
uoll 't' 
blnlllw~\ · · Collaborative Research Support Programme 

In its \lllll 
~cwf.Dirt;" and other USAID officials; the Country 
srM~-:,e~r;: Director of ActionAid; the UNDP Resident 
~·· .:'hl!ll\~lf!t 11 Representative; members of the International 

Committee of the Red Cross; journalists; and 
many scientists from national and 

~ universities. The headquarters at Duduville 
was also a popular destination for farmers, 

I 
international research institutes and 

' women's groups and students, who observed 
first-hand the research laboratories and pilot
scale apiculture and sericuJture units. ICIPE 
staff kept abreast of the latest developments in 
insect science through 31 seminars by resident 
scientists and invited speakers. 

ICIPE's relationship with its constituency, 
collaborators and donors was strengthened 
over the year through the activities of the 
Directorate of International Cooperation and 
Capacity Building (DICCB), led by its new 
Director, Dr Mudiumbula Futa. The 
Memorandum of Understanding or 
Agreement (MoU fA) is the main instrument 
that the Centre uses to define and provide the 
framework of cooperation with its partners. 
ICIPE currently has such formal agreements 
with 76 institutions, in addition to many 
informal collaborative agreements with other 

institutions worldwide. New agreements 
were signed with the following since the 
last Governing Council in June 1995: 

• Kenya Medical Research Institute (KEMRl • 
The Ethiopian states of Oromia (sou them region) 
and Tigrai, and the Ethiopian Science and 
Technology Commission (ESTC) • Asian 
Vegetable Research 

Members oft1re Ngrmmr1111 Maasai co11ummity watcl1 
tlle lrandirrg over ceremouy. Tire project lras rr?sulted irr 
a 90% reduction in tsetse over a 100 km2 area, 
dramatically reducing tire irrcidence ofuagaua (animal 
sleeping sicJruess) for Hris semi-pastoralist group. 

7 
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Development Council (AVRDC) • Research 
Corporation Technologies (USA) (on disclosure, 
evaluation and commercialisation oftechnologies) 
• SAROC Ltd., a Kenya-based agrochemical firm 
{on the processing and marketing of neem 
products) • Universities of Zimbabwe, Malawi, 
Zambia, Ghana and Assiut in Egypt • International 
Centre for Research in Agroforestry (ICRAF) • 
Chinese Academy of Agricultural Sciences (CAAS). 

Also in the pipeline are MOUs with the 
governments of Zanzibar (Tanzania), Uganda, 
Ethiopia, Eritrea, Malawi, Zimbabwe, Somalia 
and Mozambique on control of maize 
stemborers. Apart from those listed above, 
UNESCO and FAO are processing the 
upgrading of their relationship with ICIPE to 
consultative status. Plans are also underway to 
initiate formal collaborative agreements with 
several institutions in Latin America. Areas of 
possible collaboration here indude the 
improved management of fruit flies, the coffee 
berry borer, ticks, locusts and honey bees. 

Important partnerships are being forged 
with other members of the global 
agricultural research system (GARS), 
including participation in several. 
CGIAR systemwide initiatives on IPM; 
whitefly in vegetable-based cropping 
systems (led by CIAT); cereal 
stemborers (led by CIMMYT); legume 

ICIPE l~as muc/1 to be11e{it 
from its developing 
co llaborn tio11 wi tlr CJrina., 
as for example in tlre 
nncieJrt art of sen"culh1re 
(left). AS-stro11g ICIPE 
delegation rece11tly visited 
the Seric11ltltrc Researclr 
Institute iu J iarrgsu to 
cement tl1e partnersf1 ip 
witli tire Clr incse Academy 
of Agrfcu(b.trnl Sdmces 
(CAAS). TJre agreemerrt was 
fonnalised by tile signing 
of a Memorandum of 
Understnrrdiug to establisl1 
scientific collaboration and 
training between tJre two 
o rgmrisations ou 
apiolltl•re, sericulture, 
biological control mrd 
biogas generation. Rigl1 t: 
Prof. Yang Ynnsfumg, Vice Preside.rrt of CAAS (seated left in 
pictltre),. signs tl1e MOU with Dr Herren; standitrg is Mr An 
Yongyu, Cllina's Ambassador to Kenya (centre), flanked by his 
Economic and Commercial Cormseilor, Mr Guanglmi Zlrang 
(left), and !lis Cormsellor, Mr Sltus!JeJrg Bao (n"gllt). 

pests (led by ICRISAT); and IPM in 
agroforestry systems {led by ICRAF). In the 
case of the CGIAR Systemwide IPM Initiative, 
ICIPE has been entmsted with leading the task 
force on functional agrobiodiversity and IPM. 

To support this collaboration and research, 
a total of 53 proposals were submitted in 1996 
to the DICCB, whose docket a)so includes 
donor liaison, project planning and 
preparation, and impact assessment. Of these, 
15 {34%) have been approved for funding and 
another 24 (54%) are under consideration. 

As part of its strategy for resource 
mobilisation, the Directorate of Internationa1 
Cooperation has launched a campaign for 
broadening ICIPE's financial constituency. 
Nine countries have been visited so far and six 
have accepted in principle, not only to sign 
ICIPE's Charter, but also to contribute to its 
core funding. These are Burkina Faso, Cote 
d'Ivoire, Malawi, Mali, Senegal and 
Swaziland. 



The collision theory of 
international development 

The world of scientific research and 
development (R&D) is becoming one 
interactive global web, in which, as in 

chemical reactions, the players (particles) 
bump into each other, overlap their orbits of 
interest, and sometimes fuse together in 
partnership to create a new product "''hich is 
often bigger and better than its individual. 
components. 

Whether or not the new product fonned 
will be useful depends on how it meets the 
needs of its intended users, how long-term or 
viable it is and whether the intended users 
have the knowledge or capacity to understand 
its potential and apply it for their own 
purposes. 

Such is the case of the International Centre 
of Insect Physiology and Ecology. Spawned as 
a small organisation in 1970 to deal with 
immediate problems in Africa caused by insect 
pests, the Centre soon expanded its orbitals 
until it attained the status of an international 
organisation in 1986, after which it was able to 
interact .,.vith other similar organisations in 
areas of its mandate. Today, the structure of 
lOPE comprises 360 staff originating from 19 
countries, who are bonded together as a unit to 
develop ways and means of dealing with 
insects and other arthropods in all their 
multifarious roles. 

ICIPE's orbitals are being charged up for 
better interaction by continuing refinements in 
its organisational structure (see figure). On the 
recommendation of the recent IPER (ICIPE 
Periodic External Review), the basic 
disciplinary departments have been reduced to 
only four, with three support units. These 
interact in almost every one of ICIPE's 
programme areas in the continuum that has 
come to be known as 'insect science'. Capacity 
building activities are an integral part of every 
project. 

Interaction with other players, such as 
members of the global agricultural, health and 

RESEARCH. 
DIRECTORSHIP 

MEGA-PROJECTS 
RESEARCH 

PROG.RAIIMES DISCIPUNARY SUP-T 
AREAS D£PAATMEHTS UNITS 

Animal Reoring 
MdOuamnbilo 

ant ormation 
~ 

CAPACITY BUILDING 

Organisatio11 of ICJPE's researclr 

environmental research and training system is 
increasing as ICIPE picks up speed and 
actively promotes an integrated approach to 
sustainable development. ICIPE now 
collaborates and works in partnership with 
other players in the web, including other 
!ARCs, 20 advanced laboratories, UN agencies, 
NGOs, and over 45 universities (30 of them in 
Africa). The growing list of regional and global 
collaborative development projects in which 
ICIPE is a major partner is evidence of 
improved cooperation with like-minded 
organisations to produce better products. 

lOPE's social scientists continue to lend 
their special skills to ensure that the Centre's 
work is relevant to its shareholders' needs. In 
greater interaction at the individual level, over 
6000 farmers, IPM practitioners and scientists 
have benefited from the Centre's educational 
and training opportunities. 

The practical utility of some of the final 
products from these 'reactions' is already being 
demonstrated, as in. the case of ICIPE's tsetse 
traps, use of neem preparations and Bt, and 
rapid adoption of the Centre's improved 
apiculture techniques, among others. 9 



10 

Plant e ts 
na ement 

r mme 

era for agriculture ... 

As agriculture enters the 'eco-era', food 
production is expected to be both efficient 
and ecologically sound. Farming practices, 
pest management included, that endanger 
ecosystems are no longer acceptable. ICIPE's 
benign approach helps ensure plant, animal 
and .environmental health. 



A helping hand for horticulture 

Horticulture is one of the fastest 
growing sectors of tropical 
agriculture. Whether grown in the 

home garden or by largescale producers, 
fruits and vegetables offer the double 
benefit of improving the local diet by 
supply of micronutrients and providing a 
source of cash income. ICIPE is helping 
fanners produce higher qualihj produce for 
the local and international markets by 
development of eco-friendly pest control 
methods. 

Vegetables form a major part of the diet in 
many tropical developing countries, where the 
cost of animal protein is too high for most 
pockets. Although vegetables suffer damage 
from a large pest complex, ICIPE is one of the 
very few organisations addressing the needs 
of vegetable growers. Using the >vide variety 
of agro-ecozones in Kenya (highland/upland/ 
coastal; semi-arid/high potential), pilot 
surveys of typical farmers' pest problems in 
five districts have been assessed, along with 
the cropping practices used and the farmers' 

knowledge, attitudes and practices relating to 
pests. This information will be used in 
developing effective IPM strategies. 

Organic vegetables for 
exp~rt 

Export vegetables are emerging as an important 
source of i11come for a multitude of smallholder 
farmers in Africa. Now that basic food self
sufficiency ltas been assured for most developed 
cowztries, markets in the Nortii are demanding 
quality food-free from persistent organic 
pollutants (POPs) and other toxic chemicals. Of 
the 13 most serious POPs, most are pesticides. 

The premium price offered for export 
produce motivates growers to cultivate the 
crops throughout the year and often resort to 
excessive pesticide use. Although many 
African countries are trying to strengthen or 
expand this sector, the need to rationalise and 
minimise pesticide use is often overlooked. In 
attempts to remedy this shortcoming and help 
identify safer and more sustainable 

alternatives to pesticides, lOPE is 
looking at the spectrum of pests and 
problems experienced by export 
vegetable growers. On-station trials 
in four ecozones in Kenya are being 
used to collect baseline data. 

In East Africa, the most important 
export vegetables include French 
bean (Phaseolus vulgaris), snowpeas 
(Pisum sat-ivum), okra (Hibiscus 
esculentus), egg p lant (Solanum 
melongena), green peppers (Capsicum 
annum) and bitter gourd (Momordicha 
chara n tia ). 

Almost every farnrer can participate in tire lrorticulh1re industry. Tlrese J'v!aasai 
pastoralists in tire semi-arid Ng~mtlllllrr region of Kenya are producing top qrtality 
vegeta!1le.s. A !lout 75% of all fruits aud vegetables for export are produced by 
small1rolders, wlro llave lrelped Kenya move from 7t11 to 4tlr positio11 i11 the 
lrorticulhrre export market. ICIPE is one oftJze few organisations de-vclopi11g organic 

· pest amtrol metl1ods for tllcse important crops. 11 
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Not surprisingly, the use of neem products 
is ~aining currency for safe pest control in 
these and other export crops. The effectiveness 
of seed treatment with neem oil, foliar 
spraying, and amendment of soH ·with neem 
cake powdei'i are being tested against the 
aphid Aplris fabae on French beans in 
screenhou.se experiments. The best protection 
and aphicidal effect is obtained with foliar 
sprays using a solution of 2% and 3% 
formulated neem oil. Foliar sprays are also 
being tested on foliage feeders and sucking 
pests of French beans, snovvpeas and okra, and 
fOI control of dipteran lea.fminers on flowers 
in the intensive floriculture industry in the 
Lake Naivasha region of Kenya, in partnership 
with commercial growers. 

The viability of the horticultural industry 
in Third World countries may depend on the 
local acceptance of these 'soft' options for pest 
control, especially in light of the need for strict 
adoption of the maximum pesticide residue 
limits set by many importing countries. 

Bras.sicas 

Two of the most common insect pests on 
brassicas are the diamondback moth (DBM), 
Plutella xylostella and the cabbage aphid, 

Brevicory11e brassicae. In one area in Kenya, up 
to 100% damage by DBM in the cabbage crop 
was observed, even though it had been 
sprayed regularly. The local farmers perceived 
a gradual decrease in effectiveness of 
pesticides, indicating an apparent build-up of 
resistance in local populations of the moth to 
the synthetic pesticides (e.g. cypermethrin) 
applied regularly in the past. This observation 
underscores the need to develop a rational 
system of improved pest management in 
Africa in order to avoid a situation similar to 
the uncontrollable outbreaks of DBM in Asia, 
where the moth has become resistant to all 
known synthetic pesticides. 

Several eco-friendly options, such as the 
use of neem for DBM control in cabbage are 
being tested at ICIPE. Screenhouse 
experiments indicate that seed bed treatment 
with neem cake powder (NCP) and foliar 
spraying with NCP water extract can give 
good control of the moth. The search for 
natural enemies, including Diadegmn spp. 
(Hymenoptera: Ichneumonidae) is being 
undertaken under the project 'Functional 
agrobiodiversity of the diamondback moth 
natural enemies in eastern and southern 
Africa'. 

Slrarirrg problems arrd expertise i1r rourrdtable 
discussions suclr as these (top left) is vital if 
com1mmities are to become empowend to manage 
tlreir own agriculhrral projects. ICIP'E biologists 
prouide tire advice and research back-up (left), wlrile 
social scientists (above)lselp tlrem to 1mderstand 
farmers ' pest management needs, as in tfris okra field. 



Onions 

Thrips (Thrips tnbaci Lind.) is one of the main 
insect pests of onion, and on-s tation trials at 
MPFS showed that it can cause yield losses of 
54% (yield for full p rotection was 19.3 t/ha). 
Since onion is a long duration crop (around 5-
6 months), and thrips can attack the crop at 
any time, studies were done to determine the 
phenological (growth) stage of onion in which 
most loss occurs. The cultivar Red Creole was 
treated with d ifferent protection regimes of 
endosulfan sprays at all crop growth stages. 
The onion crop produced the highest yield 
when protected from tluips attack during 13-
21 weeks after emergence, when the yield gain 
reached 143%; protection was especially 
important during the four-week period 
between the 13th and 17th WAE (yield gain of 
111%). This provides a basis for need-based 
protection decisions. Confrrmatory trials are in 
progress to relate the seasonal thrips 
population changes with crop phenology 
effects. In situations where no alternative pest 
control method yet exists, the IPM philosophy 
recommends the judicious use of carefully 
selected pesticides which are applied at the 
most appropriate time in the growing season 
and in the lowest effective doses. 

Tomatoes 

The fntit borer, Helicoverpa armigern is an 
important pest on tomato in Kenya, causing 
frui t losses of up to 24% in experiments at the 
MPFS. Based on natural field infestation, 
several tomato lines were categorised for H. 
armigern damage as being highly susceptible, 
susceptible and moderately tolerant. 
Seventeen (17) lines were advanced for further 
evaluation; some of the promising lines 
include Heinz, 93KT82, Early Pearson, 
Sixpack, Alok, 94RT316 and Elin Fl. 

Indigenous vegetables benefit from pest protection too! 

Confirmatory studies on the reaction of these 
lines to H. armigem under enhanced pest 
challenge levels are in progress. 

Another important tomato pest is whitefly, 
Bemisia tnbaci. Originally this insect affe~ted 
m ainly industrial crops like tobacco and 
cotton, but of late it has diversified its taste 
and habitat to include edible vegetables, 
especially tomatoes, cucurbits (melons, 
cucumbers, etc.) and cassava. In Africa, 
whitefly is also a vector of several viral plant 
diseases. ICIPE is participating in a system
wide initiative of !ARCs to study the whitefly 
problem, including the search for natural 
enemies (parasitoids) to keep this new global 
pest in check. 

Neem products are being tested on 
tomatoes to controlleafminers and fusarium 
wilt, a fungal condition caused by Fusarium 
oxyspomm ftc lycopersici. Control of root knot 
nematodes is also being studied by soil 
amendments with neem cake powder. 

Indigenous vegetables 
Indigenous leafy vegetables are of special 
nutritional importance in Africa and elsewhere 
in the tropics, ·where they are eaten as 
accompaniment to a basic starchy dish such as 
cassava or maize, often in Heu of meat. 
Surprisingly, all of the indigenous vegetables 
studied by ICIPE were found to suffer 
substantia] production loss due to attack by 
insect pests, ranging from 16 to 93% (see table 
below). 

Funding: !ClPE Core Frmrls , USlUD, DANIDA 
Collaborators: AVRDC, CIAT, GTZ-IPM Horiiculh1re 

Project, KARL MOALDM mul HCDA (Kerrya), Nnl ion11I Ge11e 
Bank of Kenya, Unhtersity oJNaii'Obi. 

Vegeto~ Moln Insect pest observed' Yield lOGS due to pest damage Y"teld In protected plots (kg/ho)2 
Gynandropsls gvno.nc/1a Aphids 

Crotalorfo spp. Leafhoppers 

Corchorus ofiforltrs Flea beetles 

33% 

93% 

33% 

Amoranltlus spp. Leafminer 16% 
10bservotioos in Thiko. Kiombu. Nokuru. Kiiifi and Kwole districts of Kenya. 
2Vegetobles protected with triazophos. 

3663 

2825 

1415 

4 152 
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Frustrating the fruit fly 
Tlte medfly, Ceratitis capitata is enemy Number 1 

· to millions of fruit grCYWers around tlte world. 

14 

ICIPE is ltelping to refine the ccmtrol methods 
currently in use by researclt on this pest in its 
native home in Africa. 

With the continuous demand for quality 
fruit from the North, and the liheralisation in 
global trade, horticulture is one of the fastest 
growing agroindustries in the tropics. For 
instance, horticulture exports earned Kenya 
about US$ 175 million in 1996, making it the 
country's largest sources of foreign exchange. 
Of this amount, fruit exports accounted for 
only 9%, showing the vast potential for 
increasing this cash crop. Of the 2 million or so 
Kenyans engaged in various capacities in the 
horticultural industry, smallholders owning 
less than 5 ha of land produce more than 
three-quarters of the produce, but they are the 
hardest hit, suffering losses of up to 80% of 
their crops. 

Recently, lOPE was requested by fruit 
growers in Kenya, Tanzania and Sudan to 
provide assistance m managing fruit fly 
problems. Regular sampling of both cultivated 
and wild fruits was initiated in four locations 
in Kenya, to describe fruit fly species 
composition and pest status and to identify 
their environmental reservoirs. This kind of 
basic information is needed before effective 
control operations can begin. 

One of the most effective methods of 
medfly control in current use is the sterile 
insect technique {SIT), where males are 

irradiated in the mass rearing facility and then 
released for non-productive matings in the 
wild. The study of mating behaviour therefore 
has very practical implications for mass 
rearing routines, and for methods of quality 
control of the flies produced and efficiency of 
SIT. 

In the 1995 ICIPE Annual Report, results of 
experiments on possible effects of routine 
irradiation on courtship behaviour of the 
mass-reared, sterilised flies used for SIT were 
reported. The experiment was conducted in 
collaboration with the Joint FAO I IAEA 
Laboratories in Seibersdorf, Austria. The 
methodology applied (quantitative ethological 
analysis) enabled detection of measurable, 
negative effects of irradiation on male 
courtship performance. Such effects had not 
been previously detected with the standard 
quality control methods used routinely in the 
mass rearing facilities. A similar experiment 
was conducted in collaboration with 
colleagues from Argentina, using mass-reared 
flies produced in the Mendosa facility. The 
experiments were carried out in the laboratory 
and in field cages. The results from Argentina 
confirmed the earlier findings about the effects 
of irradiation. The practical implications of the 
above on the efficiency of SIT operations 
remain to be evaluated. 

Studies on the natural enemies of fruit flies 
is underway. The PsyHalia genera (Hym.: 
Braconidae) of wasps has been used with 
success in the biocontrol of these pests, but 
their taxonomy is poorly understood. Texas 
A&M University, jointly with ICIPE, will look 
at the wasps' biosystematics. 

Do11ors: lOPE Core Funds, USDA 
Collaborators: USDAIARS, Honolulu, Hawaii, USA; 
llSDA-APHIS-PPQ Ml!llrods Stntion, Guatemala; Univ. Ex.p. 
Stntion, Karmi, Hm.ooii, USA; joint FAOIIAEA Laboratories, 
Austria; CIRAD-Fl..HOR, Remrioll; Natioual Museums of 
Kerryn; KARl; ECOSUR, Clrirzpns, Mexico; Meleorological 
Depnrlmellt of /Vmya; Regional Centre for Services in 
Surveying, Mapping and Remote Sensing (RCSSMRS), 
Nairob-i; Unro~ersities of Hcmolrrlu; Texas A &M, Pennsyll.llln in 
State, USA; Crete, Greece; Pavia, Italy; Hebrew Univ., Israel; 
Costa Rica; Buenos Aires, Argentina. 

UIJwelcome traveller: TI1e Mediterri11Jean fnlit fly lrns migmted 
from its centre ojorigi11 in Africa to become one of tire most serious 
threats to frttit gruwers tl~rouglro rlt tire tropics nl!d s11b-tropics. 
The fly attacks fruit just IJefore ripeui11g, as in tJris plroto of a 
femnle laying lrer eggs (ov ipositing) in a ripening mango. Medfly 
damage rrms into tire IJillions ofdol/arsmrmrally. Arose in poirrt 
is Kenya's 90,000 torme mnugo crop, ofw1Iidr30-40% is lost d11e 
to irrfestation witlr medfly and ot:lrer fruit flies. 



IPM for banana pests 
After a break of one year, ICTPE's research 011 

alternative management strategies for banana pests 
(weevils and nematodes) has resumed, with the aim 
of increasing production of this important 
carbohydrate food staple and fruit. 

Clean planting material is important if 
infestation by the banana weevil, Cosmopolites 
sordidus, is to be reduced and reflected in 
higher yields. The infestation dropped from 
about 24% in the plant crop when infested 
suckers were used, to about 5% when healthy 
suckers were used or to 6% when the infested 
suckers were first pared and treated with hot 
water (see 1994 ICIPE Amwal Report). Simple 
traps made from the split pseudostem were 
found to delay the weevil invasion by about 
50% in monocrops of the susceptible 
Nakyetengu AAA -EA cultiv ar. 

Studies on the behaviour of the weevil 
continued this year. Past research has shown 
that the weevil has a remarkably long lifespan 
and low reproductive rate. The weevils are 
virtually monophagus (eating only bananas), 
and appear to have few natural enemies. Due 
to a very secluded lifestyle, it is difficult to 
treat this pest with any control agent. In field 
studies, research this year confirmed the above 
observations, as well as the strong dependence 
of their migration and exploration activities on 
moisture (rain). Very few adults ( -30 weevils 
per mature banana mat, or 33,000 weevils/ha) 
were found to be present in naturally infested 
plots. Design of an artificial device baited with 
host-plant attractants and testing of suitable 
pathogens which infected weevils could 
transfer and spread within the natural shelters 
where they aggregate and hide, are planned. 

In order to tailor the banana weevil IPM 
technologies to the needs, resources and 

Neam provides a gentler altemo1ive to furadan for 
control of parasiHc banana nematodes 

Treatment 

Neemcoke1 

Neem seed powder2 
Neem seed kernel powder 
Furodon 5G 
Control (untreated) 

Nematode populatloo 
pes 100 g roofs 

2lXJ0-..4000 
0-1000 

1000-2000 
1000-2000 

8000-12000 
values ore based on three replications; each treatment 
hod 10,000-12,000 nemotodes/ 100 g of rools and ttvee 
pairs of banana weevil adulls. 
I. 2Contolns -5500 and 4000 ppm ozodfrochtln, 
re5peeliliely. 

Banana IPj\1! metlrodologies are passed 011 to fanners and officials. 
through tlze many training courses offered byiCIPE. Over 40 
extensionists and ministry officials from Et~St Africa were trained 
tlris year on sucl1 tedmiques as preparing clean planting material by 
paring and treatment witl1ltot water. 

constraints of banana powers in eastern 
Africa, ICIPE social scientists carried out 
surveys among farmers in the study area. The 
two most important constraints reported were 
disease and labour. Insects themselves were 
rated very low due to poor understanding of 
weevils and nematodes, but pests and diseases 
as a syndrome were rated the highest, with 
34% of weighted scores. The resources 
identified for banana production include land, 
labour, money and inputs (including extension 
services), in that order. Banana production was 
rated less resource-intensive than other crops 
by the farmers. Neem preparations are 
proving to be as effective as synthetic 
pesticides for controlling banana pests (see 
table below and also the report on neem on 
page 21). 

The germplasm collected between 1989-
1994, consisting of 177 cultivars were 
transferred to the Kenya Agricultural Research 
Institute (KARl) as part of technology transfer 
to NARES in East Africa. Four cuJtivars 
(Bogoya AAA, Kampala AAA, Ngombe AAA
EA and Chundobuleku AAA-EA) have been 
multiplied and entered for multilocational 
IPM trials, and are being supplied to NARES 
and farmers in Kenya. Thus far over 150 
farmers have benefited from the supply of 
8000 dean suckers for planting. 

Funding: BMZ, ICIPE Core Frmds 
Collaboration: !nstitut fiir Pflanzerrkranklleilen, University 
of Bonn, Gennnny; ARI, Man1k.u, Bukoba District, 
Commission of Research, Miuistry of Agricr1ltrrre, Tanzania; 
Mirrislry of Agric11lture, Arrimnl Hw;bmrdry and Fisheries, 
Kawanda Perennial Crops Research Institute, Kampala, 
Uganda; KARI, Ktnya; The Unr..rersity o[l..e11ven, Belgium; 
INIBAP, Gitega, B1mmdi; !ITA, Uganda; mul PBJP, Nigeria. 
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I PM for keeping the gran aries full 

Basic food securif:tJ rentains one of the 
most pressing requirements for 
bringing about a better life for 

citizens of the tropical developing 
countries. ICIPE is conducting research on 
organic pest control methods such as the 

. use of biological control (predators, 
parasitoids and pathogens) and nattlral 
agents like n.eem and semiochemicals to 
b1'ing pests down to manageable levels. 
Other strategies include cultural methods 
such as intercropping and careful use of 
wild vegetation to deter pests. 

Ma1hez 1965-67 

Warul & Ktlria 1978-83 

Overholt e1 at .• 1991H14 

CJ C. partefii:Js 
C C. Oticba.'cociTie.'lus 
CJ C. calamisiJs 

3.1% 

Tire spotted s temborer, Chilo partellus lias become firmly 
entrendred 011er tile last 30 years as tire most irnportaut 
maize pest in East a11d soutlrem Africa, as slrown in tlrese 
charts of stem borer species abwrdarrce. 

Biocontrol for borers 
Losses in maize, sorghum m.rd otlrer cereals from 
stemborers remains one of tire biggest tltrents to 
food security in eastern a1rd southern Africa. Maize 
yields i11 Africa are less than lralj tire world 
average. Especially damnging is Chilo partellus, 
a11 intruder from Asia that was accidentally 
i11troduced into Africa in tire 1930s a1rd has now 
displaced indigenous pests. BecnrJse this exotic 
Chilo species had no coevolved 1ratuml e-nemies in 
its new home, it soou became infamous for amsing 
losses of 20-80% in crops. 

An ICIPE project to control Chilo started in 
1993, when a tiny wasp, Cotes in flavipes was 
released in Coast Province, Kenya. This 
natural enemy from Pakistan, the target 
borer's original home, has since become 
estabHshed near its release point \vith 
parasitism rates as high as 7% at one site. The 
wasp is also being recovered in northern 
Tanzania and in Kenya's southwest and 
eastern regions, although it is yet to be found 
in Uganda. Introduction of C. flavipes into two 
locations in Mozambique, where C. partellus 
accounts for 91% of the stem borers surveyed, 
was done in 1996 in coUaboration with the 
Plant Protection Department and Eduardo 
Mondlane University. Further releases are 
planned for 1997 in Uganda, Zambia and 
Somalia. 

Biologica l imperialism 

Studies which attempt to identify any intrinsic 
differences that confer a distinct advantage of 
one species over another contribute to the 
knowledge of how indigenous species are 
displaced, and may be useful in 
understanding general declines in biodiversity 
in the tropics. The ecology of both the 
stemborers and their parasitoids were studied 
with this in mind. 

Clrilo partellus has a big appetite, as 
evidenced by findings that this species 
develops faster and consumes more maize 
than Cl!ilo oricltalcociliellus, a closely related 
native stemborer which occupies a similar 
ecological niche. However, survival of the 



native stemborer was higher on some native 
grasses, which may explain why this species 
has not been completely displaced by C. 
partellus. One factor in favour of C. partellus 
eventually winning out over the indigenous 
species is its shorter diapause (9.7 days vs 14.4 
days for C. orichalcociliellus); this is likely to 
allow the former to colonise host plants earlier 
than the indigenous borer and to complete 
more generations in a year. Another factor is 
its higher survival rate from the diapausing 
larval stage to the pupal stage (74% vs 26%), as 
well as a shorter overall development ~me 
and a faster and greater dispersal ability. 

Native predators may play an important 
role in suppressing stemborer populations. 
Studies conducted in Kenya's Coast Province 
revealed that ants were the most abundant 
predators, with numbers ranging from 0.8 to 
9.4 per plant. Predator abundance and 
diversity increased with plant age, and was 
highest at the tasselling stage of maize. This 
period did not coincide with the presence of 
stemborer eggs and young larvae which are 
the stages most vulnerable to predation, but 
rather may have been in response to other 
potential prey such as aphids and leafhoppers. 
Laboratory studies identified several 
predators, including various ants, several 
spiders, cocinellid larvae and a cockroach, 
which would feed on stemborer eggs and 
larvae. 

In field and laboratory competition studies 
between C. fiavipes and the native C. sesnmwe, 
the exotic species proved to be extrinsically 
and intrinsically superior when C. partellus 
was the host. Functional response studies in 
the field showed that C. flavipes attacked more 
C. partellus larvae, and produced more 
progen}" than the native species. When C. 
part~llus was stung by both parasitoids, only C. 
formpes emerged in the majority of cases. 
However, when the native stemborer, S. 
calmnistis was the host, there were only minor 
differences in the success of the two · 
parasitoids. 

Genetic differences 

Studies on the population genetics of Cotesia 
species continued in 1996. Distinct differences 
were observed between Indian and Pakistani 
populations in allozyme patterns and host 
suitability. DNA studies of allopatric 
populations are being conducted using . 

Stemborers ~~~tire laroal 
stage of moths (Lepi-

lri'.8'~":1PW" ~ doptera) wT1icT1 dilmage 
cereals, sugarcane mrd 
otl1er grasses. Control of 
these pests is especially 
diffia.Jt because the 
laroae are secreted away 
inside the plant stems. 
ICIPE's 11iological control 
project seeks to use tlu! 
borers' natural enemies to 
keep them in cl1eck.. A 11ove, 

Chilo partellus_ the spotted stemborer. Below, laroae of 
Busseola fusca decimate tllis maize stem. 

isofem.ale lines, with the hope of resolving 
evolutionary relationships in the C. Jlnvipes 
complex, which includes C. Jlavipes, C. sesmniae 
and C. chilonis. 

Electrophoretic examination of a 
poly dna virus from C. Jlavipes and two 
populations of C. sesam iae showed differences 
in the viral circular ON As. These differences 
may help to explain why some populations of 
C. sesamine are able to avoid the immune 
system of another stemborer, Busseoln fusca, 
and yet C. flnvipes is unable to successfully 
parasitise this pest. Only the inland 
population of C. sesamiae could develop in B. 
fusca. 

In another important activity of the 
complementery Gatsby-funded project, the 
genetic variations in stemborer populations 
was studied among Chilo parte/Ius and Busseola 
fusca by examining their isozyme variation on 
eight mendelian loci. Allele frequencies 
revealed significant geographical differences 
between BrJSseola populations on Lake Victoria 
versus those in the highlands (Trans Nzoia), 
but genetic differentiation in relation to host 
plant influence was not evident in either 
species, suggesting there is free movement of 
borer populations among the different host 
plants within their ecosystems. 17 
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Searching far afield 

With stemborers being suCh pervasive and 
damaging insects-their seclusion deep inside 
the stem helps them survive pesticide 
spraying-searches for natural enemies 
continues. Over 60 species of indigenous 
parasitoids have been documented from East 
and southern Africa by ICIPE's Biosystematics 
Unit and thus far about seven borer species. 
This information will be incorporated into a 
database and GIS distribution map of African 
cereal stemborers and their natural enemies as 
part of the CGIAR Systemwide Initiative on 
IPM in collaboration with IITA, CIMMYT and 
others. 

Classical biological control-a method in 
which a foreign pest such as Chilo partellus is 
controlled by the introduction of a natural 
enemy from its homeland-is one field in 
which international cooperation is vital. 
Information from IITAsuggests that an East 
African population of C. sesamine shipped to 
West Africa by ICIPE has become established 
in Benin. Foreign exploration in India for 
natural enemies of C. flavipes was conducted in 
coUaboration with ICRISAT. A native African 
stemborer parasitoid, Pediobius furvus, has 
been supplied to Brazil for control of Diatraen 
saccharalis, an important pest of sugarcane in 
the neotropics. 

To support this research, over 250,000 
stemborers of five species were produced in 
the ICIPE insectaries at Duduville. Borers are 
also supplied to the Kenya.Agricultural 
Reseruch Institute (KARl) for their maize trials 
and to other interested parties on request. 

Funding: The Netherlands Govemmrmt, Rockefoller 
Foundation. 
Coll.aboraturs: Wageningen Agricultural Um'-uersihJ (WAW, 
the Netherlands; Texas A&M University, USA; ]ohrr lmris 
Centre, UK; IlTA; lCRlSAT; Cli\1MYT; lrrterrrntional Institute 
of E11tomology (11 E'; University of Capetawrr, Soztllr Africa; 
National MusemtlS of Krmya; NARES in Kerrya, Zan:u'bar, 
Tanzania, Ugmzdn, Mozamlriqzte a1rd Zimbabwt~. 

MSV research 

Maize is also subject to other pests and 
diseases in Africa, most notably the maize 
streak virus (MSV), which is transmitted by 
leafhoppers (Ciccadulina spp.). In the pipeline 
is a collaborative project for research into the 
epidemiology and pathotyping of the virus 
and its insect vector, with the aim of 
developing genetic resistance in this most 
important of staple crops. 

Farmers can push-pull 
pes ts from their fields 
ICIPE's project on the role of wild habitat on the 
invasion of gramineous crops by stemborers is 
yielding hard datn on the benefits of preserving and 
managing biodiversity in small- and medium-sized 
farms. The project is developing a novel pest 
management approach utilising a 'push-pull' (or 
stim ulo-deterren t) diversionary strategy. 

In this habitat management system, which 
involves the combined use of trap and 
repellent plants, insects are repelled from the 
main crop, and are simultaneously attracted to 
a discard or trap crop. The research is 
providing a better understanding of the 
relationship between habitat diversity and 
resilience to pest challenge, as well as ideas for 
habitat modification to contain this challenge. 

The project has identified several plants 
which lower the stemborer density using the 
push-pull strategy, resulting in higher crop 
yields. Especially promising in this respect are 
Napier grass (Pennisetum purpureum) and 
Sudan grass (Sorghum vulgare sudanense}. 
These two important fodder grasses act as trap 
plants by 'pulling' the borers and as reservoirs 
for their natural enemies. Furthermore, Sudan 
grass also increases the efficiency of the 
natural enemies. The parasitism rate on larvae 
of the spotted stemborer, Chilo parteii us more 
than tripled, from 4.8% to 18.9% when the 
grass was planted around maize in a field and 
from 0.5% to 6.2% on Busseola Jusca, another 

Fanners visit ICIPE's field sites at KARl, Kitale, to Learn 
about stem borer damage. On-farm participatonJ trials 
with fanners in this fertile region of Kenya were initiated 
in late 1996, and involve IClPE entomDlogi's·ts, 
agronomists and sodal scientists worki1tg in 
collaboration with KARl and m1'nistry exte.rzsion staff. 



important pest. As reported last year, Napier 
grass has its own defense mechanism against 
crop borers: when the larvae enter the stem, 
the plant produces a gum-like substance 
which causes the death of the pest. 

Mo lasses grass 

The potpourri of uses of molasses grass 
(Melin is minutiflora) in habitat management are 
now becoming more evident. The plant 
releases volatiles that repel (or 'push') 
stemborers, but attract parasitoids. Both live 
whole plants of M. minutiflora and its volatiles 
were shown to attract Cotesia sesamiae in a Y
tub€ olfactometer. Intercropping with M. 
minutijlora increases parasitism, particularly 
by the larval parasitoid, Cotesia sesamiae, and 
the pupal parasitoid Dentichasmis brJsseolae (see 
figure). This study opens up the new and 
intriguing possibility of using intact plants 
with the inherent ability to release these 
stimuli. Such plants will have a useful role in 
ecologically-based crop protection str.ategies. 

Coupled GC-EAG analysis of the volatile 
oils from Melinis shows that it contains several 
physiologically active compounds. Two of 
these (a.-terpinolene and !3-caryophyllene) 
inhibit oviposition (egg laying) in Chilo, even 
at low concentrations. In contrast, Chilo's host 
plants (maize, sorghum and Napier grass) 
were found to contain volatile compounds 
such as eugenol that attracted Chilo and 
Busseola and stimulated egg laying. The grass 
emits a chemical, (E)-4,8-dimethyl-1,3,7-
nonatriene, which summons the borers' 
natural enemies. This same substance is 
released by whole plants as an 'SOS' when 
they are being damaged by pests. 

Striking down Strigo 

Research on the ecological 
basis of the push-puiJ 

l:IIJ 

80 0 Maize: Melinis 1 : 1 

0 Maize: Me/inis 2:1 
70 0 Maize: Melinis 3~ 1 

560 ·IQ Maize Mooo 
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lnurcroppirrg maiu wit1a Melinis minutiflora increases 
tlae rate of parasitism of damaging stemborers compared 
to mortoaopping. Tin's wild grass repels tlze borers, at t1re 
same time attracting their natural etaemies. 

mechanism is also being used to advantage to 
control another important pest, this time a 
parasitic weed, Striga hermonthica, that attacks 
cereal crops. In field trials at lOPE's Mbita 
Point Field Station (MPFS), intercropping the 
maize with the fodder legume Desmodium 
uncinatum significantly reduced infestation by 
striga by a factor of 27 compared to the maize 
monocrop (striga incidence 2.7 to 0.1 ). Last 
year, we reported the beneficial effects of 
Desmodium in reducing stemborer infestation 
on maize. Farmer-participatory trials in 
Kenya's 'grain basket' (Trans Nzoia and Suba 
Districts) are in progress ·with the aim of 
developing a maize I napier grass I Desmodium 
intercrop that ·wiiJ reduce yield losses due to 
both stemborers and striga and at the same 
time improve soil fertility through its 
nitrogen-fixing action. 

Funding: Galsby Oraritab/e Foundation, UK. 
Collaborators: Rotllamsted E:cperimerrtal Station, UK; KARl, 
MOALDM (Kenya). 

Slriga is a beautiful pink-flowered parasitic weed tlaat saps tile errergy 
ou.t of cereal crops, as in this Jreavily infester! maize field (left ). 
In tercropping witla tlre forage legume Desmodium uncinatum 
suppresses tire weed's gennination, allowing Ilea/thy maize growtla 
(riglrt).lltadditiolr,fanners can reap tTae benefits of harvesting fodder 
for tlreir livestock mad of obtaining anitrogen-euric1aed soil. 19 



Neem-a botanical of 
legendary powers 
Natural pesticides derivedfrom tire neem tree, 
Azadirachta indica A. fuss. (family Meliaceae), 
are gaining popularihj because they are less 
disruptive to tire environment than sy11thetic 
pesticides. The use of simple farmulatia~ts or 
mixtures of bioactive campotzen ts occurring 
nnturally in the neem seed are an attractive optiorz 
for pest m«nagement l1y resource-poor farmers in 
Asia and Ajria1. Though short on toxicity, neem 
derivatives neutralise the pests i1t the subtlest 
manner by affecting their behaviour and 
physiology, such as by inhibiting their desire to 
feed. 

In field trials against the stemborers 
Busseola fusca and Chilo par tell us, application of 
neem cake reduced foliar damage and st.em 
tunnelling at par with dipterex, resulting in an 
increase in grain yield corresponding to the 
use of this more expensive synthetic pesticide. 
Chemical analysis showed that even directly 
prepared neem cake had about 5500 ppm of 
azadirachtin A, thus obviating the need to 
reconstitute kernel and husk into cake vvith a 
standardised concentration of azadirachtin. 

Neem for banana weeuils and nematodes 

N eem' s efficacy in controlling serious pests of 
banana-the nematode complex and the 
banana weevil, Cosmopolites sordidus-was 
tested by applying several types of 
formulations. Neem deterred feeding of the 
weevil larvae up to 60 h after treatment. When 
the pseudostems were treated with 1, 2 or 5% 
neem oil (NO), none of the larvae reached the 
pupal or adult stage, and those that survived 
were small and weak. This growth inhibition 
effect persisted .for up to 14 days. Repellent 
effects were also noted. Other neem treatments 
using pared or unpared suckers reduced 
nematodes by 57 to 92%, at par with Furadan. 
These experiments are continuing in farmers' 
fields in western Kenya. 

Ag roforestr!,l appJica tions 

Insects and nematodes also affect tree crops, 
but there is no strong tradition of pest control 
with chemicals on trees in smallholder 
agriculture. Trials conducted by ICRAF at 
Machakos, Kenya, and at Shinyanga and 

20 Tabora in Tanzania in 1994-1995 indicated that 

Neem idol: The nee111 tree orlginatu from India, wlum it 
is revered due to its Legendary medicinal and pest control 
properties. Neern derivatives affect about450 species of 
insects belonging to 15 orders, as well as seveml species 
of mites and nematodes. TI1e tree is p11t to so many 11ses 
in India that it is literally idalised. 

application of neem cake powder (NCP) could 
be used to control root-knot nematodes 
(Meliodogyne spp.) in sesbania. In a long-term 
field trial conducted at the ICRAF Field 
Station at Machakos, application of neem cake 
at 15 g per grevi~a seedling reduced the tree 
mortality due to termite damage. After about 
15 months, the untreated control showed loss 
of 72% of trees, compared with 60% and 52% 
loss with neem and carbofuran, respectively. 

Nematodes are also a problem in tobacco. 
Field trials were conducted again at Tabora, 
Tanzania in the 1996 cropping season. 
Although application of neem did not reduce 
the root galling index over time, th.e tobacco 
yield increased significantly with the neem 
treatments. 

Neem awareness 

Awareness of neem is growing in the eastern 
and southern Africa region in large part due to 
ICIPE's Neem Awareness Project. Since 1994, 
over 30,000 seedlings and 200 kg of viable seed 
have been distributed among farmers, schools, 
churches, N GOs and other interested groups. 
This has stimulated the establishment of 
numerous private neem nurseries in Kenya 
and its neighbours. Commercia] production of 
selected standardised neem-based control 



products are phytotoxic, as w~ll a~> 
being more e"pensive than the older, 
oow banned cyclodienes, 

BanaltA plant~ treatul wJih neem ~oiUI~ at a rate ofUKJ g per 100 /Jtre6 P/ 
~u fit ow heAlthier, greener 6ucker6 lleft) than untruteA UJ11trol6 (right). 
Num rnlucu infe#atio.n by root h6ion nematiJJie, and baltAna weev;J6, 

Trial10 wer~ conducted by IClPE 
during 1996 to eva.luate the p4ltential 
of the fungus, Melllrhizlum nnisoplille, 
for rontrol of damaging termites in 
several sites in Kenya, Two ty~ of 
treatment were applied, depending 
on the termite j pecieft and itfii 

. behaviour. dry ronidla of the tungw; 
were either blown into the ventf> of 
termite mo~ Ucsing a foot pump, 

! 

preparations by a private Nairobi finn is 
another encouraging sign that demand for thiJ> 
ecologically safe pesticide is growing, Thw; 
f~ over 3.50 per.soJ\5 from ..even East African 
rountrie.s hav~ been trained in seven 
workshops. Another 163 persons were trained 
on the w;es of 11eem in one-day semina.n; held 
during the same period. In late 1995, the 
project was cited as Finland' .s Project of the 
Month in KEHI1YS NeWJ>letter and in May 
1996 it was featured for its environment 
impact under the Rnle:r Awnrd$, Also in 1996, 
the project received wide coverage by the 
media in eastern Af:rica, feat:u.ring in two 
segments of th.e Reuters AJriCilfounud 
programme. 

However useful this wonder tree may be, 
the impact of neem technology will not be felt 
unless neem preparations are available a.t an 
affordable price and sustainable suppiy w the 
smallholder fanner. With this in mind.~ pilot
scale production is undet'w.ay as part of 
ICIPE' s TechnoPark initiative {see TechwPJZTk 
report on p. 43 and the ISERIPM report 011 p. 22). 

Fwuiing; Government ofFinlav.d, UNEP, LCJPE Cor.e Funds 
DJilllbora/QT'$; JCRAF, KARL 

Organic termite control 

termites .are a problem wken ma~ i.s g~n 
in light soil, su.ch as those in Shiny.anga, 
Tanzania. Application cf neem cake powder 
at 13.5 kg/ha redu..ced t:emllte damage(~ 
table) by a third. in hybrid maize (Cargil} mrer 
the Furadan-treated .or untreated cr~p, 
Traditional methods of termite contr-ol in.dwie 
remov.al.of the qu.een by dig~ (a laborioas 
procedure), .and the u.se .of wood .ash, wild 
tobac.c.o or dried d:tilli More effi.ci.ent i.s &e use 
of synthetic pesticides, but some of the newer 

or mixed with soU and .spread around 
trees. Re6ult5 from fa.rnum; ~b.owed that the 
fungus could s~fully protect ~and 
pa10tures from termite attack. In :Wme c.a.6ef> 
applk:ation of the pathogen r~ulte.d in the 
dei;trudion of the termite rowny, while in 
othen; the fungus Waf> able to give protedioo. 
fur up to 6-8 montm, ron.siderobly longer 
~ting protedion than the chemical pei~ 
the farme.ll> had been w;.ing previously. 
Experiment6 are in prGgJ"~ to ~s the 
e~y of this fungus against damaging 
tennites in maize (:rapping t>ystems in Kenya 
and. Uganda. 

Culture.s of the fungw; were ra'i.sed on 
various s ubstratef; and the mnidi.at yield and 
viability determined. Rice was fowld tJJ give 
the highest yield compared w maize .and 
sorghum rub.str~, The conidial viabi11ty w.as 
about 5 months when the fungus wa:S :SUJred at 
room temperature, Rice itt>cli, (~ + 
verm1aili.re, maize + vennirul1re and :SOrghum 
prodw::ed mnidia wdh a 5-month shelf lite .at 
coom ~mperatu.re, whkh is a ~ry 
r~quirem.ent if fungal preparat.ions are ~be 
u6ed on a large scate ror pest t::entroL 

FJmJJing: JCIPE Cart fJ1 1l.ds 

BfectJ ol appkGiion "" ,..., cog powdM 
·(NCP) on tennJte dorJilage to moa., tt~Myonga, 
Tonzanio1 

Treatment 

Neem cake (.45 kg/ho) 
Ne.ern cake (90 kg/ha} 
Neem coke (1'35 kg/ha) 
Furodon6G 
Untreated control 

SED 

Termite 
damage 

{%' 
36..4 
32.2 
27.2 
AU 
49.9 

3.~ 

• AYer.og.es of 5 replicotloJils. 

Grt<lirn 
yleJjj 

.CtJti\.a) 
1.34 
1.{56 
1.~ 
1.22 
1.24 
0. 1§ 
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Six villages put I PM 
to the tes t 

The last stage of this ICIPE project on 
'Interactive Socio-Ewnomic Research for Bio
Intensive Pest Management USERIPM)', aims 
to ensure the adoption and sustainobility of 
ICIPE's IPM technologies developed lJy 
biologists and social scientists working 
together wi fh NARES staff and farmers . 

About 80 farmers from six viJJages in 
Kwale and Kilifi districts in coastal Ken va 
participated in the trials of p€St resistant 
cultivars of maize, sorghum, cowpea and 
cassava, and the organic agents B t and 
neem powder. Economic analysis of 50 of 
thes€ farmer-managed technology trials 
was p€rformed to establish the net benefits 
{NB) and the marginal rate of return 
{MRR )-the rate of return on the extra 
money invested in the new technology or 
practice. In the case of the maize trials, the 
MRR was found to be 63%, indicating a net 
benefit of Kshs. 0.63 for every Kshs. 1.00 
invested. The profitability was greater 
when the farmers intercropped cassava 
and cowpea with their maize. The MRR for 
the sorghum-based trials was 29%, and 
again1 intercropping raised the returns. 

Analysis of experiments in which farmers 
selected their own crop combination showed 
that the total revenue from maize monocrop 
was maximised when maize was planted at 
55,000 plants/ha. Howevet; the contribution of 
maize to the total revenue in a maize-cassava 
intercrop was maximised when maize 
occupied 64% of the area at a plant density of 
32,500/ha and cassava occupied the rest at a 
density of 7,200 plants/ha. The relative 
advantage of using IPM for maize growing 
was related to the general environmental 
quality. In the poorer environments, the local 
maize technology was superior to the IPM 
technology. However, IPM technology out
performed the farmers' practices in the better 
environments. Interventions that are 
recommended in the drier environments 
would be to include cassava as one of the 
intercrops, or to introduce sorghum where 
appropriate. The performance ofiPM in the 

22 harsh environment is still being .investigated. 

Over 90% of farmers iulCJPE's adaptive IPM project 
at the Kmya coast feel they have benefited from tilcir 
participation. Farmers from Kwale district (above) 
stand in a field ofimproved sorglmm variett; 
developed by ICIPE. Trairri.11g courses mrd seminars 
were a vital ingredieJlt, a11d allowed for t11e e:xdza11ge 
of experiences a11d advice (below). 

Farmers' euaruarions of the IPM 
components 

Improved varieties: ln this region of the 
Kenya Coast, farmers expressed preference for 
the ICIPE-recommended maize cuHivars that 
they assessed to be early-maturing (94%), high 
yielding (73% ), pest resistant (15% ), drought 
resistant (6%) and marketable {3%). Many of 
the farmers apparently did not readily 
associate the higher yields obtained with the 
improved pest tolerance of the recommended 
cu1tivars. 

Cowpea varieties were preferred because 
of their high yieJd, early maturi.ty and good 
colour. Being susceptible to pests and drought 



and unpalatability were factors for non
preference. High yield was the most important 
factor in fanners' preference of a cassava 
variety, followed by early maturity, 
palatability, and pest and drought tolerance. 

Intercropping; About 40% of the farmers 
assessed the ICIPE-recommended strip relay 
intercropping pattern introduced two years 
ago as contributing to higher yields, and about 
20% felt that this practice controlled pests. 
This cultural method was rated as being more 
labour-intensive by some farmers, and not 
allowing weeding by ox-plough. 

Bacillus thuriugie11sis (Bt), an 
entomopathogenic bacterium, was another 
IPM component tested for its adoption 
potential. A special strain of Bt active against 
stemborers was developed by ICIPE scientists 
at the Centre's Mbita Point Field Station on 
Lake Victoria, and evaluated in the coastal 
agroecology. After four years of testing, two
thirds of farmers rated the B t technology as 
being effective and reported no problems in 
preparing and applying it. Although 10% said 
they were not able to afford this product, 
about 65% said that they would purchase it 
within a price range of about US$ 0.30 to 12.00 
pe.r season. 

Neem, the natural botanical pesticide, was 
a.lso tested for its ability to control pests (see 
also page 20). It was adjudged effective in 
controlling maize pests by 21% of the farmers, 
while 60% found it useful for cowpea pests. 
The majority (60%} of respondents indicated 
they were able to prepare and apply the neem, 
although occasionally the disagreeable smell 
and difficulties such as in pounding of the 
neem seeds and blocking of the sprayer 
occurred. Farmers in this region would 
purchase and use neem if the cost were in 
the range of US$ 0.30 to 2.50 per season. 
About 8% of the project farmers were already 
growing their own neem. 

In the final analysis ... 

In their overall evaluation of the ISERIPM 
project, 90% of the farmers said they had 
benefited from their participation in the 
educational activities and practical application 
of improved pest control measures. Farmers' 
suggestions for improving the IPM 
technologies included continuing farmer 

Page from a fanner 's notebook 
in Tsui11i Village Oil t11e 
expected orttput of cowpea as a 
resultofusiug ICIPE's IPM 
tedmologies. 

Tratr.sla tiou: Expected output i11 
cowpea plot: 
Below are the number of plants 
per plot 
- Plot1 -No. ofplants-1000 
-Plot 2 -No. of plants- 2000 
-Plot 3 -No. of plants- 1250 
- Plot 4 -No. of plants- 720 
- Total - 5970 
- I expect to get 5 bags of 
cowpea, eaclt is 90 kg 
- IJI total, I expect to get 450 
kg 
- I will sell1 kg at Kshs. 20.00 
- So, I expect to get Ksl1s. 
9000.00 

training, provision of soft loans for purchase 
of ox-ploughs, and extending the activities to 
other farmers. 

The Kenyan experience was used this year 
as a case study for training extension 
personnel from Tanzania, and is likely to serve 
as a model for other research projects where 
the technologies developed by researchers in 
the laboratory and on field stations can be 
scaJed down and adapted to sped.fic 
communities and agroecologies. 

Donors are being sought to sponsor impact 
studies and a follow-up adaptive research 
project in oth~r regions. 

Funding: RC~t:lrefdler Foundation 
Collaborators: KARl, MOALDM, Provindnladminislratiorr 
and pnrlicipntirrgfimrrers, Kenya. 
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4000 years of Joe 

No other pest has for the 
past four millenia 
caused such dramatic 

damage a~ plagues of the desert 
locust In its gregarious state, the 
inEtcts invade over 29 million 
square kilometres in 37 countries of ~:,...;• 
Africa, Asia, the Middle East and 
southern Europe. ICIPE, together 
1.mth its collaborators, is pioneering 
the development of a nove.l · 
approach to locust control
preventing the unmanageable 
swarming behaviour. By 
manipulating the chemical communication 
signalg between the locusts themselves and 
their environment, the insects might be 
retarded in their harmless solitarious phase 
or be made more susceptible to insecticides 
or pathogen:; in the initial stages of 
gregarisation. 

The control of locusts and other migrant 
pests such as the Africart a!ttlyworm has relied 
in the past on regional surveiiJance fol1owed 

· by the massive application of synthetic 
pesticides to contain impending outbreaks. As 
well as causing serious pollution to vast tracts 
of land, this expensive method is often 
unsuccessful. 

ICIPE believes that improved future 
management of locusts is dependant on a 
better understanding of the gregarisation 
process. This wiJJ allow a more refined 
forecasting of imminent outbreaks. Control 
tactics such as the use of pheromones 
(chemicals produced by the locusts that attract 
them to each other and alter their behaviour, 
reproduction and development) can then be 
used to interrupt their transformation into the 
damaging swarms. Once they are weakened, 
then biological control agents such as fungi or 
pathogens can be employed. 

sts 

Late ins tar nymphs of tlut desert locust feeding ott 
their preferred host plant, Heliofropium sp.Just 
before the onset of the rai11s, desert plauts· emit 
volatile olfs tJJhich stimulate tile yormg adults to 
mature sex11ally and mate in time to lay their eggs 
whett cottdififlns are f~:worlrable. Tlte plant also 
provides sltelte.r mtd food for tire newly ltatched 
ttymphs. 

Cues from desert plants 

Because little is known about the solitarious 
phase of the desert locust, Schistocerca gregaria 
and its life system, research in 1996 I 97 began 
with studies on the host plant preferences of 
this phase. Of more than 30 plants that occur 
in the desert environment of the Red Sea area 
of Sudan, on1y four were found to be 
important in the insect's life cycle: 
Heliotropiwn, millet, Crotalaria microphylla and 
Lannea cnpitata. In the field, solitary egg pods 
and nymphs were always found on 
Heliotropium, which provides sites for egg 
laying and nymphal hiding places as well as 
food (see photo).There are seven Heliotropium 
species reported in the Red Sea area. Of these, 
H. longiflorum, H. strigosum (perennials), H. 
bacciferum and H. pterocarp rm1 {annual herbs) 
appear to be the key species. With the 
advancement of the season and the drying of 
plants, nymphs tended to move from 
Heliotropium to millet. Contrary to previous 
belief, the solitary nymphs were especia11y 
efficient feeders, removing 205% of their body 
weight when feeding on the important pasture 



tree, Acacia tortilis, 133% on Omvovulus hystrix, 
and 218% on Heliotropium, and spilling only 
half as much fodder as gregarious nymphs. 

What is it in the environment that triggers 
off the changes from the distant (up to several 
hundred km apart) groups of solitary insects 
into the destructive masses? ICIPE's work 
suppor~s the hypothesis that it is the ~entia! 
oils produced by the flowers of these desert 
shrubs that stimulates the sexual maturation 
of the solitary young adults, thus beginning a 
chain of events that will allow them to mate, 
Jay eggs and give rise to the 'marching bands' 
of hoppers feared since ancient times. 

In terfering with gregarisation 

Interference with the amassing of the nymphal 
stage was tested in the field by exposing them 
to the adult aggregation pheromone. This 
brought about confusion in the nymphs, 
causing the marching bands to change 
direction frequently, mill around in apparent 
disarray and eventually fragment into smaller 
groups and individuals, thus increasing their 
risk of predation. 

The adult pheromone (see 1994/1995 ICIPE 
Annual Reports) also increased the 
susceptibility of the nymphs to insecticides. 
After exposure to 0.01 or 0.05% of the 
pheromone in water, propoxur and diazinon 
were more effective in killing the nymphs, 
even when diluted 5- to 10-fold more than 
normally used. At a 15-fold dilution, the 
former insecticide proved the more effective 
and more persistent. Likewise, treatment of 
the nymphs with the adult pheromone 
enhanced the efficacy of two fungal pathogens 
that have previously been studied by ICIPE 
for possible use in locust control: Metarhizium 
anisopline and M. flavoviridae. 

These exciting results give cause for hope 
that semiochemicals produced by locusts 
themselves and by plants in their environment 
can be used in new tactics for environmentally 
friendly IPM of this very important pest 

Locust communication 

Chemical ecology work this year has clarified 
more of the communication networking 
between the stages. • The nymphal (2nd-5th} 
pheromone system was completely 

characterised. It was shown to be a blend of 
straight-chained aldehydes and acids, and 
phenols. The same blend was shown to be 
responsible for retarding maturation in young 
adults. Thus, the synchrony so characteristic of 
gregarious locusts is determined largely by· 
sequential effects of nymphal pheromone 
(retardation of early fledgers) and adult 
pheromone (acceleration of ]ate fledgers). 
• Certain components of the aggregating 
pheromone cause females to lay their eggs in 
synchrony. Candidate compounds are now 
being evaluated in bioassays. • Detailed 
studies on the attraction of mature solitarious 
males have shown that the males who are 
producing the aggregation pheromone are 
more responsive to the female-produced 
pheromone. Identification of several candidate 
sex pheromone components has been done by 
GC-EAD, and assays of these in the wind 
tunnel are in progress. 

Juvenile hormone mimics 

The change of phase is also influenced by 
neuroendocrine factors produced by the 
insects themselves. Implantation of corpora 
cardiaca taken from crowded nymphs induced 
darkening in the integument and the 
compound eyes of isolated green nymphs, and 
more dark patterns appeared as the number of 
implanted corpora cardiaca increased. 
Likewise, the corpora cardiaca of the 
migratory locust, LocrlSta migrntorin and the 
two-spotted cricket, Gryllus bimaculatus, were 
found to contain some factor(s) inducing dark 
colour in isolated green nymphs of S. gregaria. 
Methanol extracts of both the brains and 
corpora cardiaca of S. gregnrw were effective in 
inducing dark colour in aJbino nymphs of L. 
migratoria. These results indicate that the two 
locusts may share a common mechanism to 
control the induction of dark coloration. After 
incubation with a proteinase at 37°C for 40 
min., the methanol extract lost its activity 
completely, showing that this dark colour
inducing substance of S. gregaria is a heat
stable neuropeptide. 

The application of juvenile hormone mimic 
(JHM) to the desert locust induced not only 
changes in body colour, precocious mating 
behaviour, inhibition of moulting and changes 
in haemolymph colour, but also a change in 
the internal reproductive organs. 
Spermatogenesis and/ or sperm movement 25 
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from the testis to the vasa deferentia was 
inhibited, but in females, ovarian development 
was promoted by JHM treatment. The nymphs 
took a little longer than adults to accumulate 
the yolk in the oocyte and no mature eggs 
were produced in the nymphs. These results 
suggest that the JHM may influence 
reproductive function in differing ways from 
the JHs or JH mimics already known. 

A bioJogicar nucleation modeJ 

Some mystery still surrounds the exact nature 
of the gregarisation process. How do the 
isolated clusters of nymphs eventually give 
rise to the hundreds of millions of insects in a 
swarm? lOPE researchers have proposed a 
model of gregarisation that resembles the 
physicochemical process of crystallisation: 
(i) Solitarious adults are stimulated to 

mature and reproduce by volatiles from 
desert plants prior to rainfall. 

(ii) The nymphal offspring are forced to 
cluster together within host/shelter 
plants, especially in areas where the 
vegetation is patchy; this is comparable 
to the nucleation process in 
crystallisation. 

(iii) Gravid females lay their eggs in these 
same host plants, thus increasing the 
number of nymphs around a nucleus. 

(iv) As the nymphs become more crowded, 
within a few days they begin releasing an 

aggregation pheromone. This serves to 
keep them together in a more organised 
band. 

(v) The 'nuclei:' of gregarising nymphs 
continue to grow as the nymphal 
pheromone serves to recruit (attract) any 
solitarious nymphs that fall under the 
influence of its alluring cloud. 

(vi) The nymphal and adult aggregation 
pheromones respectively retard and 
accelerate the maturation of young adults 
in sequence and thus synchronise their 
mattuation. 

(vii) The complex interplay between the 
adults and the growing bands of nymphs 
serves to synchronise alJ the reproductive 
and developmental stages of the insects. 

ICIPE is hoping to use the lessons learned 
from its research on the desert locust and 
extend it to two other species that have 
become serious problems in parts of southern 
Africa: the gregarious red locust, Nomadacris 
septemfasciata and the African migratory 
locust, Locustn migrntoria. The African 
armyworm, Spodoptera littoralis is another 
gregarious pest whose control could benefit 
from lOPE's approach. Thus far, 12PhD 
students from locust-infested countries have 
been trained under this project. 

Funding: SARECr UNDI'_ LEAD, AFESD 
Collaborators: JIRCAS (JHM res~arclr). 

Chemical cues from 
tire desert vegetatio11: 
GC-MS total ion 
cJzromatograrn of 
Commiphora 
quadricinta collected 
prior to the raius itt 
the Red Sea coast. 
T/1 is desert s1r rub· 
contained 22 
electroplr ysiologica lly 
nctive c.ompouuds in 
its essential oils 
before tlre raius, mrd 
only U nfter tire rainy 
season. Shtdies lrnve 
slrown tlra t tlzese 
compounds, mainly 

~ II!! terpeuoids and 

~~· 2... I~ ~~ phenolics, trigger ·· ~l l ~ ., sexunl maturation of 
"' · [. I 'J :.3 :il tire immnhtre adults. 

I !J l tJl/1 ·~~1 . IJ'~ ~ Tire EAD-active 

i
JI 1' nttl •w ... _. ~, · v .11 ... ,. l:t.·. n . ·.: I u L,L._ .... ,, .. ) ........ ~- compoue.nts are 

I I indicated toitl1 nu 
L-------------''----'--'--'----...!...._--.L.._-'----'----- ----' nrrow. 



o·sease Vectors 
Mana ement 

ram me 

Fighting e deadly comeback .. . 

Arthropod vectors (ticks, flies, mosquitoes, 
fleas, etc.)carry some of the world's deadliest 
diseases. As both· the vectors and the 
parasites they harbour become more resistant 
to drngs and chemicals in common use, many 
of these diseases are making a comeback. 
ICIPE is working to find more effective and 
sustainable methods for disease control by 
addressing the most vital step in the chain
the arthropods· themselves. 
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Taming the tsetse 

nimal trypanosomosis (nagana in 
Kiswahili) and human sleeping 
sickness are transmitted through 

the bite of the tsetse fly (Glossina spp.). 
These pests, which are found only in 
Africa, render .about 10 millum lan2 of the 
continent unsuitable for agriculture and 
human habitation. Economic losses in 
livestock due to tsetse run into the 
staggering figure of US$ 2 billion 
annually. Chemical control over .this vast 
area is too expensive for most African 
governments and furthermore has proven 
generally ineffectual. 

ICIPE is deveroping a community.:based 
approach to tsetse control in. three locations: 
the sem:i.-arid grazing areas of the Rift Valley 
in Kenya; the Larnbwe Valley in the Lake 
Victoria Basin and the highlands of Ethiopia 
Basic research on tsetse behaviour, biology 
and ecology continues in order to find 
answers to the pest's canny ability to survi\re 
every kind of control measure in current use. 
lOPE is looking at environmentally safe 
solutions to the tsetse problem such. as the 
use of semio-chemicals to manipulate .the 
fly's behaviour, and trapping, sometimes in 
combination with pa.thogens. 

Improving life for ag ro 
pastoralists 
The wilf.are af agropi15tJJralists such Jl5 the Mmzsai 
of East Africa. is intimately linked to the ltealth 11j 
their auimi1ls. And, the tsetse .that infost .their herds 
can alf!iJ carry tlre trypatiDSOmes r:esponsible for 
huJlUlTl sleeping sickJresz;. This project is serving as 
a m{}flel 011 Jww to tranz;Je.r a talmowgy devclopeJ 
iu th£ Iabor.aJJJry fu the people lhemselves. 

1he Olkiramatian Croup Ranch in lhe 
Ngumman area spans an area of about 

2S U O km.2• Sinre 1992, lOPE-developed NG2G 

traps have been instaUed at 2-km intervals 
throughout different ecological sites (open 
bush, forest, swampland, escarpment) in this 
semi-arid region of Kenya. The simple 
tricolour traps are baited with cow's urine and 
acetone and are strategicaDy sited. to control 
flies in areas where cattle graze and to limit 
invasion of tsetse by forming an effective 
barrier against fly invasion from areas outside 
the control zone. In the final stage of this 
phase of the project,. the management of 210 
traps was handed over to the Nguruman 
Maasai community on 6 September 1996 (see 
pages 6, 7). 

Community training and mobitrsc:uion 

Prior to this important step, ICIPE social 
scientists had laid the ground work by 
educating and training the community in basic 
tsetse biology and the principles of design,. 
operation, servicing and strategic placement of 
the traps. Over the last year_ for instaru:e, 45 
participants serviced 130 traps in a training 
programme organised joindy with KETRI (the 
Kenya Trypanosomiasis Research (nsti.tute ). 
Earlier, a catalytic group (CG) of 25 herdsmen 
had been selected by the community for 
training, and this group is now adi ve in 
training pastoralists from neighbouring areas, 
such as Trans Mara ICIPE is continuing its 
participation in the exercise by assisting in 
improvement and evaluation of trapping 
efficiency an.d by deveioping even. cheaper~ 
more durable trap models. 

To ensure the full adoplioa and 
sustainability of the tsetse trapping 
technology, the local Nguruman community 
is being enrouragert to organise themselves 
into blocks of several viDages, eadh for more 
efficient management and financing of the 
oontrol operation. Thus ~ the oomrnu.nity 
has held 16 meetings attended by 461 
residents, both men. and womea Group size 
ranges frorn 15-:14, with members 
contributing an. average of Kshs 100 (about 
US$ 1.80~ each. 



TI1e NG2G trap in place in tJte Ngunmum woodland. 
I11stallation of tile. traps over a UO km2 zone has 
reduced t1u~ tsetse population to 90% of pre
suppression levels. 

Tsetse decoys 

The basic NG2G trap incorporates three 
colours of fabric: the blue 'apron' to attract the 
ilies, a black target area for landing, and a 
white cone to lure the tsetse into the light, 
where they enter a plastic bag and are killed 
by the heat of the sun. Sewing decoys (5 per 
trap) made of pieces of shoelaces or br~wn 
and I or white strips of cloth appears to 
increase the catches of both female and male 
flies by 60-700/o. These experiments are being 
repeated. 

Replacing the imported white mosquito 
netting cone with locally purchased green 
plastic screening improved the catches of 
Glossina pallidipes females by 57% but had no 
effect on male catches. Using an off-white 
plastic screening purchased locally gave _even 
better catches of both female and male flies 
(172% and 143%, respectively) compared to 
use of the standard cone. Other cheaper trap 
materials, including sisal, are also being tested 
for their efficiency and durability. 

Barricade design 

In most tsetse habitats, complete eradication of 
the widespread fly populations is either 
economcally impractical or precluded by the 
physical topography of the la~dsc.ape. Th~ 
development of effective barners 1s essential 
to prevent reinvasion by tsetse flies into areas 

in which significant control of local 
populations has been achieved. The 
effectiveness of NG2G traps as 
components of a barrier system is 
presently being assessed in an area 
of high tsetse density near 
Shompole swamp. Odour-baited 
traps and repellents are being 
evaluated as part of a push-pull 
strategy for preventing tsetse 
immigration. A barrier of odour
baited traps was set in two 
concentric circles; however, the 
barrier appeared to not completely 
stop immigration of tsetse, as 

indicated by the capture of mature flies in a 
centrally located trap. 

Cost-benefits of tsetse control 

To assess the economic costs/benefits of 
community-based tsetse control schemes 
amongst pastoralists and agriculturalists in the 
Nguruman location, ICIPE is collaborating 
with KETRI to compile livestock productivity 
figures. Th.e mean monthly milk off-take 
ranged from 645 to 1800 ml a day per cow: 
Total milk production from cows has declmed 
over the period 1990-96, whereas goat milk 
production has risen from about 10% of the 
total milk production in 1990 to 39% in 1996. 
These figures can be explained in part by the 
frequent droughts and shortage of pasture. as 
well as the reduction in the average herd stZe 
from 99 cattle per household in 1990 to 56 in 
1996, in spite of reduction in cattle mortality. 

Reduction in tsetse numbers seems to have 
had a definite impact on milk productivity in 
goats. However, in order to obtain a true 
picture of the uptake of the trapping 
technology and the low-cost benefits it brings, 
these activities are continuing until the end of 
1997. 

(See also the report on tire efforts of this community 
to di-versify into horticultlm, page 12). 

Funding: Europrnn Union . . 
Collaborators: Regional Tsetse and Trypnnosonunsrs Coutrol 
Progmrume (RTfCP) of SADC countries, KARl, KETRl. 
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Tsetse control and 
development in Eth iopia 
In rectmtyenrs, the southern region of Ethiopia has 
suffored drought, pestilence and otlzer natural 
disaste:s. Tn.!fanosom.asis is rife, and the high 
mort~lrty of lwestock rs reflected in loss of animal 
tractron power and poor human nutrition. At the 
reqt.'est of the commzmity, the Sou them Peoples 
regwnal government and the Ethiopian Science 
and Technology Commission intervened and 
selected ICIPE's odour-baited tsetse trapping 
teclmology for testing. 

Locations with a serious fs.etse problem 
were seleded for the community-based control 
operations: Sodo Bedessa in North Omo zone 
and Cheha, Enemor and Goro Woreda along 
the _Wabe and Gibe rivers in Garage zone. The 
proJect was later expanded to indude the Arba 
Mine~ area ~n.d Oromia and Am.hara regions. 
Glossma pallldrpes and other biting flies were 
~ollected monthly from the NG2G traps 
mstalled by the project from April1995 to 
March 1996. The total fly catch for the period 
was 136 G. pallidipes and 24,113 biting flies. In 
a study done in collaboration with the 
Regional Veterinary Laboratory in Sodo 
during this period, the G. pallidipes population 
dropped from the 100 flies I trap I day 
originally recorded to zero. The most 
prevalent parasites found were Trypanosoma 
congolense (69.4%) and T. vivax (27.1%). Zebu 
cattle with trypanosome infections had very 
low packed cell volumes (PCV} compared to 
uninfected animals with PCV >25. The low 
~CV ~alues were associated with 'tryps' 
mfection. 

A community-driven project 

After learning the fundamentals of tsetse and 
trypanosome biology, the communities 
organised themselves for training and 
demonstrations, after which they were ready 
to begin their active participation in this 
community-driven project. Over 230 farmers 
and 45 mid- and high level government staff 
have been trained thus far. The importance of 
training cannot be underestimated, and 
ICIPE's scientists are playing an active role in 
courses on tsefs.e and mosquito I malaria 
management, for instance in the international 
study workshop on 'The Way Forward', held 
in Addis Ababa and Axum in February 1997. 

30 This course, co-sponsored by the Ethiopian 

government, was attended by about 100 
professiona1s. Exchange visits between the 
Ken~an and E.thiopian teams are important for 
sharmg expenences. Four senior veterinary 
~taff fror:n Ethiopia received intensive training 
m trappmg technology for the control of tsetse 
flies a_t the Nguruman field station in Kenya 
early m the year. These trainees are now 
supervising rural communities in the 
d~~l~yment of thousands of fs.efs.e traps in the 
v1amty of Sodo-Bedessa, Welkite (Gurage) 
and Arba Minch. 

After finding the ICIPE model of the trap 
too expensive for the average local purse 
(about US$ 30), the four communities began 
constructing their own traps out of local 
materials. Thus far, 2500 NG2G traps have 
been m ade by the villagers. Three variations of 
the basic trap are now being tested in Soda 
Bedessa and in Nechsar National Park in Arba 
Minch. Indications are that one version is able 
to increase the catch of G. pallidipes females by 
an index of increase (factor) of 2.46 and of 
males by 3.285, while being about five times 
cheaper than the standard version. 

Nzi trap 

Another type of trap developed at ICIPE is the 
Nzi trap (an nzi is a fly in Kiswahili) for biting 
flies. About 90 of these traps have been 
constructed by the villagers. An informal 
research network has been established to test 
the performance of this new multipurpose 
trap, with trials going on in Ethiopia, other 
African countries and elsewhere. 

Tangible benefits 

Assessment of the tangible impact of the 
trapping programme was done by ICIPE social 
scientists in five peasant associations in 
Garage zone, each with a population of 10-
15,000. After 12 months of trapping, the milk 
yield increased by about 15% and the herd size 
increased between 27-55% from the previous 

Impact of the tsetse trapping programme on 
milk yte!ds end herd size In southern Ethiopia 
(April 1995-March 1996) 

Peosant 
ossociatlon 
Anoka D\.Jgno 
Anko Sho:sara 
Amladamoto 
Toro:sadebo 
Ellorosho 

% increose in 
milk yields 

13..4 
14.6 
16.6 
15.4 
15 

% increose In 
herdslz.e 

27 
43 
55 
48 
39 



I11e 11ardworking people of Gurage were once 
prosperous. Tsetse and mosquitoes, in combination 
with a series of envircmmental disasters, lrave 
d1anged all that. Land lies fallow as vector-bome 
disenses sap the energy and vitality of the people and 
their livestock. To improve tlteir welfare, the 
commrmitlj Jzas requested ICIPE to work in 
part11ersllip witlt t11em in a biovillage model of 
lzolistic developmer:t. 

levels. It is too early to make definitive 
conclusions, but one possible explanation is 
that the cattle which were formerly grazed in 
the hills to avoid the tsetse menace are now 
being grazed on the lush plains, resulting in 
improved condition of the animals. More 
cattle could also have been purchased as the 
villagers have confidence their animals will 
survive. Due to the very promising results 
obtained thus far, the Ethiopian government is 
supporting the project by approving a budget 
for production of an additional2000 traps per 
year in several regions. 

Fundirtg: EU, Etlriopi1111 Go!Je1'11me111 
Colla borntors; ESTC, Regional Agricu/tr{ral Bureaus, 
Ethiopia; PPI, USA. 

Environmental impact 
of tsetse control in the 
Lambwe Valley 
The impact of trypanosomosis control on human 
welfare, land use and the natural resource base is 
being assessed by ICIPE and social scientists in the 
agricultural communities around Lambwe Valley, a 
region adjacent to Lake Victoria where the tsetse 
problem ltas been particularly tePwcious. The 
sustninability of ICIPE's long-term project is being 
examined by looking at the management skills and 
income generating potential of the community 
organisa tio11s. 

With the help of ICIPE, farmers ·will be 
growing sunflowers for sale of oil as a source 
of income to support the trapping activities; 

the oilseed cake will be used as animal feed. 
Women are taking a more active role in the 
control activities, and provided 63% of the 
construction labour, as well as a third of the 
trap placement and servicing work Women 
are also becoming more involved in the 
management, increasing their share of the 
leadership by 51%. The assessment team noted 
that, as a result of the communities efforts, 
there has been a drastic reduction in the tsetse 
population and the incidence of bovine 
trypanosomosis. 

As the tsetse disappear, there is fear in 
some quarters that once livestock move in, 
over-grazing, deforestation and inappropriate 
land use will occur. The ICIPE team are 
evaluating the changes in use of land and 
other resources by analysing aerial photos of 
the region and GIS digitisation over the period 
1948 to 1993. Preliminary results from the 
period 1977-1993 show that cultivation has 
increased in the studv area from 4% to about 
37%, resulting in abo~t 0.61 km2 showing 
severe soil erosion. Limited agroforestry 
activities are in progress to combat erosion. 

Spatial analysis of tsetse distribution in the 
valley was studied using LANDSAT TM 
satellite imagery and GIS to identify factors 
associated with local variations of fly density. 
The TM band 7, which is associated with 
moisture content of the soil and vegetation, 
was consistently highly correlated with fly 
density. Prediction of favourable fly habitats in 
inaccessible sites is possible, and these studies 
are continuing. 

Funding: IFAD, ODA, NRI 
Collaborators: lLRI, ICRAF, ODGIU£A, NARES i11 
Kenya, Zanzibar, DRSRS (Kenya), RCSSMRS. 

Tlte traditional Ethiopianl1ouse or tukul will be at tl1e 
core of flre emerging Bio'Village Initiative in the .soutJtem 
region of Ethiopia. One style of round 1m twill be nsedfor 
:uro-graring animals and the more refined version for 
family living (below)will be modified to limit nwsquito 
entnJ. 
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Uncovering the secrets 
of the wily tsetse 
In spite of many decades of efforts to control the 
tsetse fly and hundreds of millions of dollars spent 
on tl1e appliCIItion of synthetic pesticides, tire tsetse 
mennce remains one of Africa's major development 
concerns. ICIPE's basic research is directed toward 
the better understanding of the species responsible 
for human sleeping sickness and animal 
trypmwsomosis. This knowledge can the1z be used 
in the development of better methods t.o outwit the 
wily flies. Higlzliglrts of tltis research are below: 

• Glossina morsitans morsitans-Field testing 
of the larviposition pheromone (identified 
as being n-pentadecane) of this species is 
being evaluated in collaboration with 
RTTCP. In the case of G. morsitans centralis, 
another hydrocarbon, n-dodecane, has been 
identified as the dominant 
eledrophysiologically active component. 
Both these compounds have significant 
attraction for gravid females .. 

A lectin-trypsin complex was purified from 
the midguts of the fly. The complex had a 
native apparent molecular weight of about 
65 700 Da and consisted of two subunits (a., 
M,-28 800 and ~' M,-35 700). The 13 subunit 
has a glycosyl residue. This molecule 
showed trypsin activity (specific activity of 
69.3 ~oles/min/mg) and agglutinated 
bloodstream trypanosomes, as did the 
homogenates prepared from both the 
midgut and the peritrophic membranes. 
The complex was shown to induce the 
transformation of bloodstream 
trypanosomes. 

• G. swynnertoni-This member of the 
morsitans group is found in northern 
Tanzania and the Mara region of Kenya 
and is a vector of both human and animal 
trypanosomosis. A new trap design (53) has 
been developed which catches about a 
third of approaching G. swynnertoni, a 
comparable figure to the Sticky Black 
Target. 

• G. pallidipes-Three of the major 
components of the volatiles given off by 
live G. pallidipes larvae have been identified 
as being C1r C14 hydrocarbons. 
Larviposition sites in two tsetse areas have 
been baited with the natural pheromone, 

32 and pupal cases have been found at one 

such site. Biostatistical analysis showed 
that interaction effects between sites and 
months is of considerable importance in the 
interpretation o.f population data for both 
G. pallidipes and G. longipemzis. 

• G. brevipalpis--catches doubled in one 
trapping experiment using rhinoceros urine 
as bait. 

• G. fuscipes fuscipes-No satisfactory 
trapping technology exists for this riverine 
species, a vector of human sleeping 
sickness epidemics. ICIPE is looking at 
attractants (kairomones) from the urine and 
whole-body volatiles of the monitor lizard 
Varanus niloticus niloticus, the preferred 
host. The fly prefers to land, probe and feed 
in the neck region, and fly density is 
greatest when the lizard is basking in the 
sun (34-45°C), which also corresponds with 
the highest EAG activity of the volatiles. 
Size is more important than shape in 
attracting the flies. GC-EAD analysis 
showed the presence of five EAG-active 
compounds. A blend of straight-chain Cr 
c l3 aldehydes present is especially 
attractive to th.e flies. 

The flying height of this species was 
estimated. About 48% of males and 35% of 
females were captured above 1 m. An 
average of 61% of males and 40% of 
females appeared to avoid the electric nets. 

• G. tachinoides-Field testing of three 
aldehydes from monitor lizard urine was 
done on this riverine species in Ethiopia. 
These proved as attractive as the cow urine 
and octenol mixture used as bait at present. 

• Tsetse repellents (allomones) offer another 
possibility of limiting transmission of 
trypanosomosis. One substance, a 4-
substituted methoxyphenol derivative, has 
been sho·wn to reduce baited trap catches in 
the field by 85%. 

• Development of an ELISA system to 
identify the host species blood meals from 
tsetse. Reagents for about 30 hosts of tsetse 
have been produced. 

• Tsetse supply-A total of 86,000 G. m. 
morsitaus and 84,000 G. m. central.is were 
produced by the Animal Breeding and 
Quarantine Unit. Rearing of G. f fuscipes is 
difficult due to its low reproductive rate, 
but the colony was re-established from 
pupae supplied by IAEA. 



Organic options for tick control 

ncks camJ East Coastfeverf 
1eartwater, and a plethora of other 
ivestock diseases, causing global 

losses in the billions of dollars. ICIPE is 
looking for safe and effective alternatives to 
synthetic acaricides, which are too 
expensive for srnallscale farmers and cause 
serious environmental pollution. Researd1 
is continuing on a range of no11-acCI;ricidal 
pest control options. 

Some 80% of the estimated world cattle 
population of 1.28 billion cattle are at risk from 
ticks and tick-borne diseases. Apart from the 
diseases transmitted, tick infestation also 
causes reduction in growth rate and milk 
production, damage to skins and hides, 
prolonged calving intervals, and 
predisposition to other diseases. 

Fungal pathogens 

Benrwerin bassirma and Metarhiziunr nnisapliae 
are two fungi with specific pathogenicity 
toward insects. These two are now being 
tested by ICIPE on ticks, another class of 
arthropods. The fungi are applied in several 
formulations sprayed directly on the ticks as 
they feed on the host animals or onto the 
grass. The brown ear tick, Rhipicephalus 
appendiwlatus, is the vector of the East Coast 
fever parasite, Theileria pnrva responsible for 
the death of over one million cattle in Africa 
annually. Amblyomma variegatum, the vector 
for heartwater, is another tick of great 
economic importance. Applying a peanut oil
water emulsion of the Bemwerin conidia on 
ticks sealed in nylon tetrapaks and maintained 
in vegetation in the field resulted in adult 
mortalities of about 72%, while Metarhizium 
caused 80% mortalities. Ticks spend much of 
their time in the grass waiting for hosts to pass 
by. 

The fungi were even more lethal to the 
immature stages than adults, ·with mortalities 
ranging from 80 to 96% in nymphs and 100% 
in the larval stages of both ticks. In other 
experiments with free ticks in potted grass, the 
two tick species were sprayed with a conidial 
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suspension containing 109 conidia/ ml in oil
water emulsion or water emulsion alone for 
three seconds, and the mortali ty recorded after 
4 weeks. Mortalities ranging from 66 to 69% 
(B. bassinnn) and 77 to 93% (M. anisopline) were 
observed (see figure above). 

Parasitoids 

In the last two annual reports, a small parasitic 
wasp, Ixodiphagus Jwokeri, has been proposed 
as an effective natural biological control agent 
to control Amblyomma variegatwn, the tick 
vector of cowdriosis in East, North and West 
Africa. The wasp lays its eggs in the tick, after 
which the emerging larvae consume the tick 
from within. Progress has been made over the 
past year in developing methods of obtaining 
the eggs from the host tick, in order to rear 
enough of the parasitoids for mass release. 
Various artificial media and artificial 
membranes are being tested for use in mass 
rearing. 

Neem 

Neem oil was evaluated for the control of R. 
appendiculatus, A. variegatmn and .Boaphilus 
dewloratus. The oil was applied directly on the 33 



ticks or on the skin of the animal hosts. In 
rabbits, the neem oil was effective against all 
three tick species. It deterred larval and 
nymphal attachment, inhibited feeding (90-
100%), reduced fecundity (30-45%) and egg 
hatchability (47-55%), and reduced moulting 
of the larvae (22-93%) and nymphs (98%). 
Most of the eggs were sterilised when exposed 
directly to various concentrations of the oil. 
The oil also proved repellent to all stages of 
the three tick species. A 25% concentration of 
neem oil sprayed on deticked Zebu catttle 
grazing on heavily tick infested natural 
pastures reduced infestation by tick larvae by 
37-61%, nymphs 24-65% and adults 44-62% 
for 5 days. 

Vector competency 

In order to determine whether variations in 
ticks' ability to carry parasites is due to genetic 
differences, four geographically isolated R. 
appendiculatus populations in Kenya (Baragoi, 
Maralal, Ernbu and Lanet) were compared by 
random amplified polymorphic DNA 
polymerase chain reaction (RAPD-PCR). In 
this study; DNA samples extracted from the 
ticks were amplified using twenty 10-mer 
primers of random sequences and the 
products analysed by agarose gel 
electrophoresis. Concurrently, nymphal ticks 
collected from the same locations were 
allowed to feed on cattle that had been 
previously infected with two parasite strains, 
Theileria parva Marikebuni and T. parva Lanet. 
The results showed wide variations in the 
mean infection rates of ticks infected with the 
two T. parua strains. Resistance to infection 
differed according to the location, with ticks 
from Embu and Lanet being more susceptible 
than those from Baragoi and Maralal. PCR 
analysis showed distinct differences between 
the tick populations. Work is now in progress 
to identify specific markers to susceptibility or 
refractoriness to infection with r. parva. 

Anti-tick vaccine 

Following promising results of previous work 
on immunised cattle in the field using a 
glycoprotein fraction from the tick gut (see 
1995 ICIPE A.mmal Report), the protective 
efficacy of the fraction is being evaluated on a 
larger scale in 40 Boran cattle. Two treatment 
regimes are being tested: immunisation with 
the glycoprotein fraction and combination of 
the glycoprotein fraction with sub-lethal doses 
of ivermectin. The effects of the fraction on 

34 tick vectorial capacity (the ability to transmit 

Rhipicephalus evertsi 
evertsi feeding on the 
perim1al regi"n of a cow in 
the field. BotJI adults and 
immature ticks are visible 
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11atural i.nfestatiott. Other 
tha11 the "bvious 
discmnfort a1td loss of 
COflditiOII that tJtiS tick 
causes, it also ca11ses 
paralysis, especially in 
lambs a11d' calves. 

disease) >ovill. also be 
evaluated. Purification 
·Of the single antigens 
of the glycoprotein fraction using biochemical 
methods is in progress. 

Recombinant DNA techniques are being 
employed to produce the antigens of interest 
in large quantity. As a continuation of 
previous work, fusion proteins have been 
prepared from A.gt 11 recombinant lysogens in 
E. coli Y 1089. About 20 preparations of fusion 
proteins have been obtained and analysed by 
SDS-PAGE followed by immunoblotting. 
According to their electrophoretic patterns, the 
22 preparations of fusion-proteins could be 
grouped into four classes. Current work is 
focusing on purification of the ~galactosidase 
fusion-proteins. 

Grazjng regimes 

Ticks have their own internal daily rhythms, 
and tend to drop off cattle at certain times of 
the day. One simple approach to helping 
reduce tick infestation on animals would be to 
graze them at times when the ticks are less 
active. However, in one area of western Kenya, 
lOPE social scientists have determined that 
this ploy will not work in areas where there is 
a shortage of labour. During the single 
cropping season, a very busy time of the year, 
the farmers tend to tether their animals; 
during the dry season, they allow them to 
graze all day at will because of the shortage of 
pasture. In both cases, the farmers cannot take 
advantage of the recommended grazing hours 
to avoid exposure to ticks. New grazing 
regimes are now being tested. 

To support tick research, about 92,000 adult 
ticks and 126,000 nymphs belonging to four 
species (RhipicephnlztS appendiculatus, R. evertsi, 
R. pulclzellus and Amblyomma variegatum) were 
reared in 1996 in the Animal Breeding and 
Quarantine Unit. 

Funding: ICIPE Core funds, W•.rDP 
Collaboratio11: KARl. 



Deadly diseases make a 
come.back 

One hundred years after the 
discovery lJy Sir Ronald Ross in 
1897 in Hyderabad that mosquitoes 

transmit the parasite that causes malaria, 
the disease still claims 3 million lives a 
year, over a million of them children. About 
40% of the world's population (about 2.5 
billion people) are at risk in more than 90 
countries. IClPE is contributing to the 
global effort to end this and other 
mosquito-borne diseases by research into 
the behaviour and ecologt; of the arthropod 
vectors. 

Malaria con trol still 
elusive 

Arthropod-borne diseases such as malaria, dengue 
fever and yellow froer-all carried by the bite of 
mosqrlitoes-are on the increase worldwide, with 
mnjor epidemics in the tropical developing 
countries in the past year. Yet in spite of the tens of 
millions of dollars invested in research and 
production of pharmaceuticals, WHO concludes 
that they have "only a limited lifespan in which 
they are effective". ICIPE's research will be used in 
integrated C(mtrol tactics for these persistent pests. 

As the mosquito vectors become more 
resistant to insecticides, at the same time they 
are finding new ecological niches, such as in 
the highland regions of Kenya. More 
challenging is the fact that the prevalence of 
the disease itself is not necessarily 
proportional to the percentage of a given 
population carrying the malaria parasite 
(Plasmodium spp.). These and other perplexing 
issues were discussed at a Task Force Meeting 
of mosquito and malaria experts from around 
the world in February 1996. 

ICIPE is reviving its dormant medical 
vectors research activities, and the participants 

endorsed the Centre's role in malaria vector 
research in four general activity areas. A 
unanimous conclusion of the meeting was that 
much of the information needed for effective 
vector control is still incomplete. ICIPE's 
research orientation should be problem
solving, innovative, multidisciplinary and 
network-coordinated with an emphasis on 
scientific excellence. The four areas include: 
• basic strategic research with output 

relevant for malaria control; 
• operational research through networking 

with African national institutions (NARES); 
• provision of services to support national 

and regional malaria cantrol programmes; 
• research capacity building. 

Proposals are being developed that stress 
partnership between lOPE, national systems 
and advanced laboratories. Five scientists are 

A scene duri11g an open-air 
perfonmmu of 'Mosquito Mask', 
a play perfonned by Moi Si11do 
Girls SerondanJ Sclrool in 
wes tem Ke11ya. Each of the 
actors represents a mosquito 
species: yellow fo r Aedes, t1Je 
yellow fever vector; black for tlze 
tmisance Culex mosquitoes; 
wlzite for tire harmless Mansonia species. Close-up: 
Anopheles, the malarin vector, responsible for 4 
million cases yearly in Keuya alone. 35 



research activities a t three sites: at ICIPE's 
Mbita Point Field Station (MPFS) on Lake 
Victoria, in the coastal region and in Nairobi. 
ICIPE scientists are now working closely with 
scientists in KEMRI, the Division of Vector
Borne Diseases of the Kenya Ministry of 
Health and the panafrican MARA project to 
establish a foundation for mapping and 
analysing the ecology and behaviour of 
mosquito vectors and distribution of malaria 
prevalence in Kenya and the East African 
region. Studies to determine mosquito species 
composition and abundance and malaria 
transmission intensity relative to malaria 
prevalence have been initiated at hvo 
ecologically distinct sites at MPFS and at the 
coast in Malindi, Kilifi and K wale districts. 

lOPE is looking at options for control that 
are more environmentally benign than the 
spraying of synthetic chemicals such as DDT, 
still used by many countries for public health 
applications. Options such as the use of 
mosquito pathogens, botanicals such as neem, 
use of attractants/ repellents (semiochemicals), 
trapping, and so on. The results of lOPE's 
work will be incorporated with integrated 
control programmes utilising insecticide
impregnated bednets, improved prophylactics 
and other strategies. The development of 
bacterial-mosquito larvicides is reported on 
page49. 

Neem for malaria control 

N eem bark and leaf extracts have traditionally 
been used as malaria remedies in Asia and 
Africa. Recent studies conducted in India have 
demonstrated that neem oil is an effective 
mosquito repel1ent. As part of lOPE's Neem 
Awareness project (see page 20), a rural 
community in Kenya were surveyed for their 
perceptions about malaria and the use of neem 
(Azadirnchta indica) for its treatment. The study, 
conducted in collaboration with SHARE in 
rural communities in a malaria hole-endemic 
belt on Rusinga Island, surveyed 1750 
households with a population of 10,855 in July 
1996 to assess the malaria control knowledge, 
attitude and practices. Most of the 
respondents mentioned the use of anti
malarial drugs, while some were already 
aware of the use ofueem for prevention and 
treatment of malaria. Though 98% of members 

36 of the communities knew about neem through 

ICIPE's Neem Project, only 36% respondents 
have actually used neem against malaria. 
Neem was taken as an infusion of the bark, 
leaves or roots in boiled water, inhalation of 
the leaf smoke, or as a concoction of neem 
seed powder. The mention of alternative 
preventive and curative strategies such as the 
use of neem by respondents shows that the 
community perceives the need for an 
alternative approach. Since inception of the 
lOPE's Neem Project at Mbita, awareness of 
neem's potential has already been created and 
the communities have planted more than 2000 
neem trees; the Rusinga United Development 
Group, a local women's organisation, has 
raised a nursery of 6000 neem seedlings. 

Dramatising mafaria transmission 

Community-based studies aimed at promoting 
awareness on malaria transmission were 
started in July 1996 by the malaria vectors 
project staff. The main objective of the project 
is to promote mosquito and malaria control 
activities at the household and community 
levels using primary and secondary schools as 
the entry point for awareness creation. Project 
activities include delivery of malaria 
transmission and control information; 
collection of ethno-botanical materials 
traditionally used to repel mosquitoes in 
hous/s; and dissemination of information on 
malaria control through drama performed by 
students (see photo on page 35). 

Fundirrg: ICIPE Care Funds will1 pre-pro;ect support from 
DANIDA, the Nelfrerlands GcwmmreJJt, WHO 
Ccllabomtors: KEMRI, Mi11istry of Ht'fllllr (KetJya), SHARf 

Conquering kala-azar 
About 12 millwn people nre afflicted witlr humml 
leishmaniasis, with 400,000 new cases annually. 
The visceral form (knla-azar)f enters the spleen, 
liver and bo11e marrow nnd is usually fnt.nl if left 
untreated. Recent epidemics in the Bifrar region of 
India and in wuthern Sudan have left tens of 
thousands dead. The social cost of the disfiguring of 
tlte skin, face is beyond estimation. 

The leishmaniases are a group of protozoan 
diseases caused by parasites of the genus 
Leishmmlia, transmitted to man by the bite of 
several species of phlebotomine sandflies. 
Control strategies based on chemical 
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Phlebotomus duboscqi to different plant species: 1, 
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unguiculata. 
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insecticides for the sandfl y vectors and 
chemotherapy for the parasites have proved 
unsuitable, due to their high cost, human 
toxicity and detrimental environmental effects. 
The life cycle of Leislzmania takes place in the 
sandfly gut in an environment which includes 
food, digestive enzymes and their products. 
The competence of the fly to support the 
parasites may be influenced by components in 
its natural diet, especially sugars, for which it 
has a special predilection (see 1994 ICIPE 
Annual Report). 

The overall goal of the !OPE-Hebrew 
University of Jerusalem (HUJ) project is to 
identify natural sources of food 
for sandflies and to evaluate the 
effects of different diets on the 
vectorial potential for 
Leishmauiiz. The attraction of 
sandflies to plants and their 
prevalence in three habitats 
were assessed this year. 

A big htmmy could memz 
spleuomega ly for tlzese clzi I dren from 
Marigat in Ke1rya's Baringo District, 
11 focus of kala-azar. E.11largement of 
tJre splee1z is also 11 symptom of 
persistent malarin, anotlzer commo11 
disease i11 this 11 rea. 

Seventeen plants (five of which are 
represented in the figure) known to grow near 
sandfly breeding sites and human dwellings 
were tested for their attractancy to Phlebotomus 
duboscqi, an important vector of cutaneous 
leishmaniasis in the Old World in general and 
in Africa in particular. Three groups of plants 
emerged (see figure): 
• plants with clear-cut repellency and I or 

antifeedant activity 
• plants that attracted the fly and were used 

as a food source 
• plants showing a more complex activity, 

with significant repellency but allowing a 
high feeding rate, or vice versa 

Extraction and purification of the 
biologically active components should help 
clarify this picture. 

The sandfly population was estimated in 
different kinds of sites using CDC light traps. 
Of the 626 sandflies trapped, more were 
caught near human habitations (334) than in 
vegetation (248) or open areas (44). Sugar 
meals were detected in all fly guts, with the 
highest percentage of sugar-fed flies being 
found in open areas. The relationship between 
sugar content of plants and the feeding 
response of P. duboscqi has been reported 
earlier (see 1994ICIPE Annual Report), and 
investigations on the effect of plant feeding on 
the development of Leishmania in sandfly gut 
is in progress. 

Funding: USAID lhrouglr the Hebrew University oflemStllem 
(HUJ) 
Collaborators: HUJ 
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are the most numerous group of 
n ..... <Jr..-o~ 1on earth. Their impact on human 

life and the environment is often overlooked 
except when they cause problems. ICIPE's 
new programme area is looking at the 
positive side of the vast wealth of arthropod 
diversity, including their roles in maintaining 
the sustainability of the production base and 
as the basis for cottage industries. 



Conserving Africa's insect 
biodiversity 
Butterflies as monitors for forest health 

Forest ecosystems are an essenti.al component of tfte 
global ecowgy. The forest serv~ as a water. . 
catchment, as a sink for excessrve carbon dwxrde, 
and as a source of wealth of timber and other by
products. ICIPE is moni.toring_ th7 he.alth of ~he 
forests by using butterjhes as mdzcat.or speczes of 
environmental chnnge. 

Throughout the tropics, deforestation i~ 
destroying this natural resource bas.e, lea.vm? 
only small forest fragments. A case m pomt IS 

the eastern coastal forest of Africa, which once 
stretched thousands of miles from northern 
Natal to southern Somalia. In Kenya, only a 
few large tracts remain, such as the fo~ests of 
Arabuko Sokoke { 400 km2) and the Shimba 
Hills (140 km2) . More common are the very 
small fragments like the Muhaka (1.8 km2) and 
Mrirna (3.5 km2) forests. Although they are 
protected by the Kenya Government under the 
Forest Reserve Act, encroachment and over
exploitation of forest goods continues. · 

lOPE researchers are surveying the species 
richness of butterflies in the two small forest 
fragments in order to provide a preliminary 
assessment of the effectiveness of remnant 
tropical forest patches to support biodiversity 
in general, particularly of the smaller fauna. 
Butterflies from each forest were collected 
from three sites: the forest interior, the edge 
and the support zone consisting of agricultural 
areas surrounding the forest. 

The open Muhaka fragment was 
characterised by a fairly even density of 
butterflies in all zones, with 67 species 
recorded in all. The interior forest had the 
most species ( 47), but 60% of these were 
savanna {non-forest) species, evidence of the 
high degree of habitat disturbance caused 
mainly by logging activity. In contrast to 
species richness, species diversity was highest 
at the edge. Species dominance was highest in 
the forest interior. 

The Mrima fragment is a more closed 
forest, with a canopy covering the forest floor. 
Sixty-six species of butterflies were re:orded, 
of which only 23 were true forest speaes, 
showing again the disturbance caused by 

Jogging, which produces the ideal open 
conditions for savanna butterflies (65% of the 
total species) to establish themselves. 
Compared to the larger Arabuko Sokoke forest 
reserve, the forest fragments of Muhaka and 
Mrima contained about a third as many 
species. However, the two patches were 
shown to contain several species which were 
not recorded even in the large forest reserves, 
such as Acraea cerasa cerasa Hewitson and 
Celaenorrhinus ovalis Evans from Muhaka and 
Salamis parlrossus parhassus Drury from Mrima. 
No endemic species were recorded from the 
forest patches. 

The true forest butterflies were not 
recorded outside the forest, i.e. in the support 
zone. Clearing the small forest fragments 
would therefore lead to local extinction of the 
forest butterflies. The 'bottom line' here is that 
as a policy measure, to preserve the diversity 
of the forest flora and fauna, the logged areas 
will have to be restored. This study is an 
example of how arthropods can be used as 
bioindicators of ecological change. 

lOPE's recommended programme 
direction in this important area was confirmed 
at a Planning Meeting of global experts and 
future collaborators in insect biodiversity held 
at the Centre in February, 1997. To support 
research into arthropod biodiversity, a 
database of African insects is to be developed. 
The workshop agreed on several priority areas 
which are inadequately covered by other 
entomology collections and databases. Several 
on-going projects at lOPE already· 
a biodiversity conservation element of thf~"'
target insects or their natural enemies: 
flies, stemborers, silkmoths, honeybees 
graminae-associated arthropods. 

Funding: Tile GOTJemm.ent of Nonv11y 
Collaborators: National M usewns of Kenya, 
I<£nya Wildlife Society. 

T1rese two species of butterflies can 
to indicau environmental change.. 
species (Papilio demodocus 

normally associated w~~:;;~~~~ 
habitats, whereas the, 
(Acraea satis Ward )is a +r.,·A.n>oo!.l': 39 
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Turning biodiversity into profit 

Africa's wealth of insect life yields 
many useful products. Other than 
food, insects produce medicines, 

hormones, fibres, lac and chemicals. 
ICI~E's Commercial Insects project-is 
looking at better ways of exploiting this 
va~t natural resource through improved 
apzculture and sericulture and 
bioprospectingfor neW useful products. 

Improved bee.keeping 
Api~ulture is a traditional occupatiott in most 
AJrlCim. communities, but centuries-old practices of 
haroestmg honey are inefficient and often rnuse 
death of the colony. IClPE is introducing improved 
methods of beekeeping to fanners and women's 
groups S!fPported by research back-up to S(!lve the 
problems of African honey~ee aggressiven,ess and 
qtLeen renring, and to improve production of honey 
and otlter valuabl,e ltive products. · 

1996 was the fust official year of the lOPE 
Commercial Insects Project Research on three 
of the 11 sub-species or races of Apis mellifera 
fou~d in Africa was cond.ucted using East 
Afr1can races, but will soon be extended to 
other countries on the continent. 

' The population cycles of wild A. m:ellifera 
races in East Africa depend on both altitude 
and seasonal flo'Yering. Floral calendars 
indicating the season of nectar flow were 
dra~-vn ~p for various honey-producing 
~gt.ons 1? Kenya, Tanzania and Ethiopia. This 
mformahon was used to establish a honeybee 
management plan. . 

Bees collect surplus nectar from a variety of 
plants and trees and these vegetative 'stores' 
in East Africa are currently being identified. 
For instance, in the semi-arid areas of Kenya 
and Tanzania, the Acacia genus is the · 
predominant tree. In the high-potential 
western Kenya region, Eucalyptus 
predominates. In high-altitude regions such as 
Kinangop, Kenya, Dombeya burgessiae is the 
most common honey storage tree. Fruit- · 
producing crops such as passion, coffee, citrus, 
?anana, mc:mgo and avocado are widespread 
m East Africa and produce a large honey yield. 

The nectar flow period is at its peak when the 
large forest trees, shrubs, climbers, weeds and 
crops flower and the nectar-flow period is 
decreased when plants do not bloom 
simultaneously. 

Swarming behauiour and queen 
production 

Most African bees are notorious for their 
aggn:ssiveness and have a tendency to leave 
the hive as a swarm. Tlp.s is a natural process 
for establishing a new colon~ as the swarm 
leaves ~ith the old queen, leaving a n~w 
queen m the previous hive. However, it may 
mean that the beekeeper loses his bees!.In the 
semi-arid M vvingi district of Kenya, honeybees 
swarm in response to the onset of the dry 
season. Reproductive swarming was observed 
during October and November at the 
beginning of the short rains and in February 
and March, _at. t~e.beginning of the long rains: 
The factors rmtiahng swarming in other areas 
are still under study. 

~major breakthrough in beekeeping was 
achi~ved by ~eveloping and improving queen
rearmg techniques. Three queen rearing 
methods were evaluated using the A. m. 
scutellata race and the reception of queen cells 
by various groups of workers was recorded in 
order to produce the most commercially 
valuable honeybee race(s). A comparative 
per~orman~ in egg-laying rate of queens of 
vanous ~frican races is currently bei,ng 
assessed. Thus far, 17 queens have been 
artificially inseminated with specific drones in 
an attempt to select desirable behavioural 
traits in the offspring. This technology may 
resolve the behavioural defects of African 
honeybees (such as aggressiveness and 
absconding). In phase n of the project, the 
pure and hybrid races of the East African bees 
as determined by the cubital index (see .1995 ' 
ICIPE Annual Report) collected from similar 
geographical locations will be compared on 
the basis of honey and bee-related products 
generation to determine which type is most 
profitable to the local apiculturist 

Bt for bee pests 

The African bee industry is in an infant stage 
of modernisation and very little is known 



about bee pests and diseases. 
Various brood and adult 
diseases, as well as mite 
problems, which are so 
frequent in the other parts of 
the beekeeping world, have 
not arisen so far in the East 
African apicultural industry. 
However, the wax moth, 
Galleria mellcmela is a major 
problem to beekeepers in 
Africa. \ 

pes~cfd~a~;l~: ::::::.;::!,,;, \ J 
as a means to control the wax -=
moth was evaluated. Bt aiziwai 
proved successful in completely controlling 
the wax moth. The bacteria exerted no 
detrimental effects on the honeybee brood or 
adult population. Tests are currently 
underway to check the quality of honey after 
eradication of the infection. On-farm trials to 
evaluate the ef.flcacy of Bt aiziwai in local 
beehives and in the government apiary in 
Kenya are in progress. 

Better hjves mean · more honey 

The first phase of this project involved the 
introduction of the innovative 10-frame 
Langstroth hive from America (see photo). The 
real advantage of this hive is that honey can be 
cleanly harvested through centrifugation . 
without destroying the combs, which can be 
reused. This saves the time and labour of bees 
and results in an increase in honey production 
'Nhlch is 2-3-fold higher than that obtained in 
traditional African hives. The use of the 
Langstroth hives can multiply the volume of 
honey produced each season to 24-30 kg from 
the 5-8 kg per harvest in the loS'vood hive 
and 10-15 kg in the top bar. The cost of this 
hive is Ksh.1500-1800 or US$ 2?-32. When 
using the Langstroth hive, queen rearing is 
also simplified and colony mul9plication 
becomes easier. Other hive products such as 
royal jelly, propolis, pollen and bee-venom can 
be harvested with little difficulty. Thus far, 
over 430 of these hives have been introduced 
to farmers' and women's groups in Kenya, 
Tanzania, Ethiopia and Uganda. 

Harvesting the valuable hive products 

Initial attempts were made this year to 
improve the techniques of extracting royal 
jelly and bee venom. Two different honeybee 

' ' 

ICIPE stafflloldi~ag a queen'cellsframe after rec.eptiorz 
ofgrafted larvae in a coffee farm i1t Rttinl, Kenya . The 
large light-coloured queen cells are visible. 

races, A.m. scutellata and A.m. montiwllp, were 
compared on the bas~ of royal jelly 
production. Preliminary results indicate that 
the latter produces more royal jelly than the 
former. Additional experiments are underway 
to improve the method of royal jelly 
production. This will help beekeepers in 
Africa increase their income by augmenting 
the returns of bee-related prodl;lcts. (Th~ price 
of 1 kg of royal jelly on the world market is 
US$ 70-100). 

Bee venom is produced in the bee's venom 
gland and,is stored in the venom sac. In 
humans, bee venom stimulates t:ft.e heart and 
cortico-adrenal glands. It induces.cortisone 
production, which makes it suitable for the 
treatment of rheumatic diseases, especially 
arthritis. A simple technique to collect bee 
venom was designed as part of this project 
using an electrically charged gJjd. In total, 
81.2 mg of bee venom was collected from 6000 
worker be~. Further research is Clll1ently 
underway to evaluate the abilities of A. 
mell ifera races in Africa to produce bee venom, 
which sells at a cost of US$ 80-100 for 1 gin 
China. 41 
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Sericulture for Africa 
Sericulture, or the rearing of silkworms, is a new 
occupation far most of Africa. Silk film can be 
harvested from both domesticated and wz~ld moths, 
and ICIPE's new project is developing methods of 
sericulture appropriate for Africa which will also 
assist in conserving the valuable wild species of 
moths. 

The wild silk of Africa 

In the wild, the biodiversity of indigenous 
silkmoths and their habitats is eroding as a 
result of the lack of traditional knowledge on 
the value of the silkworm for income 
generation. In some communities, silkmoth 
larvae and pupae are harvested in bulk as a 
protein food source, but there are no 
mechanisms for the replenishment of the 
silkworms (the moth larvae) consumed. In 
Kenya and Uganda, a survey on existing wild 
silkmoth species identified two potential 
species, Argema mimosae and Gonometa sp. 
(from the lepidopteran families Satumiidae 
and Lasiocampidae, respectively) which 
produce a silk fibre of high quality. 

The population dynamics of the Argema 
and Gonometa spp. are currently being studied 
in farmers' fields at two locations in Kenya. 
Overall mortality of the larval ins tars due to 
parasites, predators and other factors is high, 
about 84% in one field. Methods are being 
developed in the wild to desynchronise the 
parasite cycles with that of the silkworm in 
order to decrease silkworm mortality and silk
fibre spoilage. A bioassay is being designed to 
determine the optimal time for breaking pupal 
and egg-diapause, thereby establishing a 
continuous production system on the basis of 
host-plant availability. Another satumiid 
moth, Bunea alcinoe, whose caterpillars are 
consumed in many parts of Africa, has also 
been successfully reared in the laboratory 
using leaves of the host plant, Balanites 
aegyptz'aca. 

Wild silk production can provide a strong 
economic incentive for rural communities to 
adopt sound land management practices as an 
adjunct to subsistence agt'iculture. Sericulture 
thus promotes the conservation of natural 
ecosystems and wild silkmoth habitats in the 
face of a growing human population and a 
heightened demand for land. 

This1uild 
silkmoth 
(Gonometa sp.) 
is stimulated to 
lay eggs on her 
silk cocoon 
soon after 
emergence. The 
cocoon is a 
source of the 
valuable tussar 
silk. ICIPE is 
training 
fanners on the 
conservation of 
wild moths for 
income generation. 

Culturing of Bombvx mori 

After a long search, a new domestic silkmoth 
hybrid has been developed at lOPE that 
flourishes in the African environment and 
produces a high quality silk. The hybrid was 
selected by crossing a number of domestic 
silkmoth (Bombyx mori) strains and testing 
their vigour when grown on a variety of 
mulberry cultivars. The silkworm hybrid cross 
NB18 x NB7 was found to generate the highest 
silk yield when grown on the mulberry Kanva 
2 culti var. One kg of raw silk is obtained from 
approximately 500~000 quality cocoons. All 
necessary materials needed to rear domestic 
silkworms in the field are being constructed in 
lOPE's sericulture unit using local materials 
and local labour. The reeling of bivoltine 
cocoons is done on a simple reeling machine 
which can run manually or by electricity (see 
photo). 

Funding: IFAD 
Collaborators: Chinese Academy of Apicultural Science 
(CAAS), Chirra; Central 
Silk Board (CSB), India; 
New South Wa.les (NSW), 
Austral in. 

A silk reeling machine, 
designed by an ICIPE 
seriwlture speci.alist 
an:d purpose built for 
Africa by 1111 Ind ia11 
finn. The sericulture and 
apiculture cottage 
industries can provide 
the economic basis fD'r 
C0111111UIJity 

deTJelopm~mt, and bO'tlz 
are particularly suited 
for increasing women's 
participation in the cash 
economy. 



TechnoPark 

A pioneer science park to produce and 
promote ICIPE's research products and 
foster low volume production of 

appropriate insect management technologies for use 
in develaping countries is in the advanced 
planning stage, with some activities already in 
aperation. The Centre is collaborating with 
national and regional R&D institutions, 
universities and the private sector in implementing 
the plans. Severa.l of the current TechnoPark 
initiatives are summarised below: 

Neem; lOPE has collaborated with GTZ and 
SAROC Ltd. a private compan}" on the 
development of a smallscale industry based on 
neem-based insecticides. The goal is to 
produce simple, standardised neem-based 
pesticides, which can be purchased on the 
market at competitive prices. To date, about 16 
tonnes of seeds have been purchased and 
transported to Nairobi. The azadirachtin (aza) 
content is being measured by high 
performance liquid chromatography (HPLC) 
in lOPE's chemistry laboratories. Two 
formulations have been developed and are 
being tested: (i) neem cake powder, 
standardised at 0.5% ~za by reconstituting the 
neem cake with neem seed shell in adequate 
proportion, and (ii) water-miscible oil with 
0.03%aza. 

To fulfill the requirements of the Pest 
Control Products Board (PCPB) of Kenya, field 
and laboratory trials were started in order to 
test the effectiveness of the formulated 
products. The frequency of application and 
effective concentrations which are 
economically competitive with available 
pesticides for control of key pests in important 
horticultural crops is also being determined. 
(For testing of neem preparations on insect pests, 
see the research reports, for example Olt page 20). 

8 t-based con trot agents: ICIPE is currently 
developing a number of Bacillus thuringiensis 
(Bt)-based biopesticides for use against 
mosquitoes, stemborers and wax moth. The 
production of DUDUSTOPR, a Bt formulation 
used to control filthflies, continues to be done 
in a small laboratory fermenter (15-litre) and 
available shaker incubators. ICIPE has 
provided about 350 litres to relief 
organisations. A private company, Oy GAC Ab 
.from Finland, has produced 500 litres and this 
has been distributed to UNHCR by ICIPE as 

per the current agreement. SAROC K. Ltd. is 
currently upscaling the production capacity of 
the pesticide and has fabricated a 1000-litre 
fermenter. ICIPE will provide the inoculum to 
the plant. It is hoped that SAROC will 
eventually take over the local production of 
the material_when the plant is ready. 

The biotechnology laboratory has also 
produced more than 125litres of Bt kurstaki for 
control of Chilo parteiius. Meanwhile, further 
stud ies on other indigenous Bt isolates against 
selected tropical insect pests are being carried 
out. From these studies, three selected isolates 
(1501, 1502 and 1503) have proved 
adequately toxic to three species of 
sterriborers. 

Four Bt isolates (Bt aizawai, M44-2. 50 and 
IOPE-T) .from the lOPE microbial bank have 
been screened against the greater wax moth 
which attacks honeybee colonies. The Bt 
aizawai was found to be the most active and 
results so far indicate that a concentration of 
between 3-5% of the fermentation broth gives 
between 80-100% protection after 5-7 days, 
particularly in the case of 2nd instar moth 
larvae. Mass multiplication of the bacteria for 
large-scale field testing is in progress. 

The final report on efforts to develop more 
persistent cloned materials of Bacillus 
sphaericus with improved mosquito larvicidal 
activity by transferring material coding for 
one or more of the several Bacillu~ thuringiensis 
israelensis (Bti) strains has been submitted. The 
nine clones were more toxic to Aedes aegypti 
with an LD50 range of 0.36-1.01 11g I ml as 
compared to the original Bsp with an LD50 of 
46.18 J,lg/ ml. The Bti still remains the most 
toxic with an LD50 of 0.0171-lg/ml. The toxicity 
of the nine clones of B. sphaericus and B. 
thuringiensis to both Culex quinqifasciatus and 
Anopheles gambiae was comparable vvi th an 
LD50 range of 0.001()-{}.009 11g/ ml. Although 
these Israeli-produced clones are active 
against the three mosquito species, they seem 
to deteriorate on storage.' Further investigation 
is needed before eventual mass production can 
be implemented. 

Fmrding: USAJD, ICIPE Core Fuuds 
Coll.aborators: Hebrew University o!Jemsa/em, SAROC 
K. Ltd., Oy GAC Ab, Finlnnd, GTZ 43 
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Capacity 
Building 
and Research 

Support 

ICIPE's extensive education and training 
activities are geared to all its stakeholders, 
from the fanner level up to PhD scientists 
and beyond. All of the 80 or so graduates of 
ICIPE's postgraduate programme in insect 
science have remained in Africa. Empowering 
people to solve their own problems is half the 
development battle. 



Building capacity for 
development 

Human resources development is 
one of the cornerstones of ICIPE's 
mandate. Individual and 

institutional capacihJ in the multi
disciplinan; field of insect science spans 
each and every one of the Centre's 
programme activities, and this feat is 
achieved in partnership with universities, 
advanced research laboratories and 
1Ultional institutions throughout the world, 
but especially in Africa. 

Capacity building is one of the most active 
programmes of IOPE, through which 
substantial achievements have been made in 
the past two decades. The programme aims to 
enhance the capabilities of developing 
countries in the tropics and subtropics, 
particularly in Africa, for research and training 
in insect science to promote the development 
and utilisation of sustainable arthropod 
management technologies. Apart from 
providing a mechanism by which ICIPE 
disseminates its research findings to the 
consumers, the programme makes a major 
contribution to ICIPE's research through the 
activities of postgraduate students and 
postdoctoral scientists training at the Centre. 
In financial terms, the programme constitutes 
more than 30% ofiCIPE's annual budget. The 
thrust of lOPE's capacity building strategy is 
directed toward three major areas of a.ctivity: 
• training of African nationals for leadership 

in insect science and to enhance interactive 
technology generation and adaptation; 

• enhancement of national capacities for 
technology diffusion, adoption and 
utilisation, and 

• facilitation of dissemination and exchange 
of information. 

The ARPPIS (African Regional 
Postgraduate Programme in Insect Science) 
PhD programme is based at ICIPE, where 
students undergo three years of research 
training. The ICIPE provides a thesis project, 

research facilities and supervision, and a 
training fellowship to support students' 
maintenance, university fees and research 
costs, totalling US$ 30,000 per student per 
year. The students are registered at any of the 
30 African participating universities which 
examine the students and award them 
degrees. Each PhD class is composed of an 
average of seven students. The programme 
has, at any one time, benveen 20 and 40 
students at various stages of their thesis work 
at ICIPE. To date, a total of 126 scholars have 
been enrolled in the programme from 25 
African countries. 

ARPPIS celebrated its 13th anniversary in 
style in 1996, To'.rith 12 graduates of the 
programme being awarded their PhD degrees 
from various participating universities during 
the year. This brings the number of ARPPIS
trained doctoral scientists to 82. Research 
training progressed well for continuing 
students of the 19C)3, 1994 and 1995 classes, 
while three new students joined in 1996. 
Training at masters Jevel continued in the 
ARPPIS MPhil programme hosted by the 
University of Ghana, with the first intake of 
students proceeding to the second year, while 
the third intake for the ARPPIS MSc course 
scl1eduled at the University of Zimbabwe was 
postponed due to lack of enough sponsored 
candidates. The MSc Programme for Eastern 
Africa, hosted by Addis Ababa University, is 
to be launched in September 1997. The success 
of the ARPPIS programme has stimulated 
university interest, whereby 18 universities 
have renewed their collaboration with IOPE 
under new agreements. ICIPE is proud of the 
fact that after graduation, all former ARPPIS 
scholars stay in Africa to work towards 
solving the continent's insect-related 
problems. Most graduates are employed in 
national research systems, universities or in 
science-based international organisations (see 
table). 

The Dissertation Research Internship 
Programme (DRIP), which supplements the 45 
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CaAMn and placement ot ARPPIS PhD grocllatea ol classes as at 31 
December 1996 

training of insect pest management 

EmploVing organlsa1ionl PhD Awoittr~g 

practitioners, including one held in 
Niger in the French language in which 
173 people were trained; Level ot responsibility gradUates owordofPhD 

National research systems; 
- Oi"ectoss/Pro]ect leoder:s 11 
- Research officers 30 

UnlverS!ies in Africa: 
- 1-jeods of departments 4 
- Snr !ecturers/lectu"ers 21 

lntema1iona orgcnsolloos 
based In Afli.co: 

- Scienflsls and postdocs. 15 

Commercial business firms: 
- Tecf'vicol managers 1 

Total screntlsts released to dote{= 98) 82 
Note: The total excludes losses cUing training: deceased. 3; 
discontinued. 7. 

ARPPIS programme by providing training 
opportunities to students recruited 
worldwide, also saw marked activity with 
nine new postgraduate students from Somalia, 
Kenya, China, Britain and Germany registered 
during the year. 

Professional career development 
programmes 

Three schemes were implemented to enable 
individual scientists to advance their careers 
through training. These included: the 
postdoctoral fellowship programme, which 
this year enabled four young scientists from 
Kenya, Ethiopia and Cameroon to serve at 
ICIPE; the research associateship scheme, 
through which two scientists from Sudan from 
national research and training institutions 
gained experience through research in 
chemical ecology; and the visiting scientist 
scheme, which facilitated the participation in 
1996 of two scientists from Japan and one 
scientist from the Czech Republic to conduct 
research at ICIPE. 

Non-degree training for technology 
adoption 

In order to ensure that the Centre's 
technologies reach its end-users, lOPE 
conducts training programmes for IPM 
practitioners and other interested groups. To 
date, ICIPE has trained a total of 831 insect 
pest management practitioners and over 3000 
farmers in various aspects of insect science. 
Examples of some such courses offered in 1996 
include the following: 

eight specialised group courses for the 

0 
1l 

0 
5 

0 

0 
16 

• several farmers' awareness courses 
in which 535 farmers from Kenya 
and Ethiopia participated; 

• practical training for 57 young 
technologists· to receive hands-on 
training in laboratory techniques 
and practice through in-service 
attachment. 

Fu11ding: DAAD 
(major sponsor), 
IFAD, GTZ,. 
Rockefeller 
Foundation, through 
ICIPE projects 
Collaboratio.u: 
ICRAF; Universities 
of Nairobi, Kenya; 
Nrra:mdi Azikiwe 
Univ., Nigeria; Enugu 
State Univ. ofScienu 
a:nd Teclmology, 
Nigeria; Alemaya 
Univ. of Agriculture, 
Sudan; University of 
Gezion, Sudan; Cape 
Coast, Ghana; 
Pretoria, Sattll! 
Africa; Malawi; Ogun 
SUite Univ., Nigeria; 
Moi Urriversity, 
Kenya; Zambia; 
Khartoum, Sudan; 

ARPPIS enrols students hom 25 
Afrlcan countrlea (1983-1996 
classes) 

Coun1ry 

Benin 
Burkina Foso 
Cameroon 
Chod 
Egyp t 
Ethloplo 
Ghana 
Kenya 
Malagasy 
Malawi 
Moll 
Mozambique 
Namibia 
Nigeria 
Rwanda 
Senegal 
Sierra Leone 
Somo1lo 
South Alrico 
SUdan 
Tanzania 
Uganda 
Zambia 
Zdlre 
Zimbabwe 

Total 

No. 
students 

1 
1 
1 
2 
3 
7 
3 

39 
1 
2 
1 
I 
l 

13 
2 
1 
3 
2 
1 

14 
7 

10 
5 
4 
1 

126 

lbadan, Nigeria; Zimbabwe; Keuyatta Uuiv., Kenya; Rivers 
State Univ of Sciwce and Technology, Nigeria; Assiut 
Univ., Egypt; Mniduguri, Nigeria; Ahmad11 Bello Univ., 
Nigeria. 



Research Support Units* 

ICIPE's support units provide specialist 
services to the Centre's research 
activities, and help to collect and 

disseminate information among the 
scientists and ICIPE's stakeholders. 

A mini-project on developing an IPM 
Information Network for Africa was initiated 
by the Computer Unit (CU) in 1996. Three 
East African countries (Ethiopia, Kenya and 
Uganda) will particpate in the first phase of 
the project, after which the network will be 
extended to other countries of the former 
PESTNET (Pest Management and Information 
Network) in the East and southern Africa 
region. Eventually the IPM Information 
Network will be continent-wide. A dial.-up e
mail/Internet connectivity has been 
established through a local Internet service 
provider for most of the Centre's computers 
with fax/modem. Personnel training on 
Internet e-mail and Internet browsing is also 
being conducted. 

The Animal Rearing and Quarantine Unit 
(ARQU) began the provision of quarantine 
facilities for research activities in 1996. Built 
and equipped under the Wageningen 
Agricultural University/TOPE collaborative 
project on the biological control of cereal 
stemborers, the unit will facilitate the 
importation of research insects and other 
arthropods, control entry of arthropods and 
potential plant and animal pathogenic ' 
microorganisms, and maintain cultures of 
imported arthropods and microorganisms 
under .restricted conditions so as to exclude 
the possibility of escape of any onoxious 
insects. It will also determine the health status 
of all arthropods imported through ICIPE, and 
will multiply arthropods under quarantine for 
supply to users. (See resenrch reports for ARQU's 
supply of artltropods to the projects). 

The Information Resources Centre (IRC) 
provides and makes available useful 
information in recorded format to ICIPE staff 
and other users .. The IRC houses over 190 
journals relevant to insect science, as well as 
over 3000 monographs, theses and reports, 
and about 11,000 books. The IRC produces the 
Pest Management Documentation and 

Information Systems and Service (PMDISS) 
bibliography as a means of maintaining a pest 
management database in the East and 
southern Africa region. A large chunk of this 
information •vith a specific bias on African 
livestock diseases has been used to publish a 
CD-ROM disk by ILRI-Ethiopia. Data from the 
PMDISS database was also given to UNECA/ 
PADIS, and again was used to prepare an 
African Pest Information database on CD
ROM for use in the sub-region. The existing 
collaborative effmts between ICIPE and FAO 
continues, with ICIPE contributing .relevant 
data to the AGRIS Information Service on a 
regular basis. 

The newly created Information Services 
unit amalgates the former editing and 
publishing functions of ICIPE with the 
Information Resources Centre (IRC) for more 
efficient publication, documentation and 
dissemination of the Centre's research results 
and development activities. ICIPE Science 
Press is the publishing arm of ICIPE, and 
provides a service to the Centre by producing 
and printing much of the stationery, 
conference proceedings and other documents. 
ISP also co-publishes tertiary-level or scholarly 
works for external clients, such as the 13-
volume series for the United Nations Institute 
for Natural Resources in Africa, and the new 
journal Horizon-Developing an Arcltitectural 
Tradition for Africa for a Kenyan university 
(JKUCAT). The Press underwent an external 
review during the year by a publishing 
consUltant, and her recommendations for 
improving on cost effectiveness and efficiency 
are now being implemented. The lOPE
sponsored journal, Insect Science and its 
Application is completeing its 16th volume, 
and Volume 17 (1997) is in press. The journal 
benefited from the afore-mentioned 
consultant's input, and is attempting to 
improve on its editorial content, presentation 
and timeliness. Regional offices in South 
America and Asia will soon be established so 
as to make the journal more pan-tropical in 
content and appeal. 

(''The activities of the Biomnthematics and 
Biosystematics units have been included in the 
research reports) . 

47 



19'96/97 I CJ PE publications 

A. Refereed papers 
(Iucludes notifications up to September 1997. Does n·ot 
irzclude articles i11 press or tJrose sub111itted) 

Annan I. B., Saxena K. N ., Schaefers G. A. and Tingey 
W .. M. (1994) Effects of infestation by cowpea aphid 
(Homoptera: Aphidiclae) on different growth sta.ges of 
resistant and susceptible cowpea cultivars. Insect Science 
tmd its Application 15~ 401-410. 94-1370 
Assad Y. 0. H., Torto B., Hassanali A., Njagi P. G. N., 
Basbir N . H . H. and Mahamat H. (1997) Seasonal 
variation in the essential oil composition of Commiplwrn 
quadriciucta and its effect on the maturation of immature 
adults of the desert locust, Schistocerca gregnria. 
PJrytvchemislnJ 44, 833-841.. 97-1350 
Assad Y. 0 . H., Hassanali A., Torto B., Mahamat H~, 
Bashir N. H. H . and El Bashir S. (1997) Effects of fifth
instar volati.les on sexual maturation of adult desert 
locust Sclrisfvcerca gregnria. Journal of Chemical EcoiOgJJ 2.3, 
137~1388. 97-1365 
Bekeie A. J., Obeng·Ofori D. and Hassanali A. (1996) 
Evaluation of Ocimrtm suave (Willd.) as a source of 
repellents, toxicants and protectants in storage against 
three stored product insect pests. Tutenmtiona{ fort mal of 
Pest Mmrngenumt 42, 139-142. 96-1305 
Bekele A. }., Obeng-Ofori D. and Hassanali A. (1997) 
Evaluation of Ocimrtm kenyeiTSe (Ayobangira) as source 
of repellents, toxicants and protectants in storage against 
three major stored product insect pests. fortmal of Applied 
Errtomnlogy 121, 169-173. 97-1352 
Binta M. G., Mushi E. Z. and Rurangirwa F. R. (1996) 
Effect of anti-thymocyte serum on acquisition of 
resistance to .infestation by Rf1ipiC4!plmlrts appeudiculatrts 
larvae in rabbits. Onderstepoort }O!mlnl of Veterirrary 
Research 63, 213-216. 96-1325 
Chitere P. and Kiros F. G. (1996) Farmers' participation 
in the adaptation of IPM technologies in sub-Saharan 
Africa: Experiences from Kenya. The African Crop ScieiJCe 
foumnl4, 115-126. 
Dakouo D., Nac:ro S., Post R., Traore Y., Nokoe S. and 
Munyinyi D. M. (1995) Evaluating an insect pest 
management system in an irrigated rice environment. 
Insect Scimce turd its Application 16, 93-101. 95-1368 
Darlington J.P. E. C. (1994) Mound structure and nest 
population of the termite, Pseudamrrtfzotermes spiniger 
(Sjostedt) in Kenya. lrtsect Science and its Applicatio11 15, 
445-452. 94-1371 
Deng A. L., Torto B., Hassanali A. and Ali E. E. (1996) 
Effects of shifting to crowded or soli.tary conditions on 
pheromone release and morphometries of the desert 
locust, Schistocerca gregal'ia (Forskai) (Orthoptera: 
Acrididae). journal of lnse.ct Plzysiolcgtj 42, 771-776 .. 

96-1324 
Denlinger D. L. and Zdarek J. (1997) A hormone from 
the uterus of the tsetse fly, GlassiJW morsitmzs, stimulates 
parturition and ahmtion. fort mal of Insect Physiology 43, 
135-142. 97-1339 
Dossa 5 . C., Kaaya. G. P., Essuman 5., Od.ulaja A. and 
Assoku R. G. K. (1996) Acquisition of resistance to the 
tick Amblyomma vnrie.gntrrm in Boran cattle, Bas irrdicrt5 
and the effects of Trypanosoma corrgolense and Ba!Jesia 

bigemina on host resistance. Veten'rran1 Parasitology 62, 
317-330. 96-1290 
Duale A. H., Nwilen.e F. E. and Okwakpam B. A. (1997} 
Suitability of pupae of the stem borer Chilo pnrtellus 
(5winhoe) (Lep.: Py:ralidae) of various ages for 
parasitism by Pediol.rrts furvus (Gahan} (Hym.: 
Eulophidae). Journal of Applied Ent.omology 121, 147-150. 

97-136(} 
Duale A. H. and Seshu Reddy K. V. (1995) Survival and 
development of Clzilo parte/Ius (Swinhoe) on sorghum 
cultivars. lasect Sciellce amf its Application 16, 13-16. 

95-1354 
Hanson B.S., Ochieng S. A., Grosmaitre X., Anton S. 
and. Njagi P. G. N .. (1996} Physiological responses and 
central nervous projections of antennal olfactory receptor 
neurons in the adult desert locust, Scflistocercn gregaria 
(Orthop tera : Acrididae). jouma! of Comparative 
Physiology, A 179,157- 167. 
Jura W. G. Z. 0. and Otieno L. H. (1994) Infectivity and 
virulence of Trypmwsoma !Jrucei metacydics from Glossiua 
morsitarzs morsitnrrs salivary glands infected with tse tse 
DNA virus. Insect Scie.;zce audits ApplicatioJJ 15, 551- 556. 

94·1318 
Kaaya G. P., Mwangi E. N. and Ouna E. (1996) Prospects 
for biological control of livestock ticks, RhfpiC4!plml us 
appeudicJJlatrrs and .t\mblyommn variegntwu, with 
entomogenous fungi. Beauveria IJassimza and Mctarfzizium 
ar1isopliae.jourrrnl of lnvertebmte Patfwlogt; 67, 15-20. 

96-1291 
Khan Z. R., Abenes M. L. P. and Fernandez N.J. (1996) 
Suitability of graminaceous weed species as host plants 
for rice leaf£olders, Crzapfzalocrocis medina/is and Mamsrrria 
patw:rlis. Crop Protection 15, 121-127.. 96-1299 
Khan Z. R., A.mpong-Nyarko K., Chiliswa P., Hassanali 
A., Kimani S., Lwande W., Overholt W. A., Picke!f J. 
A., Smart L E., Wadhams L. J. and Woodcock C. M .. 
(1997) Inte.rcropping increases parasitism of pests. Nal11 re 
388, 631-632. 97-1363 
Kimani-Njogu S. W ., Overholt W. A., Woolley J. and 
Walker A. (1997) Biosystematics of the Cotesia flavipes 
species complex (Hymenoptera; Braconidae): 
Morphometries of selected allopatric populati.ons. 
B rrUetiu of E11 tomological Researdr 87., 61-66. 97-1346 
Kitron U., Otieno L. H., Hungerford L. l., Odulaja A., 
Brigham. W. U., Okello 0. 0., Joselyn M., Mohamed
Ahmed M. M. and Cook E. ( 1996) Spatial anal ys.is of 
the distribution of tsetse flies in the Lambwe Valley, 
Kenya, using Landsat TM. satellite imagery and GIS. 
Jormllll of A11imal Ecology 65, 371- 380. 96-1308 
Madubunri L C., Hassanali A., Ouma W ., Nyarango 
D . and Ka.bii J. (1996) Chemoec·ological .role of 
mammalian urine in host location by tsetse, Glossirrn spp. 
(Diptera; Glossinidae). journal of Clzemical Ecology 22, 
1187-1199. ~1297 
Mah.amat H., HassanaH A. and Ferenz H.-J. (1997) 
Vitellogenin titres in normal and accelerated ma.tu.rition 
of gregarious-phase Schistacerc.n gregnria. Cnmparative 
Biochemistry nud PfzysiolO'giJ 1168, 447-451. 97-1340 
Manianfa N. K. (1994) A laboratory technique for 
infecting adult f'setse with a fungal pathogen. Irrsect 
Science a11d its AppliCJZiion 15,421-426. 94-1316 



Massamba. N. N. and Mutinga M. J. (1994) 
Heterogeneity in the Leishmania donovarri complex 
(Protozoa: Kinetoplastidae). Insect Science and its 
Applicatiou 15, 541-550. 94-1317 
Mbapila J. C. and Overholt W. A. (1997) Oviposition, 
development and searching behaviour of Cotcsia Jlnvipes 
Cameron and Cotesin scsamiae (Cameron) (Hymenoptera: 
Braconidae) in relation to aestivating and non
aestivating Chilo spp. (Lepidoptera: Pyralidae) larvae in 
maize .. African Entomology 5, 35-39. 97-1356 
Mihok S. and Oausen P. H. (1996) Feeding habits of 
Stomoxys spp. stable flies in a Kenyan forest. Medical and 
Veterinary Entomology 10, 392- 394. %-1358 
Mihok 5 ., Mara mba 0., Munyoki E. and Saleh K. (1996) 
Phenology of Stomoxyinae in a Kenyan forest. Medical 
aud Veterinary Entomology 10, 305-316. 96-1322 
Mihok 5., Moloo S. K, Oden'y J. 0., Brett R. A., Rakwar 
J. G., Munyoki E., Kiilu J. and Kyor.ku C. A. (1996) 
Attractiveness of black rhinoceros (Diceros IJicomis) to 
tsetse flies (Glossina spp.) (Diptera: Glossinidae) and 
other biting flies. Bulletin of Entomological Research 86, 
33-41. 96-1279 
Minj a E. M. and Ampofo J. K (1995) Effect of sorghum 
and cowpea intercropping pattern on the spotted 
stemborer, Chilo partellus (Swinhoe) larval establishment 
in southwestern Kenya. Insect Scierrce a11d its Application 
16, 217-222. 95-1367 
Mohamed-Ahmed M. M. and Odulaja A. (1997) Die! 
activity patterns and host preferences of Glossiwr fuscipcs 
fuscipes (Diptera: Glossinidae) along the shores of Lake 
Victoria, Kenya. Bulletin of Entomological Researc/1 87, 179-
186. 97-1341 
Muhlgwa Bahananga J.-B., Diamani B. and Kabungo 
K. (1996) Physico-chemical preferences of the 
zooplankton and notes on the predominance of a 
carnivorous copepod in Lake Tanganyika. AfriCIJI! Journal 
of Ecology: (E.A. Wildlife Society) 34, 86-89. 96-1301 
Mwangi E. N. and Kaaya G. P. (1997) Prospects of using 
parasitoids for tick management in Africa .. Irrtematiorral 
Journal of Acarology 23, 1-5. • 
Mwangi E. N ., Hassan S. M., Kaaya G. P. and Essum.an 
S. (1997) The impact of lxodiplurgus lrookeri, a tick 
parasitoid of Amblyommn vnricgnhmr (Acari: Ixodidae) 
in a field trial in Kenya. Experimental and Applied 
Acarology 21, 117-126. 
Ndiege I. 0., Budenberg W. J., Otieno D. 0. and 
Hassan ali A. (1996) 1,8-cineole: An attractant for the 
banana weevil, Cosmopolites sordid us. Pllytochemistry 42, 
369- 371. 96-1307 
Ngi-Song A. J., Overholt W. A., Njagi P. G. N., Dicke 
M., Ayertey J. N. and Lwande W. (1996) Volatile 
infochemicals used ill host and host habitat location by 
Cotcsia flavipes Cameron and Cotes in sesnmine (Cameron) 
(Hymenoptera: Braconidae), larval parasitoids of 
stemborers on graminae. Jormurl oJCllemical Ecology 22, 
307-324. 96-1285 
Nguu E. K, Osir E. 0., lmbuga M. 0. and Olembo N. 
K. (1996) The effect of host blood in the iu vitro 
transformation of bloodstream trypanosomes by tsetse 
midgut homogenates. Medical and Veterinary Entomology 
10,317-322 96-1323 
Njagi P. G. N., Torto B., Obeng~Ofori D. and Hassanali 
A. (1996) Phase-independent responses to phase-specific 
aggregation pheromone in adult desert locusts, 
Schistvcercn gregnrin (Orthoptera: Acrididae ). Physiological 
Entomology 21, 131-137. 96-1302 
Nyindo M., Essuman 5., Chesang' R. and Muteria P. 
(1996) Immunity induced by vaccination with 
Rl!ipicephnlus nppendiculatus salivary gland antigens does 

not augment immunity acquired naturally by exposing 
rabbits to adult ticks. Jo11rrrnl of Medical Errtomofogy 33, 
559-565. 96-1303 
Obeng-Ofori D., Reichmuth Ch., Bekele J. and 
Hassanali A. (1997) Biological activity of 1, 8-cineole, a 
major component of essential oil of Ocimum keJJ!ferzse 
(Ayobangira) against stored product beetles. ]orrrnal of 
Applied Entomology 121, 237-243. 97-1366 
Odulaja A. and Abu-Zinid L M. (1996) The relative 
efficiencies of Latin square and randomized complete 
block designs for insect trapping experiments: An 
investigation using field data on tsetse flies. Ecological 
Er!lomology 21, 101-105. %-1309 
Odulaja A. and Kiros F. G. (1996) Modelling agricultural 
production of small-scale farmers in sub-Saharan Africa: 
A case study in western Kenya. Americnrr Journal of 
Agricultural Ecorromics 14, 85-91. 96-1320 
Odulaja A. and Mohamed-Ahmed M. M. (1997) 
Estimation of the efficiency of the biconical trap for 
Glossirra fuscipes frrscipes Newstead along the Lake 
Victoria shore, Kenya. Entomologia Experimentalis et 
A.pplicata 82, 19-24. 97-1345 
Oghiakhe S. (1995) Progress and future prospects in 
utilisation of host plant resistance in the control of insect 
pests of cowpea, Vigrza rmgrticulntn tn Africa. Insect Science 
and its Applicatiorr16, 123-143. 95-1349 
Ogoyi D. 0., Osir E. 0. and Olembo N. K. (1996) Effect 
of phase status on responses to AKH I in the desert 
locust, Sc!Jistocerca gregnrin gregaria. Archives of Insect 
Bioc!Jemistn; mzd Physiology 32,173-185. 96-1304 
Okech S. H. 0. and Overholt W . A. (1996) Comparative 
biology of Cotesia clzilonis (Hymenoptera: Braconidae) 
on selected African gramineous stemborers. Bioamtrol 
SciCJJce and Technology 6, 595-602. 96-1326 
Omolo E. 0 ., James M. D., Osir E. 0. and Thomson J. 
A. (1997) Cloning and expression of a Bacillus 
tlmrirrgiensis (Ll-2) gene encoding a crystal protein active 
against Glossina morsitans morsitans and Chilo parte/Ius. 
Current Microbiology 34, 118-121. 97-1344 
Omwega C. 0. and Overholt W. A. (1996) Genetic 
changes occurring during laboratory rearing of Cotcsia 
Jlavipes Cameron (Hymenoptera: Braconidae), an 
imported parasitoid for the control of gramineous stem 
borers in Africa. African Entomology 4, 231-237.96-1321 
Omwega C. 0., Overholt W . A., Mbapila J. C. and 
Kimani-Njogu S. W. (1997) Establishment and dispersal 
of Cotesia flauipes (Cameron) (Hymenoptera: Braconidae ), 
an exotic endoparasitoid of Cl1ilo partellus {Swinhoe) 
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Entomology 5, 71-75. 97-1355 
Potting R. P. J., Overholt W. A., Danso F. 0. and Ta.kasu 
K. (1997) Foraging behaviour and life history of the 
stemborer parasitoid, Cotcsia Jlavipes. Joumal of l11sect 
Behaviour 10, 13-29. 
Rai M. M., Hassanali A., Saini R. K., Odongo H. and 
Kahoro H. (1997) Identification of components of the 
oviposition aggregation pheromone of the gregarious 
desert locust, Sclzistoce.rca gregarin (Forskal). Joumnl of 
Insect PhysiolOglJ 43, 83-87. 97-1353 
Saini R. K., Hassanali A., Andoke J., Ahuya P. and 
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Saxena R. C. and Kidiavai E. L. (1997} Neem seed extract 
spray applications as low-cost inputs for management 
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japrur foumal of Applied Entomology tmd Zoology 40, 308-
310. 
Tawfik A. 1., Mal'hova A., Sebnal F. and Ismail S. H. 
(1996) Haemolymph ecdysteroids in the solitary and 
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8. Other publications 
andudes revieW articles, papers in publis11ed COIIjerence 
proceedings, books, chapters in books, articles i11 

newsletters, electronic-journal articles aJid theses) 

Herren H. R., Overholt W. A. and Lwande W. (1996) 
Pest management for ornamental horticulture. 
Hortiatlt!mll Trade journal4~ 23-24. 96-1364 
Kiarie M. and Saxena R. C. (1996) Exploratory 
evaluation of neem extract sprays on maize for control 
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aud Envinmment, Vol. 1 (Edited by R. P. Singh, M.S. Chari, 
A. K. Raheja and W. Kraus). Proceedings of the World 
Neem Conference, India, 1993. Oxford & IBH, New 
Delhi. 
Khan Z. R. (1997) A review of entomological techniques 
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of stem borer resistance in maize, pp. 62-67. In irPsect 
Resistant Maize: Rec.en! Advnuces mrd Utilislztiou (Edited 
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Symposium held at the International Maize and Wheat 
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Kiros E G. (1996) The silent violence of insect pests and 
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challenge. Bulleti11 of Africarr Insect Sciellce, Vol. 16, pp. 
1-3. 
Nabasirye M. (1996) Statistical inference on pest resistant 
indexes. PhD (Biometrics), Makerere University, 
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Ngi -Song A. J. and Overholt W. A. (1997) Host selection 
by Cotesia flnvipes and Cotesia sesamiae (Hymenoptera: 
Braconidae): An example of a tritrophic relationship in 
a grass-stem borer parasitoid system, pp. 173-181. In 
I11tegra!illg Biological Control and Host Plant Resistance, 

Proceedings of a CTA/IAR/IIBC Seminar, Addis Ababa, 
Ethiopia. 9-14 October 1995. CTA Publication. 
Odindo M. 0., Nour A. M., Ajala S. 0., Kiros .F. G., 
Chltere P. 0., Ampong-Nyarko K., Mohamed Ali M. 
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CTA Publication. ISBN 92 90&11625. 
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Overholt W . A., Ngi-SongA. J., Omwega C 0., Kimani
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Reprints ojartidesruitll a CJZII11umber al the end of tire citation 
cJZn be ordered from tJre Documentalisl, ICIP£. 

C. ICrP·.E pu.blications 
• Vision and Strnlegic Framework towards 2020. ISBN 92 

90641118. 74 pp. September 1997. 
• 1995 ICIPE Amwal Report. ISBN 92 9064 098 7. 72 pp. 

October 1996. 
• DirectoryoJNeem Workers in Enstem arrd Soutl1em Afr.ica. 

Edited by R. C. Saxena. ICIPE Science Press, Nairobi. 
ISBN 92 9064107 X. 30 pp. April1997. 

• ICIPE 5-Year Plan: Researdr aJld Capacity Building Plmr 
for the Period 1996-2000 (temporary cover). ISBN 92 
9064104 5. 132 pp. December 1996. 

• Improved lusect Pest Management for Maize, Sorgllum mrd 
Cowpea Production ill Coastal Kenyn: Teclwology 
Handbook for Extwsionists. Compiled by S. 
Sithanantham, G. M. Kamau, E. Wekesa and K. 
Mwangi. IClPE Science Press, Nairobi for the Kenya 
Agricultural Research Institute. ISBN 92 9064 106 1. 
12 pp. December 1996. 



I CJ PE Governing Council, 1996/97 

PROFESSOR JACOB LIFANGI Ncu, Chairman • 
Head, Immunology-Biotechnology Laboratories 
WHO Collaborating Centre for Research and 
Training in Immunology (Cameroon) 

PRoFESSOR LINDSAY NoRMAN INNES, Chairman~ 
AgricuJtural Research Consultant and fo~erly 
Deputy Director, Scottish Crop Protection Institute 
(UK) 

DR JoHN WJLLIAM MEAGHER 
Vice Chairman, and Chairman, 
Nominating Committee • 
Formerly Chairman, Centro Intemacional de Ia 
Papa (OP) (Australia) 

PROFESSOR C. J. CHETSANGA, Vice Chairman~ 
Director General, 
Scientific and Industrial Research and 
Development Centre (SIRDC) (Zimbabwe) 

PRoFESSOR PETER ESBJERG, Chairman, 
Programme Committee • 
Royal Veterinary and Agricultural University 
(Denmark) 

DR BARBARA EKBOM, Chairperson, Programme 
Committee~ 
Swedish University of AgricuJtural Sciences 
(Sweden) 

DR DEBORAH MERRILL-SANDS, Vice Chair, 
Programme Committee* 
Visiting Fellow 
Simmons Institute for Leadership and Change, 
Simmons College 
(USA) 

• Retired/resigned May 1997 
.. Retired March 1996 
* Effective May 1997 

DR B. KIPKORIR, Chairman, Audit Com.mittee;f 
Formerly Kenya's Ambassadcn to the USA (Kenya) 

DR DELY P. GAPASIN, Chairperson, Nominating 
Committee~ 
Agriculturist 
The World Bank (Philippines) 

PROFESSOR HANs WJLPS, Member, Programme 
Committee;to 
Gesellshaft ffu Technische Zusamrnenarbeit (GTZ) 
(Federal Republic of Germany) 

PRoFEssoR CoNSTANTINA SAFILios-ROTHSCHILD •• 

Professor of Sociology (Greece) 

PROFESSOR MICHAEL AsHBURNER. 

University of Cambridge (UK) 

PROFESSOR SHEUAMEAH 0. KEYA
Executi ve Secretary 
Technical Advisory Committee (fA C) of FAO 
(Kenya) 

PROFESSOR SHOZO TAKAHASHI• 

Formerly of Kyoto University Gapan) 

PltoFEssoR JosE RlBJERo,.,. 

The University of Arizona (USA) 

DR Mmse MENsAH• 

Formerly of IF AD, Economic_Pianning (Benin) 

DR HANS RUDOLF HERREN 

Director Generat ICIPE 
(Switzerland) 
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1996/97 Professio,nal Staff1 

Management and General Operations 
Office of the Director General 
Dr Hans R. Herren, Director General 
Prof. Ahmed Hassanali, Interim Deputy Director 

Generat 
Dr Akke J. van der Zijpp, Deputy Director 

General, Researdt ... 
Ms Remedios Dela Paz Ortega, Public Relations 

Officer 
Ms Dinah W. Njoroge, Internal Auditor 
Mr Julius K. Kamau, Assistant Internal Auditor 
Ms Shamim A. Hashmy. Executive Assistant* 
Ms Susan M. Kagondu, Executive Assista11t 
Ms Agripina N. Ra:moya, Executive Assist.ant 

Management and finance 
Mr Vinod Tandon, Director, Management 
Mr Kurt B. lten, General Manager, Guest Centre 

System .. 
Mr Khrisnahsamy Appadu, Head of Financial 

Accounting•* · 
Mr Alfred Lustenberge~ Head of Physical Plants 

and Transport* 

Mr Fraser J. Utanje, Travel Manager 
Mr A. Razaq S. Abdalla, Worksltop Mana~e/ 
Mr William P. Habaradas, Fleet Manager • 
Mr Anthony 0. Alexis, Personnel Officer 

(Adminf 
Ms Veronique Toumier, Personnel Officer 

(Recruitmentt 
Mr Patrick N. Ndiangui, Project Acrountant 
Mr Dominic F. Sifuna, Project Accountant 
Ms Serah N . Mungai, Project Accountant 
Mr Gitonga J. Rugendo, Treasury Accountant 
Mr Peter D. K. Ndirangu, Procurement 

Supervisor 
Mr Vincent M. Kamanyi, Assistant Accountant 

Jnternationar Cooperation and Capacity 
Building 
Dr Mudiumbula T. Futa, Director, International 

Cooperation and Capacity Building•* 
Dr Vitalis 0. Musewe, Head, Capacity Building 
Mr Jason R. Kapkirwok, Projects Administrator 
Mrs Lucy W. Gacheru, Projects Assistant 

Core Research Departments 
Population Ecology and Ecosystems 
Science Department 
Dr Johann Baumgartner, Head (and Mega

Project Leader, Horti.cultural Crops/Fruit Fly 
Initiative") 

Dr William A. Overholt, Principal Scimtist (and 
Mega-Project Leader, Food a.nd Perennial 
Crops") 

Dr Steven Mihok, Senior Scientist (and acting 
Progrmmne Leader, Disense Vectors Management 
Programme·) 

Dr Srinivasan Sithanantham, Senior Scientist 
(and acting Programme Leader, Plant Pests 
Managemertt Programme*) 

Dr K. V. Seshu-Reddy, Senior Scientist 
Dr Suresh K. Raina, Senior Scientist (and Mega

Project Leader, Comtnercial Insects•*) 
Dr Magzoub 0. Bashir, Senior Scientist 
Dr Kwesi Ampong-Nyarko, Scientist (and Ag. 

Head*) 
Dr Tracy Johnson, Visiting Scientist 
Prof. John Beier, Consultant Scientist (and Mega

Project Leader, Mosquitoes•*) 
Dr John Githure, Consultant Scientist 
Dr Lucie Rogo, Consult11nt Scientist..(and Mega

Project Leader, Biodiversity") 
Dr Oiff M. Mutero, ConsuUant Scientist 

Dr Charles M. Mbogo, Consultant Scierttist 
Dr Robert S. Copeland, Scientist 
Dr Mohamed M. Mohamed-Ahmed, Scientist 
Dr Esther Mwangi, Scientist 
Dr Charles 0. Omwega, Scientist 
Dr Getachew Tikubet, Scientist 
Dr M. Ali Bob, Associnte Scientist 
Dr Adele J. Ngi-Song, Postdoctoral Fellow 
Dr Vishnu V. Adolkar, Postdoctoral Fellow 
Dr Ballo Shilaw, Postdoctoral Fellaw 
Mr Paul N. Ndegwa, Postdoctoral Fellow 
Dr Shawgi M. Hassan, Senior Research Assistant 
Mr Lucas Ngode, Senior Research Assistant 

Behavioural Biologu and Chemical Ecology 
Department 
Prof. Ahmed Hassanali, Principal Scientist, 

· Head (and Me~-Project Leader, wcusts and 
Migrant Pests ) 

Dr Rajinder K. Saini, Senior Scientist and Mega
Project Leader, Tsetse•* (Ag. Head, Behavioural 
Biology Department) 

Dr Zeyaur R. Khan, Senior Scientist 
Dr Slawomir A. Lux, Senior Scientist 
Dr Wilber Lwande, Scientist (and Ag. Head") 
Dr Baldwyn Torto, Scientist 
Dr Hassane Mahamat, Scientist 



Dr Peter G. N. Njagi, Scientist 
Dr Muhinda Mugunga, Visiting Scholar 
Dr Melaku Girma, Postdoctoral Fellow 
Mr Andrew Mbiru, Selliar Research Assistant 
Ms Florence N. Munyiri, Senior Research 

Assistant 
Mr Onesmus K. Wanyama, Senior Research 

Assistant 

Molecular Biology and Biotechnology 
Department 
Dr Ellie 0. Osir, Senior Scientist, Head 
Dr Godwin P. Kaaya, Senior Scientist (and 

Mega-ProjectLeader, Ticks") 
Dr Moses Makayoto, Consultant Scientist 
Dr Suliman Essuman, Scientist 

Dr Ne Ngangu Massamba, Scientist 
Dr Nguya K. Maniania, Scientist (and A$: Head, 

Pathology and Microbiology Department ) 
Dr Guiyun Yan, Scientist 
Ms Matilda A . Okech, Senior Research Assistant 

Social Sciences Department 
Prof. Fassil G. Kiros, Senior Scientist, Head (and 
Mega-Project Lender, Social Sciences"") 

Dr R. C. Saxena, Principal Scientist 
Dr Joseph W. Ssennyonga, Senior Scientist 
Dr George T. Lako, Scientist 
Dr Joseph M. Maitima, Postdoctoral Fellow 
Ms Rosemary A. Emongo~ Senior Research 

Assistant 
Mr Philip E. Ragama, Senior Research Assistant 

Research Support Units and Services 
Biomathematics Unit 
Dr Adedapo Odulaja, Scientist, Head 
Mr Christopher N. Olando, Senior Research 

Assistant 

Animal Rearing and Quarantine Unit 
Dr Maurice 0. Odindo, Senior Scientist, Head 
Mr Francis 0 . Onyango, Senior Research 

Assistnnt 

Siosystematics Unit 
Dr Susan W. Kimani-Njogu, Postdoctoral Fellow 

Computer Unit 
Dr Yunlong Xia, Scientist, Head 
Mr Darisi Murali, Senior EDP Specinlist 

Information Services 
Dr Annalee Ngeny-Mengech, Head of 

Information Services ... (Head of Science EditinlJ 
Ms Daisy W. Ouya, Science Editor, Insect 

Science and its Application · 

ARPPIS PhD Scholars 
Mr Godwin M. Zimba, Outgoing 1994 Class# 
Ms Zipporah Njagu, Outgoing 1994 Class# 
Mr Fanuel A. Demas, OutgoiJtg 1994 Class 
Ms Vivian C. Ofomata, Outgoing 1994 Class# 
Mr Mohamed N. Sallam, Outgoing 1994 Cl.ass41 

Mr Jean-Berkmans B. Muhigwa, Outgoing 1994 
Class# 

Ms Syprine Akinyi, Outgoing 1994 Clilss1 

Ms Rosabella Orangi, Year 3 
Ms Mary Anne Groepe, Yenr 3 
Mr Jenard PatriCk Mbugi, Year 3 
Mr A tern Garang Malual, Yenr 3 

Mr Sunday Ekesi, Year 3 
Ms Esther N. Kioko, Year 2 
Ms Josephine M. Songa, Year 2 
Ms Shi Wei, Year 2 
Mr Linus M. Gitonga, Year 2 
Ms Eunice A. Misiani, Year 2 
Mr Nicholas K. Gikonyo, Year 2 
Ms Deo1inda S. Pacho, Yenr 2 
Mr Sileshi W. Gudeta, Year 1 
Mr Vincent 0. Oduol, Year 1 
Mr Abera T. Haile, Year 1 

Out-Stations 
Mbita Pojnt Field Station 
Dr K. V. Seshu-Reddy, Head of Stntion 

Port-Sudan Fiefd Station 
Dr Magzoub 0. Bashir, Senior·Scientist 

EtMopia Country Office 
Dr Getachew T!.kubet, Country Coordinator 
Mr Ato Befekadu Arneya, Protocol Officer 

'#As of 31 December, 1996. Staff leaving or joining in 1997 are shown with asterisks. 
•until m.id-1997 
••From mid-1997. 
lion extension until December 1997. 
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financial Statement 
Income and expenditure account for the year ended 31st 
December 1996 

US$000 

1996 1995 

lncom.e 
Grants 9,864.5 8,629.6 
Curren.cy translation gains 208.5 502.2 
Miscellaneous 241.1 99.6 

10Jl4..1 9,231.4 
Expenditure 

Core Research 4,n4.2 5,969.9 
Research Support Services 484.2 534.7 
Ti:ai.rung and International Cooperation 1,049.7 908.5 
Information 145.0 135.9 
Management and General Ope.rations ~403.0 1,281.6 

8,806.1 8,830.6 

Land and Buildings 158.4 41 .7 
Scien.tific Equipment 506.1 30.1 
Office Equipment and Furniture 415.8 130.2 
Vehicles 428.8 32.7 

10,315.2 9,065.3 

!Loss) Surplus for the year (1.ll 166.1 
Cost of Restructuring - {166.1) 

Total (deficit) surplus for the year (1.1) -

~alance sheet as at 31 December 1996 
I 

US$000 

1996 1995 
FIXed Assets 

Nominal value - • 
lOPE Riverside House 260.2 269.2 

Current: Assets 
Consumable Stores 31. 8 30.4 
Grants Receivable 1,565.3 2,321.5 
Debtors and Pre-Payments 851.3 1,187.1 
Deposits--Buildings Maintenance Fund :12.7.4 239.3 
Bank Balances and Cash 2,192.5 1,850.6 

4,768.3 5,628.9 

Current Lia.bilities 
Bank Overdraft (secwed) 112..7 1,453.4 
Loan (repayable within one year) 81.0 91.0 
Creditors and Accruals 1,933.9 1,814.5 
Unexpended Operating Gran.ts 2,804.1 2,198.6 

4,931.7 5,557.5 

Net Cur.rent Assets (163.4) 71.4 . 
Total Net Assets 96.8 340.6 

Financed by: 
Reserve Funds {deficits) (146.2) (59.9) 
Buildings Maintenance Fund 12.7.4 239.3 

(18.8) 179.4 
Deferred Fmancing 60.4 70.4 
Long-Term. Loan (secured) 55.2 90.8 

96.8 340.6 

•Jn acco.rdance with ICIPE accounting policy, all fixed assets ·are written 
off ·f.!> the Income and Expenditure Account in the year of purchase. 
However, the fixed assets held by ICIPE as at 31st December 1996 at cost 

I 

amount to US$ 8,386,066 (1995---6,941,020). 
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J9·96 Donors 

Grants received and receivable 

Arab Fund for Economic and Social 
Development {AFESD) 

Australian Centre of International 
Agricultural Research (ACIAR) 

Austrian Government 
Danish International Development 
Agency (DANIDA), Danish Government 

European Union, European Development 
Fund (EDF) 

Finnish Government 
Gatsby Charitable Foundation 
German Academic Exchange Service (DAAD) 
German Federal Ministry of Economic Cooperation 
Hebrew University of Jerusalem 
International Bank for Reconstruction and 
Development {\Norld Bank) 

International Development Research Centre (IDRC) 
International Fund for Agricultural Development (IFAD) 
International Institute of Tropical Agriculture (llTA) 
Japan International Research Centre for 
Agricultural Sciences (JIRCAS) 

Japan Society for the Promotion of Science (JSPS) 
Kenya Government 
Natural Resources Institute (NRD, UK 
Netherlands Government, Directorate of NGO. 
International Education and Research Programme 

Nonvegian Government 
OPEC Fund for International Development 
Rockefeller Foundation 
Swedish Agency for Research Cooperation with 

Developing Countries (SAREC) 
Swiss Government 
Toyota Foundation 
United Nations Development Programme (UNDP) 
United Nations Environment Programme (UNEP) 
United States Agency for International 
Development. (USAID) 

University of East Anglia, UK 
University of Hawaii, USA 
World Resources Institute (WRI), USA 
Total Grants Received and Receivable 
Add: Unexpended Grants-brought forward 

Less: Unexpended Gran~arrjed forward 

Less: Grants for 1995 paid in 1996 

Grants taken into income 

US$000 

1996 1995 

200.0 430.0 

55.8 
500.0 

786.6 1,062.6 

2,484.6 1,540.5 
150.0 439.6 
349.7 178.6 
245.0 202.5 
240.6 
31.0 42.4 

200.0 200.0 
5.4 18.1 

1.429.6 650.0 
16.0 

27.5 21.6 
6.0 6.0 

115.9 118.1 
37.0 114.5 

1,229.1 1,214.1 
309.1 481.1 

40.0 
528.1 434.3 

1,200.1 624.9 
2,075.0 1,100.0 

18.4 
249.7 907.3 

1.0 11.0 

249.6 7.6 
5.6 
5.0 

6.8 
U,791.4 9,811.6 
2,198.6 1,016.6 

14,990.0 10,828.2 
~2,804.1! (2,198.6) 

12,185.9 8,629.6 
2,321.4 

9,864.5 8,629.6 
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Abbreviations and Acronyms 
AGRIS Agricullura l lnrorma tion Service (FAO) 
AVRDC Asian Vegetable Research and Development Cen tre (!aipei. Taiwan, China} 
BMZ Bundcsminisferium fu r \o\~ rtsch,lftliche und Entwi.cklung Zusammenameit (Bonn, Federal Republic of Germany) 
Bt Bndllu~ l!rrrrirr,~i~usi~ 

CAAS Chinese Academr of Agricu ltural Sciences 
CGJAR Consultath·e Group on Interna tional Agricu lturill Research (Washington DC, USA) 
CIAT Centro lntemacional de Agricultura Tropica l (Colombia) 
CTh>1MYT Centro lntemacional de Mcjoramiento d e t\•1aiz y Trigo (Mexico DF. Mexico) 
CIRAO/FLHOR Centre de cooperation interna tionale en rernerclle agronomique pour le dc\•eloppement-Departement des 

productions fruiteres e t horl iroles (Reunion) 
CSB CentrniSilk Board (Ind ia) 
DANIDA Danish International Development Agency (Copenhagen, Denmark) 
DBM diamondback moth 
DRSRS Department of Resource Survey and Remote Sensing (Kenya) 
ECOSUR El Colegio de Ia Frontera Sur (Tapachula, Mexico) 
ESTC Ethiopian Science and Tcdmolog}' Commission 
FAO Food .1nd Agricu lture Org.~nisal ion of the Uni ted Na tions (Rome .. It.ll}') 
GARS global agricu ltural research system 
GIS geographi.c infonnation systems 
GTZ Gesellschaft fur Technische Zusammenarbeit (Eschborn, Germany) 
HCDA Horticultural Crops Development Authorit)' 
HUJ Hebrew Univcrsitv of Jerusalem 
IAEA International Atorilic Energy AgenC}' (Vienna. Austria) 
lARCs intcm~ tion,, l agricultural resC'ilrch cen tres 
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