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The i!dministrative centre at ICIPE International HeadquMtets at Duduville on the outskirts of 
Nairobi 

About ICIPE 
The International Centre of Insect Physiology and Ecology, better known by its acronym, 
ICIPE. Is port of a global network of International research centres whose collective 
mandate Is to Improve the quality ot life in developing countries through mission
oriented research. Founded In 1970 In Nairobi. Kenya, as a result of the initiative of 
Kenyan entomologist Professor Thomas R. Odhiambo and other concerned African 
scientists. and with the support of the International scientific and donor communities, 
ICIPE's research and development work over the past 24 years has focused on tropical 
insect pests, both as o constraint to food crop production and as vectors of human 
and animal disease. In addition to research. ICIPE's mandate Includes human capacity 
building and utilisation in tropical Insect science and its application. and the general 
strengthening of the scientific capacities of the developing countries. especially in 
Africa. 

The Centre Is governed by a Governing Council consisting of 16 members acting 
in their Individual capacities. Of these. two members are drawn from the host country, 
while eight ore elected from nominations put forward by the Sponsoring Group for 
the ICIPE (SGI). o consortium of funding agencies and governments subscribing to 
the ICIPE Charter. Five of the Council members are drawn from the International 
scientific community. eminent In the disciplines relevant to the Centre's areas of 
research. 

The ICIPE Is currently financed primarily through donations from International and 
government aid agencies, private foundations. and the United Notions agencies. The 
Government of Kenya is one of the major donors and consistently supports the Centre 
both financially and In kind. 

ICIPE 's research is organised around four principal Programmes: Crop Pests, 
Uvestock Pests. Locust and Medical Vectors. Training, education, Information and 
networking Is consolidated together as the fifth Programme. known as Institutional 
Building. Interactive Research and Information (IBIRI). The Programmes are supported 
by five Research Units: Behavioural and Chemical Ecology Research Unit (BCERU), 
Molecular Biology Research Unit (MBRU). Biomathematics Research Unit (BRU). Insect 
and Animal Breeding Unit CIABU) and Social Science Interface Research Unit (SSIRU). 
The reports from these Programmes and Units constitute the bulk of this 20th Annual 
Report, which Illustrates the multi-disciplinary nature of ICIPE's approach. and how 
ICIPE's research and development efforts have resulted In simple, low-cost. and 
sustainable pest control technologies and methods which can be applied by resource
poor rural farming communities. 
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African Development Bank (ADB) 
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United States Agency for International Development (USAID) 
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The next twenty-five years 
message from the Director 

m month before the International Centre of 
Insect Physiology and Ecology (ICIPE) was 
legally and formally established in Nairobi under 

Kenya laws on 17th April 1970, a pre-establishment 
brochure stated the case for the founding of the ICIPE 
In a few words with pregnant prospects for the future 
of development-oriented science in Africa. It stated In 
the very first two pages: 

a 

"The central aim of the ICIPE will be to carry 
out research of high quality in certain fields of 
insect physiology and ecology. The research 
contemplated will be of a fwtdamental nature, 
but the topics chosen are such as may well yield 
results which could transform current methods 
of insect control. Traditional techniques to control Professor T.R. Odhiambo, Director of lClPE 

harmful insects with pes.ticides have met with a number of problems: most 
of the pesticides developed so far have been too broad in their action, ,proving 
toxic to other insects and other living things besides the target pest species; 
many of the pesticides ... persist in the environment, thus progressively polluting 
it to a dangerous degree; and many insects have shown a remarkable ability 
to develop resistance to these pesticides. An aim of the Centre will be to find 
agents and methods which are highly selective in their effect, that do not lead 
to the pollution of the environment, and to which the pest species do not 
become resistant.. . 

In addition to the advance of knowledge in these fields, a primary aim of 
the Centre will be educational: to strengthen the foundations of university 
institutions ... by the training of research students at the post-graduate and post
doctoral levels... The single most severe constraint affecting technical 
advancement within the less developed countries is their shortage of highly 
trained manpower and institutions. A cadre of first-class scientists is needed, 
but their service in their own countries is hindered by at least two formidable 
obstacles: first, the difficulty of finding scientific frontier fields which relate 
at all closely to the problems facing developing countries; and second, the 
difficulty of attracting leading scientists from developed countries to work in 
a developing nation. 

The ICIPE holds a powerful attraction to some of the world's leading 
scientists in the fields related to biological pesticides, developmental biology, 
insect physiology, insect behaviour, ecology and the chemistry of natural 
products. The ingredients exist for creating Joint Projects involving scientists 
from both developed and developing countries on topics which are scientifically 
exciting and are, at the same time, urgently relevant to meeting insect control 
needs in Africa and the rest of the world." 
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This twln~track agenda was most challenging when promulgated more than two 
decades ago. The ICIPE has. In the meantime, sometimes under great difficulties of 
financial resources or perceived credibility gap, demonstrated clearly and substantively, 
that the agenda can Indeed be accomplished within Africa In situ, and that the twin 
goals are definitely reachable- provided the genesis of Impetus Is African , and there 
Is International partnership to see It through. 

T hree prospective strategies are available for assuring the accomplishment 
of these goals as they particularly Impinge on the uplifting of the quality of 
life of the preponderant resource-poor rural communities of the tropical and 

subtropical areas of Africa and other developing regions. First and foremost, there 
Is a need for Africa to make a strategic food security decision to produce its own 
staple food crops in sufficient amounts, variety, and quality to satisfy its population, 
without recourse to significant Imports from outside Africa . Already, It is estimated that 
within the next seven years. Africa's food deficits in West Africa, Eastern and Southern 
Africa, and in Central Africa will have reached 34 million tonnes, 12 million tonnes. 
and 5 million tonnes, respectively. Africa's decision to produce Its own total food needs 
will require that dumping of cheap food, even In the context of food aid for refugees, 
would be severely discouraged through tariffs and other economic means. Africa fed 
itself before 1960. There Is no reason. agronomic or economic, why it should not be 
able to do so ogoln - even in the face of the high rate of population Increase -
if adequate Incentives are given to the formers. 

Second, productivity per unit area must be enhanced considerably. Labour 
productivity in Africa Is one of the lowest In the world. for several reasons: 

• the very high incidence of rural tropical diseases - malaria, leishmaniasis. 
diarrhoeal diseases. river blindness. bilharzia, etc. - which not only lead to high 
mortality. particularly among the young, but also lead to considerable loss of 
working time during the most vital periods of cropping seasons; 

• lack of adequate marketing facilities within the rural areas and associated 
Inadequate transportation facilities for agricultural commodities and agricultural 
Inputs between these rural production zones and the Industrial zones in distant 
urban centres; 

• Inadequate articulation of formers' agricultural research needs. and untimely 
payments for the delivered commodities; 

• a pricing structure and tax impositions that act as a disincentive In competition 
with Imports and manufactured goods. 

These roadblocks to higher productivity need to be removed in a planned. deliberate 
manner. 

Third, the farming community must be empowe(ed by grafting on to their traditional 
knowledge base a systemic mechanism for Improving technological know-how, 
through the design. development, field testing, and validation of Innovative technologies 
that respond directly to their specific problem-solving agenda, in terms of enhanced 
production and productivity of target crops, as well as creating a basic economic 
security. 

t is in this particular field, of improving technological know-how of the farming 
community. and In this context of establishing on Interactive system of value
added former education and training, that the International scientific research 

and technology development (R&D) institutions. such as the ICIPE, can be most vital. 
Interactive partnership Is the key operational approach that must be adopted In the 
working relationship between the farmers, the R&D Institutions, the extension services, 
the entrepreneurial communities, and the policy makers. Such an approach must start 
with what the farmer already knows and practices. as I had occasion to state four 
years ago: 



''There is a widespread mistaken idea that print-based information is the only 
type of information that is important, and that anyone who is not conversant 
with the tedmology or its acquisition is illiterate and beyond rehabHitation. 
But Africans are highly literate in oral and traditional knowledge, in which 
most n1odem scientists are illiterate. Both sides need to develop accommodation 
so as to provide an environment for interactive communication and productive 
partnership." 

Such on Interactive partnership con be translated Into a broad-based Institutional 
working relationship between the R&D Institution (such as the ICIPE) and the technology 
consumer community in terms of three principal activities: 

• first. updating of the technology (for example. of durable pest management) and 
upgrading of the target consumers; 

• second, undertaking problem-solving R&D to provide technically efficacious, 
environmentally sustainable, least-cost pest management: 

• third, providing on opportunity to rural farming households to work and learn In 
partnership with R&D experts and extension and information specialists. 

ajor issues face the Implementation of ICIPE's resolve to institute a systemic 
mechanism for setting a medium-term problem-solving R&D agenda. and 
thereby enhancing farmers' technological know-how. 

First, there is a lack of fit between what the farmers need in order to upgrade 
their technologies and what the R&D community actually have on the shelf. or what 
the extension specialists can actually supply. This lack reveals an astonishing Ignorance 
of the farmers' current problems that cry for solutions. or a disinterest In those problems 
because they happen to be outside the specialists' own universe of contemporary 
Interest. 

Second, know-how and technological needs of the farmers are not only for the 
purpose of increasing agricultural production, but also for linking the latter to basic 
economic issues in order for the farmers to pole-vault over the absolute poverty line. 
as well as for providing a basis for Income generation from non-farm related activities. 

Third. there Is a need for development of an efficient farmer-centred mechanism 
for assessing the needs of the market for food agriculture- its size. seasonality. and 
the prices it con command. 

These Issues ore serious. but there is an even more threatening and problematic 
Issue In the financial resource area. 

There Is no doubt that during the 1990s. when the entire world geoeconomlc system 
has been undergoing a profound transition - with most of the G-7 countries 
experiencing what threatens to become a permanent economic recession, while the 
Pacific Rim Asian states are undergoing an unprecedented economic growth - that 
the development aid half-century may well be coming to a sudden demise. The signs 
ore already there for those who reflect on such matters. 

A case in point are the meagre financial resources available to developing 
regions of the world for vitally needed R&D to solve tropical health problems 
on a sustainable basis. According to statistics provided by the Report published 
in 1990 by the Commission on Health Research for Development, entitled Health 
Research: Essential Lit1k to Equif:1J in Development, the world expends a total of 
US$ 30 billion a year on health research, from both public and private corporate 
sources. A mere US$ 1.6 billion (or 5.3% of the total) is spent on developing 
country·oriented health research, of which only US$ 685 million originates from 
within the developing countries themselves, while the remainder of US$ 950 
million comes from the industrialised countries of the North. However, of this 
latter figure, only one-sixth actually reaches the developing regions. Thus, only 
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about US$ 835 million (or 2.7% of the world total) is spent a year on health 
research within the developing regions, spread over three continents. Africa 
spends only a small fraction of this health R&D money, since three·quarters 
of the $ 835 million is spent by eight countries in South America and Asia: 
Argentina, Brazil, Mexico, China, India, Saudi Arabia, South Korea, and 
Taiwan. 

It is therefore essential for the ICIPE management and Governing Council, together 
with our worldwide network of friends and partners, to urgently explore new avenues 
of longer-term funding. It Is a matter of priority that can no longer be pushed aside 
to the back-burner If the ICIPE Is to aspire to its twin goal of developing highly 
efficacious, blo-lntenslve pest and vector management technologies and of building 
up the human capitol for science-led development In Africa. This Is the principal 
assignment for the next twenty-five years. 

END-PIECE 

The ICIPE Is a pathfinder and pioneer In Africa's science-led future. It has refused to 
follow the trodden path of safety, which has led to scoring goals In other societies 
and at other times. The current geopolitical and geoeconomlc environment In the 
developed Industrialised world has shifted the goal posts for Africa. and Africa has, 
In consequence, become even more vulnerable than at any time since the beginning 
of the era of political Independence In the early 1960s. In these circumstances, Africa 
and Africa-centred R&D Institutions, need to keep sacred their resolve to build their 
own institutional R&D capacity and to maintain the creativity to solve their own unique 
science-oriented development problems. Genuine partners hove a crucial role to play 
In this process. 

--Tl--:::::-::==--.....:~:; ~-

THOMAS R. ODHIAMBO 
Director. ICIPE 



1992 Overview 
of Research on 

ICIPE's Target Pests 

Crop Pests - food vs famine 
Africa's food deficit is due in large part to pre· and post-hoNest crop losses. particularly 
for graminaceous crops (e.g .. sorghum, maize, rice. wheat) and for leguminous crops 
(cowpea. chickpea, etc.) and banana. Crop yields In Africa are substantially below 
world averages. Africa produces only about 39% of the world average of maize and 
56% of sorghum per hectare. Paradoxically, introduction of high-yielding varieties and 
other Improved agricultural practices In tropical countries has often been paralleled 
by an Increase in crop pest levels and diseases. 

ICIPE's Crop Pests Research Programme (CPRP) In 1992 concentrated on five of 
Africa's major food crops and their most important pests: sorghum, maize. cowpea, 
rice and banana. The main goal of the CPRP Is to develop socio-economically 
acceptable. biologically Intensive pest management (BIPM) strategies that reduce 
crop losses caused by insect pests. and thus contribute to an Increase In food crop 
production by resource-limited. small scale farmers In the tropics. Pest management 
In maize and sorghum, the major staple cereal crops of Africa, is being studied in 
relation to the stemborers Chilo parte/Ius and Busseola tusca. In cowpea. which is 
commonly used as an Inter crop by many farmers. management of the pod borer. 
Maruca testulalis, the aphid. Aphis craccivora and thrips, Megalurothrlps s}ostedti, are 
priority areas of concern. Banana has been included among ICIPE's target crops due 
to Its Importance as food In many tropical countries. especially in Africa and in Central 
and South America. The key banana pests ore the banana weevil. Cosmopolites 
sord/dus and various nematodes, especially Pratylenchus spp. Research on rice pests 
and highland and lowland rice agronomy also continued in 1992. 

IPM strategies for c rop pests 

The Integrated pest management CIPM) components under research and development 
at ICIPE combine both direct tactics and supportive tactics. The former include (I) 
developing plant resistance to Insect pests. (II) cultural control. (Ill) biological control 
and for the first time. (lv) botanical control. utilising low-cost. natural and non-polluting 
botanicals as pest control agents. Supportive tactics include (I) the application of 
pheromonal biology and (ii) crop loss assessment. 

Assessing crop losses 

The assessment of crop losses and the determination of the minimum damage that 
a crop can endure before it shows economic damage due to infestation by Insect 
pests are vital factors In the management of such pests. It Is on the basis of Information 
on crop loss assessment <CLA) as well as economic Injury levels <Ell) that proper 
application of pest control strategies con be planned. When the phenological (growth) 
stages of the crop are synchronised with levels of the Insect populations that Inflict 
economic damage. then pest control measures need be applied only where 
necessary. hence making it possible to minimise unnecessary applications. 

An experiment conducted at ICIPE's Mbita Point Field Station <MPFS) with the 
objectives of quantifying the yield losses In three sorghum cultlvars and of ascertaining 
the relationship between insect pest Infestation and actual grain yields. showed that 
grain yield losses. stem tunnelling and leaf Injury due to C. parte/Ius were highest when 
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RESEARCH HIGHLIGHTS 
II 

IJ 

II 

Factors affecting crop losses in 
sorghum by the stemborer Chilo 
pa-rte/Ius have been id entified in 
relation to the phenological stage of 
the plant at the time of infestation. 

Sorghum and maize lines and hybrids 
wl th high leveJs of res is tance to 
stemborcr attack and with improved 
grain yields have been identified and 
incorporated into national agricultural 
programmes (NARES). 

The tiny wasp, Cotesia flavipes was 
shuwn to be an effective parasitold for 
the destructive stemborer C. partellus 
at the Kenya Coast. Chemical cues 
from the borer and its host plant attrnct 
the wasp tCl its prey. 

Tlu-ips infestaHon in cowpea can be 
successfully controlled by application 
of neem seed extract. Grain yields rival 
those from plots treated with an 
expensive insecticide. 

Optimal patterns of strip cropping 
sorghum with cowpea have been 

• 

identified for reducing s temborer 
incidence. 

Field trials with several insect 
pathogens showed that the stemborer 
C. parte/Ius can be effectively controlled 
in maize and sorghum by these 
bioinsecticides. 

Forty rice varieties and breeding lines 
resistant to attack by the parasitic weed 
Striga hermonthicn have been identified. 
Other rices tolerant to nutrient 
deficiendesm'd low rainfall have been 
developed . Twenty lines of early
maturing (75--85 DAE) rice have been 
identified. 

140 banana cultivars have been 
assembled and are being evaluated for 
their resistance/ suscep tibility levels to 
the banana weevil Cosmopolites sordid us 
and the root lesion nematod e 
Pratylenclws goodf!Yii. Some cultivars 
resistant to both pests have been 
identified. 

plants were infested at 21 days otter emergence and decllned with advanc ing plant 
age at the time of Infestation. The magnitude of these damages was directly 
proportional to larval densities. irrespective of the cultlvar and crop growth stages. 

Population monitoring with pheromonal traps 

The suNeillance of pest populations is o major component of IPM. for It Is through 
such monitoring that possible pest outbreaks con be forecast. The effic ient application 
of certain key agents for pest control. such os the timely release of predators and 
parasitoids or spraying of Insect pathogens. directly depends on frequent surveillance 
of pest populations. 

The effectiveness of traps for Chilo parte/Ius bolted with a synthetic blend of the 
female sex hormone components was Improved considerably from 40% to 85% 
compared to virgin females. Field monitoring of the stemborer with traps bolted with 
the blend proved to be a feasible technique. 

Selecting plants that defend themselves 

ICIPE research In this area Is aimed at the development of strategies for efficient 
utilisation of plant resistance In maize, sorghum and cowpea against their major Insect 
pests. The activities undertaken include elucidation of components; mechanisms and 
genetics of resistance In the target crops against the target pests; Improvement of 
c rop cultivars so as to combine pest-resistance/tolerance with other desirable 
agronomic characters, Including yield. 

Work on aspects of host plant resistance to the stemborer continued in 1992. In 
sorghum. pedigree selection for incorporation of resistance into a good agronomic 
background continued. Several derivatives having various combinations of resistance 
to stem borer or shootfly are now at on advanced (F 

5 
and F 6) genera tion. In addition. 



several sorghum hybrids Incorporating high levels of stemborer resistance and good 
agronomic traits were identified. 

A complex interaction of several resistance factors affects the resistance/susceptibility 
of maize to C. partellus. Recurrent selection to improve on levels of resistance and 
extract lines from five maize populations continued, while selection procedures were 
initiated in ICZ 3 to improve on both the level of resistance and agronomic traits. 
Resistant lines having good general combining ability ore now at advanced (S5-S6) 
generations of inbreeding. 

Cultural practices for IPM 

Research In this area aims ot Identifying and utilising the cultural practices that lead 
to a reduction of insect numbers, and which. therefore, con be Incorporated into 
an IPM strategy. Over the last seven to eight years, the major CPRP activity on cultural 
practices has centered on lntercropplng. which has led to the Identification of cereal/ 
legume lntercrop combinations that reduce pest populations on both crops. 

Strip-cropping of 2. 3 or 4 rows of sorghum alternating with equal numbers of 
cowpea rows were found to be as effective as the traditional single row lntercropplng 
in reducing stemborer incidence. The strip-cropping had the added advantage of 
Improved yields and Increased efficiency and ease of field operations. 

The beneficial-detrimental effects of other cultural practices on stemborers were 
established. For example, fewer cereal stemborers were recorded In ploughed plots 
with stubbles removed in contrast to plots with no-tillage or ploUghing stubbles under. 
In the absence of phosphorous. stemborer Incidence Increased with additional 
nitrogen levels but this was nullified when phosphorous was applied. 

Biological control of cereal stemborers 

Insect pathogens were field-tested tor the control of cereal stemborers. Bacillus 
thurlngiensls (Bt). Nosema marucoe and Beouverla boss/ana effectively reduced C. 
partel/us Infestation on sorghum ond maize In the field. while Metarhizium anisopliae 
proved effective In laboratory studies. 

Interaction of Bt ond Nosema with other IPM components. especially host plant 
resistance, was studied. No Incompatibility of the IPM components was obseNed in 
five sorghum lines or six maize hybrids. 

Classical biological control of Chilo parfel/u$ 

The ICIPE and the Department of Entomology. Wogenlngen Agricultural University ore 
Implementing o collaborative project on classical biological control of the introduced Ff•l'f'ijJyl 
cereal stemborer, Chilo porte/Ius which has been shown to be the most abundant 
stemborer species by for In maize and sorghum at the Kenya Coast. Moreover, natural 
enemies do not appear to be very effective In regulating densities of C. parte/Jus. 

The exotic laNai endoporasltoid, Cotesia 
f/avipes, has been introduced into Kenya for 
laboratory studies. Investigations Indicate that 
C. parte/Ius is a more acceptable and suitable 
host for C. flavipes, than for indigenous 
Cotesia. Studies on the foraging behaviour of 
C. flavipes suggest that volatile compounds 
emanating from the host plant complex 
provide important cues for host- and habitat
finding. 

Botanical control for cowpea pests 

In field trials conducted in western Kenya, 
high volume spray application of 3% aqueous 

Cowpea grain yield compares favourably in plots treated 
with neem seed extracts (NSE) to those treated with an 
expensive insecticide In three field trials In western 
Kenya 

Yield (kg/ha) 

Treatment Mbita Ungoye Mbita (off-season) 

NSE 1% 1783 466 869 
NSE2% 2089 7H 798 
NSE3'% 2289 1150 941 
Cypermethrln 2400 1683 988 
Control 1950 433 693 
(water spray) 
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neem seed (Azadlracta indica) extract on cowpea (Vigna 
unguiculata) at about 5, 6, and 7 weeks after emergence effectively 
controlled the cowpea thrips Infestation and reduced larval 
populations. Groin yield in neem-treoted plots was high and statistically 
equal to that In plots sprayed with a synthetic pyrethrold. Cypermethrin 
(0.04 kg a.l./ha). 

Plant resistance 

Three of the 140 bannna cu.ltivar,; as~ernblcd 
by JCU)E at the Mbi ta Point Field Station. 
E11ch cultlvar is being 11ssessed for its 
rcslstm1ce to common ban<ma pests. Selected 
v11rieties will be propagated fur distribution 
to bamma-gruwing farmers 

Studies on cowpea resistance to insect pests showed that 
nonpreference conferred resistance to aphids. Antibiosis does not 
ploy any role in cowpea resistance to the pod borer, Moruco 
testulolls. 

Upland, lowland rainfed rice improvement project 

Nine rices yielding 7-9 t/ha under favourable conditions were 
identified; under erratic rainfall (420 mm) they produced 0.5-1.3 t/ 
ha. Ten upland varieties and 30 breeding lines (ICOXl progenies and 

outcrossed varieties) were Identified as resistant to Striga hermonthlca. Also, 20 lines 
maturing in only 75-85 days after emergence were identified from outcrosses. Two 
were tolerant both to Iron and zinc deficiencies. Thirty-five lines. six of which yielded 
4-5 t/ha, were Identified In an agro-ecology with frequent submergence (5-20 em) 
for two weeks. 

ICIPE-PhiiRice Project 

A suNey conducted In the environs of Munoz. Philippines, revealed a strong need 
for the development of various IPM components for the management of the yellow 
stemborer in the irrigated rice ecosystem. Studies on the population dynamics of this 
Insect showed that rice crops planted either In the last week of June or the first week 
of July will escape borer attock. Also, rice varieties evaluated for stemborer resistance 
differed with respect to oviposition. laNai-pupal recovery, percent white heads and 
percent deodheort. 

Banana-based IPM for the Lake Victoria Basin 

One may not think of bananas as being a food staple. but the annual world production 
ot bananas and plantains (Muso spp) Is about 69 million tonnes, of which 35% originates 
in Africa. Banana yields are declining In some countries due to a variety of pests, 

among the most Important of which ore 

Eight of the 140 banana cultivars assembled by ICIPE which have 
proven resistant to weevil and nematode damage 

the banana nematode and the banana 
weevil, Cosmopolites sordidus which 
burrows into the rhizome and pseudostem 
and causes it to fall over with its unripe 
bunch. Local cultivar 

name (genotype) 

Giant Bogoya 

Gonja 

Kainja 

Kivivuu 

Lusumba 

Mbidde 

Nakyetengu 

Sukall Ndlzl (AAB) 

(AAA) 

(AAB) 

(ABB) 

(ABB) 

(AAA) 

(AAA) 

(AAA) 

(AB) 

Use 

dessert 

roasting 

mulli-purp ' 

multi-purp• 

cooking 

beer 

cooking 

dessert 

Cultivar 
group 

Gross Michel 

French plantain 

Pisang awak 

Silver Bluggoe 

East African Highland 

East African Highland 

East African Highland 

Ney poovan (AB), Silk 

'Multi-purpose cultlvars can be used for brewing, cooking or eaten 
ripe. Beer and dessert cultivars can be cooked in case of famine. 

ICIPE's agronomic approaches to 
improvement of banana yie ld have 
included lntercropping with local food 
crops. application of mulches, 
identification of high-yielding cultivars and 
cultlvors resistant to root nematodes 
(Protylenchus spp) and root rot (necrosis). 
Banana culture is particularly inhibited by 
lock of knowledge about this crop among 
extension workers. lock of inputs and a 
poor marketing structure. as well as pest 
Infestation. ICIPE researchers ore 
addressing these economic issues tor 
Increased production through effective 
pest management strategies. 
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Locusts - an ancient pest 
from pre-Biblical times 

The desert locust , Schistocerca gregorio (Forsk) Is one of the most devastating pests 
known to man since prehistoric times. In recent years, a 1986-89 desert locust plague 
occurred which required mobilisation of resources costing some $300 million and an 
application of 15 million lltres of pesticides over more than 17 million hectares. 

The migratory swarms of this highly mobile insect originate from low density 
(solitarious) populations which occupy a wide belt of semi-arid environment extending 
from the Indian sub-continent In the East. to the Atlantic coast of Northwest Africa. 
The desert locust is a pest of regional and International status: during plague periods, 
swarms are known to cross the borders of 60 countries In Africa and Asia. 

Solitarlous desert locust Individuals are usually inconspicuous and cause no 
economic loss. However, under certain favourable ecological conditions. plagues 
develop from these widely scattered low density populations. causing serious damage 
to crops and natural flora. Insecticides hove been extensively used since the 1940s 
to alleviate the menace of des~rt locust swarms, but these chemicals are ecologically 
Incompatible with the fragile semi·desert environment, and are beyond the financial 
means of most of the desert locust-affected countries. In addition, there Is no evidence 
to suggest that these environmentally hostile chemicals have ever succeeded In 
ending a locust plague. 

ICIPE's Locust Research Programme 

The main objective of the ICIPE Locust Research Programme (LRP) Is to develop a 
non-insecticidal, sustainable and environmentally-friendly desert locust management 
and control strategy. Our target is to keep the desert locust permanently solitorious 
by disrupting the gregorlsatlon process and/or preventing solitary populations from 
gregorislng. Our two-pronged approach to this goal Is through (I) research on 
semiochemlcals leading to the development of technologies for the disruption of the 
vital processes involved In swarm formation, and (II) on the development of viable 
biological control agents. An understanding of locust behaviour and ecology is also 
a necessary component of control strategies. 

Unlike the other major African locusts (Nomadacrls septemfoclata, Locusta 
migrator/a mtgratoriodes and Locustana pardalina), which have relatively well-defined 
outbreak centres, the desert locust con gregarise in any suitable habitat within its vast 
recession zone of approximately 17 million square kilometres. However. there are areas 
of relatively high locust activity within this zone, which, If properly studied. can provide 
significant clues to gregorlsation behaviour. One such area Is the desert locust recession 
and breeding habitat along the Red Sea Coast of Sudan where ICIPE conducts Its 
ecological studies. Data on locust/host plant interactions have been collected during 
recession and at times of active gregarlsation. Some aspects of the basis for host 
plant preference by the locust have been investigated. Attempts ore also bein~ made 
to investigate the population dynamics between complementary seasonal sites as well 
as within those sites. 

A number of semlochemicols appear to mediate processes which influence 
gregarlsatlon;solitariso tlon dynamics. sex attraction. synchronised maturation and 
oviposition (egg-laying). as well as host p lant selection. Good progress has been made 
on the different aspects of semiochemlcals research during 1992. 

} 
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Chemical messages 
control locust 
behaviour 

Behavioural bioassay 
techniques, together with 
electrophysiological and 
chemical analytical 
methods, have helped to 
demonstrate the media
tion of four semiochemical 
systems in the desert 
locust and to define the 
chemical nature of some 
of the putative phero
mones. Behavioural bio· 
assay tests indicate the 

II 

II 

RESEARCH 
Two pheromone systems regulating the cohesive 
behaviou_r of the desert locust have been identified 
by LRP scientists, one produced exclusively by the 
juveniles and the other by the adult insects- The 
chemical components considered responsible for 
the aggregation behaviour are being investigated. 

Group egg-laying behaviour in the desert locust 
was shown to be regulated by volatile signals 
associated with the egg foam. Identification of the 
component compounds has been initiated. 

The rna tura tion process in the locust was shown to 
be regulated by a volatile signal emitted by mature 
males. A series of compoWlds present in this signal 
has been identified. 

The airstream from solitarious mattt.re live female 
locusts was shown to attract ~olitariou:s males, 
thereby demonstrating a long-range chemical 
communication between the sexes. 

The stage or phase that an individual locust is in 
may be identifiable by certain chemical 'markers' 
present in its haemolymph and in the volatiles it 

mediation of two releaser pheromonal systems in the cohesive behaviour of s. gregoria: 
a juvenile cohesion pheromone produced by nymphae (Immature stages) and an 
adult cohesion pheromone specific to adults. The compounds considered to be 
responsible have been identified and their role In the aggregation behaviour is currently 
being investigated. Similarly, Investigations Into the possible role of oviposition aggregation 
pheromones (the chemicals that bring moles ond females together for a mass egg· 
laying activity), have Indicated the presence of two or three GC-EAD active peaks 
which are currently being onolysed to determine their chemical identity. 

As regards studies on maturation, four volatile mole-produced components, which 
have been detected by gas chromatography and chemically Identified by GC-MS. 
are considered as candidates for regulating the maturation process. Bloassays to 
determine the way in which these compounds regulate synchronous maturation In 
the desert locust are In progress. Chemical 'markers' ore compounds in the locust 
body which give some clue as to the stage an Individual Insect Is ln. This year, good 
progress wos made In defining specific moturotlon and gregarlsatlon markers. Certain 
volatiles produced by locusts and olso some specific haemolymph proteins show good 
potentlcl os gregarlsatlon/mcturotlon markers. 

Volatiles produced by sexually mature females ore postulated to be the primary 
source of a sex pheromone; mole locusts were found to positively respond to volatiles 
in air streams blown over concealed mature females. 

The environmental telegraph 

A variety of physical and chemical signals orlslng from the environment influence the 
desert locust. Host plant kolromones hove o role to play In the Insects' orientation 
and behavioural responses. GC-EAD tests were carried out on volatiles from different 
host plants. Including some desert plants, and I G-16 electrophysiologically active GC
peoks hove been recorded. Some of the compounds eliciting these responses have 
olreody been Identified. 

Studies on the biophysical behaviour of the locust Indicate a constant and higher 
response to certain colours In the blue and the red region of the light spectrum. Special 



• 

HIGHLIGHTS 
emits. Some specific compounds have been 
proposed as potenHaJ markers. 

Desert locusts have been shown to respond 
most favourably to wavelengths of light in the 
blue and red regions of the electromagnetic 
spectrum. 

The potential of a protozoal pathogen, 
Malamoeba /ocustac, as a control device is being 
explored through studies on its transovarial 
transmission within the locust population and 
on the insect's imroune system. 

Locust-active chemicals emitted by host plants 
in the desert environment have been identified 
and the insects' behavioural response to 10-16 
of these compounds is being assessed for their 
role in helping to regulate orientation. 

Locusts have been shown to prefer plants with 
the broadest canopy and degree of protection in 
the Red Sea Coast of Sudan, one of their major 
recession zones. 

filters with specific wavelength bands have been used to 
define more precisely the effective wavelength bands to 
which locusts ore ottrocted. 

Blocontrol with 'locust pathogens 

The primary objective of the blologlcol control research 
project of LRP is to develop virulent pathogenic organisms 
which regulate field populations of the desert locust during 
times of recession in order to prevent development of swarms. 
These pathogens should be odoptoble to the locust habitat 
and should perpetuate In the population transovarially, from 
one generation to onother vlo the eggs of an Infected female. 
The transovorial transmission of the selected organism for these 
studies (Malamoebo /ocustae) . and Its infection routes have 

Gas chromatograms of vollltile collections 
from two host plant$ of the dt?sert locust. 
A, sorghum (Serena) seedlli,gs and B, 
Sdzouvill thcbrlic:n. The arrows indicate the 
electtophysiologically active components, 
of which ·1-6 are common to both plants 

Rt (mlfi) 

been confirmed. Studies on the locust defence 
system against infection by this pathogen, a 
microscopic protozoa, have succeeded in 
Identifying the nature of the defence mechanism. 
Another pathogen under investigation in the 
programme is Beauveria bassiana, a fungus which 
attacks all stages of S. gregoria and can be used 
as a contact bioinsecticide (see photo). 

The figure shows the success of male locusts in locating 
targets of di.fferent colours. Solit;~rious locusts show 
a higher differentinJ response to llght ill the red region 
of the spectrum, whereas yellow light is more nttractive 
to greg01rious-phase locusts 

Collaboration In locust research 

Currently the programme has a collaborative 
agreement on semiochemicals research with the 
Pheromone Group of the Department of Biological 
Sciences, Lund University, Sweden. There is olso a 
Joint effort on some aspects of desert locust 
neurophysiology with Prof. S. Yogi of the Troplcol 

osolitarious 
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Scilistoccrcn gregnrin nymph infected with BentiVarin 
bn>simm. Locust mortalities of 80- 90% occur within 8-
14 days after contact with the fungus. 

Agric ultural Research Centre . 
Ministry of Agriculture. Forestry and 
Fisheries. Tsukuba. lbaraki. Japan. 
The Programme Is c urrently 
developing a joint proposal on 
electronic tracking of locusts and 
grasshoppers with the Applied 
Physics Laboratory. Johns Hopkins 
University and the Rangeland Insect 

Laboratory, Bozman. Montana. USA. A Memorandum of Understanding between ICIPE 
and the Government of Sudan regarding field research on the desert locust was signed 
In 1991 and has since been implemented. 

The Programme received many requests for locust material from laboratories and 
Institutions around the world. These include: Oxford University, University of East Anglla. 
UK; Jomo Kenyatta University. Kenya; University of Oldenburg. Germany. 

Reports of the LRP research projects are fo be found In Part II of this publication. 

Some defi1t.itio1ts 

Semiocllemicals: Chemical signals produced by one organism 
which produce a behavioural or physiological response (e.g ., rna te 
location, food location, phase change, etc.) in another organism. 

Plterommte: Asemiochemical message produced and received by 
members of the same species. Sex pheromones and aggregation 
pheromones <~re two examples. 

Kairomone: A signal produced by one organism which elicits a 
beneficial response in a recipient organism of a djfferent species. 

Volatiles: Low-molecular weight chemicals that readily diffuse 
and become air-borne. 

Solitarious: A phase shown by certain insects (e.g., locusts), 
characterised by thinly dispersed populations and non-social life 
style. 

Gregarious: A life style phase characterised by high-density 
popula tions, synchronised sexual maturation and mating, 
commw1al egg-laying and long-distance mobility. 

Recessiott zoue: An area occupied by solitary-living locusts between 
plague outbreaks. 

Phase marker: A chemical substance which provides an accurate 
measure of tlH~ phase of the insect. 
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Livestock Pests- lowering 
animal productivity 

Proboscis of an infected tsetse fly (Glossina 
morsita11s) showing the disense-producing 
Trypm1osoma co11golmse. The parasites complete 
their life cycle in the hypophnrynx of the fly, 
where they transform into forms iltfectlve to 
mammals. When the fly feeds, these fom1s are 
injected along with its saliva and begin a new 
cycle in the animal host (40x, pha!:e c;ontrast) 

In Africa's largely agrarian economies, the 
livestock sector contributes at both the micro· 
and macro-economic levels. The Livestock 
Pests Research Programme <LPRP) targets 
two pests which are major constraints to the 
livestock Industry on the continent: tsetse and 
ticks. 

TSETSE - AT THE BITING EDGE 
OF PRODUCTIVITY 

The tsetse fly (Glossina spp) is the vector of 
two devastating disease complexes, human 
trypanosomiasis (sleeping sickness) and the 
animal disease (nagana). The causative 
agent Is a parasite. Trypanosoma, which 
enters the human or animal host when the 
fly bites. The range of the fly covers about 
l 0 million square kilometres (about 30%) of 
the African continent. 

Trypanosomiasis is the most important 
animal disease in Africa, as evidenced by 
the low numbers of ruminants in the tsetse

infested sub-humid and humid zones. Although the sub-humid zone extends over 40% 
of sub-Saharan Africa, It currently carries only 25% of this region's livestock population 
and produces only 20% of the total ruminant meat and milk production. 

The costs of tsetse control are enormous. with an 
estimated US$ 7 million spent In one year alone In fighting 
the pest in four countries of the Kagera River Basin 
(Tanzania, Uganda, Rwanda, Burundi), Chemical spraying, 
other than being expensive, is often Ineffectual in controlling 
flies. 

ICIPE's tsetse control strategies 

The most effective means of controlling tsetse and 
trypanosomiasis Incorporates the use of traps in conjunction 
with other IPM techniques. The ICIPE strategy here is to 
make use of environmentally sustainable and appropriate 
technologies. Evidence shows that suppression of the tsetse 
population by up to 99% of pre-control levels can occur 
when traps are used, either alone or In combination with 
baits. As well as reducing the number of flies. a substantial 
decline in trypanosomiasis disease levels may result. 

In spite of Improvement In trap and target design. 
however, It has become cleor that In most cases tsetse can-

ICrPE te4:'hnici<m John Kiilu demonstrating the construction of 
the NG2G tsetse trap to Mnasal In the Aitong rl!giOn of the 
M;~as;~i Mnr11, Kenyn. When baited with cow urine and acetone, 
the traps achjeve reasonable control of Important pests such 
as G/ossiml pt!llicfipi!S at densities of only 2-<1 traps per km2 
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not be completely and permanently eradicated 
from their habitat, The reasons for this ore still 
unclear, but re-lnvoslon from adjacent fly-Infested 
regions is one suspected cause; other mechanisms. 
as yet undefined, may also be in operation here. 

lCli'E technician James Likhanga with visiting scientist Jan 
Zdarek, feeding laboratory-reared tsetse flies on an immobilised 
black rhinoceros in Nairobi National Park. The flies are used 
to diagnose trypanosome infections In rhino 11nd other species 
to assess the role of wildlife as disease reservoirs for livestock. 
Studies are 11bo underway to nssist the Keny11 Wildlire Service 
in mannging disense In end11ngered species such ns the black 
rhinoceros 

The ICIPE's tsetse control programme has 
concentrated on Improving trapping strategies. 
Intensive research over the past year has focused 
on Glossina fuscipes fuse/pes. which does not respond 
well to conventional trapping methods. The usual 
odour attractants such os phenols. ketones and 
octenol derived from cow waste products have not 
proved effective for this species. However, when 
filtered monitor lizard and fresh hippo dung were 
tested. there was a significant Increase In Glossina 
fuse/pes fuscipes catches. 

The residual tsetse which resist trapping sutVive 
and eventually assist in recovery of the fly population 
to pre-control levels. Therefore, the behaviour of 
tsetse around traps has been studied to determine 
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how the fly approaches and enters, or avoids, the 
trap. It appears that flies who enter traps do so because they are trying to avoid 
o collision within the trap components. The kind of fly and the numbers of each species 
caught in a given trap design have been found to depend on the time of day. the 
sex of the fly, its hunger status, its age. and the height of the trap above the ground. 
The optimum trap design is being determined for G. brevipalpls, Including a 
modification of the NGU trap developed by the ICIPE. (This species of fly has proven 
difficult to catch In existing trap designs). New trap designs for catching G. pol/idipes. 
which ovoids the common blconical trap, Include Increasing the number of entrances. 

Wildlife are preferred on the tsetse menu 

The feeding behaviour of tsetse and the Importance of wild animals as reservoir hosts 
for tryponosomes Is another project at the ICIPE. Most tsetse species have p referred 
wild hosts. and usually avoid domestic animals and man. with the exception of G. 
palpalp/s. which prefers the domestic pig. The most popular wild hosts include bush 
pig, bushbuck, giraffe, buffalo, rhino and elephant. There ore many unknowns about 
fly feeding behaviour and Its Impact on wildlife and disease transmission. 

Results so for suggest that it Is the emission of volatile compounds from the bodies 
of the hosts, rather than their excretory products (dung, urine) which attracts the fly 
to the host for Its bloodmeal. Oduor bolts from four important wild hosts, rhino, 
elephant, warthog and hippo, are being explored. ICIPE's thrusts on the chemical 
ecology of tsetse Include chemical communication among Glossina spp. and on 
kolromones and allomones, and how they affect such behaviour as host-seeking. 
lorviposition, sexual attraction, etc. 

Tsetse reproduction and heredity 

The reproductive cycle of this Interesting Insect is another topic of research. The tsetse 
is unusual. In that it does not lay eggs. but rather gives birth to o IOIVO which hatches 
after a few hours. One female tsetse produces only a few latVae (7- 10) in her lifespan, 
in contrast to the hundreds of eggs laid by many other Insects. ICIPE scientists are 
raising female flies on o variety of bloodmeol sources (rabbits, goats. eland, waterbuck) 
to determine If one is superior for producing larger and healthier pupae for mass 
rearing procedures. 

Climatic conditions can affect segments of the tsetse population. Certain 
genotypes ore susceptible to sub-optimal (hot/dry or cool/dry) conditions. However, 
heavy trapping carried out by ICIPE over o four-year period shows that more than 
80% of the alleles remain unaffected. 



Host animal defense systems 

Some host animals hove chemical substances In their blood which facilitate the 
trypanosome infection In the fly and make It o better disease vector. If these blood 
factors can be fully Identified, then strategies to counteract them could be used In 
limiting the number of Infected flies that are capable of passing on the trypanosomas 
in a given region. ICIPE is presently working to Identify and develop methods to 
counteract these blood factors. Differences In Infection rates and the particular species 
of trypanosome parasite present in the tly ore being studied for three Important tsetse 
species. G. brevtpalpls, G. austen/ and G. pallldipes, in relation to the host animals 
available.The development of DNA probes to Identify which Trypanosoma species is 
present In the flies has led to the discovery that r. congolense. an Important parasite 
causing disease in livestock, is possibly a different 'species' than other trypanosomas. 

TICKS - UNWELCOME PASSENGERS 

Global losses due to tick Infestation of livestock ore estimated at $7 billion, with about 
half of this in Africa alone. Although over 160 tick species exist in Africa. the two !'r''tJ 
most important ore Rhipicephalus appendicutotus (the brown ear tick) and Amblyomma 
variegatum (the spotted tick). About 90% of the estimated 200 million cattle In Africa 
are infested , otten with several tick species. Ticks are concentrated in the savannah 
country covering over 15 million square kilometres of the 'food basket' of Africa. 

Ticks produce several often-fatal livestock diseases. The most important of these 
are tick fever, East Coast fever, heartwater, and anaplasmosis. In addition to being 
vectors of disease. ticks can cause the emaciation and death of cattle by depleting 
their blood supply. Mortality Is especially high among the higher producing exotic or 
'grade ' animals. and can approach SG-100% in some regions. 

The emphasis of ICIPE's livestock tick programme Is to develop alternative, 
environmentally sound technologies to suppress tick populations below levels where 
they can do harm. This Is being done by a study of tick behaviour and ecology, 
the use of biocontrol agents, and the development of an anti-tick vaccine. 

The tick trek 

Much of the life cycle of 
the tick Is concerned with 
maintaining Its water 
balance. as It Is parasitic 
for only about 3-5% of Its 
lifetime. Tick activity In 
moving up and down 
vegetation and Into the 
moist soli and Its diurnal 
activity and feeding 
patterns ore being 
studied so that rational 
control of these pests is 
possible. 

Chemical cues 
provide clues for 
control 

The current status of the 
chemical ecology of the 
brown ear tick, 
Rhlplcepholus 
appendicu/atus is being 
studied at ICIPE. Tick 
Interactions with their 
habitat, their hosts and 

RESEARCH 
Hippo dung and monitor lizard 
urine were found to increase 
catches of Glossina fuscipes fuscipes, 
opening up the possibility of 
developing new odour baits for 
trapping this species. 

DNA studies of T. congoleuse 
parasites from tsetse in Kenya 
have revealed the existence of 
a new genotype for which a 
diagnostic probe has been 
developed. 

A reliable technique for isolation 
of trypanosomes from wild tsetse 
was developed from basicstudies 
on the factors affecting the 
establishment of trypanosomes 
in the tsetse midgut. 

Isoenzyme s tudies of Glossina 
pa/lidipe5 have revealed evidence 
for physiological adaptation of 
flies to different biotypes. There 
appears to be only minimal 
evidence for any genetic selection 

HIGHLIGHTS 
resulting from trapping 
programtnes. 

Studies of tsetse behaviour 
around traps h<~ve reveaJed the 
importance of designing traps 
with multiple entrances in order 
to improve trapping efficiency. 

A parasitoid of ticks (lxodiphngr1s 
/Jookeri) was isolated from the 
field and reared in the laboratory 
for possible future use as a 
biocontrol agent. 

Domestic chickens were shown 
to be effective in reducing tick 
loads on cattle when the two 
are kept togeth~r. 

Glycoprotein components of the 
chelicera] digits of Rhipicephalus 
appendiculalus have been shown 
to be capable of inducing partial 
protective immunity against 
feeding ticks. 
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with their various pathogens, predators and porosltolds offer possibilities for their 
control. The ollomonal effects of plants (some of which may have larvicidal properties) 
are being considered. Various attractants have been Isolated from the breath and 
body washes of the hosts and these are being tested In tick traps. In addition. tick 
pheromones known to modulate mate location. copulation, aggregation. and 
attachment to the host are known and are examples of interactions among Individuals, 
which ore being assessed as avenues for their control. 

Tick biocontrol agents 

Natural enemies of ticks with potential for use in their management ore being 
Investigated at the ICIPE. A parasitic wasp, lxodlphogus hooker/, attacks 63% of the 
A varlegatum ticks In one area of Kenya. A method has been developed for rearing 
this parasitoid in the laboratory In preparation for a future mass release programme. 
Domestic chickens are efficient natural tick predators, and the chicken/cattle ratio 
for effective tick control Is being determined. Recent studies hove demonstrated a 
drastic reduction of Infestation In experimental animals. 

The tick Immune system 

Lectins are natural protective proteins found in tick fluids, which help It resist attack 
by pathogens. Certain sugars that block lectin activity and make the tick less resistant 
to bacterial attock and which could be Incorporated Into biological control agents 
applied onto the ticks, have been Identified by ICIPE scientists. 

Tick vaccine development 

Tick control by conventional methods, such as the application of chemical acaricides, 
are beyond the reach of most Third-World farmers. In Africa. about 92% of cattle have 
no access to acaricide treatments, due to high costs of Importing the chemicals 
themselves and to the costs of construction and managing of the diptanks (for 
effective tick control. cattle ideally need to be dipped twice weekly). The tick-borne 
diseases Induced In the host animals can sometimes. but not always, respond to 
treatment with drugs. 

The development of a vaccine to protect the ticks' target hosts Is a strategy that 
has been under development at the ICIPE over the past decade. The approach used 
at the ICIPE Is to try and Identify a protein antigen produced by the tick Itself which 
can be Injected Into cattle and other tick hosts to Induce antibodies against the tick 
antigen. If the cattle-blood antibodies can then be passed back into the tick via 
Its mouthparts during the time it is feeding on the cattle, the antibodies may produce 
a fatal reaction within the body of the tick. resulting In Its death. 

Studies over the past year show that partial protective Immune responses of 
animals lmmunlsed with solublllsed extracts of fully fed R. oppendlcu/atus are similar 
to those produced by extracts from chelicera! digits (the long front 'arms') of the 
same tick species. Another part of the tick being examined for the presence of 
antigens Is the gut. Injection of the higher molecular weight gut polypeptides (long 
chains of omlno acids) have been shown to produce a much higher Immune 
protection In cattle than the lower molecular weight tractions. lmmunoblot analysis 
has shown these larger molecules to be greater than 60 kDs. 

Reports of the LPRP research projects ore to be found In Part II of this document. 



Medical Vectors- retarding 
human development 
The Medical Vectors Research Programme (MVRP) activities In 1992 centered on two 
of the most Important tropical diseases: malaria and leishmaniosis. The Programme's 
emphasis is to develop control strategies against the vectors and reseNolrs of malaria 
ond leishmanioses appropriate for the arid and semi·orid areas. where these diseases 
cause loss of human life. and retard development through debilitating Illness. 

SANDFLIES - MINUTE VECTORS OF DEFORMITY 

The sondfly is o tiny (6 mm) ·blood-sucking insect which is the vector of a parasitic 
disease, leishmaniosis. The protozoa. Leishmania spp. is transmitted to man and other 
animals at the time of feeding. An estimated 12 million cases of leishmaniosis exist 
worldwide, with about 400,000 new cases recorded yearly. The disease is found In 
over 80 countries. ond is on the Increase in the developing world. In Africa, the exact 
extent of this widespread disease Is unknown, due to the difficulties in its d iagnosis. 

Leishmaniosis occurs In three forms: (i) the visceral form, coiled kala-azor, which 
affects the spleen ond liver, and Is fatal within 6 months - 1 year If left untreated. 
(II) the cutaneous form, which affects the skin . leading to permanent scarring and 
disfigurement from the lesions, and (Ill) mucocutaneous leishmaniosis. which produces 
lesions that resemble the cutaneous form, but may later spread to the mucous 
membranes of the nose, mouth ond pharynx. causing severe disfigurement and 
suffering. The vocal cords con be damaged, and death from bronchopneumonia can 
easily occur. 

Due to the high cost of treatment of these diseases. and the general unavailability 
of the required imported medicines. a more rational approach to the prevention of 
leishmaniasis is through the control of its vectors. 

Understanding sandfly ecology 

ICIPE's strategies for the control of sandflies is through a basic understanding of their 
behaviour and ecology. and through the application of a simple technology which 
lowers the sandfly population in leishmaniasis-endemic areas. The epidemiology of the 
disease Is being researched In several foci. Control of 
the disease Is made more complicated by the presence 
of the parasite in both domestic and wild animal 
reseNolrs, so these intermediates ore also under study 
in the MVRP. 

Trapping technology Is on essential Ingredient of 
sandfly population monitoring, and ICIPE scientists have 
in the post two years developed a new design of trap, 
the updraft suction trap that allows collection of live 
flies tor study and breeding in laboratory colonies, as 
opposed to the standard downward suction light traps. 
This new trap is effective in catching flies in outdoor 
sites. as well as indoors. and is constructed of low-cost. 
locally available materials. The trap Is also effective for 
mosquitoes, 
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SANDFLIES 

ICIPE scientists collect 
tiny (6 mm) sandflies 
adhering to the 'ICIPE 
sticky trap'. The trap 
is 1nade of plastic: 
sheeting coated with 
castor oil and used for 
monitoring of sandfly 
population density . 
Here, the sticky trap is 
mounted on a traditional 
dwelling In a semi-llrid 
region of Kenya 
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MOSGUJITOES 

Mass culture and characterisation of 
Leishmania parasites isolated from 
sondflles were undertaken by the 
Molecular Biology Reseorch Unit In 
collaboration with the MVRP. The sandfly 
vectors of Leishmania donovani In Kenya 
hove been found to be Phlebotomus 
martini, P. ci/iae, P. vansomerinae and 
Sergentomyia garnhami, while P. 
duboscqt, S. Ingram/ and P. martini hove 
been found to be vectors of L. major. 
Using the updraft trap, these flies have 
been found most frequently near animal 
burrows and In termite hills. 

The host animals of sandflies range 
from lizards to the domestic dog, with 
each species having Its preferred host. 

RESEARCH 
A larvivorous fish common in 
Africa, Tilapia zil/i, has proven to 
be an effective control measure 
for mosquito larvae in ponds. 
Furthermore, the Tilapia is a 
popular and delicious source of 
dietary protein. 

Six strains of Bt bacteria toxic to 
the larvae of three important 
mosquito vectors (Anophelell,Aedes 
and Culex spp) have been 
identified and registered . 

Anopheles gambiae has been 
strongly implicated as a potential 
new vector of Leishmania parasites. 

ln field trials, the Mbu cloth 
technology was found to lower 
the prevalence of malaria by 73% 
when employed in a community 
exercise. 

Most phlabotomine sandflles prefer termite hills and animal burrows for breeding, where 
they feed on the resident lizards and rodents. The breeding sites of s, ganihaml In 
the kala-azar endemic area of Kitui, Kenya have only recently been identified. Baseline 
Information on the breeding ecology of the flies is necessary before effective anti
vector control measures con be employed. particularly If the Immature stage Is the 
target. 

The Mbu cloth technology: Two vectors for the price of one 

'Mbu' Is the Klswohlll word for mosquito. The Mbu cloth Is a piece of cotton. about 
9 m x 1.5 m, impregnated with the pyrethroid insecticide, permethrln. The Insecticide 
used is non-toxic to mammals and can persist for up to 6 months, after which the 
cloth needs re-treotment. The Mbu cloth has proved effective In controlling both 
sandfly and mosquito vector populations. An ICIPE study over a 26-month period In 
the Baringo District of Kenya, an endemic focus of both visceral and cutaneous 
leishmaniosis. showed that communal use of the Mbu cloth by Installation In 2000 
houses resulted in an average reduction of the sondfly population by 52-73%. In 
particular, P. martini and P. duboscqi, the vectors of the visceral and cutaneous 
diseases, respectively, were reduced by 76% and 85%, compared to control houses. 
The cloth also reduced the general level of sondfly feeding. and the disease has not 
been reported in the experimental area since the Introduction of the technology. 

Further refinement of the Mbu cloth continued this year. and monitoring of the 
efficacy and persistence of the Insecticide was done. Socio-economic and 
anthropological studies were carried out to assess the acceptability and sustalnablllty 
of the cloth. Monitoring of possible insecticide resistance of the sandflies was carried 
out, and the colour preference of the vector Investigated. 

MOSQUITOES - MAKING A COMEBACK 

Malaria Is the most Important parasitic disease affecting man in the tropics. Several 
other Important diseases transmitted by mosquitoes Include encephalitis. filariosis, 
dengue and yellow fever. The causative agents of malaria are protozoan parasites, 
Plasmodium spp, which are transmitted to man when the mosquito bites and injects 
Its sollvo. 

Malaria is a major cause of mortality and morbidity, with a reported 2 billion people 
ot risk of the disease, and reported cases between 200-400 million annually. The disease 
occurs In 102 countries worldwide. and results In on estimated 2 million deaths a year, 
half of these in Africa alone. About 900k of malaria-caused deaths occur In children. 



• 
HIGHLIGHTS 
Preferred breeding sites for disease-
carrying sandfly species have been 
identified using trapping techniques 
developed at the ICIPE. The species 
of Leislrmanin parasites carried by the 
flies have been identified. 

Populations of two species of 
sand flies responsible for transferring 
visceral and cutaneous leishmaniasis 
(Pltlebotomusrtwrtiniand P. du.boscqz}, 
were reduced by 76% and 85% in 
houses fitted with the Mbu cloth in 
field trials involving over 2000 
dwellings. 

Characterisation and differentiation 
of three closely related sandfly 
species has been done by chorionic 
sculpturing of their eggs, using 
scanning electronm.icroscopy. 

The Incidence of malaria continues to 
increase In Africa. particularly In semi-arid 
regions which are undergoing 
development under increasing human 
population pressure. Construction of dams. 
irrigation schemes. mining and the digging 
of quarries have all served to introduce 
the water required tor mosquito egg· 
laying and larval development. 

ICIPE's long term goals include 
development of strategies to control the 
mosquito vector. particularly in arid and 
semi-arid areas. through an understanding 
of the insects' biology, ecology. behaviour 
and bionomics. and through the 
application of a simple technology 

developed In the Medical Vectors Programme. the Mbu cloth, described above. 

The Mbu cloth lowers malaria prevalence 

A recent ICIPE study has shown that introduction of 2000 of the Mbu cloths in a 
community of 10.000 in Barlngo District. Kenya. has resulted In significantly lower rates 
of malaria prevalence, with on overall reduction of 73% in the treated areas. Malaria 
was implicated as the major cause of spleen enlargement (splenomegaly) of children 
In the area. 

Mosquitoes succumb to fish and bacteria 

Mosquito larvae ore susceptible to a variety of predators. and ICIPE scientists have 
Identified o voracious larvivorous fish, Tilapia zi/11. In clear water ponds. this delicious 
fish was found to significantly reduce larvae by 88-100%. However, when the water 
was turbid or contained aquatic weeds, the predatory efficiency of the fish was 
lowered. Catfish were observed to kill the T/lapia. Introduction of nlapia, both as a 
mosquito control agent, and as a source of high-quality edible protein, is therefore 
recommended. 

A mosquito-toxic bacterial biological control agent has been discovered by an 
ICIPE expert. Over eight strains of Bacillus thurlnglensls lsraelensis have been isolated 
and identified from mosquito habitats such as mud and water. and from Infected 
larvae. The bacteria have proved toxic to all major vectors (Anopheles, Aedes and 
Culex mosquitoes), and acts as a stomach polson to the larvae. Pilot-scale testing 
has shown that a powdered formulation Is effective in controlling mosquito breeding. 

Can mosquitoes transmit parasites mechanically? 

The possibility of the mechanical transmission of parasites by mosquitoes has been 
examined by MVRP scientists. When feeding through its mouthparts, the Anopheles 
mosquito continually ejects droplets of blood from its anus. Mosquitoes were fed on 
mice Infected with trypanosomas. The droplets of blood ejected by the feeding 
mosquito were analysed and found to contain live. virulent trypanosomas. Furthermore. 
these parasites were found to survive in the stomach contents of the mosquito for 
up to 24 hours post-feeding. These observations lead to the speculative conclusion 
that It may be possible for such live protozoal parasites to be introduced Into the 
host by mechanical means. · such as scratching of the bite or breaks in the skin. 
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Specialist Research 
Support Units 

BCERU- the chemical 
connection 
The Behavioural and Chemical Ecology Research Unit CBCERU) Is a newly formed unit 
to consolidate the growing collaboration between the former Sensory Physiology 
Research Unit and the -chemistry section of the Chemistry and Biochemistry Research 
Unit Into a seamless grouping with a mandate to undertake research In areas of 
chemical and behavioural ecology pertinent to ICIPE's core programmes. The primary 
tasks of the new Unit ore to: 

• study behavioural elements such as host-seeking and selection. mate-seeking and 
mating. oviposition. and aggregation; 

• describe the mediating cues and to Identify the semlochemicals implicated In 
the above behaviour; 

• elucidate the semiochemlcal basis of the phase dynamics and phase characters 
of locusts; 

• elucidate factors that regulate Interactions between different trophic levels; 

• develop semlochemicals for pest monitoring and manipulation. 

The research projects undertaken by BCERU chemists and physiologists provided 
specialist input Into the following core programmes: 

Crop Pests 

Chilo parte/Ius. Studies relating to the chemical ecology of this stemborer during the 
year comprised of reassessment of the role of sex pheromone components of the 
pest and examination of selected behaviours together with the semiochemicols 
mediating them. 

Contrary to a previous report. neither of the two major components of the C. 
parte/Ius female sex pheromone blend <Z-11 -hexadecenal and Z-11-hexadecen-1-ol) 
was effective In attracting moles of this species in Africa. when dispensed alone. 
Likewise. the commercial Trece Pherocon cap bolted with the major component. was 
ineffective. After work in BCERU, optimisation of the synthetic pheromone composition 
and a refined release method Is now at hand. When the two compounds ore 
dispensed separately but In very close proximity to each other, very high trap catches 
(83% of those caught in traps bolted with two virgin females) can be obtained. This 
finding will provide a basis for the development of a controlled-release. long
performance dispenser for more widespread use in C. porte/Ius monitoring, essential 
In the integrated management of this pest. 

The relative feeding preference of C. parte/Ius larvae on three maize cultivors was 
shown to correlate negatively with amounts of ollomones present In the cultivars. 
Identification of these allomones will be undertaken later. 

Banana weevil. Attraction of banana weevil to the host plant was shown not to 
be due to the major pseudostem-derlved airborne terpenold hydrocarbons identified 
last year. The active components have now been traced to the minor oxygenated 
terpenold fraction. and identification of these is in progress. Locating the probable 
active components of the male-produced aggregation pheromone of the weevil and 



identification of the intricate blend of feeding allelochemicals will be reported In detail 
next year. 

Maruca testulalis. A study undertaken by BCERU on antenna! morphology of M. 
testulalis has revealed four sensllla types in both the females and males. Moreover, 
antennae of both sexes were stimulated by emanations from cowpea leaves, flowers 
and green pods: moths (particularly virgin and mated females) oriented toward the 
cowpea odours in a wind tunnel at different phenological stages of the plant. Further 
observations ore expected to draw more light on the biological significance of these 
results. 

Tsetse-related research 

Tsetse research focused on three fronts: (i) search for additional kairomones, particularly 
from the bodies of host animals: (II) structure-activity studies of phenolic kairomones; 
(iii) larviposition behaviour of selected tsetse species and establishing the role, if any, 
of chemical signals. 

The objectives are to identify a broader range of tsetse semiochemicals that can 
enhance the efficiency of existing traps ond those that ore attractive to different tsetse 
species or useful in specific physiological states of the flies. As mentioned in the earlier 
report of the Livestock Pests Research Programme. tsetse hove preferred hosts. and 
studies of allomones are expected to throw some light on tsetse's indifference to 
certain animals. These chemicals are expected to find use In the management of 
low density fly populations. Progress has been registered on each front. 

A new technique for the collection of air-borne volatiles from the bodies of host 
animals has been developed. This has been shown to be much more selective than 
solvent washings. which contain Iorge amounts ot non-active compounds of varying 
volatilities which mask the active components in our chromatograms. A structure
octlvlty study of phenolic compounds with respect to Glossina pallid/pes was 
completed, providing a much clearer Idea of the structural requirements for the 
attractiveness of 3- and 4· substituted phenols for this tsetse species. Several promising 
analogues are now being evaluated In the field and a similar study has been Initiated 
for G. m. morsitans to elucidate the requirements for attractancy of phenolic 
compounds for this Insect and. hopefully. to discover some effective attractants for 
this species. Lastly, air-borne volatile collections from the larvae of G. m. morsitans 
and G. m. centra/Is were shown to be attractive to gravid females. Identification of 
the active components (by GC-EAD and GC-MS) is at hand. If they prove to be potent 
attractants, these compounds may provide a means of targeting gravid females tor 
trapping. 

Locust semiochemicals 

The groundwork tor understanding the role of semiochemicals in some ot the key 
behavioural traits associated with the gregarious phose of the desert locust (Schlstocerca 
gregoria) has been laid. Noteworthy results during the year are outlined below: 

• Demonstration of the existence of two distinct aggregation pheromone systems 
for the two stages of the gregarious phase at the insect; identification of the 
pheromone systems is at an advanced stage. 

• Demonstration that oviposition aggregation Is associated with a volatile chemical 
signal(s) from the egg-froth; a volatile collection from the egg-froth has demonstrated 
a significant attraction to ovlposltlng females. 

• Demonstration of the maturation-accelerating effect of volatiles from live mature 
adult males or immature adults in a 2-storey bioassay chamber. Similar demonstration 
of the effect of trapped volatiles from mature adult moles and Identification of 
constituent components are underway. Preliminary indications are that some or 
all of the adult aggregation pheromone components may also serve to accelerate 
maturation of the young adult. 

Tick-related research 

Exploratory research has implicated a number of semlochemlcol signals that may 
mediate behaviours of the brown ear tick, Rhipicephalus appendicu/atus. These 
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Olfactory sensitivity of Glossiun pallidipes to three 
phenolic compounds. The low EAC response 
shown to be 4-rnethyl-3-n·propylphenol, which 
combines the structmal features of the other two 
compounds shown in the figure (both powerful 
tsetse attractants) suggests that the fly perceives 
each of these two compounds separately 

Inc lude host location and recognition. and feeding site location 
by the adult. These activities may involve both kalromones from 
host animals and pheromones from feeding ticks of the same 
species. A more detailed behavioural study on the orientation 
responses of R. appendiculatus (which feeds Inside the ear) and 
R. evertsi (which feeds In the anal regions) Is underway. The 
findings to dote show clearly that whereas the former species 
Is repelled by anal cattle washings. It is attracted by ear 
washings. The reverse Is true for R. everlsl. Thus. feeding site 
location by these species appears to operate by a push-pull 
mechanism probably enhanced by signals emitted by successfully 
feeding species-related ticks. Further studies are expected to 
throw more light on this. Isolation and Identification of the 
semlochemfcals mediating this feeding behaviour has been 
Initiated and could open up the possibility o f developing 
sampling tools for these ticks off-the-host. 

Tick-repelling plants. Last year. we reported on tick-repellent properties of the 
essential oils of two plants. Including one which belongs to the family Capparldoceoe. 
The Identification of the chemical constituents of these plants Is underway. with the 
ultimate objective of locating the active components. The essential all of C/eome 
monophylla has been identified and the repellency activity of some of Its constituents 
confirmed. 

RESEARCH HIGHLIGHTS 
An improved dispensing 
technique for Cit i/o pnrtellus sex 
pheromone components has 
been developed, and has w oved 
successful in trapping African 
populations of this species. 

Some of the volatile compounds 
emanating from banana which 
attract the pest Cosmopolites 
sordidus have been identified as 
oxygenated terpenoids. The 
aggregation pheromone and 
feeding allelochemicaJs of the 
weevil are close to elucidation. 

The antennae of a major cowpea 
pest, Maruca teshJialis, have been 
shown by electron microscopy 
to consist of four types ofsensilla 
which respond to cowpea 
odours. 

A new technique for collecting 
the air-borne volatiles emitted 
by host animals has been 
developed. The technique has 
proved superior to simple body 
washings, which contajn 
numerous impurities which 
mask the insect-att racting 
components. 

Thirteen synthetic phenolic 
compounds have been tested 
fortheirattractivity to the tsetse 
Glossina pnllidipes, Jead.ing to a 
better understanding of the 
structural requirements for 
increasing the biologica l 
activity of odour baits for this 
species, which avoids the 
common biconical trap. 

Potential tsetse lures produced 
by the larvae and active toward 
gravid females have been 
demonstrated. 

Locust sem iochemicals 
regulating such key processes 
as aggregation, group egg
laying behaviour and 
synchronised maturation, are 
well underway to being 
identified. 

The feeding behaviour of two 
1</tipicephalus species of ticks 
and the s emiochemicals 
controlling feeding site location 
are under investigation. 

Infection of ticks. In 
collaboration with scientists 
from ILRAD In Nairobi. 
membrane feeding 
techniques for ticks 
developed In BCERU have 
been further Improved and 
shown to be an effective 
means of transmitting 
Theileria porva Infection to 
nymphal ticks. This technique 
will enable the study of 
factors affecting T. porvo 
transmission without the 
complication of host 1 T. parvo 
Interactions. and may find 
use In the maintenance of 
ticks as well as Theileria 
parasites. 

Bioinsectlcldes 

An ARPPIS scholar from 
Ethiopia Interested in 
understanding the scientific 
rationale for traditional use of 
some plant materials in post
harvest protection. Is 
evaluating three Ocimum 
species and their essential oils 
against three common 
storage pests. Ground leaves 
of the plants and the essentlal 
oils have shown varying 
degrees of protection against 
the pests. Further evaluation 
of these materials and 
Identification of the active 
components Is continuing. 

Reports of the research projects 
of BCcRU ore to be found In Port 
II of this publication. 



MBRU getting down to 
the molecular level 
The newly-formed Molecular Biology Research Unit (MBRU) was created by 
amalgamating the biochemistry section of the former Chemistry and Biochemistry 
Research Unit and the former Cell Biology Research Unit. The primary task of the new 
Unit Is to undertake research In areas of arthropod molecular biology and biochemistry 
pertinent to the brooder goals of the Centre's programmes. In particular, the Unit 
performs the following: 

• biochemical studies on target arthropods aimed at understanding structure
function relationships and the production of biooctlve products: 

• use of molecular biology techniques for taxonomic studies, improvement of 
selected genes, understanding of genes, and large-scale production of bioactive 
products; 

• histological, ultrastructural and cyto-chemical studies on target organisms: 
• establishing insect cell lines for the study and production of microorganisms, 

including pathogens. 

During the past year, MBRU research centered on three of ICIPE's target pests: 
tsetse, ticks, and the desert locust. In addition to its research activities, the Unit provides 
Centre-wide seNices in light microscopy, and scanning and transmission electron 
microscopy. Additional seNices are also provided in photography, photoflnlshlng and 
production of transparencies. 

Tsetse-trypanosome relationships 

Interrupting the life cycle of the trypanosomes. In order to complete their life cycle 
within the tsetse fly, the trypanosomas must undergo three transformations. each of 
which can result in high mortalities to the parasites. When the bloodstream parasites 
enter into the insect's midgut. they must transform Into procycllc forms better suited 
for suNivolln this harsh environment. Very few parasites (less than 1%) suNive this step. 
The midgut contents ore highly proteolytic In nature, and contain trypsins and trypsin
like enzymes. In addition, there are lectlns. agglutinins and lyslns, 

A factor in the midgut of tsetse that promotes the differentiation of bloodstream 
trypanosomas to procycllcs has been Identified as a trypsin-like enzyme. During 
purification of midgut trypsin, a lectin capable of agglutinating tryponosomes Is also 
obtained. It is proposed that both the lectin and trypsin activities reside In the same 
molecule. In vitro, glucosamine Inhibits trypsin/lectin activity and trypanosome 
differentiation. Rigorous studies In the MBRU aimed at addressing the hypothesis that 
the lectin and trypsin are In fact the same molecule ore underway. 

Genetically typing the flies. The work on developing mlcrosotelllte markers has 
been initiated only recently. Microsotellltes ore dinucleotide or other simple repeating 
sequences which are widely distributed In the genomes of diverse species. Variations 
in length of the microsatellltes can be detected by PCR omplltlcotlon and high 
resolution genetic maps con be generated. Mlcrosatellltes con be used in identifying 
economically important genes such as those responsible for o certain behaviour or 
responses, say the ability to detect o specific odour such as might be present in a 
trap bolt. If It can be shown that behavioural resistance to traps by certain species 
Is genetically controlled. then this opens the possibility of new vector control strategies. 
It may explain. tor Instance. why Glossina f fuse/pes Is not attracted to the odour 
baits commonly used In tsetse traps. Mlcrosotellltes con also be used for taxonomic 
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RESEARCH DIRECTIONS 

II 

A DNA probe for identifying Leishmania parasites has been 
developed. The probe has been used to identify L. mnjor 
in the Sfll1dfly Scrgentomyia gam/mmi, implicating this fly 
as a vector of cutanf!ous leishmaniasis in Kenya. Two 
probes thnt are specific to L. tropirn and L. do11ovn11i have 
been developed. 

A bloodmeal-induced chimeric molecule (trypsin-lectin) 
has been isolated and found to be important In 
differentiation of bloodstream trypanosomes into procyclics. 
Specific antibodies are being used to determine the levels 
of the protein in wild-type tsetse species. The information 
gleaned will be used to explain inter- and intra-species 
differences in susceptibility of tsetse flies to trypanosome 
infections. 

Studies on the endotox.ins of three isolates of Bnril111s 
thuringiensis indicate differential toxicities against 
mosquitoes, tsetSE' and the stemborer, Chilo pnrtell11s. 

DNA microsatellite markers are being developed to study 
the basis of beha~ioural (and insecticidal) resistance of 
tsetse to specific traps and odour baits. The markers will 
be used in tsetse popuJ;~tion analysis. Isolation and 
characterisation of thE> olfactory genes is underway. A 
genomic library of Glossina 111. morsitans has been constructed 
as part of this work. 

A rapid technique for determining the genetic variations 
withln and between tsetse populations is being developed, 
using the RAPD-PCR technique. The DNA sequence 
variation of the mitochondrial cytochrome b gene in wild 
tsetse is under study. 

A practical, efficient method for mass infection of tsetse 
with a DNA virus (as an alternative stcri l<ml to radiation) 
is being developed. 

purposes, as a marker for classifying 
members of the some species or the 
some population. 

A genomic library of Glossina 
pa/lidipes has been mode and screened 
for microsotellltes using a (GT)n probe. 
Efforts ore currently underway to sequence 
the positive clones. This information will 
allow the preparation of suitable primers 
to be used In PCR (polymerase chain 
reaction) amplification for obtaining 
adequate quantities of the gene fragment 
for further studies. This may ultimately 
result In the Isolation and characterisation 
of the genes responsible for olfaction. 

Probing the parasites. Research on 
the development of DNA probes for use 
in characterisation of Leishmania parasites 
is continuing. A probe is itself a relatively 
short piece of DNA with a specific selected 
sequence of nucleotldes. Such a probe 
con be labelled with a marker and used 
to Identify a complementary nucleic acid 
sequence in a highly sensitive manner. So 
tar. at least two probes have been 
developed that are specific to Leishmania 
troplca and L. donovan/. While more 
probes for differentiating other Leishmania 
species are being sought. there Is a 
concurrent effort to characterise these 
probes, for example. by nucleotide 
sequence analysis. This will enable the 
preparation of suitable primers (templates) 
for use in PCR-asslsted rapid analysis of 
field isolates of the parasites. 

Identifying Bt strains and their toxins 

The bacterium Bacillus thuringlensts (Bt) Is an Insect pathogen that Is widely being 
studied and used as a biological control agent. Bt produces o toxin which binds to 
the midgut lining of the insect. causing disruption of the midgut cells and eventual 
death. In MBRU, the characterisation of en do toxins of Bacillus thur/ngtensts is progressing 
apace. Using three Isolates as examples, reliable biochemical and molecular biology 
methods for strain Identification have been perfected. Furthermore, the genes 
encoding the endotoxins of two Isolates have been. i?ent!fled and c loned. Seq~enclng 
of these genes Is now underway. Specific recognrtron srtes (recepto~s) that brnd th~ 
endotoxins in the mldguts of susceptible insects hove been ldentlfred and work rs 
underway to characterise them. 

A virus to control tsetse 

Work on the tsetse DNA virus Is progressing rapidly. A study of the mating of Infected, 
sterile moles has shown that sterile and non-sterile males show equal mating success. 
A method tor moss Infecting tsetse with the virus by dipping of the larvae has been 
developed and appears to be effective. Future studies will Include characterisation 
of the virus. establishment of a method for its moss culturing and assessment of its 
usa in SIT (sterile Insect technique) programmes for tsetse control. 

Reports on the research projects of the MBRU ore found In Part II of this document. 



BMRU 
analysis 

from design to 

The Biomathematics Research Unit (BMRU) 
supports ICIPE's core programmes through 
the Unit's services, research and training 
activities. Services to the Centre's research 
programmes and units Includes Consultancy 
on design and analysis of experiments, as well 
as on presentation and Interpretation of results. 
The Unit also provides computer hardware 
procurement. maintenance and repair 
services to all the ICIPE offices, and computer 
software services. which Includes data base 
development, slide production and graphics. 
Other services provided by the Unit include 
the preparation and dlgltisation of climatic 
and vegetation mops using the Geographic 
Information System (GIS). This service Is 
particularly Important for the monitoring of 
pest movement. migration and distribution. 

The Unit's research activities are based on 
the premise that there Is o continual need 
for Improved blomothematlcal methods In 
pest management In the presence of unstable 
biological environments. The BMRU has 
continued to undertake research in the areas 
of modelling of Insect populations. 
epidemiological modelling, and In the 
development of standardisation indices and 
efficient statistical analysis procedures. In 
addition, BMRU has also been involved In 
collaborative research with the various 
research programmes and units of the ICIPE. 

In the area of training, consultation 
services to the students of ICIPE's African 

RESEARCH ACTIVITIES 

• Analysis of field scores. A fundamental problem in the 
analysis of field scores is that the score for any plot, except 
the first, is usually dependent on the score of the immediate 
previous plot, giving rise to groups of serially correlated 
data. Serial correlation, when ignored, leads to under· 
estimation of the error variance, and consequently leads to 
incorrect inferences. Two methods of analysing such trials 
have been developed by BMRU. 

• Yield cottvcrsior~. Mathematical relationships between crop 
yield from experimental and farmers' fields have been 
studied. Two methods of yield conversion from experimental 
to larger plot sizes have been proposed. One of these methods 
is based on the soil heterogeneity factor, while the other is 
farmers' management level-based. 

Yield loss from pest ittfestatiou. A series of non-linear 
models has been examined with regard to their capability to 
describe yield loss versus pest infestation relations. Initial 
studies have shown that the allometric model fits ve ry wen 
to cowpea yield loss and Maruca infestation data. 

Resistar~ce classificatiou. Classification of crop varieties for 
resistance based on yield loss experiments usuaJly focuses 
on percent yield loss comparisons with only passing reference 
to the actual potential yield. A method of classifica~tion based 
on simultaneous consideration of both the percent yield loss 
and actual yield potential ofthevarieties has been developed. 
The method seeks to minimise percent yield loss while 
maximising yield potential 

Regional Postgraduate Programme in Insect Science (ARPPIS>. ha~e dominated . the 
consultancy time of BMRU's staff, taking up about 39"/o of all serv1ce t1me. These serv1ces 
include project supervision; teaching (Statistics, Biomathematics and Computer 
Programming); advising on design and analysis of experiments, and on presentation 
and interpretation of results. Many students In relevant disciplines from Institutions within 
Kenya hove also had the opportunity of undergoing industrial training In the BMRU 
this year. 

The reports of BMRU research projects can be found In Part II of this document. 

Consultancy activities 

Biostatistics continues to occupy a significant portion of BMRU's consultancy activities, 
particularly on data management and data analysis with the ARPPIS students. Non~ 
conventional types of analyses like repeated measures analysis of variance, survival 
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analysis and discriminant analysis, have been used more frequently this year. 

The Unit recently acquired new statistical software to facilitate Its work. SYSTAT 
software Is proving to be extremely useful because of Its graphical Interface and menu
driven comments. The time series package SAS/ETS tor estimating parameters In ARIMA 
model and performing time series analysis and the latest version of STATISTIX have 
also been acquired. The latter has new capabilities such as multi-way analysis of 
variance, linear programming and time series analysis. 

Collaboration with national agricultural Institutions In the area of blostatlstlcal 
services increased during the year · and consumed about 30% of BMRU service time. 

Strengthening computing power 

After the completion of a library, a local area ne1work was Installed which links up 
six computers in the library, five of which are XT PCs and one AST 286 as server. 

The computing power of the Centre was strengthened with the addition of four 
powerful computers Installed In the Kwale and Klllfl research stations In May, and at 
the SSIRU office in Duduvllle in November. A new remote weather station was also 
Installed In Shlmba Hills during the year for tsetse research work. 

Printing quality was Improved on In 1992 after the Installation of tour Hewlett 
Packard (HP) Ill laser printers In ICIPE/WAU, PDU, IBIRI and BMRU, and 1wo HP lis In 
the library and finance offices. 

The computing section of BMRU has continued to provide software consultancy 
as well as slide production and graphic services to the Centre. With the acquisition 
of several colour monitors, more scientists have been able to produce their own slides. 

Map produced by the GIS technique showing study 
areas in high-potential zones of Kw!lle District. The 
lined area shown here straddles three agro-ecological 
zones and was selected on the basis of specified trlteria 
for soil quality and pH, and amount and reliability of 
rainfall. Socio-economic;: data will be incorporated into 
the map at a later stage in the study, which will provide 
data on peat levels and crop yields in relation to pest 
management tedmologies. The shaded area is the 
ShlmbaHills 

In order to increase further the computer 
literacy level of ICIPE staff, the BMRU has 
decided to hold computing courses In 
1993. 

Geographic Information Systems 
activities 

The objective of the GIS section Is to build 
geographic databases covering ICIPE 
research sites. The primary sources of 
data ore the 1 : 50,000 topographic maps 
produced by the Kenya Government 
(Survey of Kenya), from which physical 
features are extracted, and climatic data 
from satellites such as NOAA. In addition, 
climatic data from ICIPE's weather stations 
In the various sites is Incorporated. Other 
data built Into the databases are related 
to the relevant research activities, such 
as position of participating farms, crop 
yield, borer numbers, species, position of 
tsetse traps, trap catches by species. etc. 
The first site selected tor building the 
database is on the Kenyan Coast covering 
Kwale and Kllltl Districts (see map). 



BTRU biotechnology for 
pest control 
Biotechnology activities In ICIPE started by the setting-up of a Biotechnology Task Force 
In late 1989. The Biotechnology Research Unit CBTRU) was created during the 
restructuring of ICIPE in 1992. The primary objective of the new Unit Is to perform Insect
related biotechnology research in collaboration with relevant research programmes 
and units In the Centre. 

The 1989 Task Force Identified a number of Important biotechnology research 
projects across the board within the Centre's areas of study. The development of 
Bacillus thurlngiensis (Bt)-based insecticides was given top priority. In 1989/90, a 'Pilot 
Study For Evaluating the Feasibility of Utilising Bacillus thurlnglensls as a Biological 
Insecticide against Flies In Tropical Countries' was Initiated. 

Bf blopestlcldes for pest control 

In March 1992, ICIPE acquired a 15 litre volume fermenter. During the post year, the 
Unit has produced 1 .5 tonnes of Bt for field application against filth flies. In a 
collaborative effort, 8 lltres of Bt produced for the Crop Pests Research Programme 
Is now being tested In the fie ld. Work on formulation of Bt strains active against the 
tsetse fly Is now underway. The Unit has come up with a preliminary Bttsetse formulation 
which can be sprayed directly on cattle. The activities for Bt research work planned 
for the new Unit include: Isolation and Identification of Insecticidal Bt strains and their 
pathogenicity to target pest Insects; evaluation of blosofety aspects; quality control 
of strains and toxins; study of persistence of toxicity In the field: determination of optimal 
process conditions and fermentation using locally available row materials; formulation 
properties of the blolnsectlcldes, Including Incorporation of UV screens; development 
of modes of application; exploring plant seed inoculation with specific Bt strains against 
root·attacklng Insects; microscopic studies on the mode of action of Bt; 
exploring the-possibility of combining Bt (for pest control) and rhizobium 
(N2-fixation) Inoculation of p lant seed. 

Microbes and methane 

Other future areas of interest where the Unit could become Involved ore 
microbial production and modification of phenolic attractants, culture of 
insect Intestinal microorganisms, and methane production by Insects. The 
Unit Is presently developing the modalities and logistics of setting up an 
ICIPE Pathogen Bank. 

Buffalo urine phenolics 

For the control of tsetse flies, the microbial aspects of phenolic attractants 
present In buffalo urine will be studied in c lose collaboration with the 
Behavioural and Chemical Ecology Research Unit (BCERU) and the 
Livestock Pests Research Programme (LPRP). Activities will centre around 
isolation of bacteria from urine which are involved In the production and/ 
or modification of phenolic compounds; simulation of processes Involved 
in batch and continuous fermentation; Investigation of possible Involvement 
of minor microorganisms in the release of target·derlved precursors of the 
attractants; Investigation of whether protein-derived amino acids might 
be precursors of the active compounds; further microbial modification of 
active compounds into structural analogues with possibly higher activity 
or stability in the field. 

Reports on th~ restilarch pro}~cts of BTRU in 7992 are to be found In Part II of this 
document. ' 

Scientists hom the Biote<::hnology Re5ear<::h 
Unit adjus~ the 15 litre feri11enter for 
production of Bt and other bioim;ecticides. 
The Unit has developed a Bl for.mulation 
which can be sprayed directly on cattle as 
a protection against tsetse. Otl1er Bt· strains 
are being us£?d to control filth flies In 
latrines 
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/ABU- breeding insects 
for research 
The Insect and Animal Breeding Unit (IABU) is an essential pivot in the research efforts 
of the ICIPE. The Unit produces ond supplies quality experimental Insects ond small 
mammals to the core research programmes and units on a continuous and sustainable 
basis. The Unit Is organised into three sections: 

• phytophagous arthropod rearing (stemborers, pod borers and locusts) 
• haematophagous arthropod rearing (tsetse and mosquitoes) 
• small mammals breeding (rabbits, rots. mice and hamsters) 

Concurrently with production and supply. the Unit undertakes research and 
development projects aimed at improving rearing techniques for efficient production 
systems. These include (I) testing of reorlng techniques and diets, for developing 
standard rearing procedures, and (li) developing methods to assess the quality and 
biological performance of the insects and small laboratory mammals reared. with the 
aim of developing a quality control protocol. In addition to Its research activities. the 
Unit seNes to train scientific and technical personnel from notional and international 
Institutions in insect rearing and animal breeding techniques. ond to offer consultative 
seNices in insectory management and design. 

Research is needed to sustain 
productivi'hJ 

A new system of costing the production 
and supply of crop pests was devised, so 
that a user requesting an early 
developmentaJ stage or egg stage of the 
insect will not be charged the same as for 
the adult stage. Procedures for the artificial 
rearing of Maruca testulnlis and Busseoln 
fusca , including development of a semi
synthetic diet appropriate for each pest, 
were refined. 

The difficulties in rearing tsetse were 
further investigated, and the effect on 
reproduction of the fly of administering a 
broad-spectrum antibiotic to the host 
rabbits was found to be detrimental. 

Maintaining the healtl1 of the host 
rabbits was not overlooked, and feeding 
of New Zealand white rabbits with a 
coccidiostat djd not adversely affect the 
general health of the rabbits, nor the tsetse 
(C. 111. morsftaus) fed on them. 

An award-winning method for rearing Busseo/a 
fuse a 

In an important development this year, Mr. F.O. Onyongo 
of the Unit was awarded the ICIPE Medal for Innovative 
Research for 1992. In presenting the award to Onyongo. 
the selection panel noted that. "The maize stalk borer 
Busseo/o fusca hos been recognised as a major pest of 
maize and sorghum in many countries of tropical Africa. 
Hitherto, research on this important agricultural pest hos 
been hampered by the occurrence of a six-month long 
diopouse In the last laNai stage. os well as the lack of 
an artificial diet for rearing the Insect continuously In the 
laboratory. Mr. Onyango devised a functional medium 
D2/88. making it possible for the first time to rear 15 
successive dlapause·less generations of B. fusca without 
loss of vigour or reproductive potential." The method is 
now used routinely at the ICIPE to rear and supply the 
insect for research on o continuous basis. The technology 
has been successfully adopted in Zambia by the national 
progromme networking with the ICIPE; the ICRISAT 
station at Bamako In Moll hos similarly requested training 
for their personnel. Within Kenya, the Unit supplied 
experimental B. fusca eggs for artificial Infestation to the 
Kenya Agricultural Research Institute (KARl). Kltale as well 
as offering consultative seNices to the Kenya national 
programme in the design of a functional Insectary for 
rearing B. fusco. 



1992 IABU production and supply 

Cllilo partellus. At the Mbita Point Field Station <MPFS), 60 million egg 
equivalents (MEQ) were produced, and 19 MEQ distributed. From the Duduville 
labs, about 8.5 MEQ were supplied. 

Mantcn testulalis. About 2.8 MEQ of this pest were supplied in 1992. 

Busseola fusca. Production of this stemborer has increased ]()..fold since 1990. 
The quantity supplied in 1992 was 1.2 MEQ. 

Scllistocerca gregtJria. The crowded colony is now in its 17th generation, and 
a total of 26,000 locusts were provided for research this year. For the isolated 
(solitarious) locusts, a total of 1254 were supplied in 1992. 

Glossina morsitans morsita11s and G.m. centralis. User demands for both species 
of tsetse were met this year without difficulty. The colony of G.m. morsitans is 
maintained at 9000 producing females, while that of G.m. c:entmlis is kept at about 
7000. 

Glossi11a pallidipes and G. fuscipes . Both these species are proving difficult to 
raise because of their reluctance to mate and their high mortality in the lab. 
About 30,000 pupae have been obtained from wild flies collected around Lake 
Victoria; these are being used as the nucleus for a colony at Duduville. 

Small mammals. Outbred colonies of laboratory rats, rabbits, Swiss mice and 
hamsters, and inbred strains of balb/c mice are maintained and supplied for 
feeding the haematophagous arthropods and for other research work. In 1992, 
the numbers of these mammals supplied were 1845, 1770, 1149, 324 and 894, 
respectively. 

~-
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!ABU technician preparing green feed and wheat germ. for grege~dou!;-phase 
desert locusts. The aluminium tubes contalning moistened sand, shown in the 
bottom of the cage, are used by the females for egg-laying. Solitarious locusts 
e~re reared separately in individual cells ln rooms maintained at a constant negative 
pressure, to prevent chemlcal communici!tion between the two phases. 

Details of the research projects undertaken by /ABU are to be found in Part II of this Report. 
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SSIRU- the social science 
interface with research 
The present emphasis made on the development of socio-economic research In the 
ICIPE derives from the Centre's basic mission to develop technologies appropriate for 
the needs of resource-poor farmers In Africa and elsewhere in the tropics. This basic 
goal gives rise to many questions concerning the research clientele. What are the 
characteristics of resource-poor producers? What type of production problems do they 
face? What are their technological needs? What are the possibilities for the adoption. 
management and sustalnablllty of IPM/IVM technologies? These are the kind of 
questions which can only be addressed through socio-economic research and which 
the Social Science Interface Research Unit (SSIRU) attempts to answer. 

The ICIPE is, moreover, committed to the development of technologies which are 
economically viable. socially compatible. environmentally sound, and sustainable. In 
order to ensure that the desired technological qualities ore realised, social and natural 
scientists must work closely In various phases of the R&D process, including the 
specification of technological needs and objectives, the technology design process. 
and monitoring and evaluation. 

Interactive and participatory R&D 

SSIRU seeks to promote socio-economic research which is characterised by Interactive, 
collaborative and participatory approaches. A key factor to the successful adoption 
and diffusion of IPM/IVM technologies Is the participation of the farmer clientele at 
appropriate levels and stages of the R&D process. Farmer participation Is expected 
to be greatly Increased In some of the new research projects currently under 

Research a,ctivities and 
collaborative projects 

implementation (see box). The broad 
areas of SSIRU research are as 
follows: 

• Ada ptive Research on Community-Based • 
Management of Tsetse and Trypanosomiasis in 
l..ambwe Valley On collaboration with LPRP) 

studies of production and social 
systems and technologic al 
needs; 

• Interactive Socio-Economic Research for Bio- • 
Intensive Pest Ma11agement Technology 
Development (lSERJPM), in Coast Province • 

adoption, Impact and sustaina
blllty studies; 
studies of community organisa
tion, mobilisation and manage· 
ment potential: • Kwale and Kilifi Adaptive Research Project 

(with CPRP and LPRP) • 
• Sodo-Eronomic Aspects of the Tsetse Rcllearch 

Project in Ngurmnan <.Hld in Coasl Province • 
(wi lh LPRP) 

studies of Indigenous knowledge 
and technology; 
economic analyses. 

Profiling the farms, the farmers 
• Soda-Economic Aspects of the Ticks Research 

Project on Rusinga l.sland, l lorna Bay District, Ond their needs 
(with LPRP) 

• Socio·Economic Aspects of the Pl'oblen' of Ticks 
in the Homa Bay Dist-rict Mainland (wilh CPRP) 

• Sodo-Economic Aspects of Tsetse Research 
Project in Coast Province (with LPRP) 

• Socio-Economic Research Relatin g to the 
Application of the Mbu Cloth Technology in 
Barlngo Disl-rict (with MVRP) 

Among the studies which fall under 
the theme of production and social 
systems is the Socio-Economic 
Diagnostic Survey of Kwale and Klllfl 
DistrictS. This study was undertaken 
In collaboration with CPRP and LPRP 
as well as the Kenya Agricultural 
Research Institute CKARI). The study 
has produced data relating to 



production conditions, practices and problems, and will form the basis for the adaptive 
research activities Involving IPM and IVM technologies. 

Food production practices and the cropping calendar Is the theme of another 
study in Lombwe and Kibiri areas of South Nyanza. One general finding thus far is 
that adoption of new methods of production is significantly related to awareness of 
recommendations mode by extension workers and to the wealth of the farmers. 

A study which falls under the same general theme, concerning the feasibility of 
using chicken as predators of livestock ticks on Rusinga 
Island, revealed some basic information having a direct 
bearing on the practicability of this approach. The 
study shows on Incongruity in the shelter arrangements 
of cattle and chickens which would need to be 
rectified In order to Increase the Interactions between 
livestock and fowl It predatory efficiency Is to be 
enhanced. 

A study relating to the Adoptive Research Project 
on Community-based Management of Tsetse and 
Trypanosomiasis generated benchmark data on the 
study community from a sample of 311 homesteads. 
One encouraging finding Is that, given the relatively 
Iorge herds kept by the homesteads In the Lambwe 
Volley and the community's reasonable economic 
capacity , the mobilisation of resources for the 
management of the tsetse trapping technology Is 
unlikely to present a problem. 

Mobilising the community 

Farm!'!ts In Lambwe Valley in western Kenya Jearn to construct 
a tsetse trap in the SSffiU/ LPRP 01daptive research project on 
communlty·managed tsetse trapping ·technology. The fanners 
were given a short course on the biology and ecology of the 
fly In order to increase their w1derstanding and Interest l.n the 
con tro I strategy 

Another activity pertaining to the above Project concerned itself more directly with 
the Issue of mobilisation and training of the study community for the adoption and 
management of the tsetse trapping technology, Out of the planned training programme 
for AO farmers. the first batch of 14 participated In a 5-day training exercise designed 
to Impart basic scientific knowledge on the problem of tsetse and trypanosomiasis, 
trap construction and maintenance, and other topics designed to enhance the skills, 
as well as the Interests. of the participants (see photo). The trainees then returned 
to their communities to carry on with the mobilisation and training of their neighbours. 
Monitoring of the training and transfer activities by SSiRU has revealed that the entire 
exercise is being undertaken with remarkable competence and success. Monitoring 
and evaluation are Important aspects of research which will continue along with other 
Interactive socio-economic and biological research activities In progress in Lambwe, 

Diffusing IPM technologies 

On the theme of adoption, impact and sustolnoblllty, on assessment was mode by 
SSIRU on the capacity of the extension services In South Nyanza District for diffusion 
of IPM technologies. On the basis of the level of training and knowledge of extension 
workers of IPM and on the ratio of extension agents to farmers, there seems to be 
little prospect for wide diffusion of IPM technologies In the study area. 

Economic analysis 

Under the theme ot economic analysis, one SSIRU study sought to estimate the costs 
and benefits of alternative treatment regimes against ticks and tick-borne diseases In 
use on Rusinga Island. One preliminary finding of this study is that the treatment 
consisting of on Improved diet produces the highest weight gains, while the Internal 
treatment of tick-borne diseases, when used alone, produces the lowest llvewelght 
Increase of all the treatment regimes. 

More details about the objectives. methods and results of SSIRU studies outlined above con be 
found In Part II of this Report. 
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Institution-building 
Interactive research 

and Information 

18/R/- mandate for building 
technological capacity 
The Institutional Building. Interactive Research and Information Programme (IBIRI). was 
established during the re-structuring of ICIPE In September 1992. Its creation. by the 
amalgamation of the former project-focused IBIRU (Institutional Building and Interactive 
Research Unit) with the more service-oriented LIDS (Library. Information and 
Documentation Services). gives the IBIRI a unique position as a medium for technological 
capacity building. The IBIRI alms to develop and execute strategies for strengthening 
the capacity of national agricultural programmes In pest and vector management. 
and to enhance and facilitate ICIPE's own research and development programmes. 
training activities and collaborative arrangements. The Programme pursues the above 
goals by: 

• dave/oping and Implementing edvcational programmes for training scientific and 
technical manpower as well as user communities; 

• facilitating Interactive technology development, validation. packaging and 
demonstration; 

• establishing and coordinating capacity-building networks of African countries and 
Institutions; 

• providing an effective Information and documentation bock-up. specialised in the 
fields of insect pest and vector biology and management; 

• maintaining a dynamic communication and Information system tor the exchange 
of Information on Insect science. 

Education and training 

When It was established In 1970. the ICIPE was given a twin mandate: (I) to undertake 
basic research In Integrated control methodologies for arthropod pest management. 
and (II) through training and collaboration, to strengthen the scientific and technological 
capacities of developing countries. 

The ARPPIS PhD Programme 

The keystone of ICIPE's education and training activities Is the ARPPIS programme. 
The African Regional Postgraduate Programme in Insect Science (ARPPIS). established 
In 1983. is a unique collaborative PhD research and training programme between the 
ICIPE and African universities. ARPPIS Is o living example of effective South-South 
regional collaboration between a specialised research Institution. the ICIPE. and African 
universities for capacity-building In environmentally sustainable Insect pest management. 
Between 1983- 1992. 112 PhD scholars from 22 African countries hove enrolled In ARPPIS. 
Of these. 57 scholars have graduated and continue to work In Africa as university 
lecturers or researchers with national and International agricultural research systems. 
Sixteen scholars from 10 countries joined the 1992 Closs. Including for the first time. 
a student from Mall. Currently. 40 scholars ( 1990-1992 Classes) continue with coursework, 
research, data analysis and thesis writing at the ICIPE. 

Thus far. a total of 25 universities In Afrlco have joined ARPPIS as Participating 
Universities (see map). Each university sends one representative to the ARPPIS 
Academic Board. which Is charged with the policy and management of all academic 



matters. A Board of Studies ensures the Implementation of Academic 
Board policies and oversees curricula implementation. monitors 
students' progress, conducts examinations, and approves students' 
research projects and supeNisors. The Board of Studies Is chaired by 
Dr. V.O. Musewe, Programme Leader of IBIRI. 1992 saw the departure 
from ICIPE of Professor Z.T. Dabrowski as the Academic Coordinator 
of ARPPIS and the Ag. Head of the former IBIRU. 

At all stages of training, the ICIPE works in close collaboration 
with the universities, thus strengthening their capacity in postgraduate 
science education. As a centre of scientific excellence. the ICIPE can 
offer. In these days of economic deprivation, what has come to be 
unique facilities for research and practical training. Therefore, the 
ARPPIS students generally corry out their research at ICIPE headquarters 
at Duduvllle or at one of ICIPE's allied research stations. The 
participating universities contribute their wealth of experience and 
expertise by appointing one or two of their faculty to work In 
collaboration with an ICIPE staff supeNisor. Courses are taught by 
International experts drawn from the participating universities, ICIPE. 

The 25 ARPPIS 
participating 
universities 

and other research organisations. Students are awarded their PhDs from their registering 
universities. which frequently are outside their country of origin. Six scholars originating 
from Sierra Leone, Chad. Sudan (2), Uganda and Nigeria were awarded the PhD In 
1992. 

The ARPPIS MSc Programme In Tropical Entomology 

While ARPPIS scholars pursue their PhD studies at ICIPE, postgraduate training in insect 
science at the MSc level under the ARPPIS MSc Sub-regional Programme is planned 
for implementation In four centres around the Continent: University of Zlmbobwe. 
Harare (Southern Africa); University of Ghana. Lagon <Anglophone West Africa); Addis 
Ababa University, Ethiopia <Eastern and NE Africa) , and D'Schang University Centre. 
Cameroon (Francophone Africa). 

The Southern Africa Centre at the University of Zimbabwe Is the first of the four 
to take off. and admitted Its first class of seven students In March, 1992. The University 
of Ghana is at on advanced stage In planning the curriculum and enlisting faculty 
for the Programme. and plan to admit their first students In 1994. The Universities of 
Addis Ababa and D'Schang are at 1he preliminary stages of planning. 

Complete reports of the ARPPIS Programme ore to be found In Part II of this document, along 
with reports on other of IBIR/'s lroln/ng octlv/tlfJs. 

Professional development training 

ICIPE played host to a total of 21 post-doctoral fellows and eight visiting scientists 
In 1992. The ICIPE Training Attachment/Internship Scheme enrolled 27 Interns for the 
year, Including scientists from the Netherlands and USA Due to financial constraints. 
there were no visits to ICIPE under the Third World Academy of Sciences (TWAS)/ ICIPE 
Research Associateshlp Scheme. 

Specialist training courses 

Another aspect of training at the ICIPE where the Centre has 
the opportunity to shore its facilities and expertise is through 
the mode of short courses offered by the research programmes 
and units around specialised themes. A few of those offered 
In 1992 Include Insect Mass Rearing for IPM/IVM (IABU), Training 
Courses for Field Staff of Kwale and Klllfl Adaptive Research 
Project (SSIRU). Taxonomy and Identification of Cotes/a stemborer 
Parasltoids (ICIPE/WAU), Ticks Management, Tsetse Management. 
Participants for these courses ore drawn from universities and 
national agricultural research and extension seNices from 
around the world. 

ARPPlS PhD students from 
Chad, Somalia 1md Sudan 
gather round Dr. Mohamed 
of LP.RP to learn the 
technique of removing ticks 
from a dragging cloth, used 
to R~SI!SS tick populations 



Outreach and collaboration 

The fundamental research undertaken by ICIPE scientists 
reaches fruition when It Is translated into practical 
applications In Integrated pest management systems that 
contribute to Improved food production and health. The 
Pest Management Research and Development Network 
(PESTNED was established in 1986 under the auspices of 
ICIPE to strengthen the national agricultural research and 
extension services (NARES) in the areas of Insect science 
and pest management through interactive technology 
development, training and exchange of Information. 

PESTNET collaborative activities currently span 18 African 
Meeting the people. Prof. T.R. Odhiambo, Director of countries. with resident scientists stationed in Somalia. 
ICfPE Is Introduced to farmers participating in the ad11ptive Zambia. Burundi. Uganda, Tanzania and Rwanda. Several 
reseilrch project 11t the Kenya Coost West African countries are slated to join in the near future. 

and research institutes presently collaborating with ICIPE in the Phillipines will form the 
basis of PESTNET expansion Into the Southeast Asia region. A resident scientist Is soon 
to be sited in Mexico. thereby opening the door for collaborative ventures In Integrated 
pest management In Latin America. 

Working with the NARES. PESTNET scientists conduct research on Insect pests a nd 
methodologies for their control. The Information generated Is then disseminated 
through the Pest Management Documentation and Information Systems Service 
<PMDISS) to member countries and v/o the PESTNET newsletter, Network News. 

The Kwale-KIIIfi Adaptive Research Project Is a prime example of the kind of 
Interactive outreach which ICIPE promotes. In this project. the Kenya Agricultural 
Research Institute CKARI) Is the executing agency and ICIPE serves as the implementing 
agency. The project alms to transfer the technologies devised by ICIPE In the 
management of crop and livestock pests for the purpose of increasing food production 
and cash income of small holders In this region. Tsetse trap technology is also being 
disseminated, as trypanosomiasis (nagana) Is a major threat to livestock in this area. 
which includes the Shimbo Hills Game Reserve. 

A socioeconomic diagnostic survey conducted In 1992 of 180 farmers has profiled 
the farms, the farmers and their needs (see report from SSIRU and BMRU). In testing 
IPM technologies for local suitability. the research team has Identified pest resistant 
maize, cowpea and sorghum genotypes with potential for local adaptation. Agronomic 
practices, suitable for the ogro-ecologlcol zones of the study area ore being 
evaluated. The social acceptability of these IPM components and of an Improved 
design of tsetse trap ore being assessed . 

On-the-job training has been 
provided for the technical and 
support staff. who have also 
attended courses on adaptive 
research methodologies. The 
target form community are 
being trained In evaluating pest 
resistant varieties and cultural 
practices tor IPM. KARl officials 
hove benefited from training 
courses on tsetse management. 
and two ore being sponsored 
for PhD training under project 
support. 

Results of P£STN£T Interactive 
research projects ore reported In 
Part II of this Report under Crop Pests 
Research. Resu/ls of the Kwole·KIIIfl 
Project appear In Part II under IBIRI. 

A fanner (in brown jacket) from Shimba Hills who WiiS trilined 
in tsetse trap consrruction emerges il:; a local trainer for other 
fanners in the Kwalc-Klll.fl Adaptive Research Project, iln 
outreach activity of lCTPE ;md KARl 



Information and communication 

Providing a firm information resource base for research is the task of the Information 
Resource Centre (IRC). Commissioned In April 1991. the IRC maintains a computer 
database which serves not only ICIPE users. but also the member countries of PESTNET. 
The database carries information on document acquisitions. personnel. Institutions and 
projects. and can be accessed through a local area network (LAN). Over 1000 records 
have been entered, using the UNESCO-sponsored software CDS/ISIS. 

ICIPE Is the central datapolnt for the PMDJSS (Pest Management Documentation 
and Information Systems and Service). PESTNET national coordinating centres have 
started submitting their data to the central database, and In return receive the 
quarterly PMDISS bibliography. ICIPE Is linked to the CGNET through the E-mail facility. 
The Centre regularly submits data to AGRJS, the International Agricultural Information 
System of FAO. and in return receives the AGRIS database on CD-ROM and as the 
printed AGRINDEX. 

Other services rendered by the IRC for ICIPE staff Include the publication of an 
In-house Ubrary and Documentation Bulletin, computer searches from CD-ROM 
databases, Interlibrary loans. and document supply. The library continues to expand 
Its collection, and 300 books and 600 reprints relating to pest management were 
acquired this year, in spite of financial constraints. A total of 7000 books and 200 journal 
titles now fill the library shelves at Duduvllle and Mbita Point Field Station. 

The Communications section of IBIRI is responsible for organising information 
exchange activities, such as exhibitions. technology demonstrations, workshops. seminars, 
and the Annual Research Conference (ARC). The 1992 ARC was a departure from 
ICIPE's traditional format. This year, the conference was organised around o specific 
theme. 'Insect Behaviour and Chemical Ecology In IPM'. Another new feature was 
the inclusion of a discussion forum on each of the sub-themes on phytQphogous (plant
eating) Insects. hoematophagous (blood-sucking) Insects. and the chemical ecology 
of the desert locust. An important discussion forum between ICIPE scientists and the 
local donor representatives provided a unique opportunity for frank discussion of 
pertinent Issues In research and funding. (A list of the many interesting seminars 
presented this year can be found In Port II of this Report.) 

Editing of ICIPE's scientific publications is done through the office of the science 
editors. Over 75 scientific manuscripts were edited. as well as reports and proceedings 
of workshops, seminars and meetings. The Centre's major publicity tools. the Annual 
Reporl. the Dudu newsletter, and Network News. are edited and published In 
collaboration with the ICIPE Science Press. ICIPE Is the head office of the international 
journal. Insect Science and its Application, of which 6 issues were published In 1992. 
The end of 1992 marked the retirement from ICIPE of the Principal Science Editor, 
Dr. M.F.B. Choudhury, who has served the Centre for 17 years, first as an Insect 
physiologist and Programme Leader of the Sensory Physiology Unit. and laterly as editor. 

ICIPE Science Press 

The ICIPE Science Press (ISP) continues with the production of high quality journals. 
books. scientific illustrations and posters. The Press covers the entire gamut of 
production procedures.-including conceptualisation. design. layout. typesetting. and 
printing. Over 80% of ISP's printing needs are now handled in-house. Although ISP 
equipment and staffing levels are modest for the volume of work it receives. the Press 
has managed to meet most deadlines this year. A University Student Attachment 
Programme has helped to bridge the staffing gap. A few of the titles published this 
year Include the 1991 Annual Report (ISBN 92 9064 040 5), Insect Science and its 
Application (6 issues of Volume 13), and Maintaining and Servicing of Scientific 
Equipment in Africa (ISBN 92 9064 049 9). 
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39 Crop Pests 

1 
Crop Pests Research 

(iltcllldes reports of the CrVJI /Jests Research Prvgmllllttt' mrd of PEST NET projecls iu Keuyn tlltrl Znm/Jia). 

CROP LOSS ASSESSMENT AND ECONOMIC 
TNJURY LEVELS 

The assessment of crop losses cau sed by .insect pes ts 
and the d etermination of the minimum da milge that a 
crop can endure before it shows ewnomic damag<:" 
due to infestation by insect pests are vital factors in the 
management of such pes ts. It is on the basis of 
information on crop loss «ssessment (CLA) as well as 
economic injury levels (ElL) that proper utilisa tion o f 
pes t control s tr<t tegies can be planned . When 
phenological s tages of the crop fire synchronised with 
levels of insect populations that iJ1flict economic 
damage, then pest control me«sures need be applied 
only where necessary, thereby minimising unnecessnry 
applications. 

1.1 ASSESSMENT OF GI<AJN YIELD LOSSES (N 
SORGHUM DUE TO THE STEMBORER, 
CHILO PIIRTELLUS (SWLNHOE) 

K. V. St'slru Reddy, K. 0 . Sunt n11d 0. 0. Nyagol 

An experiment wa s conducted at MPFS with the 
objective of quantifying the magnitude o f yield losses 
in three sorghum cultivars and of working ou t the 
re lationship betweenil1sectpest infesta tion and octual 
grain yields. 

Three sorghum cultivars, LRI39 5, LRB-8and Serena, 
were planted in 4 x 5 m plots a t a spacing of 60 em 
between rows and 15 em between plants. Each plot 
consisted of six rows c:md in half the rows (3 rows) 
tillers were removed w hile in the other half, tillers 
were left intact. The plants in each plot were artificially 
infested with newly hatched C. part!!llus larvae usi ng a 
camel hair brush ntden:;itiesof2, 4 or 8 1arva.e at21, 28, 
35 or 42 days <1fter crop emergence (DAE). For each 
variety, one plot was set as cuntrol by covering with 
mosquito net soon after crop emergence to prevent 
externnl infestation. This w«s a four-factor experiment 

with tlu·ee rcplici'ltions in a random bed complete block 
design, w ith cultivars forming the mai n plots whi le 
tillers (removed o r not), DAE and lflrva l densities 
were the sub-fact()rs. 

A fa ctorial ANOVA performed on the resultnnt 
data showed that plant he ight wns significa ntly 
dependant on cultivars, larvae nnd crop stage at the 
lime of infestation, but was independent of tiller 
removal. The stage uf the crop at th€' time of infestation 
was ilnport<:~nt in de term.ining the ultimate pl«nt 
heights irrespective of the cultivars. lt \lvas observed 
that· the pl«nts which were infested fit younger stages, 
especially nt 21 DAE, resulted in significantly lower 
heights. In general , infestation with higher densjties 
rt!Sttlted in s ttmted growth, however, the influence of 
larvae had u very significant intemction with crop 
stage. A given larvn ldcnsity infested loyoungcrpl(lnts 
resulted in more stunted growth wmpMed to the 
same density administered to o lder pla nts of the same 
cultivar. Similar trends were a lso observed with the 
olher par« nwters viz, percent stem tunnelling and 
grain yie ld losses. 

Grair\ yield losses d ut! to the stem borer c.,,artel/us 
infestation were strOI\gly in11uenced by the cultivms, 
DAE ;md infestation levels. Of the three lest ctLitiv(lrS, 
there were high est losses in Serena (81 .7%), follo\ved 
by 67.9% in LRB-5 and 66.3% il1 LRI3-S when the plants 
were infested with 8 larv(le/plantat21 DAEand tillers 
removed . However, in the p lots where ti llers were left 
intact and infested with 8 larvae / plant, at 21 DAE U1e 
percent grain yield losses in Serena, LRB-5 and LR!3-8 
were 74.6%, 76% and 17.6%, respectively. Serena and 
LRB-5 had the highest tillering Tilte with a n average of 
2 tillers / plant. Of the tillers that grew, 75% formed 
ha rvestabJc heads in Serena and 70% in LRB-5. In 
contrast, LRB-8 had very low tillering ability with an 
average of 0.5 tillers / plant with only 36% developing 
into harvestabJe heads. 

With respect to crop growth s tage (DAE), grain 
yield losses were found to be higher i11 the yoUJiger 
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plants (21 DAE) when subjected to the same kind of 
treatment than in older stages, irrespective of cui ti vars, 
treatment to tillers and larval densities. An attempt 
made to establish the relationshjp between pest nttack 
and grain yield resulted in generally significant linear 
relationships of the form Y "" 11 + bx for all the cultivars. 

PEST POPULATION MONITORING THROUGH 
PHEROMONAL TRAPPING 

The surveillance of pest popull'!tions is a major 
component of £PM, for it is through such monitoring 
of pest mm1bers that possible pest outbreaks can be 
forecast. The efficient application of certain key agents 
for pest control, such as the timely release of predators 
and parasitoids or spraying of insect pathogens, 
directly d epends on surveillance of pes t populations. 

1.2 DEVELOPMENT OF A PHEROMONE~I3ASED 
TRAPPING SYSTEM FOR MONlTORTNG OF 
CHILO P ARTELLUS POPULATION 

S. A. Lilx* 

Research on pheromonal biology .of C. parte/fits was 
initiated at the TCTPE some years ago to develop 
effective tools and taclics for utilising the female sex 
pheromone in IPM. This work is a collabomtive project 
between the lCTPE (CPRP and BCERU) and research 
teams from the Universities of Ltmd and Uppsala 
(Sweden). 

The two major components of C. parte/Ius female 
sex pheromone, (Z)-ll~hexadecenal (ALD) and (Z)-
11-hexadecen-1-ol (ALC), were tes ted extensively in 
pr~vious years. However, contrary to the results 
published previously(/. Chc111. Eco/., 1979, 5, 153-163), 
neither of them when dispensed alone was effective; 
the best resu Its achieved with the blend of the two did 
not exceed 50% of the effectiveness of using virgin 
females as bnit. Analysis of information available to 
November 1991,led us to conclude that there was little 
chance that important pheromone components still 
remained unknown. Therefore, it was hypothesised 
that the low attractiveness of traps baited with synthetic 
pheromone may be due to an erroneous dispensing 
teclmiqtte resulting from inadequate understanding 
of C. pnl'tdlus male behaviour. We therefore set out in 
1992 to (i) verify the biological significance of the two 
major components of the pheromone, (ii) to determine 
the basic conditions for effective dispensing of the 
pheromone, and (iii} to prove that field monHoring of 
the C. parte/Ius using the two-component pheromone 
blend is feasible. 

1.2.1 An effective dispwsi11g teduzique for Chilo 
partellus plteromone 

Effect of increase of the phero/1/o/le load 011 efficiCIICIJ of the 
rubber septa dispensers. The effect of varying 
concentrations of the two components (10:1 ratio) 
ruspensed from separate rubber septa placed roughly 
1- 3 em apart was tested. The distance between the two 

rubber s epta was not strictly controlled. The 
concentration of the aldehyd e varied from 100 ~tg to 
10,000 J..tg per septum. 

T he best results (40% of effectiveness as compared 
to two virgin females) wereobtai.ned with b·aps baited 
with the two components at the lower concentriltions, 
A LD:ALC = 100 !!g :10 !!g or 300 ~tg :30 !!g. 

Results indicate that the performance of the trap 
ccumot be improved by increi!si.ng the pheromon~: 
emission rate. 

It was observed that males approaching the pairs 
of dispensers used in the above experiments seemed 
to get conh1sed at a dista11ce of 20-30 em from the 
sources of the pheromone components. Tltis confusion 
wasnotobservedinmalesappro<'~chingcallingfemales. 

On the other hand, males were less confused when the 
dispensers were put very dose together to simulate a 
single release point for the blend. 

These observ<l tions strong! y support the hypothesis 
about possible error in the dispensing system. 
Therefore, a simple dispenser was cons tructed , 
allowing very close but separate release of both 
components. 

Co11structioll of C/11 c:xperimcmtnl dispenser. The 
dispenser was constructed from two pieces of filter 
paper and a piece of polyethylene foil. Both pieces of 
paper were separated by a piece of polyethylene foil 
and ass embled together by a paper clip. Such a 
ruspenser was used for further experiments and was 
also used for field monitoring of C. partellus at the 
Coast. Release characteristics of the pheromone blend 
(rate and ratio) were quantilied in field condHions at 
the Kenya Coast (see also BCE R U section in this Report), 
so the relea se parameters necessary for effective 
trapping were roughly assessed. 

The pnperdispenser was designed to be used only 
for biologic;JI s tudies and was not meant to be 
recmnmended for practical use in its prcsen t form. For 
large-scale applications, a precise yet more handy and 
durable slow-release dispensing system still remains 
to be developed. 

Testing the experimental paper dispenser baited witlt 
the hoo-componenf ble11d. The experiment was conducted 
in the screenhouse and two types of baits were used: 
(1) eight traps baited with virgin females and (2) eight 
trap:; equipped with the new ruspenser. Traps were 
arranged alternately. Females as weU as dispensers 
were changed daily. The experiment was conducted 
in three replicates (threescreenhouses) simultaneously 
and was mn for 22 tughts. 

The e.>o:perimen ti'll dispenser made from filter paper 
(with separated components, but released closely) 
performed similar to vilgin females (82% compared to 
the trap baited with two virgin females). The dliference 
between virgin females and dispenser was not 
significant. 

Distance /Jetwec11 phemmone comp01zents as a factor 
COilfttsing males approaching the tmp. The experiments 
were set using deltrt trnps with four types of baits: (1) 
new dispenser with pheromone components released 
very close to each otl1er, (2) sinular dispenser made 



with filter paper, but components separated by 3 em, 
(3) dispenser made from two rubber septa separa ted 
by 3 em, (4) two virgin females. Ench experiment 
lasted 3 dnys. Virgin females were replaced with new 
ones every day but dispe nsers w ith synthe tic 
pheromo ne wen~ exchanged after 3 days. The 
experiments were arr<mged on the basis of a Latin 
square desig n (4 x 4), conducted in screenhouses and 
on arti£idnlly infested fields at MPFS. Screenhouse 
experiments were re plicated more than 40 times <md 
field 011es 20 times. 

Similar experiments were also conducted on fie lds 
naturally infested a l the Kenya Coast (Mtw<~pa, 
Kaloleni, KHifi) . The experiment was condu cted on 
three field s concurrently and was replicated 20 times. 

Separa ting lhe relense points of the pheromone 
components resulted in consistenllhree-fold decrease 
of ca tches. During the first day, the dispenser made 
from filter papers (with scp<.~rated components, but 
released closely) performed s imilar to virgin females 
(screen house, 78% and field, 116%, compared to virgin 
femll les). Although during the nexl two d<~ys the 
effectiveness of the paper dispenser decreased 
considerably, even a fte r three days it was still30% as 
attractive as virgin females. The effectiveness of the 
rubber septa dispenser a lso decreased in a lmost the 
same mtio ilS that o f the filter paper, w hich s uggests 
the occu rrence of similar d eteriora Hng mechanism s of 
the pheromone components irrespective of the 
dispenser material. After three days of the experiment 
the rubber sept<~ dispensers performed consistently 
worse than the fi lter paper dispensers and 11ever 
renched the effectiveness of vi rgin females. 

The results indicate that the distancf? between 
release points ofthecomponentsisn factor responsible 
for confusing ma les approaching the trap. 

1.2.2 Biological significance of the two major components 
of the pheromone 

Compnriso11 of nftmctive11ess of virgi11 fcnwles vers11s the 
two mni11 plwto111011e compo11e11tS dispe11~ed singly nnd as n 
blr!itd. The experiment was conducted in screenhouses 
in thesamearmngementoftraps (4x 4) as was described 
before. Four types of baits were used : (1) two virgin 
females, (2) the new dispenser baited w ith 100 J.tg of 
the aldehyddALD)and 10f..1gofthealcohol (ALK), (3) 
the sam e dispenser, but bt'lited only w ith 100 ~tg ALD 
(the second square of fi lter paper left clf?<m), (4) the 
same dispenser, but baited only w ith 10 J..Lg ALK. 
Female moths as well <IS dispensers were changed 
daily. Theexperimentwasconducted in threereplicntes 
(screenhouses) s imulta neously and was run for 44 
nights. 

The results show that the performC~nce of the 
dispenser ba ited with the two major components was 
comparable to virgin females. The dispenser baited 
with both components was more nttractive than the 
dispenser baited with the a ld ehyde or alcohol alone 
(80%,34%,28%, respectively when compared to virgin 
femaJes). The addition of the alcohol d id not decrease 
the attractiveness of the dispenser. 
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It was concluded thnt both the major components 
of the pheromone do p lay an important biologici'l l 
role, and that the two act synergis tically, contrary to 
the antagonism reported previously. 

Test ins commercially available /Jnit (Trace Pllcrocon 
cnp) for C hilo partellus. The Trece Pherocon cap 
(commercially avni la blc fro m Pest Management 
Supply Jnc. Amhers t, MA, USA) Wi'IS tested in 
screenhouses. Four types of baits were used: (1) two 
vi rgin females, (2) Trece Pherocon cap (3) the paper 
dispenser baited with 100 11g ALD and 10 J,Lg ALK, (4) 
the pnperdispenserbaited with 300 f..l g ALDand 30 ~tg 
ALK. Females as well as dispense rs were chnnged 
daily, and Trece Pherocon cnps were cha nged after 5 
days. The ex perim en twas condu cted in three replicates 
(three screenhouscs) simultaneously nnd was run for 
10 nights. The results show th<1l both the dispensers 
(100:10 nnd 300:30) performed similarly as virgin 
females (115% and 123% compared to virgin fem.Jies) 
and nosignificantdifferencewas fou nd between them. 
T he Trece Pherocon cap, commercially sold for 
trapping Cit i/o partPIIus, was found to be very inefficient 
(19 % compa red to v irg in females).Chemical 
investigation revealed thnt the Trece Pherocon cnp is 
baited with ALD alone (about 500 f..l g/cap). The bait 
was found to be very i.neffective w hen used in Kenya. 
Therefore, d evelopment of a new ba it, based on both 
major pheromone com ponents remains essential. 

1.23 Field monitoriiiR of C. partellus 11sing n synthetic 
blend of the phero11to11e coJnpo11CIIls 

MonHoringwas performed a t theConstin two locations 
(Mtwapa and Kilifi) from March 1992 till the end of the 
year. In each location two fields (50 x 50 m) were 
selected, one with sorghtm1 and the other w ith maize. 
O n each field 9 delta trops were placed (distnnce 
between traps W(JS 20 m). Traps were baited with 
synthetic p heromone components and the djspenser 
made from filter papers (as described above) . 
Dispensers were changed and catches recorded every 
third day. Monitoring was s tarted about one month 
before planting in ord er to get informa tion about the 
off-season level of population. The experiment was 
conducted in cooperation with the TCTPE-W AU project, 
who made destructive sampling on the same fields to 
record infes tation by imm<1ture s tnges. 

The results show that before planting, Chilo 
popu Ia lion was very low; very distinct and s tatistically 
significant peaks were recorded just at the planting 
time. AI though during 1992 the C. pn rtellus population 
was w1usually low (which was confirmed by recording 
the pl(Jnt infestation by inm1ature s tages), the data 
obtai ned are biologically viable a nd statistic<~lly 
significant. 

The results indicate that field monitoring of C. 
parte/Ius with traps baited with synthetic blend of the 
two major pheromone components is feasible and 
there is no longer any need to use unhandy and 
unreliable virgin fema les. 

·s.o. Payt' tllld P.O. 1\go//afJrovidt!d tcclz lzimla::sistaurr 
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PLANT RESISTANCE TO INSECTS AS 
AN IPM COMPONENT 

Research in this area is aimed at the development of 
strategies for efficient utilisation of plant resistance in 
maize, sorghum and cowpea against their major insect 
pe:- ts, pa rticularJ y the cereal stem borers Cll i/o pn rtc/ l11s 
and Bussco/n f~tscn, the legume pod borer Mnrucn 
testu/nlis, the cowpea aphid, Aphis crnccivorn and 
cowpea flower thrips, Megal11 rolhrips sjosterlti. The 
acti vi ties und e rtl'lk e n include d1.1cidation of 
components, mechanisms and genetics of resis tance 
in the target crops against the target pests, nnd 
improvement of crop cultivi'lrs so as to combine pest
resistance/ to lerance with other desirable agronomic 
characters, including yield. 

1.3 COMPONENTS AND MECHANISMS OF 
RESISTANCE lN SORGHUM TO 
STEM BORERS 

K. N. Snxcllt1, A.M. No11r, F. D. 0. Odnwn 
nud S. M. Otie11o 

Two major advances were made in this area: firs tly, 
s t·udics were intensified to gain information on the 
nature and levels of resis tance/tolerance in selected 
sorghum genotypes to the stemborer /3uss~ola fusca, 
previous s tudies having been OJ\ the stemborer Chilo 
parte/Ius. Such a study would lead to identification of 
sorghum genotypes showing cross resistance to the 
two borer species. Secundly, the sorghum hybrids 
developed at the ICIPE, incorporating the borer· 
resistance trnits from the lines previously identified as 
resistant/ tolerant to C. partellus, were s ubjected to 
more detailed analysis. 

1.3.1 Compo11mts of rcsista11ce to B. fusca 
Eleven genotypes, 6 open po ll.innted lil1es nnd 5 
hybrids, werc evilluated for resis tance or susceptibility 
to the three majo r types of damage by the s temborer: 
leaf lesio ns, deadheart and s tem tunnelling. The 
genotype IS 1044 s howed highest resistance to a ll 
thrr::e types of damage, their scores being the lowest 
among the genotypes tested. The hybrid HYD·8 (144 I A 
x IS l044) was as highly resistant to deadheart and 
stem tunnelling as IS 1044. The lines IS 18363,ICS3and 
ICS 4 were highly susceptible to n11 three types of 
damnge, whereas Serena (IS 18520) was similar to 
TS 18363 in its susceptibility to deadheart and s tem 
Lunnelling but less susceptible to leaf damage. 

1.3.2 Meclta11isms of resisfall ct' i11 sorglr11111 to B. fusca 
These mechanisms were e lucidated in respect of 
behavioural nonpreference and antibiosis for three 
sorghum genotypes: IS 18520 (Serena) (susceptible), 
IS 18363 (susceptible) and IS 1044 (resistant). 

The stem borer showed a s trong non preference for 
oviposition, orienta tion and feeding for IS 1044, 
w hereas these responses for the remaining two 
genotypes were q ui te high. Similarly, the development 

of lhe insect on IS 1044 was much poorer- reflecting 
antibi{1:>is - than on IS 18520 or IS 18363. Thus, both 
non preference and antibiosis mechanisms nrc iJwolved 
in the resistance of fS 1044 to B. fusca, as was also 
previously reported for C.pnrtcllus. 

1.4 COMPONENTS AND MECHANISMS OF 
RESISTANCE lN MA lZE TO CJ-/JLO 
PART ELL US 

K. N. Snxe1111, 5. 0. Ajnln, P. M. Chiliswn 
n11d G. 0. Asi110 

The major adva.nces during the year included 
information on (i) chief component:; of relSistance to C. 
pnrtellus in newly received maize materials from 
CIMMYTand ICJPE,and (ii) mechanismsofresistnncc 
to C. pnrtrllus in three maize genotypes developed at 
the ICIPE. 

1.4.1 Couipollel/ts of rcsisfn11ce i1111111ize gc11ol-ypcs from 
CTMMYT a11d TCIPE 

Sixty-three maize genotypes received in 1992 from 
ClMMYT <tnd 17 being developed at the ICIPE were 
t::valuated for re:;istance or susceptibility to C. pnrtell11s 
and for agronomic characteristics includ ing grain yield. 
A resistant check (MP 704) a nd two susceptible checks 
(Inbred A a nd h ybrid 511) were also included in the 
lestsforcomparison. Each plnnt wnsnrtificinlly infested 
with 20 neonate larvne and assessed for leaf lesions 
damage(% leaves with lesion score;:::4.0on 1- 9 scc1le), 
dead heart(% plants showing the symptom), and ~tem 
tt111nclling (% of s talk length). 

The s tem tunnelling was guite low in nJmost all the 
genotypes including the checks. However, leaftlamage 
rt~nged from ni l to 31.4% and deadheart ranged from 
nil to 39.7%. The values below or equill to 5% were 
regarded as very low (high resistance),> 50~ 10.0 as 
low, >10.5.::; 20.0 (IS medi um,> 20.0::;30.0 as high a11d 
> 30.0 as very high (low resistance). 

The resistant check M P 704 s lwwed very low levels 
(lf leC~f damage as well as deadheart, reflecting high 
resistance to these two types of damngc. On the other 
hand, certain other genotypes, e.g., fCfPE' sentries 008 
and 082, showed high levels of both these damages, 
reflecHng their high susceptibility to the borer. Among 
the materials from CfMMYT, 13 entries showed very 
low levels of leaf damage and deadhenrt, resembling 
MP 704 in their high resistance to the pest. Of these 13 
entries, six h<~d a much higher grain yield (above 6 
tonnes/ha) than the remaining, including MJ' 704. 

Am ong the 17 IClPE mn tcria Is, five showed low or 
very low levels of the twu types of damages, but only 
one (entry 032) gave grain yield above 6 t ha·1• Thus, 
the above mentioned six mn tcrin ls from Cl M MYT and 
one from ICTPEshow promise for further development 
for 1PM programmes. 

7 .4.2 Meclumisms of resistn11ce i11 11ew maize 111nterinls 
Three maize genolypes (ICZ3, ICZ4, ICZ5) developed 
dtuing the past two years were s tudied for the role of 



non preference and antibiosis in their resistanct! to C. 
parte/Ius. As for sorghum, the insect's oviposition, 
orientation and feeding responses to the test genotypes 
were compared with the checks MP 704 (resistant), 
Inbred A (susceptible) and hybrid 511 (susceptible) for 
und erstanding the role of non-preference. LMval 
development and adult fecundity were compared on 
the above genotypes to elucidate the role of antibiosis. 

As regards non preference, the insect's ovipositional 
response to the test genotypes was much lower than 
that to the susceptible hybrid 511 in a choice s ituation . 
However, in a no-choice situation, the test genc.1types 
received fairly high egg-laying. The orientational 
non preference of the larvae was observed for MP 704 
but not for other genotypes tested . With reference to 
antibiosis, this was observed in M P 704 fo r larval 
development and in lCZ 4 for adult fecundity ns well 
as for survival. 

The above information provides the basis for further 
e lucida tion of th e b iophysica l and biochemica l 
characters of the test ger1oty pes for improvement of 
their pest-resistance and agronomic characters. 

GENETICS OF PLANT RESISTANCE 
TO INSECTS 

1.5 COMBlNlNG ABfLlTY OF RESISTANCE TO 
THE SPOITED STEMBORER, CHILO 
PARTELLUS IN MAIZE 

R. S. Pntltnk n111f S.M. Otie11o 

During tJ1e pa!>t years, our genetic s tudies included 
only the best known resis tnnt and susceptible geno
types such as 1CZ1 PCM (R), ICZ2-CM (R), MP 701 (R), 
MP 702 (R), MP 704 (R), and Inbred A (S). Recently 
some <ldditionaJ genotypes hcwe been evaluated in the 
Programme. It was therefore decided to evalua te the 
potential of these genotypes for genetic improvement. 

Damage scores forparentsshowed MP 704, MP 701, 
MP 702, ICZ 2-CM M d TCZ1 -CM to be the top resistant 
genotypes, in that order. The correlations between 
parental mea ns and their general combining nbility 
(GCA) estimates for lea f-feeding(r=0.937n),deadheart 
(r = 0.894**), stem-tunnelling (r "" 0.832"'*) and number 
of holes per metre plant height (r = 0.942**) were 
highly s ignificant, which suggests that initial selection 
of the parents for hybrid combina tions may be largely 
based on the damage score of the genotype. These 
results emphasise the value of CCA as a selection 
criterion in a resis tance breeding programme. 

1.5.1 Gcrmpfnsm enlwiiCC/1/CIIt in mnize n11d sorghum 
The F.1 and BClJ popula tions of maize resulting from 
crosses between resis tant (ICZl-CM, ICZ2-CM and 
MP 704), <md susceptible (Inbred A) genotypes were 
d eveloped on w hlte grain colour backgrow1d of Inbred 
A. These popula tions were improved through a 
recurrent selection programme using half-sib, full-sib 
within and intermating between populations. AJI 
selections for resistance to C. parte/Ius were done under 
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artificial infestation while the recombinatio n of selected 
progenies was done und er u ninfested conditions. The 
resultant C

1
, C

2 
and C

3 
populations showed a good 

improvement in resis tance to C. pnrfellus. Their yield 
potential is yet to be tested. 

The gcm1plasm enhancement in sorghum included 
the resistant parents IS 1044, fS 12308, IS 2205, IS 2269 
and tolerant cultivar Serena. They were crossed to a 
common male s terile line TX624 to obtain F

1
, F2, BC1 F1

, 

and BCl2• Selection for resistance to C. pnrtell11s was 
initiated in the mixed seed planted in 1990. Two cycles 
of selection under a rtificia l infesta tion have been 
completed. The results indicate that not much progress 
has been made in broadening the genetic base of the 
popuJa tion for resistance. Most of the plant types 
resemble those of TS 1 044 and I or Serena. It was noted 
with concern that there was little or no contribution in 
gene exchange from rs 12308, rs 2205 and rs 2269 due 
to their breeding limitations; the line IS 12308 was 
found to have functional male sterility, IS 2269 d oes 
not accept pollen when used as a female, and IS 2205 
has long glumes tha t ensure selfing and limits the 
shedding of pollen . lt was therefore decided to make 
ind ividual plant selection from these populations for 
variety development through progeny-row evaluation. 

1.6 INHERITANCE AND LINKAGE STUDIES 
USTNG TSOENZYMES AND 
MORPHOLOGICAL TRAITS IN APHlD 
RESIST ANT /SUSCEPTIBLE COWPEA 
CULTfVARS 

S. G. Mwn11gi, R S. Patltnk, E. Osir 
n11d K. Ampo11g-Nynrko 

Screening for resistance is ma inly done through aphid 
infestation of the test materia ls. Infestation levels often 
a re erra tic in the field. The p resent stud y was 
undertaken in a bid to identify mar kers for aphid 
resistance. 

Crosses were mad e among eight aph id-resistant 
(ICV 10, ICV 11, lCV 12, TVu 310, IT82E-25, ITS4S-
2246-4, lT87S-1 394, a nd 1T87S-1459) and two 
susceptible (ICV 1 and TVu 946) cowpea cuJtiva rs. 
Prelintini'l ry results on aphid resistance confirmed 
earlier reports that resistnnce is qualitative (monogenic) 
and is domimm t to susceptibility. Work continues on 
relationships among morphological trai ts and aphid 
resistance nnd on isoenzyme variations of the test 
ma terials. 

PLANT RESISTANCE TO INSECT PESTS 

1.7 NON PREFERENCE MECHANISMS OF 
COWPEA RESISTANCE TO APHIS 
CRACCJVORA 

S. Oghink!Je 

Experiments were carried ou t to d etermine the 
involvement of nonpreference as a mechanism of 
rcsisti'lnce in cowpea to Aphis crnccivorn using two 
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resistant cul tivars, fCV 12 and TVu 310 and two 
susceptible cultivars, ICY 1 and TVu 946. A total of 10 
adult aphids starved for2 h were released atthecentre 
of a plastic pot containing the plants of the test~Itivar 

equidistant to each of the cultivars. The plastic pots 
were covered with n cylindrical metal frame (90 em x 
27 em dio.) fitted with <'I white cotton mosqtdto net. 

Theresultsshowed thatafter24h and 72h, the total 
number of adults and nymphs o.n t be resistant cultivars 
were5ignificantly lower (P < 0.0001) than the numbers 
found on the susceptible cu!Hvars. The susceptible 
cultivars, ICY 1 and TVu 946 were thus more preferred 
for setthng flnd oviposition. This clearly shows the 
involvement of nonpreference (or antixenosis) as a 
mechanism of resistance to aphids in cowpea . 

Such information is useful in formulating control 
measures and selecting the methodology and cuJtivars 
for resistance breeding. further studies are in progress 
to elucidate the invol v~ment of other resistance 
mechanisms in the resistance of cowpea to this pest. 

l .l:! ANTTBTOSIS MECHANISM OF 
RESISTANCE IN COWPEA TO THE 
LEGUME POD BORER, MARUCA 
TESTULALJS 

S. Oghinkflc, F.O. Onynngo, J, Obntn tmd [> _ Odnwn 

Studies carried out in the lnboratory to deteru1inc the 
involvement of antibiosis in cowpea resistance to the 
legume pod borer, Mnrucn fcs tulnlis using plant parts 
from fom cowpea cuJtivars with known levels of 
resistance/ susceptibility toM. tcstulalis revealed that 
the larval development period ranged from 11.4 days 
in flowers ofiT82D-716 to 14.4 days in tenninal shoots 
of the same variety. On e<'lch variety termina l shoots 
produced the longest larval period, followed by flowers 
and pods in the resistant TVnu 72 and TVu 946. On the 
susceptible IT82D·716 and TCV 1, terminal shoots 
were followed by pods and flowers, respectively. 

Percentage pupation ranged from 70% in the control 
to 100% in the flo•Ners of the highly resistant TVnu 72. 
Pupal weight was lowest on terminal shoots of ICY 1 
(45.6 mg) and highest on h'esh pods of TVu 946 (49.4 
mg). With the exception ofiT82D-716, plant parts that 
produced the shortest larva l period also produced the 
highest pupal weights. Termim1lshoots gave the lowest 
growth index on a ll cultivars . The highest growth 
ind~:x on terminal shoots was obtained in the order, 
TVnu 72 > ICY 1 > TVu 946 > lT82D-716. Growth 
indices obt<1ined in the order of decreasing suitabili ty 
of flowers were TVnu 72 > TT82D·716 > TVu 946 > 
ICY 1. On fresh pods, growth indexes were in the 
order, TYnu 72 >ICY 1 > lT82D-716 > TVu 946. 

Results show that the highly resistant wild species, 
TVnu 72 was the most suitable for larva l development 
followed by IT82D-716, ICV 1 and TVu 946. This 
clearly indicates that antibiosis does not play <1ny 
significant role in cowpea resistance to M. testulalis. 
Further work is in progress to determine the 
involvement of other mechanisms of resistance (e.g., 

non-preference or antixenosis, tolerance) and 
morphological factors i11 order to formulate effective 
control measures forM. fcstulnlis in cowpea. 

1.9 TJME OF DAY FOR SAMPLING FLOWER 
THRlPS MEGALUROTHRTPS SJOSTEDTT 
(TRYBOM) (THYSANOPTERA: THRFIDAE) 

S. Ogltiakhe and$. K. Firempong 

Accurate a11d precise sampling inforn1ution is cruci<1l 
to decision making in pest management. This calls for 
a sarnpling method that is reliable, efficient, quick and 
cost effective. Nothing is known reg<1rding the best 
time of day to sample thrips for resistance and / or 
population studies on cowpea . This information is 
important because 1mmy insects, including thrips, 
::;how die! flu ctuations in activity. The present study 
was therefore undertaken to determine the bes t time 
of day to sample this pest on cowpea . 

Seasonal vari<1 tion was observed in the best time of 
day for sampling thrips on cowpea nt Mbita Point 
Field Station in western Kenya. Thrips popu lation in 
the Station are usually much higher during the short 
rains than in the long rains. ln the short rainy season, 
1030 h is the bes t time w hile the next best is 1330 hand 
vice versa for the Long rainy season.The effect of agro
meteorological.factors on tlu·i ps popula tion <1 t different 
time of sampling w ill be determined. 

1.10 IMPROVEMENT AND DEVELOPMENT OF 
MAIZE FOR RESISTANCE TO 
STEMBORERS 

S. Q_ Ajnln, P. Clliliswa n11d P. 0. Ono11g' 

Maize improvement activities for the period under 
review wen~ carried out with the acL-ive participation 
of a collaborating entomologist. Since maize breeding 
activities <1re continuous, the year under review 
consolida ted results from previous efforts. 

1.10.1 lmprovemmt i11 levels of resista11ce 
A second cycle (C.,) of a mass selection procedure to 
increase on levels of resistance to c. pn rtellus attack in 
each of five mnize populati.onsdescribed earlier (TCJPE 
Amtttnl Report 1990) was completed. Evaluation of the 
original (C

0
), C

1 
and C

2 
h-om the popul<~tions for 

possible gains to selection revealed that, in general, 
the ratings and measurements associated with leaf 
feeding and stem tmmelling were decrensi11g with 
selection. if gains/cycle were to be considered, Poza 
Rica 7832 seemed to be more responsive to selection 
than the o thers for both leaf feeding <1nd stem 
tunnelling. 

Results from Uus study show that mass selection as 
practised on the populations reported herein, is an 
effective method of increasing levels of resistance to 
leaf an.d stalk feeding by larvae of C. pa rtcl lus. However, 
to increase on gains/ cycle, a form of progeny (5

1
) 

testing may be needed before recombination, however, 



an additional season will be required to complete a 
cycle. 

1.10.2 Relative co11fributi<ms of C. partellus rfm11nge 
pnm111eters to gmin yield n:rfucfiou 

In a previous report (!CJPE Amutnl Report 1991), we 
hig hlighted phenotypic correlations and correla tions 
among GCA effects for three damage parameters of 
leaffccding,deadheartandsten, tunnelling. This inter· 
rela tionship and its effect on grain yield loss was 
furthe r investigated using 145 maize geno ty pes 
ammged in th ree groups. For the three groups, s tem 
tunnelling was consistently the mostimportnntdamage 
parameter contributing to grain yield loss, its main 
effect being through reduction in ea r number. Perhaps 
the effect of stem tunnelling on yield reduction could 
result from disruption in fluid flow occasioned by 
dam<~ge to vascular blmdles, thus starving and stunting 
the plant, reducing ear number and const:quently, 
reducing grain yield. Observation from this s tudy 
con trnd ict earlier opin ions that leaf feeding is the most 
importa nt dam<Jge parameter causing grain yie ld Joss 
in mai ze (Ampofo, J.K.O. 1986. £11viro11. Enlo/ltol . 15, 
1124-1129). 

The practical application o fthjs result would aid in 
arriving at a functional criterion to measure tolerance 
to the pest. Other stud ies are, therefore, being initiated 
to effectively arrive a t a funclionnl definition of 
tolerance to C. pnrlclflts a ttack. 

1.10.3 Li111: c:rttnctio11 
A pedigree nursery for developing resistant lines is 
usually maintained every season. In addition to this, 
56 c. pnrfd/us-resistant s.~, lines were top-crossed to a 
bro11d based lester, l CZ 3 and eva luated. An 
opporttmistic high incidence of downy mildew 
(Pcrr11osch:rosporn sorglti) a t the Mbita location aided 
fmther screeniJlg/sclection . The performance of the 
top-yield ing 15 entries are show n in Table 1.1. Ten of 
the top-yielding entries were conm1on to both locations 
nnd except for entry 115, downy mildew infection 
were relatively low. An average yield o f 7 t ha·1 was 
considered desirilble. A nine-parent C. parte/Ius 
resistant syn thetic population is, therefore, feasible. 
However, artificia l screening of the lines and /or 
syn thetic population generated from them will be 
necessary for exact pa thogenic level(s) to downy 
mildew. 

7 .70.4 DevelopiiiC'IIf of resistant gcmtplos/1/S 
The genetic base of IC-90-WJ UCZ 3) was broadened 
by the inclusion of resistant selections from Pop 10, E R 
29 SVR and MMV 600. The new popu la tion thus 
crentcd, IC-92-W1 (ICZ 5) gave compMable yield to 
ICZ 3 but has a higher level of resis tance to the rna ize 
s treak virus. The change in name from fC-90-Wl and 
lC-92-Wl to rcz 3 ilnd JCZ 5, respectively, becnme 
necessary in ordcr to itemise, register and simpli fy the 
use of the germplasms. 
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Tobie 1.1 Groin yield {tfho) of top 1 S maize entries for each 
of three locations ond across locations In western Kenya 

Mblto ungoye Across 
Entry Yield DMR1 Entry Yield Entry Yield 

141 8.12 3.44 154 11.32 154 8.89 
5 8.06 0.00 115 11.02 115 8.83 

234 7.65 5.02 159 10.45 159 8.80 
8 7.61 7.99 277 10.13 8 8.57 

32 7.60 3.25 8 9.53 5 8.49 
189 7.40 9.69 9 9.26 32 8.23 
132 7.38 0.00 27.11 9.22 277 8.1 8 
159 7.1.11 8.10 166 8.98 189 8.11 
1.11.11 7. 10 6..113 6 8.95 27.11 8.09 

11 7.0A 6.88 5 8.91 234 8.06 
274 6.95 0.00 32 8.85 166 7.95 
166 6.92 3.10 189 8.83 11 7.85 
115 6.64 15.18 16.11 8.80 132 7.80 
279 6.58 0.00 28 8.71 141 7.76 
154 6.47 6.68 11 8.65 6 7.71 

Lsd 0.36 1.64 0.24 0.22 

I Downy mildew resistance (DMR) levels were estimated os 
the proportion (%) of plants In the row showing the 
symptom, Lsd = Least significant difference ot P • 0.05. 

1.11 IMPHOVEMENT AND DEVELOPMENT OF 
RESISTANCE IN SORGHUM CUL TIV ARS 
AGAINST STEMBORERS 

A.M. Nour anrl P.O. 0 1/imo 

The objectives of the sorghum improvement project 
arc to develop and improve the leve.l of s temborer 
re:;is tance in high-yielding sorghum cultivnrs. The 
work on sorghum improvement during the current 
crop season covers the following activities. 

1.11.1 Va riety improvement: Assessi11g the yielrlpolcnt in/ 
n111i stcmborrr rrsistnucc of nrlvn11ccrl sorghum 
gmolypcs 

Twen ty stcmborer-resislilnt advi'lnced lines, together 
with two local checks, were tested in a preliminnry 
field tria l for yield potential and s tem bore r resistance. 
The experimental design and the oth er detailed 
procedures were outlined in previous IClPE reports. 
Leaf damage, percentage of d eadhcart, percentage of 
stem tunnelling a nd larval find pupal population 
density were considered in selection for resist(lnt 
cttltiva rs. 

Prelim inary results showed tha t eight d eriva lives, 
namely (LRB 6 x LRI3 5)-51-1-4-1, (LRB 6 x LRB 5)-51-
1-5-1, (LRB 6 X LRB R)-126-1 -2-1, (LRB 6 X LRB R)-195-
2-2·1, (LRB s x rs 1044)-356-1-1-1, CLRB s x rs 1044)-
365-2-1-1, (LRB 8 X IS 1()44)-6-2-1-1 and (LRB 8 X rs 
1044)-27-1 -1-L gave compilrativcly lower scores for 
dendhea rt and s tem tunnelling than the standard check 
SereM. Among these 8 d erivatives, the first four have 
an nvcrage g rain yield ranging from 3.3 t ha ·1 to 4.5 t 
ba·1 compared to 3.6 t ba·1 for Serena and 3.4 t ha· 1 for 
rs 1044. 
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1.11.2 Developing 111111fip/c resistance to stcmborer mrd 
shoot fly 

The objectives and the techniques developed for 
screening for multiple insect resistance were outlined 
in the 1990 lCJPEAmuml Report. During theshortr<'lins 
of 1991, 208 F ~ progenies were selected as having 
various combil1ations of resistance to stemborer and 
shootfly. The:se selections were further tested during 
this season as F

4 
progenies. The criteria for selection 

were the same as above. 
Prehminary results indicated that out of 208 

progenies, 25 were selected as prornising families 
which combine a high level of resistance (:S 10% 
deadheart) to both stemborer and :.;htJotfly. Families 
which combi11e resistance for both pests and at the 
same time have high yield pot~ntial include (LRB 6 x 
JS5469)-178-l, (LRB 8x N-13)-141-2 (IS 1044 X rs 5469)-
429-2, (IS 1044 x IS 2269)-479-6 and (IS 1044 xIS 2269)-
493-4. 

1.11.3 lncorporaliou ofstemborcr resistnnccftolcmnce iufo 
sorghum hybrids: Assessing ucw hybrids for 
resishwce and g m i 11 yield 

During the short rainy season, 23 sorghum hybrids 
were developed using rna le sterile lines as females a11d 
resistant/ tolerant lines as male parents. These hybrids, 
together with Serena and IS 1044 as checks, were 
evaluated under artifici<ll infcst<'ltio.n in single row 
replicated trials. The results show that seven hybrids 
scored a percentage of deadheart ranging from 8 to 
23%,and for stem tum,ellingrrom27to40%,compared 
to the standard check Serena, which scored 50 and 47% 
for dcadheart and stem h.umellli1g, respectively. For 
the other two parameters (foliage damage ilnd larval 
and pupal population density) the differences were 
not significant from Serena. Hybrids whid1 combine 
stemborer resistance and at the same time h<'lve high 
yield potentials include (1424A x LRB 5), (Tx624A x 
Gadam Elhmnam), (2219A xIS 1044) and Tx623 x LRB 
5). 

1.11 .4 Assessment of adunnced sorghum hyl1rids 
In this triall 0 sorghum hybrids, previously identified 
as elite promising hybrids together with five varieties 
(2KX·11, IS 1044, Seredo and Ochuti from Kenya, and 
Gadam EUtamam from Sudan), were evaluated for 
stemborer resistance and grain yield, at both Mbita 
Point Field Station and Ungoye Field Site. The conunon 
variety Serena was included as a check variety. 

Based on the percentage of deadheart and the 
percentage of stem tunnelli11g, four hybrids were 
selected with an average score ranging from 0.5 to 
1.4%, and from 8.7 to 11.6% for deadheart and stem 
tunneUing, respectively. The check variety Serena 
scored 10.3 and 11.6% for the same parameters. On the 
other h;md, six hybrids gave grain yields ranging from 
6.67 t ha·1 to 7.96 t ha·1, compared with 6.35 th<f 1 for the 
standard variety Serena. Among the varieties, only 
Seredo and Gadam EU1amam gave grain yields almost 
equal to that of Serena. 

CULTURAL PRACTICES FOR PEST 
MANAGEMENT 

Research in this area aims at identifying and utilising 
the cultuml practices that may lead to a reduction of 
insect rtumbers, and may therefore be incorporated 
into an integrated pest management strategy. Over 
the last seven to eight years, the major activity on 
cultural practices has centred on intercropping, which 
led to the identification of cereal/ legume intercrops as 
a combination that reduces pest population on both 
crops. In this report we presetlt the work carried out 
tl1is year on croppil1g systems for pest management. 

1.12 CROPPING SYSTEMS FOR PEST 
MANAGEMENT 

K. Ampoug-Nynrko, K. V. Sesllrt Reddy 
nlld K. 0. Sum 

The objectives of this project are to determine 
appropriate cropping patterns that drastically reduces 
pest incidence, to fine tune recommendations about 
intercropping and other cropping pattems, and to 
increase agronomic productivity and economic 
profitability llf intercropping. 

1.12.1 Compntibility of crop com/Jinnlions for 
i11 tercropphtg 

An intercropping experiment was planted in the short 
rains of 1991 to fine tune recommendations on 
intercropping. There were seven combil1ations 
comprising maize monocrop, sorghum monocrop, 
maize and bean, maize and cowpea, sorghum and 
bean, sorghum and cowpea, sorghum and maJze. 

Differences in stemborer density and percent of 
plm1ts attacked were not significant between the 
various cropping patterns. However, there was an 
indication of cowpea being more effective in reducing 
stemborer attack ill both sorghum and maize than 
bean. F'orexan1ple, at4 WAE thenumberofstcmborers 
per 10 plants in maize and bean intercrop was 13±4.7, 
whilst the maize cowpea intercrop was 4.3 ± 1.3. 
Similarly 1 tht: borers in sorghum were 6.3 ± 1.2 and 4.0 
± 2.0, respectively. Also the number of borers in the 
maize sorglmm intercrop was 64% h.igher for the 
sorghum than for the sorghum monocrop, but was 
about eg ual in both the maize intercrop and monocrop. 

1.12.2 Effect of p/a11t density cmd different intcrcropping 
combinations 011 insect attack and yield 

In the long rains of 1992 an intercropping experiment 
was plcmted at MPFS to determine the effect of plant 
density and different crop combinations on borer attack 
and grain yield. In both maize and sorghum 
intercropped with cowpea, closer intra~row spacing 
gave the ]east borer attack at both plant densities of 
55,555 and 111,111 plants/ha. Crain yields were, 
however, confounded by Strign infestation on the site 
but observations indicate that cereal grain yield in the 



intercrop tha t equals the monocrop cereal yield are 
obtainable under the 90 x 10 em spacing. 

1.12 .3 Strip cropping 
The objective of the s trip cropping experiment was to 
determine the optimum s trip width that reduces insect 
pest incidence and maximises yield. ln a prelimimuy 
experiment planted in the short rains of 1991 at Ungoye 
Field Site, there was no significant difference in the 
mm1ber of larvae and pupae for 2, 3 or 4 rows of 
sorghum alternating with simila r rows of cowpea 
compared with the s tandard single altern<Jte row 
arrangement. The number of flower thrips in 1, 2, 3 
nnd 4 alternating rows averaged 23 thrips/flower 
compared to 31 thrips/ flower in 5 rows, 39 thrips/ 
flower in 6 rows and 42 tluips/flower in the cowpea 
monocrop. 

1.12.4 Plmtf densit-y in sf rip croppins 
ln the short rains of 1992 another s trip cropping 
experiment with emphasis on agronomic productivity 
was conducted a t MPFS. The tre<~tments consis ted of 
2, 3, 4, 5, rows of sorghum alternating with si.mil<1r 
rows of cowpe<~ <Jt two plant densities of 1 "11 ,1 11 and 
74,444 plants/ ha . Three common farmers' 
intercropping practices, sorghum and cowpea in 
alternate hills in thesamerow, row planting of sorghum 
and cowpea in the sa me hill, and random planting o f 
sorghum and cowpea in the same hill, were included 
as controls. Once aga in, 2-4 rows of sorghum 
alte rnath1g with cowpea were confirmed to be most 
effective in reducing stemborcr attack and damage. 
There was no difference in borer incidence and damage 
between the plantdens ities used. At7WAE the farmer 
practices suffe red more bor~r damage than the s trips 
of 2-4 rows. The s trip cropping has a potential to 
improve y ie lds of companion crops and incre<~Se 
efficiency of field management. 

1.13 lNFESTAT£0N OF PHASEOLUS VULGARIS 
(L) BY BEANFL Y OPHIOMYIA SPP 
(DTPTERA : AGROMYZJDAE) AND lTS 
MANAGMENT BY CULTURAL PRACTICES 

f. Knyitnre nwt K. Ampo11g-Nynrko 

The bean fly is a major constraint to the production of 
beans, a widespread leguminous crop in equatorial 
and sub·eqtmtorial Africa, especially in East Africa 
(Kenya, Tanzania, Uganda, Rwanda and Burundi). 
Beanfly incidence causes yield losses averaging 47-
87%. The control methods used against the pest are 
based primarily on chemical insecticides. Cultural 
practices as a pest management tool is a much-ig nored 
area of rese(lrch that needs to be explored in this field . 
Consequently, studies on five cultural p ractices (soil 
fertility, intercropping, pl<mt density, planting time 
and weeding regime) on bea.nfly infestation as a 
possible management s trategy were carried out. 

Two species of bean fly,O. p!Jnseoli and 0. spcncerclln 
were identified in Oyugis, where 0. spcmcerelln was 
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dominant. The increase of nitrogen levels increased 
beanfly infestation by 12- 66%. The fertilized plants 
were more succulent and had more nutrients, and 
therefore offered better conditions to be a nfl y fecundity 
cmd development. However, the infested plants in 
fertilized soils compensated for U1e damage and grew 
quickly to pass the critical s tages; (lnd thus, the bean fly 
infes tation had less effect on grain yield. ln the case of 
no nitrogen being applied, bean fly infestation reduced 
the yield by 48%. Therefore, a balanced fertilizer use 
reduces beanfly damnge and increases grain yield. 

The study of intercropping of bean nnd maize as a 
possibl e management strategy r evealed that 
intercropping increased be<mfly infestation compared 
to pest levels i11 pure s tands of beans. The microdima tic 
condj tions created by intercropping of beans and maize 
were favourable for the beanfJy occurrence. Therefore, 
the monocropping of beans appeared to be a better 
cropping system for the reduction ofbeanfly incidence. 

Increase of bean fly was observed in wider spacing 
than in closer s pacing of beans. The optimal plant 
density seemed to be the density that nlso gave th~ 
least beanfly occurrence. 

Early plm1tingrcduccd bean fly infestation. Rainfall 
and temperature accounted for different rates o f 
beanfly population increase in successive plantings. 

Theeffectofweedingregimeson beanfly infestation 
did not pinpoint an optimum weeding period which 
could reduce beanfly i11fes tation. However, it was 
observed that weeds-free and weeding three w eeks 
after plant emergence produced a good yield. 

Pamsitoids regulate beanfly populntion in na ture. 
Six species of parasitoids were identified, with Opius 
p/tnsco/ibeingthedominantspedes.Theyweredensity~ 
dependent and reduced beanfly populntion by 26%. 

The experimental results indicate tha t the use of 
balanced fertilizers, an appropriate cropping system, 
optimal plnnt density and early planting time were 
good cultural practices tha t can form a part ofiPM to 
reduce beanfly ilKidcnce. 

1.1 4 PUNCTlONAL MECHANlSMS fN 
CROPPING SYSTEMS 

K. V. Scs/111 Rcdrly, K. Ampo11g-Nynrko, 
K. N. Snxcnn n11d K. 0. S utll 

The objective of this project is to determitle the 
mechanis ms and the interrelationships be tween the 
crop, the pest, natural enemies and the environment. 

1.14.1 Estnlllishmmt of lllt!cluwisllls for low pest 
ilrcidence ht cropping systems 

A field ~xperiment of sorghum, maize and cowpea 
intercrop to de termine the ovipositio nal behaviour o f 
Chilo in intercropping was planted in the shor t rains of 
1991 at MPFS. At 7 WAE gravid female C. pnrtelltts 
moths were released into the caged plots. Chilo pnrtellus 
moU1soviposited on all the crop species in the intercrop. 
The number of egg masses laid were 40% on cowpea, 
31% on maize and 28% on sorghum. The egg batches 
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were found on both the abaxial and adaxial sides of 
cowpea leaves, and occasionally were found on the 
stems. 

Scrcenhouse experime11t. fn the first screenhouse 
experiment treatments consisted of intercropping of 
cowpea (cv rev 2) <md sorghum (cv Sere11a), and plant 
age (3, 4, 5, 6 WAE). The arrangement was single 
alternate row, witha st<mdardspacingof45cm x20cm 
for sorghum and cowpea. There were four replicates, 
one row per replicate. At weekly i.ntervRis starting 
from 3 WAE of the crop, 80 gravid C. pnrtellas moths 
from a culture mninti'lined Or\ an artificial diet were 
rdeased at dusk in the screenhouse. At 3 WAE there 
was no significant difference between the number of 
egg masses deposited on the cowpea and U1esorghtm1. 
The egg masses on cowpea accounted for 41 % of the 
total eggs deposited . This trend was maintained for 
thC' other periods but the total number of egg masses 
reduced with plant age. The ovipositional preference 
values for sorghum were positive for all s tages of 
growth, but negative for cowpea. 

1.14.2 Hntchn/Jilih; nud survi1Jnl of C. partellus 11£'011111£' 
larvae 011 cowpen 

The objective of the experiment was to determine the 
hatchabiUty, survivRJ cmd ability of neonate larvae on 
~owpea to locate the sorghum host. Two rows of 
cowpea at 20 em interrow spacing were planted and 
sorghum piRnts were placed at six distances (20, 40, 60, 
80, 100 and 120 em) away from cowpea rows. About 
150 em were left between plants to avoid crossover of 
larvae between treatments. At 3 W AE egg masses of C. 
!1t1rtdlus at the blackhead s tage were deposited on 
leaves of the cowpea and the sorghum plants. After 7 
days, the ::;orghum plants were examined for foliar 
damage and dissected for stemborer larvae. T'he 
experiment was repeated three times. Chilo par/cl/11s 
eggs were able to hatch on cowpea but the mm1ber of 
la rvae that arrived on the sorghum host reduced with 
increasing distnnce. Whilst an average of 8 larvae 
nrrived per pli:'lnt in the 20 em distance, only 0.7 1nrvnC' 
arr ived at 120 em. There was a hig hly sig nificant 
correlation between dis tnnce 1'!11d the numberoflarvae 
(.lrriving on sorghum. fn conclusion, C. pnrtclltts is able 
to oviposit on cowpea in an intercrop. The eggs are 
able to hatch but the inability of some neonate larvae 
to arrive on the sorghum host leads to reduction of 
insect pest numbers in intercropping. This could be 
one of the mechanisms that leads to low insect pest 
incidence in intercropping . As this observntion wns 
made under tbC'screcnllouscconditions, its widespread 
occurrence in nature is being established . 

1.15 ROLE OF OTHER CULTUl<AL PRACTrCES 
fN fPM 

K. Allt/JO IIg-Nynrko, K. V. Seslt11 Reddy 
ami K. 0. Sum 

The objecti vc of this pn >jed is to identify other cuJ tura I 
practices that may be beneficial or detrimental to 

target insect pests and have potential for use in IPM. 

1.15.1 Effect of fcrtiliz(ltioll 011 stemborcr iuddcnce 
An experiment to study the effect of nitrogen and 
phosphorus and their interaction on stemborers was 
undertAken in the short rains o£1 991 and the long rains 
of 1992 at Ungoye. Treatments consisted of factorinl 
combinations of four levels of nitrogen (0, 45, 90, 180 
kg N/ ha) and two levels of phosphorus (0, 50 kg / 
P,O-). There was a significant interaction between - ' nitrogen and phospho rus. In the <:~bsence of 
phosphorus, s temborer incidence increased with 
increasing nitrogen levels but increase in nitrogen 
levels did not increase s tt'mborer incidence when 
phosphorus \·vas npplied. The application of nitrogen 
together with phosphorus wiU enable the benefits of 
nitrogenous fertilizer to bcre<t lised wi thout worsening 
the stcmborer problems. 

1.152 No11-crop ucgetntion n11d illddcl/cc of i11sect pests 
The role of early season weeds on the incidence of 
insect pests was investigated under fie ld condition:; at 
U ngoye in the long rains of 1992. Treatments consisted 
of factorial combinations of five weeding regimes (no 
weed ing, weed free, woedingonceRt3 WAE,vveeding 
once at 5 WAE, weeding twice at 3 and 5 WAE) and 
two cropping pi:1ttems (sorghum monocrop, sorghum 
and cowpea i.ntercropped). ln the mo nncrop the 
presence of weeds d rastically red uced the borer 
incidence (16% incidence for no weeding compared to 
50% in weed-free). Weeding one«:: at either 3 or 5 WAE 
also reduced the pest incidence. Borer infesta tion in 
the two weedings was just as high as the weed-free, 
but in the intercrop the presenct: of weeds had little 
beneficial effects in suppressing the borer incidence. 

1.15.3 Trnp crop 
An experiment was planted at U ngoyc Field Site in the 
long rains of 1992 to determil1c the possibility of using 
a tolerant/susceptible established maize variety 
H-511 as a trap crop. The trea tmen ts consisted of ICZ 
3 as main crop with either H-511 plnnted All round H 
or with one row of it alternating with 4 rows of ICZ 3, 
monocrops of each variety and an intC'rcrop of ICZ 3 
and cowpea. Borerincidence W(.IS low but the indication 
is that H-511 failed to protect rcz 3 from stemborer 
a ttack as there was no significant difference between 
the rcz 3 monocrop and !CZ 3 in the trap crops. The 
lowest incidence of borer of 10% was recorded in the 
intercrop compared to the 22% in trap crops <tnd 
monocrops. 

7 .15.4 Rcsid11e ma11ngcmwt 
An experiment on the integrated management of crop 
residues was initiated in the long rains of 1992. 
Treatments consisted of no tillage with sorghum stalk 
ill situ, ploughing with sorghum not removed and 
sorghum mulch removed and ploughed. Differences 
between treatments were not significant but the least 
number of stemborers was recorded in the p loughed 
treatment with the stubble removed. The number of 



thrips was significantly lower in no tilled plots (4 
thrips/flower) nnd highest in ploug hed with stubble 
removed (14 thrips / flow er). 

BIOLOGICAL CONTROL FOR PEST 
MANAGEMENT 

Na tural enemi es play a n important par t in the 
regulation of pest numbers in the fi eld . In the Crop 
Pests Research Progr<~ mme, biological control activities 
have centred on pre-release s tudies on the larvAl 
pnrilsitoid Colcsin flavipes,nnd field cva l~1a tion of certain 
insect p ath ogens: 8euuveria bassiaua, Melarltizium 
a11isop/ine, Nosemn tlllll'/lcac, and Bacillus tl111riugiellsis. 
Part of thi~ work is reported here. 

1 .16 INTEGRATION OF BACILLUS 
THllRINGIENS/5 AND 
NOSEMA MA RUCA£ WlTH A 
CH EMTCA L IN SECTICIDE DlPTEREX 
(TRICHLORPHON) FOI< THE CONTROL 
OF CEREAL STEMBORERS 

M. 0 . Orfi11do, Z. Ngalo, £. Ngugi, P. J\ututalln, 
T. 0 11yn11go, A. Ou111r1 nud M. Yogo 

In previous reports, it w(lsshow n th<i t the local isolates 
of Bacillus tlturillgh•,tsis as well as the microsporidi<'ln 
Nosema mnmcac can effectively contro l the s po tted 
s talk bore r, Chilo pnrfc!llus w hen sprayed alone on 
either sorghum or ma ize infested w ith the pes t. Hig h 
increase of y ields and reduction of plnnt d am age have 
been recorded in bo th scn:enhouse a nd fi eld trials. 

When insect pathogens are applied i1t suble tha l 
do~ages, then insect m orta li ty nnd pest co ntrol will 
only be partial, nnd n>ns id erahle dam age is ca used to 
the in fes ted plants. Similarly, n reduced lev ·I of 
chemical insecticid es will not g ive complete protection 
to the crop . H owever, such low levels of a chemical 
insecticide may act as a s tress-causi11g f(lctor, which 
lowers the resis tance of an insect to d isea.se. Therefo re, 
si.multnneous applicntion ~,fa sublethal d osnge of a 
pathogen and a low level of a chemkal insecticid e may 
give a s ufficiently high level of crop protection, and 
assis t in the conserva tion of the environment. This 
factor was in vestigated in the s tudies cnr ried out during 
this reporting period . 

Twelve rows ofsorghum (var. Serena) were planted 
in the screenho use at SO em between rows and 15 em 
between plants. At 3 weeks after plant emergence, all 
the plants were infested with 1s t ins tar C. pnrtcllus 
l<'lrvae at 20 to 25 la rvae per plant, placed directly 
inside the lenf whorl. The larvae were <'l lluwed to settle 
on the plants for 24 h and then the plants w ere treated 
as follows: 
Rows 1 & 2 (T1) 

Row 3 & 4 (T
2
) 

Dipterex, 1 g / plant 
(recommended rate of npplication) 
Nosema mnntcnc (concentration 1 x 
1 OS spores/ ml; recommended ra te 
of application ) 

Row 5 & 6 (T
6
) 

Row7 & 8 (T) 

Row 9 & 10 (T
3
) 

Row I 1 & 12 (T _) : 
:> 
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Infested control (no pathogen / 
chemicnl) 
8ncill11s fllllri11gicnsis 0.5% aqueous 
suspension + 0.5 g/plant Oipterex 
Bacillus fln tringiensis 1% suspension 
(recommended rate of application) 
Nosema mamcne 1 x 106 s pores/ ml + 
DiptcrC'x U.S g/ plant. 

1'herc were 3 replicates. 
The plants were assessed every 2 days fo r foliar 

d amage. At 5 weeks a fte r plant emergence, nll the 
pl<~ nts were sampled and dissected in order to recover 
a ny s urviving insects ns well as dead insects. The level 
of s tem tunnelling, number of entry and emergence 
holes a nd height of plnnts were a lso recorded. 

The records showed tha t the full level of Bacill11s 
thuriltgicnsis and N. marucac ami Diptercx resulted in 
the lowes t foliar damage on infested p lants. Foliar 
d amage was high est on infested no n-trea ted plnnts. 
The pa thogen/chemical insecticide combination also 
gave a high level of protection and s tem tu nnelling 
was low in protected crops. 

T he results indicate tha t the sublethal dos(lges in 
combination wiU1 a redu ced level of Dipte rex gave a 
level of protection equiva lent to full levels o f pa thogen 
<md chemicals. Further investiga tions will be ca rried 
ou t in the field in order to cvn lua te the application of 
these pnthogen / chemic(! I insecticide combina tions. 

1.17 PATHOGEN PRO O UCTlON FOR PEST 
MANAGEMENT IN SMALL-SCALE FARMS: 
IN V TTRO PRODUCTION O F NOSEMA 
MARUCA£ 

M . 0. Odiudo, M . Y. Oriwo, 1'. AII!JI111go Odero, 
P. A. Am11talln, 1:. Ngugi, z. Ngnlo Oth•11o 
nttlf T. 0 11yougo 

It\ previous reports , we have note d that the 
microsporidian Nose/1111 1/tamcaecan be usedndcquntely 
and e ffectively in the control of the spo tted s talk bore r, 
Cllilo partcll11s. ln order to make the pathogen ava.ilnble 
for crop pro tection, and to ensure its widesprei'ld use, 
we have investigated some fa ctors perta ini ng to its 
p roduction, especinlly at small-scale farm level. 

7.7 7. 7 Reari11g Chilo partellus larvae for palllogcll 
prod 11cfio11 

Lnrvae were reared in medium-size plas tic lunch boxes 
(l o.S x 6.5 x 11 em) covered w ith a fine wire mesh to 
facilitate efficient air circula tion in the contninC'rS. 
Fifty newly emerged larvae w ere put on young 
sorghum stems and leaves placed in the boxes. The 
larvae were changed onto fresh sorghum lenvcs and 
s tem s cvf;! ry al.ternate day. Larvae were a lso reared on 
an a rtificia l diet composed mainly of cocobeans nnd 
ground sorg hum leaves. Larvae reared on thenrtificia l 
diet were not changed, tmtil required for pa thogen 
production. 
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1.17.2 Prepnmlio11 of inocu/11/11 
The inocu!tm1 for infecting borer larvae was prepared 
from freshly dead C. parte/Ius. Th~ insect cadavers 
were macerated in 20 ml sterilised distiUed water, and 
the susp~nsion purified by several passages through 
fine muslin cloth and alternate low- and hjgh-speed 
centrifugation (2000 and 5000 rpm). Th~ purity of U1e 
pathogen was checked at ~ach stage of centrifugntion 
using « phnse-contrast compow1d nucroscope. The 
final concentration was adjusted to 1.2 x 107 spores/ 
ml, which was used for pathogen production. 

1.17.3 lllowlntic>ll of C. partellus lnrme 
Lnrvae for pathoge11 production were removed from 
rearing contniners and dipped into a g lnss Petri dish 
into which about 0.5 ml of the pathogen inoculum had 
been pi petted. They were · left in the pathogen 
suspension for 2 to 3 seconds, then transferred onto 
freshly cut sorghum ste111s which were placed in 8 em 
diameter plastic Petri dishes. Ten l<uvae were reared 
in each Petri dish nnd stacked in batches in n shelf 
inside a temporary rearing shed . Thedietwaschanged 
every 2days when larval cadavers were also harvested. 
Records were tak~n on mortality, pupation, and adult 
emergence. 

Microsporidinn spore content in the dead larvae 
was verified by randomly selecting 25 cadavers, 
macerating il1 10 ml distilled water, and determining 
spore concentration in a Neubauer chamber counter. 

1.17.4 Yield of sport•s n11d pntlwgcn stomge 
Over a three·year productiun period, larval mortality 
varied from 91 .9 to 99%, a11d spore yield range was 1.3 
x 106 to 4.9 x 108 spores/larva. Spore production in 
adults was low however. The larval spore content was 
equiv<tfentto8.2X 107 to3.1 X l010spores/g larva) body 
weight. The larvnl cadavers were stored in plastic 
Pch·i dishes on she I ves witlun the pathogen production 
sheds. 

1. 7 7.5 Adnplnl io11 of 111irrosporidian product ion for snm/1-
scn/e fnrllliug 

Th~ production system used here is suitable for small 
scale units, which can be easily adapted for rural 
communities. Chilo pnrtell11s larvae are hardy and are 
easily reared in re-usable plastic lunch boxes, on a 
n«tural diet of sorghum leaves and stems. A fairly 
modest system producing 10,000 3rd ins tar larvae per 
day, with a mean spore yield of 1 x 108 spores/larva 
would produce pathogens sufficient for more th« n 900 
ha in a year. The efficacy of Nosenm has been clearly 
demonstrated. Severed production units of the type 
described here, if they were to be set up in the areas 
where C. parte/Ius is a major f«ctor, would revolutionise 
pest management in cereals in the tropics. 

1.18 POTENTIAL OF ENTOMOPATHOGENIC 
HYPHOMYCETES (DEUTEROMYCOTIN A) 
FUNGI FOR THE CONTROL OF THE 
STEMBORER CHiLO PARTELLUS 

N. K. Mnuinnin, K 0 . Okello, R. R. 0/uocll 
nnd T. A. Odero 

Stmins of entomopathogenic ftmgi (Hyphomycetes) 

were demonstrated to be pathoge1uc towards eggs 
«nd l<1rvae of the stemborer Chilo pa1·tell11s in the 
laboratory (1989 ICI11£ Am111nl Report). We report here 
the results of field tests to evaluate the potential of 
selected fungaJ strains, «nd to study the influence of 
host plants on the microorganism. 

Field experiments were conducted atOgutu's farm 
at Mbita,South Nyanza, Kenya, during the short-rains 
of 1990-91, and the long-rains of 1991 to evaluate the 
potenti«l of the entomopathogenic hyphomycetes 
Benuveria bassimw (B«Jsamo) Vuillemin (2 strai11s) and 
Melnrllizium n11isopliae (MetschnikofO Sorokin (2 
strains) for biological control of the stemborer C. 
pnrtellus. Each maize plant was artificially infested 
with either two 12 h-old egg masses (short-rain:.; 
experiments) or with one blackhead-stage ~gg mass of 
C. pnrtell tts two weeks i'\fter plant emergence. 
Treatments consisted of two applications of ilqueous 
conidia I suspensions of 2.3- 5.0 x 1012 conidia I ha (first 
treahnent), and of 1.0 x 1012 con.idia/ha (second 
treatment). 

No s ignificant effects of fungus treahnents on 12 h
old egg masses were found, except in the case of B. 
bnssin1111 isolate fCTPE 35 which killed 30% of egg 
batches. Compared to the controls, there was a 
significant reduction in the number of C. pnrtelltts 
larvae, level of leaf damage, and stalk tunnelling in 
treated plots. The performilnce of the different fungal 
species and fungnl isolates was similar. When 
treatments and artificial infestations were in synchrony, 
one application of pathogens could signi.ficanUy reduce 
the stemborer populations. 

1.19 INFLUENCE OF SORGHUM HOST PLANT 
CULTlVARS ON THE ACTIVlTY OF THE 
ENTOMOPATHOGENIC FUNGUS 
METARHIZIUM ANISOPLIAE AGAINST 
CHILO PART£LLLIS 

N. K. Mnuinnin, K. N. Snxe11n n11d R. 0. Okcllo 

The influence of three cultiv«rs of Sorgltu111 bicolor 
(lCS 3, TCS 4 and IS 1044) on the activity of U1e fw1g11s 
Mt'larltizium nuisop/iae on the stemborer Chilo pnrtellus 
was investigated in the field «nd laboratory during 
1991 and 1992. 

The results of the field experiments showed that 
applic«tion of M. n11isopline to all three sorghum 
cultivars infested with egg masses at the blackhead
stage, resulted in a significant decline in C. pnrtellus 
larval population density at all concentrations tested 
relative to the controls. There was no effect of either 
the cttltivar lCS 3 or ICS 4 on the efficacy of M. 
n11isop/inr: against the stemborer larvae during the two 
seasons, although with the cultivar IS 1044, the lnrv<~l 
population density under treatment with a dose of 1.0 
x 1012 conidia / ha was significilntly higher in 1991 «nd 
lower in 1992 than on other two cultivars. 

An increase in the fungal concentration was 
generally followed by a reduction in the larval 
population density and subsequent damage to the 



Table 1.2 Mortality and time-mortality responses of thlrd-instar 
larvae of Chilo porte/Ius reared on three sorghum cultlvars 
and exposed to a dose of 3.0 x 107 conldlo ml-1 of Metorhlzlum 
onisopl/oe 

Sorghum Total Mortality Lethal time 
bico/or mortollty1 caused 50%LT 
Cultivar by fungus ' (doys)!f 

ICS3 65.3 ± 2.4° 51.5 ..t 7.0"' 7.9 ± Q.lob 
ICS4 66.9 ;1: 8 .5° 47.7 ± 8.90 9.8± 2.2° 
IS 1044 77.7 ± 7.3° 72.3± 10.2° 4.9 ± 0.7b 
Artificial diet 80.5±5.5° 70.5± 8.1° S.l ..t O.Qb 

'Angularly transformed percentage of larval mortality; mean 
± SE. Means were corrected tor control mortality using Abbott's 
formula. 

2Lethal lime for mortality caused b y fungus only. Means 
followed by same leHer are not significantly different (P • 
0.05). 

host plants. However, signifie<mt differences be tween 
the effects of different concentrations wen: found on.Jy 
during 1991. 

Larvae fed on different cultivars and inoculated 
with the h1ngus at a dose o f 3.0 x 107 conidia mi·1 in the 
lnboratory, did not vary i11 their susceptibi.Jity to the 
pathogen. Also, difference::; between totnl larva l 
mortalities and mort<'llities caused by the h.mg us (noted 
by the presence of fungus on the cadaver) were not 
significant. However, the L T 50 WCIS shorter in cultivnr 
IS '1044 than h1 cultiv(lrs res 3 and ICS 4 (Tnble 1.2). 
Compatibi.Jity of hmgus with cultiva rs is, therefore, <tn 
important consideration for using fungi for biologica I 
control of the stemborer. 

1.20 CLASSICAL BIOLOGICAL CONTROL OF 
CIIILO PA RT£LLLIS 

W. A. Overholt 

The ICIPE nnd the Department of Entomology, 
Wageningen Agricultural University, are jointly 
implementing a collaborative proj«.!Ct on biological 
control of crop pests. The project has initiaLly focused 
on bioloj.,>ica l contro l of the spotted stcmborer, Chilo 
pnrtcl/us. This pest was selected as a target because of 
its economic importance and its status as an introduced 
species in Africa. 

Chilo pnrtel/us was first reported in Africa from 
Malawi in the 1930s, and has since spread to mosl 
countries in eastern and southern Africa. One pest 
management strategy thal has been successfully used 
against many introduced pests is classical biological 
control, w hereby natural enemies of a pesl in its 
aboriginal home a re introduced into the nrea the pest 
hns invaded, thus re-establishing the pest / natural 
enemy relationship. The objective of the project is to 
introduce exotic parasitoids of C. pMtellus into Africa 
from its t~boriginal home in Asia. 

One promising exotic natural enemy of C. pnrtellus 
is Cotcsin flnuipes, a small braconid wasp that we have 
hnported into Kenyn from Pakistan. Cotesia flavipes is 
a gregarious endoparasitoid that t~ttacks medium and 
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late instar stemborer larvae in the plant s tems. The 
female parasitoid oviposits in lhe host a nd t:ggs ec.Jose 
after about 3 days. The emerging parasitoid larvae 
feed internally for 10-12 days and then exit the host by 
chewing through the integument Once outside the 
host, the pt~rasitoid larvne spin cocoons and pupate. 
Adults emerge about 6 d ays later. 

Cotesin finvipes has been used in biological control 
progranm1es in many areas of the world, iJ1cluding 
Africt~, against C. pn rtellus and other stem borer species. 
The project is foJlowing a systen1a tic approach to the 
introduction of C. f!nvipes by conducting intensive 
studies on its adaptilbility prior to making releases. 
The host range, host finding mechanisms, biology, 
Cllld taxonomy of C. f/(luipes are ClUTently being 
investigated in the lnburatory. Throu gh thesestuclies, 
we hope to gain insight into the key factors influencing 
establishment. 

The i iltrod uccd pest, C. pn r/ ell us, is only or1e species 
of a complex of stemborers found in maize and 
sorghum in Africa. The project is currently scree;!ning 
C. f!avipes against these other stem borers to determine 
theincccptnbility for parasitisi'l tion and suitability for 
parasitoid development. Results of our work suggest 
that while all the s temborers we hilve examined are 
acceptable to C. flnvipes for ovipos.ition, only some can 
be successfully parasitis ed . This acceptability I 
suitability dichotomy may have been a factor in earlier 
failmes to e:;tablish C. flnviJieS. 

In some areas of eastern Africi'l, indigenous 
stemborers are m ore importnnt than C. pnrtellu:.', 
pnrticulnrly at hig he r elevntions. Presently, th<:! only 
possibilities for classical biological control of native 
pests are through the use of nt~tur<~l enemies from 
closely related pes ts ill other areas of the world, or 
through the redistribution of naturnl enemies within a 
pest's endemic range. To ilwestigate the possibilities 
for the classicnl biological control of indigenous 
stem borers, we are currently organising collaborative 
arrangements with the Plnnt Health Management 
Div ision of the ll1tcrna tional [nstitu te for Tropical 
Agriculture (liT A) atCotonou, Benin and the Biological 
Control Facility of Texas A&M University. With Texas 
A&M, we plan to investigate the 'new associa tion' 
hypnthesis in classical biologica.J control. The new 
association hypothesis asserts that natu.rnl enemies 
from species closely related to the tt~rget pest may 
actually have a g reil ter potential forestablishmentnnd 
regulation of the target pest than its co-evolved natural 
enemies. 

The ultimate testofC.j7nvipc!S will begin during the 
long rains of 1993 w hen parasitoid releases w ill be 
mitiated on the Kenya Coast. For the past yea r the 
project has been collecting data OJ\ stemborers and 
their natural enemies at e ight locations on the coast. 
The release of Cotesin flnvipes at three uf these locations 
will allow the evaluation of local establishment, and 
monitoring of dispersi'll from the release sites. The 
following section provides ndditiona l details into the 
v<lrious Unes of research the project is followiJ1g in pre
release studies. 
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7.20.7 Populntion sltufics 011 sfcmborcrs nt the Kcuyn 
Const 

In order to establish <t b<tseline of information prior to 
the release of exotic pa rasitoids, popu ICl tion dynamics 
studies are being conducted on stemborers and their 
natural enemies on the Kenya Coast. Fields of maize 
ilnd sorghum planted during both the short (planted 
October 1991) Clnd long rains (planted April 1992) 
were sampled weekly at Mtw<~pa and Kilifi to 
determine the abundance of stemborers and their 
natural enemies, cmd their seasona l phenologies. The 
incidence and fate of Cltilo spp eggs W<IS monitored 
twice weekly at Kilifi during the long ond s hort rains. 
Addition<~Uy, 6 farmers' fields were sampled every 
twoweeksalonga transectfrom theTanz<~ni<:m border 
to Malindi. 

Sampling at Kilifi indicated that during the first 
two wet~ks of the short rainy season more eggs were 
oviposited in maize. However, over the entire se<tson 
far more eggs were found in sorghum. Maize may be 
n more attr<tctive site for oviposition during the initial 
stages of plant growth, ... vhereas sorghum apparently 
remains attractive during the entire season. This is 
like ly to be due to the continual nvnilnbility of 
vegetative plant mnterinl in sorghum through tillering. 
Successful eclosion was recorded .iJ.1 c<~. 30% of eggs 
during the short rains and about 50% during the long 
rains. Parasitism of eggs was higher during the short 
rains than in the long rains, suggesting that parasitoid 
dens ities build up dtuing the year and make a greater 
impact on stemborer p<.lpulations during the short 
rains. 

The results of sampling at Kilifi were similnr to 
those found in 1991 . C!tilo parte/Ius was the domiJ1ant 
species in sorghum and maize during both growing 
seasons, usually accounting for> YO% of the total borer 
population. Cflilo oridmlcoci/ iellus and Scsnmin caln111islis 
were also found but collectively accounted for< 10% 
of total stemborers. £/tfnlt(l sacclwri11n and Busseoln 
fttscn were quite rare in both crops on all sampliJ1g 
dates. Partial eco logical life tables have been 
constructed for mnize during the short rnins and the 
second C. parte/Ius generation of U1e long rainy season. 
The highest mortality iJ1 both st>asons occurred during 
the egg stages with > 58% generational mortality in 
both the rainy seasons. Parasitism of small larvae was 
quite rare, although high mortality due to 
'disappearance' suggests that predators may be an 
import<tnt factor. Generational parasitism of medium 
and large iJ1star lnrvne was also low during the short 
rains, but increased slightly during the long raiJ1s. No 
pupal parasitoids were recovered dming the short 
rains and parasitism of pupae was quite low during 
the long ra ins. These results suggest that parasitism of 
larvae <tnd pupae is typically low and justifies the 
introduction of exotic parasitoids in an attempt to <1dd 
mortality factors to fiU the apparent ecological voids. 

1.20.2 Sensonnl syncltrouizntio11 of C. flavipes with C. 
partellus 

To become established in <1 new geographic area, an 

exotic parasitoid must be se<Jsonally synchronised 
with its host. As an adoptive survival mechanism, C. 
tmrtc>llus aestivates as a late ins tat· larva i..n response to 
the senescence of maize nt the end of the rC~ins. 
Aestivation is broken with the onset of the next rains, 
the larva pupates, and Lhe emergent moth begi11s the 
search for suitable host plnnts. The exotic pnrnsitoid, 
C. flnvipes, must have a mechanism to survive during 
the periods when the host is <~estivating. This could 
either be through enteringn diapfluseitself, having the 
ability to locn te and pari'lsitise diapausing C. pnrtellus, 
or loca ting non-aestiva ting hosts . These possibilities 
are being actively investigated in the field nt the Kenya 
Const nnd in the lilbonltory. 

Aestivating and non-aestjvatiJ1g C. pnrtcll11s lnrvne 
were exposed to C. flnvipes in the lo bora tory. Pa rasi to ids 
rcnd ily oviposited in aestivating larvae in an arlifical 
laboratory environment. Parasltoid developmental 
Ume (rom oviposition to adu lt emergence was not 
different in aestiva ting and non"aestivaHng larvae, 
indica ting that the parasitoids probnbly do not enter 
diapause in response to the host condition. 

Field cage s tudies have been initiated to investigate 
the host-finding ability of C. flnvipcs for aestivating 
and non·<Jestivating lnrvae. Fem<tle C. flnvipcs are 
introdu ced into cages containing plm1ts infested with 
ei ther aestivating o r non -oestivating la rvAe . 
Preliminary results suggest that C. flavipcs is unable to 
locilte aestivating hosts. 

Sampling of wild perem1inl brrasses a t several sites 
on the Kenya Coast was initiated in 1992. Prelirninary 
results indicate that Sorgllltllt nm ndi11nceum, Pennisctum 
purpurcum (napier gmss), nnd PailiCIIIll nwxillll/111 are 
attacked by C. pflrtellus throughout the year and the 
majority oft he larvae do not aestivate. In particular, S. 
nnuuiillncel/111, which hnrbou red the greatest number 
of C. pnrtellus, may serve as a reservoir of non
aestivating host larvae available for pnrnsitis<Jtion 
during the dry sen son. The presence of non-aestivating 
hosts in these wild hostplants may allow the continual 
reproduction of C. flnuipcs dw·ing the non-cropping 
seasons. 

1.20.3 Host finding beltnvio11r of Cotesia spp pnrnsltoids 
The ability of a natural enemy to locate a suitable host 
in a complex environment, even where host densities 
are low, is critical to the successful establishment of a 
natural enemy in a new envirorunent. Studies are 
being conducted in a tritrophic context to investigate 
the mechanisms involved in ho~t habitat location and 
host finding of C. flavipes and C. sesnmine. Experiments 
conducted i.n a Y-tube olfactometer indkated that 
tutinfested maize pi<Jnts were significantly more 
attractive to parasitoids U1an a control (empty pot of 
soil). When in.fested plants were compared to 
unlnfested plants in a choice test, the infested plm1ts 
were mure attractive, suggesting that the presence of 
stemborers increases the concentration of attractive 
plant odours (synomones), or that additional chemicaJ 
cues are present. Frass from several plant/ borer 
complexes were <~11 attractive to the parasitoids in no-



choice tests, but frass from 8. fuscn appeared to be less 
attmctive thnn frass from other bore rs in a choice 
situation. Stemborers washed i11 distilled water were 
not attractive to pmasitoids, indicating that compounds 
responsible for the parasitoid response nre present on 
the surface of the larval bod y. 

Work is currently focused o n identifying the 
chemicals which mediate parasitoid behaviour, and 
the origin of these ch emicals. Volatiles emannting 
from host plants and the plant/ borer complex are 
being trapped a nd bioa~sayed for activity . 
Concurrently, gas chromotogn>~phy and mass 
spectrometry (GC-MS) are being utilised to identify 
the compounds. 

1.20.4 Acccptnbi/ity n11d suitability of illdigcllolls 
ste111/Jorers for C. flavipes 

A complex o f stemborer species occurs in mnize, 
sorghum, and wild g rasses on the Kenya Coast, and 
therefore when C. fltwipcs is released it will be faced 
with a choice in host selection. ResuJts of host-finding 
studies suggest that the parasitoid responds positively 
to several host species. It is therefore important to 
de termine the accepta bility and suitability of thest! 
alterna te indigenous s temborers for oviposition and 
development of C. flnvipcs. In laboratory experiments, 
C. orichnlcociliellus, 5. c:nlrwlistis, and B. fuscn were a ll 
found to be found to be acceptablt: for oviposi tion by 
C. flnvipes. H owever, tlH~ suitabi lity of the borers for 
development of pamsitoid progeny va ried. Chilo 
oriclmlcociliellus was as suitable a host as C. pnrtellus. S. 
cn/n111istisisless suitable than the Cit i/o spp, and B. fuscn 
was not suitable. The results of this s tudy imply tha t 
the success of C. flnvipcs to estnblish and regu l~tte C. 
parte/Ius may be limited in nreas where S. calalllislis or 
B. fuscn are dominant. 

7 .20.5 Tnxo11omy of Cotesia SliP parnsitoids 
Tt is currently believed tha t three ecologically similar 
species constitute the 'C. flnvi!Jt.:S complex'. All three 
s pecies are g rega rious pnre1sitoids of s tem boring 
pyralid or noctuid larv11e that attack the stemborers 
once they have entered the plant stem. Cotesia sesnmine 
is na tive to Africa, C. flnvipes is widely distributed 
from Australia to Pakistan, and C. chihmis is limi ted to 
Japan and China. T hese three species are extremely 
difficult and sometimes impossible to distinguish using 
charact€'rs relating to external morphology. These 
dilliculties have pa rtly confm mded efforts by biological 
control workers to assess the impact of imported 
Cotcsin s pp on populations of s tembo rer pests. 
Morphological m1d biochemica l s tudies nre be ing 
conducted to clarify the systematics of th t! C. flavipcs 
complex and to identify accurate methods to separa te 
the species. Accurate identification o f C. flnvipes is 
essential for proper evaluation of establishment and 
impact following releases. 

Previous workers fow1d tha t the shape of the male 
genitalia could be used to dis ting uish C. se~nmiac from 
C. flnvipes. However, dissection and slide motmting o f 
the genita lia is a tedious process which may not be 
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pr<tctical when examining large numbers of recovered 
specimens. Morphometric studies conducted by the 
project on 16 characters from different populations of 
the C. flnvipt•s complex £rom several areas of the world 
suggestthatmorphometrics may have use insepa rating 
the taxa. Furthermore, certail1 analyses suggest the 
possible presence of four ta xa rather than three 
previously described . 

Analyses have been conducted to determine the 
value of biochemica l chnracters for sepa rilting the 
groups in the complex. Gel-electrophoresis using seven 
enzymes has been completed, but no diagnostic loci 
have been found which will consistently st!parate 
populations believed to represent the three species. 
Additional enzymes will be examined, but the initial 
results suggest that the three taxa may be closely 
rei a ted. Cuticular component analysis using gas liquid 
chromatography (G LC) has s hown quantitative 
differences in the profiles of C. flnvipes, C. chihmis and 
C. sesnmiac. 

Reciproca l crosses were made between all possible 
combinations of the three species to test whether U1e 
three species are biologica lly valid . Interspecific mating 
was observ ed be tween aJI combinations, but 
fertili :£ation was o nly found be tween males t.Jf C. 
sesnminc and females of C. cltilouis. The offspring of this 
cross were viable and produced both male and female 
progt!ny, suggesting that C. St!Srl111ine and C. chi/em is are 
not completely reproductively isolated . 

1.20.6 Biologicn/ st11dies 011 C. flavipes n11d C. sesa m.iae 
Cotesin flnvipes a nd C. se!Stlllline have similar biologics 
and ecological requirements, and can essentin lly be 
consid ered to be ecologicnl homologues. Both species 
attack the same s tages of stemborer:; and there is 
overlap between tht! host rm1ges of u,e two spt!cies, 
wi th both s uccessfully developing in C. pnrtcllus. 
fnvestigations are tmderway to idt!ntify biological 
differences which may s uggest intrinsic or extrin..o:;ic 
superiori ty of one species over the other. 

Studies have been initiated to determine the fate of 
parasitoid progeny when both p<~rasitoids oviposit in 
the same C. parte/Ius lnrva (multiple parasitism) . 
Preliminary results suggest that regardless of whether 
C. flnvipes or C. sesnmine parnsitises the host larva first , 
C. flnvipes is more successful in d eveloping to the adult 
stage. 

Investigations on the influence of temperctture on 
thedevelopmentof immature C. flnvipes indicated tha t 
C. sesnmine developed more rapidly in C. pnrtell11s nt 25 
and 28°C, although there was no difference at 22')C. 
No C. sesnminc survived to the adult s tage a t 31"C and 
therefore no comparison between the species cnn be 
made. Survival of C. flnvipes to U1e adult s t<1ge was 
higher U1an C. ~esamine at a ll tempemtures. 

The number of progeny per oviposition was 
significantly greatt!r in C. flnvipes than C. sesnmine. 
Chiloflnuipes produced approximately three times more 
progeny per host thnn C. sesnminc w hen C. pnrtelhts was 
used as a host. The 11umber of progeny per oviposition 
dt!creased d ramatically ftlr both species at 31°C. 
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1.20 .7 Biologies of C. partellus and C. orichalcociliell us 
The indigenous C. orichalcociliclltts and the introduced 
C. parte/l11s are ecologically very similar species. As 
recently as the late 1970s, they reportedly occUJTed in 
more or less equal numbers on the Kenya Coast. 
However, as discussed earlier, C. partellus was by far 
the domina nt s pecies during the long and short rainy 
seasons in 1991 and 1992_ It appears that C. 
orir:hnlcociliel/us is being gradually displaced by C. 
partcllus. La bora tory investigations on the biologies o f 
the two species may provide insight into critical 
differences which have influenced the relative 
abltndance of these two species. 

Initial s tudie:; have been conducted to determi11e 
the number of la rval ins tars and the duration of larvi'll 
development for both species. When reared on C. 
pnrtdl11s die t, C. pal'tellus males went through fewer 
ins tars than C. oricllalcociliellus, and a s imilar 
relationship was observed for fema les. The duratio n 
of larval develnpm~nt of C. parte/Ius was significanl'ly 
less than C. oriclmlcocilic/lus at 28°C. 

Measurements of he<'td ca ps ules revea led no 
diagnostic differe nces between the two sp ecies in the 
first three instars. However, after the thi rd moult, the 
head capsul e of C. pal'tellus W<'IS s ignificantly larger 
thiln that of C. orichnlcocilicllus. 

1.20.8 Genetic studies 011 C. partellus, 
C. oridlalcociliellus, nnd C. partellus 
pamsitised /Jy C. f) ;)Vipcs 

ThcgeneticstructureofCltilospppopulationsinKenya 
is being s tudied using nllozyme electrophoresis. These 
ilwestiga tions will provide insight into the intraspecific 
genetic variability of Chilo spp populations ill Kenya. 
Furthermore, the identification of diagnostic loci for 
differentiating(_ pn rtellus from C. oriclmlcoci/ iellus may 
be use fu I for sepa ra lli1g the field collections of the.> two 
sp ecies. Finally, e-lectrophoresis may nlso be used for 
estima ting levels of paras itism due to Colesia spp. 

Collectio ns o( C. fmrtellus have been made in 
different regions in Kenya and ex11 mined wi th 
electrophoresis. Chilo partcllus has been sa mpled from 
western Kenya, and the constal zone . Chilo 
oric/mlcuciliellus has only been sa mpled from theco<'tstal 
zone. Twelve e nzyme systems have been exami ned 
forC/ti/oand Cotcsia.lnitinl resuJts indicate thnt certain 
allozym c patterns are characteris tic of populations 
collected from different locations. One enzyme system 
has been fmmd to be useful fon.1uick differentiation of 
the two Chilo spp during a ll larv<'tl instars, including 
aestiva ting larvae w hich catu1ot be distinguished 
morphologica 1l y. 

The potential of using electrophoresis as a rapid 
m ethod for detecting parasitism by Cotesia spp has 
s hown promise, althou gh differenti<'lting between 
pa rasitism by C. f1apipes and C. sesamiae is not yet 
possible. La rvae parasit.ised by C. flnv ipcs were 
electrophoresed alongside non~parasitised C. parte/ f itS 

and could be differentiated at 5 days after exposure. 

IHOINTENSlVE PEST MANAGEMENT 

R. C. Saxe1w 

Growing concerns over the impact of agrochenucals 
on food snfcty and the environment necessitate that 
IPM should be practiced with milumum reliance on 
pesticides. This approach also takes into consid eration 
the pest control needs of the resource-limited farmers 
in most develo ping countries, particularly in Airica, 
by emphasising bio.intensi ve pest managelllen t (BPM) 
(Fig. 1.1 )_ In this framework, host plant resis tance 
(HPR), comprising the use of pes t-tolerru1t cuJtivars, 

Fig. 1 1 Blolntensive Pest Monogement. 

f~mns the hub and is driven by other pest management 
components: bio logical control (BC: pn:datnrs, 
parnsitoids, and microbia ls), botanica l pest control 
(BPC: the use of d erivatives of locally available plants 
with pest control propertie:;), cultura l COJ1trol (CC: 
intercropping, companion-, and trap crops, improved 
landscape s tructure, adjus tment of planting dates, 
crop residul? management, etc.), bin-rational control 
(BRC: the u se o f pheromones, kairomones and 
a ll omones), and supportive ta cti cs (SUPT: pr;:st 
monitoring <~nd surveilla nce with appropriate 
sampling tools and procedures, crop loss assessment, 
establishing economic il1jw-y levels, and thresholds 
for time ly action). J nsecticidal CClntrol (IC: use of 
sy nthetic insecticides) is used only as the last resort, 
when insc.>ct pest or vector outbreaks occur. 

The m enus selected for pest management have to 
be realistic and w ithin the socioeconomic limits and 
capabilities (SEC) of the target farming community, 
ond in harmuny with existing cropping systems, 
fa rming systems, lhe ecosystem and eventu<11ly the 
whole biosphere. The target community has to be 
sensitised a bout the b asic elements of env ironment 
conservation and biocHversity through training in 



ecological education (TEE.) . In the e vent of 
nonavailability of pes t-resistant cultivars, any other 
appropriate IPM component is ordained to play the 
pivotal role in conjunction with other pest management 
components. 

1.22 BOTANICALS FOR PEST MANAGEMENT: 
NEEM SEED DERIVATIVES FOR 
MANAGEMENTOFCO~EA 

R. C. Snxena* 

Derivatives of neem, Azadirnchtn i11rficn have been used 
traditionally by small-scale farmers in Asia and Africa 
to protect crops from pests in the field and in storage. 
The plant's activity is based on many compmmds 
which act as insect repellants, growth and reproduction 
inhibitors, among other activities. Research on neem 
derivatives and other botanicals has only recently 
been introduced into CPRP activities but it is planned 
that it will be incorporated into the biointensive 
integrated pest management (BPM) menus for control 
of cereal and legume pests. The neem tree is also 
widespread in many cmmtries in Africn. We tested 
neem seed extract (NSE) and neem seed powder (NSP) 
for the management of cowpea insect pests in field 
trialscond ucted at the Mbita Point Held Station (MPFS) 
and at Ungoye Research Site during the long rains LR, 
(March to May 1992). A field trial was also conducted 
at MPFS during off season (July to October 1992). 

During LR 1992,anearly maturingcowpeacultivar 
ICV 2 was planted in 5 x 10 m2 plots (60 x 15 em 
spacing) as pure stands in five treatments, comprising 
high volLm1espray application of aqueous solutions of 
1%, 2% or 3% NSE, or cypennethrin (0.049% a .i.); 
control plots were sprayed with water. Diammonium 
phosphate was applied at 200 kg/ ha at planting time. 
The experiment was laid out as a randomised complete 
block (RCB) with four replications. At MPFS, the plots 
were sprayt!d a t 38, 47 and 51 days after emergence 
(DAE); at Ungoye the plots were sprayed at 34,42 and 
52 DAE. 

For the off~season cowpea trial at MPFS, the 
treatments comprised 3% NSE, NSP at 150 kg/ ha, 3% 
NSE + NSP, cypermethrin, and the water-sprayed 
control. The experiment was designed as a RCB with 
four replications. Fertilizer was not applied during the 
off-season trial. NSP was applied basally at 30 DAE, 
while NSE was sprayed at 45 and 26 DAE. 

At MPFS, p ests were sampled initially per 20 
cowpea hills a t 33, 37, and 39 DAE using hand-held 
yellow wooden paddles, smeared with a thin coating 
of coconut oil. Thrips (Megalurothrips sjostedtl) and the 
pod borer (Marum teshtlnlis) were sampled from 20 
flowers per plot a t 48 and 52 DAE. The pod-sucking 
bugs were recorded from rows 5 m long in each plot at 
56 DAE. 

In the off-season trial, thrips incidence was recorded 
by recording their mm1ber in 20 flowers per plot at 42, 
47,53, and 58 DAE. Yellow paddles were also used to 
sample the densities of pred ator spiders and wasps. 
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Cowpea grain yjelds (kg/ha) in ail trials were 
sampled from a premarked 3 x 7 m2 area in each plot. 
Data were analysed statis tically using the Duncan's 
Multiple Range Test (DMRT). 

In the trial conducted at MPFS in LR 92, thrips 
incidence was low at 33, 37 and 39 DAE, but increased 
during pod formation at 48 and 52 DAE in most 
treatments, except with insecticide. Neem treatments 
(2% and3% NSE)significantly reduced the population 
of thrips larvae, compared with that in the control. In 
the trial conducted at Ungoye LR 92, thrips incidence 
was low at 33 DAE in all treatments, but increased 
several fold at 39 and 48 DAE in all treatme nts except 
insecticide. However, at 56 DAE thrips larval and 
adult populations were significantly greater in 
insecticide~ treated plots than in plots sprayed with 3% 
NSE. NSE applications at 1 and 2% were not effective. 
In the off-season conducted at MPFS, thrips incidence 
was generally low in aU sampling days at 42, 47, 53, 
and 58 DAE. 

Table 1.3 Comparison of cowpea groin yield (kg/hO) In 
three plots treated with different concentrations of neem 
seed extract (NSE) and Insecticide 1 

Treatment 

NSE 1% 
NSE 2% 
NSE3% 
Cypermethrln 
Control 
(water spray) 

Mblto Ungoye Mbito (off-season) 
(lR -1992) (LR 1992) (July-oct. 1992) 

1783b 
2089b 
22890 
24000 
195CJOb 

466b 
71 7b 
11 5CJOb 
1683° 
433° 

8690 
798° 
941 ° 
988° 
693° 

1 Within a column, means followed by the some letter ore not 
significantly different at 5% level by DMRT. Averages of 4 
replications. Diamonlum phosphate was applied in trial 
conducted ot Mbita and Ungoye during LR 1992. but not in 
the off-season trial conducted at Mblta. 

During LR 92, cowpea grain yields at both MPFS 
and Ungoye s ites in plots sprayed witll 3% NSE were 
statistically equal to that in plots treated with 
cypermethrin (Table 1.3). There were no significant 
differences in cowpea grain yield obtained in various 
treatments and the control during the off-season trial, 
possibly due to low thrips incidence. 

•£. L. Kidlavai, J. 0. Ondijo,and D. Achiro provided technical 
assistance in this study 

THE KWALE-KILIFI ADAPTIVE RESEARCH 
PROJECT 

1.23 REPORT OF THE FIRST YEAR 

S. Sitlumantham, A. Oendo, M. Kiarie 
nnd l. Otie110 

The people of Kwale and KHifi districts in the Coast 
Province of Kenya are predominantly agriculturally 
oriented. The warm humid conditions together with 
the bimodal rainfall, tend to favour the multiplication 
and activity of most insects which include some 
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destructive pests of food crops especially maize, 
cowpea and sorghum. Maize and sorghum are known 
to suffer substantial yield loss while cowpea are 
attacked by several major insect pests, especially flower 
thrips, aphids, spotted (Maruca) borer and pod sucking 
bugs. 

Since the technologies presently available for 
managing the pests are mostly unaffordable to the 
farmer and/or harmh1l to environment, there is the 
need to test (and if required refine) the environment
friendly and sustainable pest management 
teclmologiessuchas pest resistantcultivars and cultural 
practices. 

The two major objectives of the project are to (i) 
increase food production and cash incomes of resource
limited fanners in Kwale and Kilifi Districts through 
increased knowledge and use of improved pest 
management practices of selected crops and livestock 
and to (ii) develop the IPM adaptive research 
capabilities of the Kenya Agricultural Research 
Institute (KARl), who are the executing agency (while 
the ICIPE is responsible for implementation). 

This being the first year of the project, the emphasis 
was on understanding the local situation, building up 
the linkage with farmers and extensionists, and local 
testing of technologies for agrodimatic adaptation. In 
addition, relevant social science studies were carried 
out on farmers' perceptions, practices and attitudes. 

1.23.1 Problem diagnosis/monitoring 
The majority of the farmers were found to perceive 
pests as a source of substantial yield loss, but very few 
adopted any practice aimed at controlling them. On~ 
farm monitoring of plots of maize and sorghum showed 
infestation by stalk borers to be substantial, especially 
in the short rainy season, confirming their importance 
as pests in the region. 

1.23.2 Technology testiug for local adaptability 
Out of 16 stalk borer-resistant maize genotypes tested, 
five were identified as potentially adaptable. Among 
six pest-resistant cowpea genotypes evaluated, three 
were found to be locally adaptable. The suitability of 
30 cowpea genotypes for intercropping witi1 maize 
was assessed in the long rainy season. Many could 
grow satisfactorily and produce adequate leaves, but 
all produced very poorornoseed yield due to the high 
incidence of flower thrips and Maruca early in the 
season. 

In sorghum, two genotypes were identified as 
locally promising out of four stalk borer-resistant 
entries examined. Early planting of maize, as another 
cultural practice, was shown to result in substantial 
reduction in stalk borer infestation, contributing 
significantly to enhancement in grain yield. 

1.23.3 Technology refinement/acceptability 
Consumer s tudies have been initiated for 
understanding the acceptance traits/ criteria for 
varieties of maize and cowpea. The grain quality of the 
promising pest resistant genotypes of maize, sorghum 

and cowpea, especially their storeability, nutritional 
content and cooking qualities/ taste are being 
investigated. 

Based on the initial results and experiences, it is 
proposed to take the promising technologies to on
farm tests, so as to facilitate their joint evaluation by 
farmers, extensionists and scientists. It is hoped that 
these efforts will culminate in suitable refinements 
and promote the adoption of sustainable pest 
management technologies by the resource~limited 

farmers in the region. 

Seen srmmmn; of this project under Outret~ch on page 36, Part I 
of tlris Report. 

UPLAND/LOWLAND RAINFEO RICE 
IMPROVEMENT PROJECT 

The Upland and Lowland Rain fed Rice Improvement 
Project started in the short rains of 1988/89 with the 
main objective of identifying suitable upland rice 
varietiesiorcultivation in western Kenya. The varieties 
are to have a high yielding potential, early maturity 
(90 to 120 days), good grain quality, resistance to major 
pests and diseases, good tolerance to local soils, ability 
to withstand low moisture, and resistance to weeds. 
The experimental material was obtained from IRRl 
and the African Upland Rice Observation Nursery. 

Many promising lines have been identified and 
part of this work is reported here. 

1.25 IMPROVEMENT OF UPLAND RICE 

Z. Harnhap, R. C. Saxena, K. Ampong-Nynrko and 
f. C. Ole/a 

1.25.1 Advanced ljicld trial 
Twenty upland rice varieties selected from 1991 short 
rains (SR) experiments were sown for advanced yield 
trials at Ungoye in the long rains (LR) 1992 on 18 
March 1992 in rows 30 em apart on 3 x 5 m plots in a 
randomised block design, replicated four times. 
Nitrogen (60 kg/ha) was top dressed at 40 days after 
emergence (DAE). Plots were not irrigated. The entries 
were moisture-stressed for almost a week from the 
time of seeding. Regular rains started about two weeks 
after seeding although scanty emergence had been 
recorded a week earlier. About 420 mm of rain was 
recorded during the 90 days of the cropping season. 
The five best entries IRAT 112 (1.3 t ha·l), TGR 94 (1.3 
t ha-1), IRAT229 (1.2 t ha·1), IT A257 (1.2 tha·1) and NO. 
3290 (1.0 t ha· 1) matured in 82 to 98 DAE. 

Mnximum yield trial. The yield potential of top 
yielders, IRA T 112 and lAC 220/79 and early maturing 
lRAT 229 was retested at Ungoye LR 1992 and 
compared with their LR 1991 yield performance at the 
same site. The entries were sown on 20 March 1992 in 
rows 30 em apart on 11 x 35 m plots in a randomised 
block design, replicated four times. Nitrogen (60 kg/ 
ha) was top dressed at 40 DAE. Plots were sprinkler
irrigated once after seeding and four times after 



emergence, the last being at one week before harvest 
{total irrigation comparable to 150 mm of rainfall). The 
natural rainfall was about 420 mm. The yields in LR 
1992 were lower than in LR 1991 probably due to a 
delay in weeding, higher Striga infestation and uneven 
distribution of sprinkler irrigation {Table 1.4). 

Table 1.4 Agronomic data of three upland rice varieties In 
maximum yield trials at Ungoye, LR 19921 

Designation Height Flowering Maturity Yield 
(em) <DAE) (DAE) t/ho 

IRAT 112 85 50 94 7.8° 

lAC 220/79 102 53 100 6.2° 

IRAT 229 85 49 88 3.8b 

1 Total rainfall received from planting until maturity was 570 
mm (natural ralnfall,420 mm and five times sprinkle Irrigations. 
150 mm). Means with the same letter ore not significantly 
different at P= 0.05 by the Duncan's multiple range test. CV 
!!I 14.4%. 

Varietal resistance to Striga hermonthica. Among 12 
test entries, nine upland rice cultivars were identified 
as resistant, moderately resistant and moderately 
susceptible to S. hermon tlticn in field trials conducted at 
Ungoye and MPFS. The entries were grown in 3 rows 
30 em apart on 1.2 x 5 m plots in a randomised block 
design, replicated four times. The susceptible check 
IRA T112, was grown alternately with the test varieties. 
At 81 DAE, Striga plants were uprooted plot-by-plot, 
sun-dried for 5 days and weighed. Varieties Tondano 
and IR 47686-4-2 had no Striga {highly resistant). IRA T 
209 and UPR 103-80-1-2 had Striga dried matter less 
than 1 g/m2 (resistant). ADT31,Nam Roo and Mkosa 
Kabila were moderately resistant, while RPI 898-132-
24~1 and IREM 190 were susceptible. 

1.25.2 Preliminan;screenillgofbreeding lines for resista11ce 
to Striga hennonthica 

Ninety-four lines derived from ICOX1 (Dourado 
Precoce/Ble Chai) and 48 progenies of outcrosses 
were planted in 1 m~long single rows {30 em apart) at 
MPFS in LR 1992. The susceptible check IRA T 112 was 
sown at every 20 test lines. Striga plants were counted 
at 84 DAE. Lines with negligible Striga infestation 
were rated moderately resistant. ICOX1 progenies 
were either resistant or moderately resistant. A number 
of outcrosses showed drought tolerance and Striga 
resistance. These traits are being re-evaluated. 

1.25.3 Selection for drought tolerance 
A pedigree nursery of 1990 single panicles an~ 446 
bulk selections were directly seeded m 1 m-long smgle 
rows for the pedigree and 5 m-long double rows for 
the bulk (30 em apart) at MPFS at the end of March 
1992. Plants were not irrigated. They were moisture
stressed because the rainfall was erratic. Soil cracked 
2-3 em deep in the field. At 90 DAE the total rains 
approximated only 436 mm (March 3.6 mm, April 
127 rnm, May 128 mm and June 145 mm). Drought 
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spell durations were at 4, 15, 33, 54, 56 and 71 DAE. At 
65 DAE when field soil moisture ranged from 3.5 to 
10.4% at depths of 5, 10, 15 and 20 em (average from 4 
sites), severaJ early Jines derived from outcrosses of 
lAC 233/79,1RAT 112, ITA 257, IDSA 13 (IRAT 165), 
CNA 762069 and Ble Chai proved to be drought
tolerant and produced fairly good panicles at 75 to 90 
DAE. Several ICOXl progenies matured at 90 to 105 
DAE. Due to recovery from moisture stress at night, 
morning scores were higher than ratings taken in the 
afternoon. 

In another trial conducted at Ungoye, LR 1992, 115 
lines were planted 3 rows each {5 m long, 30 em apart). 
Delay in rains delayed emergence. Total rainfall of 420 
mm was received in 90 days. The monthly rainfall 
distribution was March -75 mm, April-165 mm, 
May - 135 mm and June - 23 mm. Fourteen lines 
were selected as drought-tolerant at Ungoye, LR 1992, 
most were progenies of ICOX1 and matured at 70 to 87 
DAE. 

1.25.4 Selection for tolermJCe to problem soils 
Iron and Zn deficiencies were noticed at MPFS. Very 
few lines tolerated Fe and Zn deficiencies. Varieties 
lAC 272/78 and IREM 190 showed moderate tolerance. 
Several ICOX1 progenies tolerated Zn deficiency. 

1.26 RAINFED LOWLAND RICE 
IMPROVEMENT 

z. Harahap, R. C. Saxena, K. Ampong-Nyarko 
and f. C. 0/ela 

These trials were conducted at Kimira in Central 
Karachuonyo, Homa Bay District during LR 1992. 
Two observational nurseries, an advanced yield trial 
and a nursery for the demonstration plot were sown 
mid-February 1992. The first nursery comprising 250 
entries (40 from ICOX1 progenies, 75 entries from 
Indonesia and 135 entries from LR 1991 selection) was 
sown in 5 rn-long rows, 30 em apart. The second 
nursery had 51 varieties/lines selected from LR 1991 
trial, and 10 varieties from Indonesia which were 
planted on 3 x 5 m plots each at 30 em apart in a 
randomised block design, replicated four times. 
Twenty~five promising varieties were planted ~n~er 
more upland conditions on a 0.5 ha plot. The vanehes 
included all the adaptable, high yielding, early and 
drought-tolerant rna terials already tested by the ICIPE 
in western Kenya. The test materials were sown mid
February after a shower but suffered a month-long 
drought stress. Bird damage coupled with lack of rain 
after seeding added to the poor plant state. 

Field conditions at Kimira were more representative 
of upland ecology with temporary submergence of 
5 em to 15 em for two weeks at the maximum tillering 
stage. More rains carne in between 75 and 95 DAE 
when some early varieties/lines were ready for 
harvesting. Upland rice varieties, such as lAC 220/79, 
JAC233/79, GIC165-80, BR420-3-3-5, Tondano,Arias 
Baru and Laut Tawar, performed well. Two irrigated 
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varieties, Cisanggarung and Walanai also showed 
good growth. Varieties IR 42, IR 48, Pelita and Cisadane 
were not suitable for Kimira ecology. Swamp rice 
Alabio and Barito grew poorly. Upland rice variety IR 
4725-B-B-5·2 was promising and had negligible bird 
damage, probably because of its erect and pointed 
leaves. More intensive trials, especially in the ecology 
with deeper submergence, are needed. 

1.26.1 Pedigree nursen; 
These were selections from four previous trials tested 
for earliness, drought tolerance, Striga resistance, and 
problem soils. The selection included JCOXl and 102 
WARDA rice. Ble Chai or 47697-4-3-1 was planted as 
a check after every 10 entries which were sown in l m 
long rows (2 rows each, 30 em apart). 

Drought-tolenmce studies. Three hundred and five 
entries being evaluated for drought tolerance, as well 
as other desirable agronomic traits are being planted 
in 3m-long rows (2 rows each, 30 em apart). They are 
still under observation. 

Strign uplm1d rice i11ternction. The promising upland 
rice varieties selected from previous trials conducted 
at Ungoye and MPFS are being tested for their reaction 
to S. hermonthicrz at MPFS during the season. They 
were planted on 1.2 x 5 m plots in a randomised 
complete block design, four replications each at 30 em 
between the rows. 

1.26.2 Resulls 
Important characteristics to be included and improved 
for upland rice in a semi-arid ecology are high yielding 
ability, drought tolenmce, early maturity (80-90 DAE), 
resistance to Sttiga, tolerance to Fe and Zn deficiencies 
and phenotypic acceptability including erect, pointed 
leaves to deter birds. IRAT 112, lAC 220/79, IAC233 / 
79, CNA 762069, GIC 165-80, IRAT 144, lAC 150/76, 
IRAT 283, IRAT 229 and IRAT 209 produced 7-9 
t ha·1 under favourable conditions. Even under· 
minimal and erratic rainfall (420 mm) they produced 
0.5 to 1.3 t ha·1• These varieties should be included in 
the multilocation trials in western Kenya. 

Ten upland rice varieties, IR 38547-B·B·B-7·2-2, fR 
47255-B-B-B-5-4, IR 47697-4-3·1, IR 49255-B-B-5-2, 
B3913F-16-5-St-42, Ble Chai, Tondano, IR 47697-4-2, 
!RAT 209 and UPR 103-80-1-2 were resistant to S. 
hermouthica. Also, we have selected 30 Striga resistant 
breeding lines (ICOX1 progenies and outcrossed 
varieties). This reaction needs to be reconfirmed. 
Twenty lines maturing at 75 to 85 DAE were identified 
from outcrosses. lAC 272/78 and IREM 190 were 
tolerant to Fe and Zn deficiencies; 20 lines of ICOXI 
progenies and outcrosses were tolerant to Zn 
deficiency. 

Kimira site had more upland-like conditions with 
frequent submergence of 5-20 em for two weeks. 
Important varietal improvementtraitsforthisecology 
are high yield, drought and submergence tolerance, 
resistance to blast disease, earliness and plant type 
with erect, pointed leaves to deter birds. Thirty-five 
lines which performed weU in this ecology were 

identified. Promising upland rice varieties such as 
lAC 233/79, GIC 165-80, lAC 220/79, Ble Chai, Nam 
Roo and Mkosa yielded 4.0 to 5.0 t / ha . Some 
introductions from Indonesia also performed well. 
Irrigated and swamp rice varieties such as lR 42, lR 48, 
Pelita 1-1, Cisadane, Kapuas, Barito and Alabio 
performed poorly at Kim ira. These need to be retested 
under deeper submergence. Sindano, a local check 
was susceptible to blast disease which devastated 50 
ha rice in the surrounding area (at Kimira) during LR 
1992. Bl~st resist a nee genetics should be incorporated 
into this breeding exercise. Water-logged and swampy 
areas in Kenya, which so far have not been utilised for 
food production, can be converted into productive 
lands by growing suitable rice varieties. 

ICIPE-PHILRICE COLLABORATIVE 
RESEARCH PROJECT 

The ultimate goal of the ICIPE/ Phil.Rice research 
project on development of alternative lPM srategies 
for the yellow stem borer is to contribute to sustainable 
increase of rice production by smaU-scale farmers 
through reduction of losses to insect pests. 

1.26 DEVELOPMENT OF ALTERNATIVE lPM 
STRATEGIES FOR THE YELLOW 
STEMBORER SCJRPOPHAGA INCERTULAS 

H. Kumar 

1.26.1 Poprtlntion dynamics of tlw yellow stemborcr 
For adoption of integrated pest management strategies 
to combat stemborers, a critical monitoring of pest 
conditions is essential. Therefore, both adult and egg 
populations of S. incertulns were monitored during the 
dry season (OS) and wet season (WS) of 1992. The 
results show that the peak oviposition by the stem borer 
occurred in the fourth week of April, and declined 
until the third week of May. Oviposition by the 
stem borer increased again in the fourth week of May 
and declined to almost nil in the month of July. 

The oviposition started again in the second week of 
August which culminated i11 a minor peak in the 
second week of September. Another peak oviposition 
was observed in the third week of October. Thus, 
during the period of28 weeks for which egg-laying by 
S. iucertufas was monitored, four ovipositional peaks 
were observed in April- May, May-Jw1e, August
September and October. The intensity of first and 
second peaks was stronger than that of the third and 
fourth. 

Theadultscatchesduringthe28week-periodshow 
that there were four clear peaks of flight activity by the 
yellow stemborer moths. The pattern of fluctuations 
of adult catches was almost similar to those of egg 
masses deposited by the moths. These observations 
show that the rice crop planted during the last week of 
June or first week of July would escape the attack 
agninst 5. i11cerhllns. 



1.26.2 Evn/uatio11 of rices in the field under natural 
infestation for resistance to stemborers 

The project objective excludes large-scale screening of 
rice varieties in order to avoid duplicating the work of 
other agricultural centres. Hence, the varieties selected 
for evaluation have been those found promising at 
various national and i.J1ternational centres. The rice 
varieties under evaluation are (i) those that combine 
adequate levels of resistance with acceptable yield 
and other desirable characters and can be used in JPM, 
and (ii) those that have a high level of resistance but 
poor agronomic characters and can serve only as 
sources of resistance. 

Evaluation of rice varieties against the stemborer 
was done for overall borer-resistance and its major 
components in two stages: 

Stage 1. The varieties were tested in replicated 
si ngle-row plots under natural infestation with 
stemborer adults. These tests, though convenient for 
large scale screening, put different varieties close 
together. Consequently, their interaction, particularly 
the mixing of the sensory stimuli that they produce, 
may influence the behaviour of the pest a11d give a 
fa be picture of resistance. Hence, the varieties found 
promising at this stage were subjected to the next stage 
of testing. 

Stage 2. This was done by planting each variety in 
multiple rows in larger plots to minimise or even 
avoid interaction among tested varieties. The 
parameters listed below were recorded. 

Oviposition. Immediately after transplanting, each 
hill in a plot was carefully examined twice weekly and 
the number of egg masses recorded. The ovipositional 
preference/nonpreference by the moths on different 
rice varieties was compared. 

wrvnl-pupal recovery. This was recorded at the time 
of harvest. For this study, almost 800 tillers were 
sampled. Each tiller was destructively sampled and 
the larvae/pupae of S. inccrtulns were recorded. 

Percclltdeadluwt. At five weeks after transplanting, 
each hill was examined and the number of healthy 
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tillers and those showing deadheart were recorded. 
The percent dead heart was computed as follows: 

No. of deadheart 
in infested hills 

% deadheart ~ ------
Tota l no. of 
tillers observed 
in infested hills 

No. of infested 
hills 

x ------
Total hills 
observed 

The percent dead heart was compared among the rice 
varieties. 

Percm f white hcnds. This was recorded at the time of 
harvest. Each hill was examined and of the productive 
tillers, those showing white head were counted. The 
percent white head were computed as described above 
for deadheart. 

For each of the above parameters, the ratio of the 
value for a test variety to that for a reference (check) 
variety gives the relative index for that particular 
variety and resistance-component. The average of the 
rei a tive i11dices of a II four components gives the overall 
resistance level of the variety and is termed as overall 
resistance/susceptibility index (ORSI) relative to the 
reference. 

The results (Table 1.5) show that the eight rice 
varieties which were subjected to first stage evaluation 
in single-row plots at the field statio11 under natural 
infestation differed widely not only in ORSI but also in 
the way that incUvidual components contributed to 
similar levels ofORSl. The varieties BPIRi 2, 1.R 60, and 
TKM 6 showed high ORST values reflecting their 
susceptibility to stem borers. However, ill BPIRi 2, the 
contribution of oviposition, larval survival and 
dead heart was greater and that of white head lower 
than for the variety IR 60. On the other hand, oviposition 
and larval recovery but not the dead heart contributed 
to the overall susceptibility of TKM 6. 

The overall resistatKe/ susceptibility i.J1dex for 
IR 74 and lR 22 was equally low because of their high 

Tobie 1.5 Relative differences in Sclrpophago lncertulos Infestation and damage to rice cultivars grown In single-row plots 

Rotlo of each parameter's value for a test Overall 
culllvar to that of the reference check 1 resistance/ 

susceptibility 
Rice Larval Dead- White Index 
variety Oviposition recovery heort heads (OR51)2 

BPIRI4 1.00 1.00 1.00 1.00 1.00 

(2.7 ± 0.9) (7.6 ± 1.9) (14.6 :1: 1.7) (26.6 ± 2.9) 

BPIRI2 0.96 0.97 1.00 0.46 0.85 

IR36 0.89 0.91 0.80 0.97 0.89 

IR 74 0.70 0.54 0.92 0.09 0.56 

IR66 1.44 0.67 0.92 0.99 1.00 

IR22 0.41 0.70 1.10 0.09 0.58 

IR60 0.63 0.93 0.86 0.98 0.85 

TKM6 1.85 1.20 0.49 1.18 

'Reference check was BPIRi 4. 
2Averoge of all parameter"s values for eoch varie ty; the lower the <ORSI) value. the greater the resistance for that cullivar. 
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resistance to white head formation but very low 
resistance to dead heart formation. Resistance to egg· 
laying by S. inccrfulas was high in lR 22 but low in IR 
74. Thus, varieties differed among themselves in terms 
of components of resistance. 

Stage 2 evaluation showed that BPlRi 2, JR 36, 
TR 66 and lR 60 had ttlmost equally high ORSI values. 
But the contribution of oviposition, larval survival 
ttnd deadheart symptoms to the susceptibility of 
BPTR i 2 was greater than that of white head symptoms. 
In IR 36; IR 66 and IR 60, the resistance for each of the 
four components was equally low, resulting in overall 
susceptibility to stem borers. The variety TR 74 had the 
lowest ORSI value because of its high resistance to 
only one component, i.e., white head damage by the 
stemborers. Resistance to oviposition and deadheart 
was high but that to larval survival was low in TKM 6. 

The observations also show that the variety TKM 6 
had a high level of resistance to oviposition by 
stem borers in multiple-row plots but susceptibility to 
this component ill single-row plots. This anomaly is 
possibly due to the fact that in single-row plots, the 
different varieties were put close to each other and 
thus the moths were unable to distinguish the sensory 
signals emanating from different varieties. On the 
contrary, in multi-row plots, the moths flying over the 
crop perceived distinct sensory signals from the 
varieties. Hence, they could select and oviposit on the 
preferred varieties only. 

1.26.3 Mecltanism of resistance in nee to the yellow 
sfemborer 

The objective of this study was to elucidate the plant 
related factors that determine the resistance or 
susceptibility of different rice varieties. This 
information can be useful to breeders for developil1g 
pest resbtantvarieties by incorporating the resistance
imparting or eliminating the susceptibility-imparting 
characters. The approach involves a two-stage 
investigation. In the first stage, the role of the insect's 
co ionising responses nre examined. The second stage 
examines the role of plant characters in governing the 
colonising responses of stemborcr on rice varieties. 
During the current reporting period, study was 
initiated to elucidate the role of various colonising 
responses in determining resistance/susceptibility of 
certain rice varieties. 

For th.is purpose, five rice varieties, namely IR 22, 
TKM 6, TR 60, lR 66 and LR 74 were selected. Seeds of 
each variety were sown in pots and seedungs were 
thinned to four / pot. Thepotscontainingtheseedlings 
were arranged ill two separate sets. In the first set, five 
pots of each variety were arranged_ il1 a randomised 
complete block design in a galvanised iron tray 
containing water. At 7.5 weeks after planting, each 
tiller in a hill wi'IS artificially infested with 10 neon<1tes 
of the yellow stemborer. To infest each tiller, the larvae 
were released on the second leaf from the base to 
simulate the emergence of larvae from eggs laid by 
stemborers on the leaves. 

Forty-eight hours after the infestation, each tiller of 

a hill was destructively sampled. The number of larvae 
W<IS recorded. The presence or absence of fe~ding 
lesions by the larvae on the pl<~nt was also recorded . A 
greater percentage of larvae moving from oviposition 
sites to the feeding sites on one variety than the other 
would reflect its suitability for the arrest of the larvae. 
In the second set, the five varieties were infested at 10, 
20 and 40 larvae per tiller at 7.5 weeks after planting. 
Each pot with 4hills was considered as a replicate. The 
treatments were replicated four times and the pots 
arranged in a randomised complete block design. 

At 7 days after the infestation, the number of tillers 
showing deadhearts was recorded for each variety. 
The percent deadheart was computed on the basis of 
number of tillers showing dead heart and the number 
infested. At 15 days after the infestation, the percent 
dead heart was computed <~gain for each variety. The 
tillers were destructively sampled and the number of 
lnrvae recovered from each variety was recorded. The 
larvae were kept in labelled glass vials and dried in an 
oven at 60°C for 24 h. The larvae were weighed to 
determine the biomass gained by them on each variety. 
A greater biomass gained by larvae on one variety 
than the other would reflect its suitability for the 
growth of the stemborers. 

The results showed that when the varieties were 
il1fcsted with 10,20 and 40 larvae/plant, the damage 
by the stemborer varied according to the variety and 
the illfestation level. When infested with 10 larvae/ 
tiller, at 7 days after infestation (DAD the percent 
dead heart for IR 60 and IR 66 was lower than that for 
IR 22, IR 74 and TKM 6. At 14 DAI, almost 8Q-90 
percent tillers of TR 22, TKM 6, IR 74 and lR 60 showed 
deadhearts. The incidence of dead heart on IR 66 was 
significantly lower than the remainu1g varieties. The 
larva l survival on IR 66 was the lowest, followed by 
TR 74, TKM 6,IR22and fR60. The biomass gained by 
the larvae was low for IR 22, TKM 6, lR 74 and IR 60, 
whereas it was high for IR 66. 

When illfested with 20 larvae per tiller, almost 90% 
tillers exhibited dead hearts for IR 22, TKM 6, and fR 74 
at 7 DAl. Only 58% tillers showed dead heart for the 
variety lR 66. At 14 DAr, almost 100% tillers of all the 
varieties showed dead heart. 

Larval survival was low for all the varieties. The 
biomass gained by the larvae was equally low for 
IR 22, TKM 6, lR 74 and lR 60 but was high for IR 66. 

On infesting the rice varietjes with 40 larvae per 
tiller, almost 100% tillers of each vttriety showed 
dead hearts. The varieties were completely destroyed. 
Larval survival was very low on all the varieties. 

The observations given above show that the variety 
TR 66 possessed a moderate level of resistar\ce against 
S. illcer/11/ns attack. N<J vCiriety was resistant against 
high infe::;tation by the borer. A low survival on TR 66 
could be due to (1) high mortality of the larvae on this 
variety or (2) departure of the larvae from the plant 
because of its repellency or lack of attractancy. When 
the larvae were released on the leaves of the rice 
varieties for 48 h, a significantly low percentage of 
larvae established on the feeding site, i.e., stem, of 



variety IR 66. Thus, a decline of the larval population 
occurred within the first 48 h during which the larvae 
move from their oviposition sites to the feeding sites 
on the rice plant. Jn view of this, it seems that a 
nonpreference type of resistance mechanism is 
responsible for low survival of larvae on lR 66. The 
antibiosis type of resistance mechanism does not seem 
to be operating with the resistant IR 66 because of a 
high biomass gained by the borer on this variety. 

ICIPE-BMZ BANANA PROJECT 

Among the key pests of bananas, the weevil 
Cosmopolites sordid us and a complex of nematodes arc 
considered to be the most important agents in reducing 
banana yields and lowering the performance of the 
crop in the growing areas of eastern and central Africa. 
A few years ago, the ICIPE started a collaborative 
project on banana pests funded by the Federal Ministry 
of Economic Cooperation (BMZ) of the Republic of 
Gem1any to elucidate the factors responsible for the 
current declineofbamma production in the East African 
region, especially those pertaining to the weevil, 
nematodes, and agronomic practices. 

1.27 EVALUATION OF BANANA CULTIVARS 
FOR RESISTANCE/TOLERANCE TO THE 
BANANA WEEVIL COSMOPOLITES 
SORDIDUS 

K. V. Seslw Reddy, M. C. Lttbegn, 1. 0. Mnyogn 
and P. 0 . Ochmtjo 

The evaluation of twelve banana cultivars with 
different traits for resistance/ tolerance was carried 
out based on the multiplication rate of the weevil and 
the extent of damage caused by it to banana rhizomes 
in the field. These culti vars include one roasting (Horn 
plantain - AAB); two beer (Mpologoma - AAA, 
Mutika-AAA),threecooking(Mbwazirume-AAA, 
Matumbo- AAB, Nakabululu - AAA) and six sweet 
(Bogoya pink - AAA, Nyoro - AAA, Kitembc -
AAA, Sukali Ndizi Pink - AAB, 5oth - AAB and 
Muraru - AA). 

In the laboratory, three equal-sized rhizomes of 
about four monU1s old were placed in a 60 litre plastic 
container for each cultivar and replicated four times. 
Ten females and 10 male adult weevils were released 
in each container and after two weeks the adults were 
removed. After a further 40 days, the rhizomes were 
sampled and the weevil population recorded based on 
the stages of development. 

Among the 12 cultivars evaluated, the highest 
number (58.5) of insects developing and surviving at 
54 days was observed in Mpologoma, a beer type of 
banana. The lowest survival rate observed was 
significantly different from that observed in the other 
cultivars except in the cooking types, Mbwazirume 
and Matumbo.ln 5oth, a sweet type, the average total 
population including larvae, pupae and adults 
observed was only 8.25. 
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At Ungoye field Site, where the banana germ plasm 
under U1e BMZ project is being maintained, the extent 
of damage caused by the weevil to the 12 cu ltivars was 
taken at the time of harvesting the bunches. This was 
done based on Visual Damage Rating (VDR) on a 1 to 
5 scale, where 1 is no damage,2is 1- 25%, 3 is26-50%, 
4 is 51- 75% and 5 is 76-100% damage. It was found 
that the two beer cultivars had a VDR of 4 to 5, roasting 
and cooking cultivars 3 and sweet types 1 to 2. In 5oth, 
Sukali Ndizi Pink and Nyoro, which are the sweet 
types, no damage was recorded. 

It is evident from these studies that banana cultivar 
types are important in weevil development, survival 
and extent of damage caused . There seems to be no 
direct correlation between the genome grouping of a 
cultivar with the number of insects surviving or 
developing. However, the cooking as well as beer
type cultivars were found to be more susceptible to the 
weevil than the dessert types. 

1.28 EVALUATION OF BANANA CULTIVARS 
FOR RESISTANCE TO THE LESION 
NEMATODE, PRATYLENCHUS GOOD£YI 

S. W. Waudo 

Eighty~seven banana cultivars were screened for 
resistance against the lesion nematode, Prnh;lenc/1115 
goodet;i in five different tests. The tests were established 
at the Agricultural Research Institute, Maruku, 
Tanzania between September 1989 and May 1990. A 
completely randomised block design with four 
replications was used in all tests. Root damage due to 
the lesion nematode was assessed using a 0-4 rating 
scale, where 0 is no necrosis, 1 is 1- 25,2 is26-50,3 is 51-
75 and 4 is 76-100% of a root being necrotic. Nematodes 
were extracted from roots using the maceration-sieving 
technique. 

Banana cultivars differed significantly (P = 0.05) in 
their ability to support P. goodeyi in all the five tests. 
Njubo, a cooking type, supported significantly (P = 
0.05) more P. goodetji than Kikonjwa, f<iguruwe, Red 
sweet, Banana, Enshule, Jamaica sweet, Nkila, Kisubi 
and Nkonjwa Nshakara in test 1. J<imalindi, a cooking 
type, had significantly (P = 0.05) higher nematode 
numbers than those obtained from Ndibwabalungi, 
Nakawere, Mshare, Nkonjwa mafuni, Empindwi, 
Enyakumama, Kimula, Ndibwabalugi, Rumbugu, 
Nshansha 11, Kisubi kanja, Pazi, Njurumuki and 
Rwondo in test 2. Namwezi, a cooking type, had a 
significantly (P = 0.05) higher number of P. goodeyi 
than Nyambo, Enkobe, Endibwabase, Entagola, 
Embululu, Kimpoma, Enyitabunyoni, Bagandebesa, 
Enyama and Endeisya. Entagolaza, a cooking type, 
supported significantly (P = 0.05) more P. goode~;i than 
Nyamaizi, Entemae, Nshashambile, Nshagya, Eushazi, 
Ngumba, Rwabugenda and Nkazi Mgumba in test 5. 

The lesion nematode caused significantly (P = 0.05) 
more damage to the root systems of Namwezi, 
Nalugolima, Kalunge, Alingo, Enswella and Entama 
than to those of Nakabulu, Enyabwekonola , 
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Nandigombe, Entukuria, Nakitembe, Bandegeyo, 
Musakala, Nakabinyi and Coruguru, 600 days after 
planting. 

The significant (P "" 0.05) differences in P. goodeyi 
populations and root damages demonstrate that 
banana cultivars differ in their susceptibility to this 
nematode, a phenomenon that can be exploited in the 
management of the nematode in an lPM package. 

1.29 HOST RANGE OF LESION NEMATODE, 
l' RATYLENCHUS GOODEYI SHER AND 
ALLEN 

A. A. S. Mbwllnn 

The banana root lesion nematode, Prnty/enchus goodeyi 
Sher and Allen was extracted from only four and five 
plant species out of 77 host plant species at 60 and 360 
days after planting, respectively. Musa sp (cv Nyoya), 
Tripst1Cllmlaxmn, Commelinn benglwleusis, Hypermemia 
rufn and Plectrnnfhus barbntus were the plant species 
that supported the nematode. The lowest and highest 
numbers of nematodes/ 100 g wet root were extracted 
from P. lmrbatus and C. /Jenghalensis, respectively, 60 
days after planting. After 360 days after planting, P. 
goodtnji was extracted from T. laxnm. The plant species 
C. benglra/wsis and H. rufn supported significantly (P = 
0.05) more nematodes than o ther plant species 
including Musa sp, the known host, 60 days after 
planting. Musn sp (cv Nyoya) had the highest number 
of P. goodl!lji 360 days after planting. 

1.30 IMP ACT OF INTERCROPPING AND 
MULCHING ON BANANA WEEVJL 
COSMOPOUTES SORDIDUS AND ON 
BANANA PERFORMANCE 

B. E. M.A. Uranu 

The impact of the three intercrops (banana and maize, 
banana and sweet potato, and banana and beans) and 
their respective mulches on the population of C. sordid us 
in the banana field was studied. There were no 
significant difierences between the treatments on C. 
sordidus population changes when the four cropping 
seasons in 1990/91 and 1991 /92 were investigated 
individually. However, a significant difference 
between the treatments on the impact to banana weevil 
population densities was shown when all the four 
cropping seasons were considered together. 

Higher population indices of C. sordidus were 
recorded on mulches and on beansintercrop treatments 
which implied that they encouraged a conducive 
microhabitat for their increase. Low population indices 
of C. sordidus were shown by sweet potato i.ntercrop 
treatment, and is likely due to a repellency effect. 

Sweet pot a to and maize intercropsshowed adverse 
effect on banana growth parameters and on yield due 
to mineral nutrient competition and shading, hence 
these are not recommended for intercropping with 
bananas. 

Cultural practices, including banana intercropping 
and mulching for the control of C. sord idus, were fow1d 
to take time to affect the population of the pest. 

1.31 OBSERVATIONS ON NEMATODE AND 
WEE~LDAMAGEONSMALLBANANA 
SUCKERS 

P. R. Speijer 

Two banana nurseries were planted, one at Oyugis 
and the other at MPFS. The cultivars selected are 
shown in Table 1.6. Small suckers were collected at 
regular intervals and observed for nematode and 
weevil damage. The average incidence of nematode 
and weevil-affected suckers was 19% and 4%, 
respectively, in Oyugis and 17% and 9% at MPFS. The 
fraction of nematode and weevil-damaged suckers 
increased significantly with time at both sites. The 
incidence of nematode~damaged suckers was not 
significantly different in Oyugis or MPFS. However, 
at MPFS the fraction of weevil damaged-suckers was 
significantly higher than in Oyugis. 

Table 1.6 Banana cultlvars selected for resistance to weevil 
and nematode damage 

Local cultlvor 
name 
(genotype) 

Giant 
Bogoya 

Gonja 
Kalnja 
Klvlvuu 
Lusumba 
Mbldde 
Nakyetengu 
Sukali Ndizi 

<AM) 
(AAB) 
(ABB) 
<ABB) 
(AAA) 

(AAA) 
(AM) 
<MB> 

Use 

dessert 
roasting 
multl-purp 1 

multl-putp 1 

cooking 
beer 
cooking 
dessert 

Cultivar group 

Gtoss Michel 
French plantain 
Plsang awak 
Sllvet Bluggoe 
East African Highland 
East African Highland 
East African Highland 
Ney poovan <AB). 
Silk (AA8) 

1 Multi-purpose cultlvars can be used for brewing. cooking or 
eaten ripe. Beer and dessert cultivors con be cooked in case 
of famine. 

PESTNET RESEARCH ACTIVITIES 

1.32 PESTNET RESEARCH ACTIVITIES IN 
KENYA: STUDIES ON STALKBORER 
DAMAGE, YIELD AND ECONOMIC 
INJURY LEVELS 

S. Kynmanywa 

In 1991, PESTNET initiated studies to develop a simple 
method of determining economic injury level (ElL) 
based on natural infestation as well as to determine 
losses caused by stalkborers on maize and their Ells in 
different agro-ecological zones. At Mtwapa at the 
Kenya Coast, results indicated that the losses caused 
by stemborers depended on the time when maize 
plm1ts were infested. The single plant analysis method 
was identified as an appropriate method of 



determining ElLs of stalkborers in the field under 
natural infestation. This research continued during 
1992 in collaboration with the Kenya AgricuJtural 
Research Institute (KARl). 

Results from Mtwapa show that maize 
intercropped with cowpea suffered less damage than 
the single crop. The number of plants showing leaf 
damage, mean holes per plant and mean leaf damage 
score were higher in the single crop than in the mixed 
cropping. However, there were no significant 
differences in damage between the two maize varieties, 
Coast Composite and Pwani Hybrid. 

Stalkborer infestation was considerably higher in 
1991 than in 1992. Therewerealsomoreplantsshowing 
leaf damage symptoms during 1991 than in 1992. 

The loss in yield (weight) caused by stem borers at 
the Coast depended on the time when maize plants 
were infested. Plants infested wiUtin four weeks after 
emergence (WAE) of maize suffered the greatest 
reduction in yield, followed by those infested between 

. 
Table 1. 7 Effect of time of Infestation by stolkborers on yield 
of two commercial maize varieties at Mtwopo at the Kenya 
Coast 

Percent reduction in groin weight 
Cropping Time of 
system Infestation Coast Composite Pwonl Hybrid 

Molle only 

Maize/cowpea 

Maize only 

Maize/cowpea 

2WAE 
4 • 
8 • 
Mean 

2 WAE 
4 . 
8 • 
Mean 

2 WAE 
3 • 
4 • 
6 • 
8 • 
Mean 

2WAE 
3 • 
4 • 
6 . 
8 • 
Mean 

1991 

58.21 
51.90 
17.70 
52.5 

44.00 
26.36 
-0.13 
23.4 

1992 

-Q.4 
55.8 
11 .7 
34.5 
30.0 
26.5 

-48.9 
33 

-6.80 
15.1 
- 1.92 

55. 1 
33.8 
11.4 
33.4 

55.5 
33.8 
28.76 
39.35 

-1 .50 
22.90 
-Q,Q() 
24.9 
-2.7 
-2.68 

2.00 
7.40 

-60.10 
-34.20 
35.90 
-9.80 

4-8 WAE, and least or no loss at all in those plants 
infested late (more than 8 WAE) (Table 1.7). The 
relationships between leaf damage parameters and 
yield were significantly negatively correlated. 

[t is worth noting that i.n both years, there were 
significant interaction effects between intercropping 
and variety. Coast Composite suffered less yield 
reduction and also yielded more when it was 
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intercropped with cowpea, while on the other hand, 
Pwani Hybrid suffered significantly more loss and 
also yielded less than when it was intercropped with 
cowpea. 

Economic injury levels (Ells) calculated show that 
the early growth stages of maize are most susceptible 
to the maize stalkborer. 

1.33 PESTNET RESEARCH ACTIVITIES IN 
ZAMBIA 

C. Mugoya and T<..C . Cltiltsemlm 

1.33.1 Screening of some maize cultivars for resistance to 
stem borers Chilo partellus and Busseola fusca in 
Zambin 

The incorporation of stem borer resistance into existing 
maize cultivars is an essential component of maize 
improvement in Zambia. Screening of maize lines for 
resistance to the stem borers C. parte/Ius and B. fusca on 
maize genotypes was carried out at the Golden Valley 
Research Centre. Open-pollinated and inbred lines 
from several sources, all of which have undergone 
improvement in the Zambian breeding programme, 
were artificially infested with 10 blackhead egg masses. 
Altogether, 14 maizecultivars were tested. These were~ 
660,400,857, Zuca,574,26,289,449,363,7316, MM400, 
660 (N3-1752-1799), 544 (1474) and 512 (1413). Foliar 
damage and deadhearts were recorded at 3 and 6 
weeks after inoculation, while number of larvae and 
tunnelling were recorded on 10 plants per plot at 
harvest. 

In the C. pnrtellus trial, cultivars 660, 400, 574, 26, 
289, 449, 7316, MM400, 660N3, 544 and 512 presented 
low percent foliar damage. Foliar damage rating (scale 
1-9) among seven of these cultivars was less than 2.7. 
Stem tunnelling, on the other hand, was significantly 
extensive in only onecultivar(574). Cultivars26,7316, 
544 and 512 showed both low foliar damage as well as 
stem tunnelling, suggesting resistance to s temborer 
damage. 

In the B. fusca trial, cultivar 857 showed the highest 
percent foliar damage as well as the highest foliar 
damage rating. Differences among other cultivars for 
all the parameters studied were not significant. This 
underscores the need to develop very sensitive 
methods of differentiating resistant, susceptible and 
tolerant maize genotypes. Owing to the persistent 
drought conditions that prevailed, most plants were 
attacked by termites which made the screening exercise 
rather difficult. 

1.33.2 Role a11d preference of host plants maize, sorgh11m 
m1d wild hosts on stemborer complex in relatio11 to 
the i11digenous stemborer parnsitoid Cotesia 
sesamiae 

In order to establish the role and preference of host 
plants sorghum, maize and wild hosts Hyparrhenia 
variabilis (Stapf.) and Sorghum verticiflorum (Steud.) on 
the stemborer complex in relation to parasitism by 
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Cotesin scsnmiae, ecoLogical studies were carried out at 
Mt. Makulu a:nd Golden Valley research sites on three 
stemborer species found in these areas: C. partellus, B. 
fusca and Scsamia cnlnmistis Hampson. 

Maize and sorghum were planted in opposite plots 
measuring 20 x 10m. Plots were buffered from wild 
grasses and fieldedges by4rowsofmaizeorsorghum. 
Popu lar maize and sorghum hybrids MM752 and 
WS287, respectively, were planted in 27 row::; at the 
recommended spacing of 75 x 30 em. Transects 
measuring 20 x 10m of wild full-grown but green H. 
vnriabilis and S. verticifJorwll verging on maize/ 
sorghum fields were demarcated and by using a 
wooden frame, 27 quadrants measuring 0.25 m2 were 
marked. At each site, simple random sampling for 
s temborers was conducted weekly from 3-18 weeks 
after crop emergence. Sampling was imposed on 
populations of maize, sorghum and wild graminaceous 
hosts H. vnriabilis at Mt. Makulu and S. verticiflorum at 
Golden Valley. Weekly and fortnightly samples were 
taken throughout the season. On each sampling 
occasion two plants from each row of maize and 
sorghum and each quadrant of wild hosts (54 plants 
per population) were randomly selected and dissected. 
Number of stemborer larvae, species and stadia 
obtai ned were recorded. Live insects were maintained 
on their host plants for possible emergence of C. 
sesn m iae. 

Results obtained revealed that C. sesnmiae did not 
parasitise first and second instar larvae. Secondly, B. 
fu sca and C. pnrfellus were the preferred hosts by C. 
scsnmine on maize and sorghum crops in both locations 

(Table 1.8). No B. fusca parasitised by C. sesamiac was 
recovered from the wild host H. varinl1i/is at Mt. Makulu. 
On the other hand, S. verticiflorum sustained stem borers 
whose levels of parasitism were comparable to those 
of cultivated hosts. Stem borer infestation in wild hosts 
was generally lower than in cultiva ted hosts. Such low 
levels of infestation were, however, significant in that 
they sustained C. sesamiae parasitism as well as the 
stemborer itself dtu·ing the long dry season when 
maizeru1dsorghum crops were absent. All S. cnlamistis 
larvae recovered were parasitised in maize and in the 
wild host, while none were parasitised in sorghum. 

J .33.3 Studies on seasonal population pnltems of 
slemborers Chilo partellus and Busseola fusca 
using pheromo11e traps 

For two consecutive years, we have monitored the 
flight phenology of B. frtscn and C. partellus populations 
using pheromone traps. 811sseoln pheromone was 
obtained from ICI.PE while the Chilo pheromone was 
obtained from ICRISA T / SA DCC who also supplied 
us with the modified plastic Omni-traps (Mare-LTaps). 
The traps were hung 1.5 m above the grotmd on a wire 
fence surrounding sorghum and maize fields. 
Pheromone capsules were placed through a hole in the 
ceiling of Hte trap. The munber of moths caught each 
day was recorded and then added to give a total 
number of moths caught per week. Trends of trap 
catches and seasonal rainfall were then compared. 

Results obtamed during the season indicated that 
8. {11sca moths appeared in two peaks during the rainy 
season: the first in mid-November and the second 

Table 1.8 Parasitism by Cofesio sesomloe ot Mt. Makulu and Golden Volley. Zambia 

Host plant Stemborer Mean larvae Mean larvae % porositold preference 
species species recovered/plant parasltised of d ifferent larval spp 1 

Mt. Makulu 
Maize B. fusca 1.28 0.13 71.03 

C. parte/Ius 0.31 0.04 20.03 
S. calamlstls 0.02 0.02 8.19 

Sorghum 8. fusca 0.75 0.05 60.00 
C. parte/Ius 0.46 0.03 40.00 
S. colomisfls 0.06 0.00 0.00 

Hyparrhenla B. fusca 0.03 0.00 0.00 
voriobilis C. parte/Ius 0.65 0.01 50.00 

S. colomistis 0.01 O.Dl 50.00 

Golden Valley 
Maize B. fusco 0.91 0.03 32.74 

C. parte/Ius 0.36 0.04 38.05 
S. co/omisfls 0.21 0.03 29.20 

Sorghum B. fusca 0.60 0.67 47.61 
C. porte/Ius 0.39 0.70 49.75 
S. colomistis 0.32 0.04 2.63 

Sorghum B. fusco 0.27 0.05 32.25 
vertlciflorum C. porte/Jus 0.01 0.10 64.51 

S. catamlstls 0.02 0.01 3.22 

Percent parasitoid preferenc e of different larval hosts = mean no. parasltised larvae on a host spp 

sum of all porositised larvae for eoch 
host plont spp 



between March and }w1e. No moths were caught in 
the dry season starting in June. On the other hand, 
high mean trap catches of C. parl.el/us moths were 
recorded from late December/early january rising 
gradually to October. An increased flight activity 
similar to that of the 1990/91 was recorded between 
mid-August and October. 

These results are comparable to those recorded in 
1990/91 season where B. fuscn males were also caught 
in two distinct periods during the rainy season. 
Correspondingly, there were no rains between May to 
October and thus very few moths were caught. During 
that same period, C. pnrtelllls moths were also trapped 
from late April but shortly after the end of the rains in 
May a distinctly increased but brief flight activity was 
recorded. The presence of more rainfall in the 1990/91 
season compared to 1991/92 season<ll totals appears 
to explain differences observed in the two seasons. 

It is apparent that fluctuation of moths during the 
two years displayed a certain consistent pattern. 
Secondly, C. partellu:; peaks were usually preceded by 
periods of continuous and increased rainfaU while B. 
fuscn were first caught shortly after onset of the rains. 
This study showed that 8. fusca was indeed the 
predominant borer species at the beginning of the 
cropping season. These results a lso infer that first 
genera tion B. fuscn larvae pupate without diapausing. 
On the other hand, C. parte/Ius is available almost 
throughout the year but its population is low at the 
beginning of the season. 

7 .33.4 St11dies 011 the potent in/ ofTephrosin vogelii i11 the 
llltmagcme11t of mnize and sorghum stcmborers 

Feeding biossnys. hwestigations on the role of Tepltrosia 
vogelii Hook Fin the management of stem borers were 
undertaken using extracts from flowers, pericarp and 
developing seed. 

A standard procedure for extracting plant material 
was used. Plant material (50 g) was macerated in a 
blender for 5 min and extracted in 500 ml water. This 
yielded a crude extract containing 10% stock solution 
which wasseriaiJy diluted into 5.000%, 1.250%, 0.625%, 
0.313%, 0.156% and 0.0078% w /v concentrations and 
applied topically on maize leaf discs. Distilled water 
was used as a control. A feeding bioassay was carried 

Table 1.9 Percent mortality of 1st lnstorC. partel/uslorvoe otter 
treatment of maize leaf discs with crude extract of Tephrosio 
vogelii flowers and developing seed and perlcorp 

Concentration 
(%w/V) 

O.OOCXJ 
0.0078 
0.156 
0.313 
0.625 
1.250 
2.500 
5.000 

Percent mortality recorded otter 
24 hours on different extracts 

Flowers Seed Perlcorp 

13 23 3 
23 36 3 
23 80 10 
10 73 33 
23 90 3 
60 100 26 
76 100 40 
60 100 33 
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out using maize leaf discs (cultivar MM 752) cut from 
3 week-old plants. These were dipped into the extract 
for 30 seconds and placed in a Petri dish which was left 
open for 30 min. Newly emerged first instar larvae 
were then introduced into the Petri dish and the lid 
closed. The experiment comprised 3 replicates with 1 0 
larvae per replicate and was ammged in a completely 
randomised design on a laboratory bench. Mortalities 
were observed after 12 and 24 hours. 

Preliminary results obtained showed that aqueous 
extracts of flowers and developing seeds produced 
significant mortality rates as well as antifeednntaction 
on the larvae, while thepericarp extractappeared to be 
ineffective (Table 1.9). 

Oviposition bioassay. Manipulation of i.nsect pest 
behaviour by repressing oviposition on its preferred 
host plant can effectively disrupt plant colonisation. 
Generally, insect feeding deterrents are also known to 
inhibit oviposition. This hypothesis was tested with 
regard to T. vogdii extracts. The aim was to investigate 
whether T. vogelii extracts inhibit C. parte/Ius oviposition 
on maize. Two-week-old potted MM 752 maize plants 
were divided into three groups in a completely 
randomised design in the screenhouse. Leaves from 
the first group of plants acted as control and were 
sprayed with distilled water. Leaves of the second 
group of plants were sprayed with 10% w /v T. vogelii 
extracts. A choice oviposition test was carried out on 
the third group of plants. An equal numberofrt~ndomly 
chosen leaves were carefully treated with the extract 
while the other were treated with dis tilled water. All 
potted pia nts were then covered with a netting material 
and a pair of newly emerged male and female moths 
were i.ntroduced and left for three days to oviposit. 

Egg counts made after the experiment showed that 
most eggs were laid on plants in the control group 
sprayed with water. On the other hand, moths avoided 
laying eggs on plants sprayed with the extract, 
preferring to oviposi t on the soil surface. In the choice 
test, the majority of eggs were laid on leaves sprayed 
with water while fewer eggs were laid on leaves 
sprayed with the extract (Fig. 1.2). This experiment 
demonstrated thatT. vogc/iileafextmctsalso prevented 
oviposition in addition to being a phagodeterrent. 

Field evaluatio11 of an effective spray dose ofT. vogelii. 
We carried out a field trial to evaluate the most effective 
spray dose of T. vogelii in suppressing stalk borer 
infestation. Stalk borer susceptible MM 752 hybrid 
maize was planted in plots measuring 6.9 x 5.25 m 
arranged in a randomised complete design with 3 
replicates. 

Tender T. vogelii leaves were pounded in a wooden 
mortar and six concentration levels ranging from 15% 
w /vconcentration to3% w/v were made. These were 
sprayed at weekly intervals in different plots from 5-
9 weeks after emergence. Control plots were not 
sprayed. At 4 weeks after the commencement of 
spraying, counts were made of the number of plants 
showing foliar damilge. 

Results revealed that stemborer infestation was 
highest in unsprayed control plots. Percent plants 



1992 Annual Report 66 

0 Oviposition on water·sprQyed plant parts 

~ OviPQS!tion on 110U :nu!ace 
om Oviposition on extnc:t·sprayed plant pAriS 

Treatment:! 

Flg.1 .2 The effect of T. vogel// leaf extracts on the oviposition 
behaviour of Chilo parte/Ius. 

Treatment 1: leaves sprayed with water (control); 2, leaves 
sprayed with 10% extract; 3, choice test In which half number 
of leaves are sprayed with water and the other half with 
extract. 

damaged by stem borers in control plots was almost 3 
times higher from those sprayed with a 15% r . vogelii 
extract (Table 1.10). TI1e results indicate that the extract 
was accountable for the foliar damage reduction 
observed. 

Table 1 . 1 0 Percent mai:(:e plants showing stemborer folllar 
damage otter application of various concentrations of 
aqueous T. voge/il extract 

Extract Percent plants 
concentration attacked 
(W/V) 

0.0 61 .5 

3.0 20.1 
6.0 18.9 
9.0 33.7 

12.0 34.9 
15.0 19.7 

1 .33.5 Effect of early planting and use of resistant cultivars 
on incidence and sc..'Verity of maize streak virus 
(MSV) on resistant and susceptible maize Cllllivars 
in farmers fields 

The objective of this study was to use on-farm trials to 
demonstrate the advantages of early planting and use 
of a resistant cultivarin reducing incidence and severity 
of MSV on maize. The trial was set up in Mansa, 
Luapula Province on five small-scale farmers plots. 
Each fanner was requested to set aside 0.5 ha of land 
for this purpose. The land was divided into three plots. 
Two plots were planted withsolecropof maizecultivar 
MM752 orZUCA. In the third plot, bothmaizerultivars 
were alternately planted in different lines. All the 
maize were planted at the onset of the rains. Results 
showed that overall MSV incidence and severity on all 
farmers plots (except in the case of Mr. ChiJufya's plot) 
were very low (damage rating on a scale of 1-5 was 
<3.0 in both cultivars) {Table 1. 11). Planting of resistant 
and susceptible cultivars in the same plot did not 
appear to contribute to increased or decreased MSV 
occurrence. 

Table 1.11. Maize streak virus (MSV) severity rating on 
farmer's fields on early planted MSV-resistant (ZUCA) ond 
susceptible maize (MM 752) cultivars 

Farmer 

Mr. Siwale 

Mr. Nkandu 

Mr. Chllutyo 

MsMwlndula 

MsMwila 

Cultivar 

MM 752 
Zuco 

MSV severity rating 
on 1- 5scale 

2.0 
1.0 

MM 752 +Zuca 2.2 

MM752 1.8 
Zuca 1.0 
MM 752+Zuca 1.0 

MM752 3.4 
Zuca 3.0 
MM 752 +Zuca 3.3 

MM 752 0.5 
Zuco 1.6 
MM 752 + Zuca 1.8 

MM 752 2.8 
Zuca 2.8 
MM 752+Zuca 2.6 

'"More i11[ormalio11 about PESTNET cn11 be {ott11d rmdur Sec:liorr 11 
liiSiitlltio,n/ Building,/ntemc:tive Research and lllformalion (JBIRI) 
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2 
Locust Research 

2.1 POPULATION DYNAMICS OF THE 
DESERT LOCUST SCHISTOCERCA 
GREGARJA IN A WINTER AND SUMMER 
BREEDTNG HABITAT 

S. El Bashir rmd H. E. Abdel Ralwum 

Ecological conditions during the early part of 1992 
(January-March) were conducive to successful locust 
breeding in the winter breeding zone along the Red 
Sea Coast of Sudan. Good rains whlch resulted in the 
outflow of many of the seasonal strenms initiated the 
growth of various locust host plants and provided the 
required soil moisture for oviposition. Thus by tnid
Mn reb, population density of solitn rico lour locust wns 
about800 individuals per hectnre. fn April, vegetation 
in this zone dried out and no locusts were encountered; 
they had probably migrated to the mountain rnnge 
where more favourable ecological conditiuns 
prevailed. Alternatively, they might have crossed the 
Red Sea to Saudi Arabia where spring breeding could 
take place. Regular monitoring of thecoastnl plain and 
the summer breeding zone during May.JuneandJuly 
showed no locust activity. However by July, some of 
the Panic11111 t11rgidum bushes started producing new 
shoots in the smnmer breeding area and some streams 
started to flow. Adult grasshoppers as well as 1st and 
2nd nymphal instars of Locus fa migmtoria migrntorioides 
were encountered in August. 

Desert locust populations were recorded for the 
first time during early October in nine locations at the 
summer zone at a mean density of 220 adults/ha. By 
the end of October the mean density was 800 adults / 
ha and by December it was 2460 adults/ha; then the 
population moved to the winter breeding zone. A few 
swarms of gregaricolour locusts appeared in the Red 
Sea coastal plain in November and December; they 
laid eggs and scattered hopper bands were encountered 
almost everywhere south of Port Sudan. Judging by 
the colour, behaviour and number of eggs laid, there 
appeared to be two phases of the desert locust in the 

same location. However, morphometrically (F / C ratio) 
there was no difference between the two populations, 
indict~ting that the shift from the solita ry to the 
gregarious phase was at its initial stages. 

2.2 A METHOD FOR SAMPLLNC HOPPERS 
AND FLEDGLING ADULTS OF 
GREGARIOUS DESERT LOCUST 
POPULATIONS 

S. El Bnshir, C. fllayahtllnlz, H. E. Abdcl/~nlmum 
and A. 0. Alt111ed 

Hopper bands (mainly 5th ins tar::;) and fledgling <tdults 
of S. grc•gnrin were encountered togeth.er at Handoub 
(19° 13' N; 47° 14'E) in the Red Sea coastal plain of 
Sudan, during December, 1992. The habitat was 
uniformly covered with Pn11icum turgid11m and Sa/sola 
sp, in addition to a wide variety of annual forbes and 
grasses. Plants of each of the two dominant species 
were classified as small, mediw-n and large according 
to diameter, perimeter and height. Sufficient number 
of plants from each category were searched and all 
hoppers and young adults harboured in every pla11t 
were counted. Snlsoln sp was found to harbour three 
times as many locusts as Pa11icum turgidum. 

Linear correlation analysis indicated that plant 
size had a strong positive correlation with the number 
of locusts harboured in it (r 0.07- 0.85; t-test P<O.Ol ). 
Simple linear regression models to pred i.ct numbers of 
locust individuals in different plant sizes were 
developed. Locust-infested and locust-free plants of 
the two dominant species were counted in 20 plots of 
100m2 each. The percentage of infested plants in each 
size category was determined and the model was then 
used to calculate the hopper and adult locust 
population per unit area. According to the model, the 
estimated density was 157,000 individuals per hectare 
and the total population in the infested area of 4 km2 

was 62.8 x 106 locusts. 
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2.3 LOCUST MORPHOMETRieS 

S.M. Ndugo, C. Inayntullall and S. El Bnsltir 

Measurements of vilrious body parts (length of body, 
compo und eye, elytron, pronotum, forefemur, 
midfemur, hind femur, antenna, width of vertex, 
compound eye, head capsule and number of cyt> 
stripes) of a sample of solitary-reared and crowded 
locusts of every generation in the insectary were taken 
so as to monitor the occurrence of morphometrical 
changes. A total of 110 crowded and 215 solitary
reared individuals were studied. When these 
individuals were re-classified on the b11sis ofE/Fratio, 
5 % of 'gregarious' and 47.7% of 'solita rious' 
individuals were mis-dassified. Out of a total of 325 
observed individuCI Is, 175 (53.8%) were da::~sified as 
'transient'. When the re--classification was detennined 
based on F !C ratio, only 1 (0.3%) individual was 
classified as 'gregarious', 178 (54.8%) were cl'1s:sified 
as 'solilarious' and 146 (54.8%) were classified as 
' trnnsient' . Most of the individut:~ls of et:~rlier 
generations oflocusts reared in isolation were clal:iSi fied 
as transient. The solitary-reared locusts were true 
'soli tmimts' ., fter seven generations o fisolt:~ ted rearing. 

Since the classification of individua ls based onE/ 
F and F / C ratios i11to true 'solitarious' or 'gregarious' 
groups is not consistent, a multivariate discrimjmmt 
model is being developed to classify the individuCIIs. 
MANOV A ht:~s indicated that the phases are distinct 
groups, and the group means are significantly different 
from each other. 

2.4 DETERMINATION OF THE PHASE STATUS 
BASED ON MOLECULAR MARKERS 

H. Mahnnmt, A. Hossnnnli, H. Od(lllgo 
and E. 0. Osir 

2.4.1 ClzeiiiCmtdric 111nrkers 
Comparison of gas chromatographic patterns of 
cuticular components of the isolated and crowded 
desert k>cust Sc;ltistocercn gregarin from different sources 
at different physiological stages fed on different diets 
(mille t, sorghum and wheat) showed varying 
diff~rences which, however, were not consistently 
and significantly clifferent so as to be useful in phase 
differentiation. 

Volatiles from isolated and crowded locusts from 
one geographical source, when fed on the same diet, 
showed some interesting differences. However, to be 
sure that these can be used to characterise the two 
p hases, wearestudyingvolatilesfromd.illerentinsects 
of different geographical sources rmd developmental 
s tages fed on different diets. Resu lts of these studies 
will be reported next year. 

2.4.2 Protein markers 
Two-dimensional gels of haemolymph proteins of 
both isolated and crowded locusts have shown some 
differences. Similarly, differences in the protein 

patterns of the crowded and the isolated locust 
haemolymph werC' also found by polyacrylamide gel 
electrophoresis (PAGE). Some of these phase~:specific 

proteins are now being isolated and purified for 
developing immunoassays. 

2.5 PHEROMONE-MEDIA TED MATURATION 
OF THE DESERT LOCUST 

H. Mnlrnmnt, H. Odongo nnd A. Hnssannli 

Last year, we reported that extracts of the mature male 
desert locus t accelerate mahtration of the immature 
males. To determine if the factors involved are volatile, 
we designed a two-chamber bioassay with the upper 
chamber acting as the smu'Ce of test volatiles (mature 
r.mdes, trapped volatiles or candidate compounds) 
and test immature insects placed in the lower chamber. 
No visual or tactile contacts were possible between 
insects placed in the two chan1bers. l3ased on this 
bioassay we observed that the presence of mature 
males accelerates maturati011 compared to immature 
males and mature f~~mal.es. Ma turation of the males is 
associated with the appearance of severa l male
p roduced volatile compounds. These ma y be 
responsible for accelera ted ma tura ti on. The 
compounds have been identified and are now being 
assayed. Maturatim1 is being monitored by the 
appearance of yelkrw body C(.llourin the males, specific 
haemolymph proteins and sexual activity in both males 
and females. 

2.6 OVIPOSITION-AGGREGATING 
PHEROMONE OF SCHJSTOCERCA 
GREGA RIA 

M . M . Rni, K K. Saini, A. Hnssnnnli, 
H. Odo11go and f. R. Wnwiye 

Previous studies had confirmed that n chcmicnl factor 
originating from ~gg pods caused aggregation ufgravid 
fe males to common egg laying sites. Further 
experiments were conducted this yenr to determine 
the origin and chemical nature of the pheromone in 
dwice experiments. Results indicated that the froth of 
egg pods and sand contaminated with it were more 
attractive (28% and 40%) than the control (1 7%). The 
eggs were 11ot found to be attractive, indicating thal 
the froth was the source of pheromone. Hexnne and 
methanol extracts of froth contained the attractive 
materials. Results of these behavioural shtdies were 
also confirmed byelectrophysiological investigations. 
Electroantennograms recorded with these extracts 
indicate that the receptors for these pheromones t:~re 
present on the antennae. 

Vola Hies collected from froth were also found to 
be very effective in eliciting egg laying behaviour (79% 
compared to21 % control) . Studies usingGC-EADand 
GC-MS are underway to determine the nature of 
active compounds. 



2.7 ELECTROPHYSTOLOGICALL Y ACTIVE 
COMPONENTS OF VOLA TILES OF SOME 
HOST PLANTS OF SCHISTOGERCA 
GR£GARJA 

P. G. N. Njagi nud B. Torlo 

Studies on the solvent-eluted airborne volatiles of 
several host plimts of S. gregarin were carried out using 
GC-EAD technique to tmdcrstand the mechanism of 
the learning behaviour of nymphs of S. gregnria in 
relation to their responsiveness to the host plant 
volatiles (ICIPE Alllrunl Report, 1991) nnd to identify 
the chemical n<1tureof the electrophysiologicnlly r~ctive 
GC-pe<~ks, some of which Imy a lso be active in 
modifying beh<1viour. 

Gas chromn togra phic analysis of vola tiles collected 
from sorghum (Grnminae), Schouvia sp (Crudferne), 
Zygoplryllllm simplex (Z ygophy Ilaceae) nnd Dipterygium 
glnucum (Capparidaccae) showed qualitntive and 
quantitntive differences (Fig. 2.1). 

A 

Rt (min) 

5 

I I 
il 

Fig. 2. 1 Gas chromatograms of volatile collections rrom two 
host plants of the desert locust: A. sorghum (Sereno) seedlings; 
B, Schouvio lhebalca. Arrows indicate electrophyslologlcally 
active components of which l-6 were common for both 
plants. RT. retention lime. 

Tests with volatiles on antennaJ preparations of 
adult mature males and females of S. gregnrin showed 
that 10-16 GC peaks elicited EAGs and up to six of 
these peaks were common to all the plants (Fig. 2.1 ). 
The olfactory receptors on the antennae of 5th instar 
nymphae were less sensitive to the components of the 
plant volatiles and only 8 peaks elicited EAGs. 
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Preliminary Y-tube olfactometer bioassays with 
whole volatile collections from plants and some of the 
identified standards tested individually did not elicit 
significa nt responsiveness of 5th ins tar nymphae of S. 
grcgaria when compared to the control, despite use of 
up to four different types of dispensers. Efforts ha ve 
been made to design a wind-tunnel bioassay with 
improved stimulus delivery configuration. It is hoped 
that this will help in determining the usefulness of the 
individual EAG-active components of plant vole~ tile 

collections nnd their blends in host location by the 
desert locust, especially the solitaria. 

[dentificntion of the electrophysiologically <~ctive 
components using GC-MS analysis is in progress. 

2.8 STUDfES ON GREGARISA TTON I 
COHESION PHEROMONE OF 
SCHJSTOCERCA GR£GARJA 

D. OIJeng-Ofori and B. Torto 

Semiochem icals have been implicated in the 
gregarisa tio n / co hesion of g rega riou s locusts. 
However, no detailed study has been carried out to 

Fig. 2.2 Diogrom of the bioassay system showing o gloss 
olfactometer and o collection apparatus for the volatiles. 

elucidate the chemical bases for this behaviour. As a 
first s tep in isolating and characterising the 
semiochemicals involved in the g regnrisa tion 
behaviourofS.gregnrin,amoresensiUvesinglechamber 
bioassay method and an efficient volatile~trapping 
technique hnve been developed. The bioassay system 
consists of a glass olfactometer fitted in the middle 
portion with a uniformly perforated aluminium metal 
plate and enclosed in an extraction hood (Fig. 2.2). 
Volatiles were collected on an adsorbent by drawing a 
ch<'lrcoal-fi.ltered clean air stream over locusts held in 
a sealed flask, using a suction pump. 
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The response of crowded nymphs rmd adults to a 
choice of two columns of air, one permeated with 
airborne volatile::; emanating from nymphs or adults 
and the other untreated, was investigated in thesingle
ch<lmber bioassay arena. 

In general, uvt!r 75% of the locusts tested showed 
preference for the volatile-treated column of the 
olfactometer compared to the untreated control. The 
nymphs, whether released individually or in groups, 
preferred to be within the precinct of the air colunm 
treated with airbome vola tiles of the nymphs; however, 
the nymphs were indiffe rent to volatiles of the adults. 
Conversely, sexually malure adults responded only to 
their own volatiles but not to those of the nymphs or 
immature adults. The irnmatureadults were responsive 
only to volatiles of the matu readults. Charcoa l-trapped 
volatiles from the nymphs and the adults reproduced 
the effect of liv ing locusts. These results indicate the 
mediation of two releaser pheromonal systems in the 
cohesive behaviour of S. gregnrin: a ju ven.ile pheromone 
produced by nymphs and an adult pheromonespedfic 
to adults. 

Gas chromatographic nnalyses of the trapped 
volatiles from nymphs and adults indimtequantitative 
and qualitative differences in the profilt!S ofimmi'lh.lrc 
and m a ture ad ults. Ga s chromatography
electroante nnogra rn (GC-EAG) resp onses were 
recorded from the antennae of adult male and female 
kJcusts when stimuli'lted with the collected volati les. 
Antem1ae of both male and female, crowded and 
solitnry-renred locusts, responded to the same set of 
compounds in the volatiles. These compo unds have 
been identified by GC-MS, and identical GC-EAG 
responses have been recorded for the standards. 
Behavioural bioassays on the identified compoWlds 
are currently in progress to elucidate their role in the 
g regarisation of S. gregnrin. 

2.9 SEX A TTRACTTON TN THE DESERT 
LOCUST 

C. lunyntullnll, S. El Bnsllir and A. Hnssnnn/i 

Experiments were continued to confirm the presence 
of a sex pheromone in the desert locust and to rcfin(' 
the wind tunnel used for this purpose. 

Previously, the presence of a sex pheromone in 
so litary locu s ts was demo ns trated . Further 
experiments were conducted to observe if a similar 
pheromone exists in the crowded locust. Thetreahnents 
were male vs female (male released downwind while 
female held in a wire gauze cage covered wiU1 black 
muslin), male vs male, female vs male and female vs 
female. In control experim ents, the male and females 
were released separately on the downwind side of the 
tunnel wiHtout keeping any individual in the wire 
gauze cage. In all treatments, the locusts on the 
down wind side of the tunnel travelled to the individual 
(whether male or female) held in the cage, indic<1ting 
thnt the locusts were r esponding to a cohesion 
pheromone rather than to a sex pheromone. The 

cohesion pheromone in crowded locusts may be 
plnying a role in bringing the sexes together. 

It was observed that in the round twmel (originally 
designed for tsetse fly), a lthough the mnles showed 
scxun I behnvioural responses when exp osed to female 
odour, they had a difficult time in locating the females. 
Since the tunnel was narrow (24 em dia.), the males 
used to hit the wnlls when jumping (an important 
sexua l behaviour) nnd slipped while trying to walk 
along the w alls. After jumping several times they 
becilme over-excited , and became injured and 
exhausted. To overcome these difficulties, a Oat-bed 
tunne l (150 x 60 x 40 em) with an a ir-flow system of the 
pull-push type was designed and standardised . 
Previous experience nlso showed that the sexual 
behavioural events occur so fast that many importnnt 
parameters cnm1ot be recorded manually. To ina prove 
on recording of several simula taneously occurring 
behavioural events, thecomputersofh.va reOBSEI<VER 
was configured. The behavioural events were: time 
spent while resting, searching and wnlking in various 
locations of lhe wind tunnel, and frequency of 
behavioural acts such as peering, jumping, flying, 
movement, directional change, antennation, antenna 
cleaning, eye cleaning and rubbing of the forewing 
tips. 

The treatments were rna le vs female (rna le released 
downwind, female in wire gauze cage covered with 
black muslin), mnle vs male, female vs female a nd 
female vs male. Separate controls were done by 
releasing males and females on the downwind side 
w ithou t an indi vidunl in the wire gnuze cage. In the 
treatment male vs female, the males were able to reach 
the fcmnle; they spent most of H1eir time in searching, 
peering and jumping frequently until they located the 
female. ln all the other treatments and contro ls, the 
individuals (whether male or fema le) re leased o n the 
downwind side simply remai ned inactive. These 
studies again confirm the presence of a sex pheromone 
in the solitnry locust. Studies are in prog ress to 
de te rmine tht! source of pheromone production and to 
determine the optimum age and time of release of the 
p heromone by the female. 

The vola tiles emitted by the mature solitary females 
have been trapped and s tudies using the EAG 
technique nre in progress. 

2.10 ORIENT A TION OF THE DESERT LOC UST 
TO LIGHTS OF DIFFERENT 
WAVELENGTHS 

A. 0. Ahmed, C. l11nyntul/nll nnd S. El Bnsltir 

Theorit'ntntion of the desert locust, Schistocercn gregnrin 
to lights of diffe rent wavelengths was investigated 
with the a im of developing a trap for use in conjunction 
with semiochemicals, for monitoring solita rious and 
pre-g regarious p opula tions in th e field. The 
experimental arena consisted of a dark wooden tunnel, 
at one end of w hich a computer monitor was mounted. 
In single-choice tests, one side of the tunnel faced 
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Fig. 2.3 Percent mole Schlstocerca gregoria locating targets 
ot different colours. 
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Fig. 2.4 Distance travelled by mole desert locust towards light 
of different colours. 
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Fig. 2.5 Mean time Ioken by mole desert locust to orient to 
targets of different colours. 

townrds the computer m onitor having the test colour 
screen generated by using the computer software Dr. 
Halo. The spectral properties of the ligh t emitted from 
the computer screen were determined by nn Li-Cor 
Spectroradiometer. From the opposite side of the 
tunnel, adult males were released singly throug h a 
hole. Five minutes after release, the position of the test 
insect in the tunnel was marked , nnd the d istance 
travelled by the male from the release point toward s 
the computer screen was recorded. In two-choice tests, 
there were two computer screens with different 
combinations of colour screens placed at opposite 
sides of the tmmel, and the test insects were re leased 
through a hole in the midd le of the tunnel. 

The solitary-reC~red locusts responded maximally 
to blue wavelengths, followed by purple, red , green, 
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orange and yellow, (Fig. 2.3). In controls (no radia tion), 
all the test insects remained near the release point and 
showed no response. The distance travelled by the 
males from the release point toward s the light source 
wns maxim um towards the preferred w avelengths, 
whe reas it was minimum w hen least preferred 
wavelengths were tested (Fig. 2.4). On the other hand, 
the males reached the targets in minimum time when 
lights of preferred wavelength:; were tested and vice 
versn (Fig. 2.5). 

In two-choice tests (blue vs red), m ore males 
preferred blue to red and a few did nat make any 
choice. The blue colour was more preferred than green 
or yellow. When the combinntion red vs green was 
tested, fewer insects responded to the former. The 
percent responding to each colo ur in the combinalions 
red vs yellow ru1d green vs yellow was equnJ and less 
than 50%. In these tests, most of the ma les dld not 
make nny cho ice and remained n enr the release point. 
When the mean response was pooled, it became evident 
tha t the response towards blue was more than three 
times higher compnred to any other test colour, 
indicating that solita rious males p refer wavelengths 
in the blue region of the spectmm. 

2.1 1 PATHOLOGICAL POTENTIAL OF THE 
FUNGUS BEAUVERIA BASS/ANA 
AGAINST SCI-lTSTOCf.RCA GREGAJ<IA 

K. Knmbo11n, S. K. Rni11n nml 5. El Bnsftir 

The s tudy was conducted with the isola te BBA -NGI of 
B. bassin11a to establish the pathogen-host range and 
virulence. The mechanisms of infectivity were initiated 
on the cuticle after 24 h with germ tube growth . 
Mycelia subsequently invaded the internal tissue:) of 
the host leading to its death. (See photo in Part I of this 
Report). Successive i11 vivo passage of the pathogen 
through host generations resulted in increased 
virulence. Pen k mortality was achieved a t a log dose of 
5 x 107 conidia/ml following e ight days of infection. 

The principal l'lbiotic factors affecting conidiospore 
activity were assessed. Formulations with different 
s pray supplements were compnred a nd the combined 
effects of the surfactant and the UV p rotectants were 
a lso evalua t~d. It has been observed that the 
conidiospore activity d ecreased with increased 
temperature, however the nddition of surfactants was 
shown to sustain conidiospore viability at temperatures 
slightly above 35°C. The UV-protectants effectively 
improved U1e viability of conidiosporcs for a longer 
period than the controls. 

Qua ntitative h aem ocy tological tes ts wer e 
performed to demonstrate immune response of the 
host to conidiospore infection. Phenoloxidase and 
agglutination tests indicated that only limited irrumme 
response was induced . 

Biological safety testing of the fungus w as carried 
out against beneficial insects and mammals. The mass 
production of the fungus for field testing is underway. 
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2.12 fSOLA TTON AND CHARACTERISATION 
OF SOME HUMORAL FACTORS IN 
SCHJSTOCERCA CREGAR/A AGAINST 
INFECTION BY THE PROTOZOAN, 
MALAMOEBA LOCUST A£ 

D. Dnkouo, M. Brelleli11, S. Essumnn 
n11d S. K. Rni11n 

Laboratory studies have established that M. /ocustac 
can cause only 80- 85 % mortality of the desert locust 
and that the survivors have lower fecundity than the 
controls. Understanding the nature of the defence 
mechanism of the survivors c;m help in developing 
methods for improving the pathogenicity of the 
protozoan and in making the desert locust more prone 
to infection. Our studies indicate that the responses to 
pathogenic infection are associated with activation 
and/ or increased synthesis of humoral factors and 
cellular responses. 

The highest phenoloxidase activity was found in 
the haemocytolysate fraction . Plasma might contain 
some inhibitors of the system. The highes t 
agglutination titre was given by rabbit erythrocytes 
followed by suspensions of eland, buffalo and M . 
locustnc. Nega tive agglutination reactions were 
observed only with red blood cells of sheep and goat. 
Out of 40 sugars tested, only three gave complete 
inhibition to agglutit1ation reactions. Phagocytosis 
appeared to be a major factor in clem·ance of M.locusfac. 
The highest level was reached 6 h afterinoculatiunand 
clearance of cysts from live insects was completed 
after 48 h . 

Lectin purification was done using an affinity 
column, methyl-a-o-galactoside-Sepharose 6B. The 
colum11 was equilibrated with PBS Ca/Mg buffer. 
Plasma from 5th nymphal instars of S. gregnrin was 
loaded into the column. Elution of the lectin was done 
using raffinose.lmmunoblot analysis using antiserum 
raised against a lectin from Locttstamigmtorin indicated 
that lectins from the two species share common 
immunological chamcteristics. Moreover, the two 

lectins have the same relative mobility on 50S-PAGE. 
The lectin from S. grcgnrin which agglutinated rabbit 
blood cells and M. lowstae cysts and the phenoloxidase 
system might be playing a role in the defence 
mechanisms in the surviving population of locusts 
agains t the protozoan infection. 

2.13 DEVELOPMENT OF BROAD-RANGE 
PROTOZOAL BIOCIDES FOR LOCUSTS 

S. K. T<ninn, F. Ondiek and S. El JJashir 

The protozoa, Mnlamoeba locustac has been found to 
infect the desert locust, Scflistocetcn gregarin both in the 
field in the Red Sea coastal area of Sudan and in 
laboratory colonies at the .ICIPE insectary, Duduville. 
rn 1992 a field survey showed that m.igri'ltory kJCl.lst, 
Locusfn lltigrntol'ia migmtorioides coexist with desert 
locust. Hence, it was felt necessary to develop a biocide 
tha t ca n infect both species with equal virulence. A 
colony of migratory locust was set up in the locust 
biocontrollaboratory at ICIPE and the F1 third instars 
were inoculated with cysts of the protozoan, M.locustae 
isolated from infected S. gregarin. Pathogenicity after 
20 days was only 18.5%. The infec ted migratory locust 
individuals were crushed and the isolated inoculum 
was given to third i.nstar individuals of S. gregarit1. The 
infection was found to be 92% on day 20. The biocide 
was isolated from in.fected 5. gregnria and inoculated 
to F, survivals of L. migrntoria. The pathogenicity 
increased further to 22% in F

2 
adults in 20 days. The 

infected individuals were again used as an inoculum 
to a fresh batch of S. grcgarin and more than 90% 
infection was recorded. Again the biocide was isolated 
and inoculated to F

3 
third i.nstars of the migratory 

locusts and the infection rate was increased . This criss
cross infection and selection procedure was repeated 
up to the F

4 
generation when the infection rate in L. 

migratorin exceeded 80%. Thus a broad-range biocide 
of M. locustne has been developed. Safety tests are 
ongoil1g a11d the strait1 confirmation with ELISA is 
under investigation. 
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3.1 GENETIC V AR1AI3IUTY Of GLOSSJ NA 
PALLJOJPES AT NGURUMAN, SOUTH 
WESTERN KENYA 

). K. Stiles, L. H. Oticno, N. £. Dnrji 
nnd £. Mpnngn 

Monitoring of changes taking ploce in the gene profile 
of Glossi11n pnllidipcs p opula tio n subjecte d to 
supprcs~ ion by trapping was continued . Allele 
frequencies ot the phosphoglucomutase (PGM) m1d 
phosphoglucose isomerase (PGI) in the fly snmples 
from three localities in Ngu n umm, southwestern 
Kenya were compared using gel electrophoresi:;. 
Monthly fly sa mp les were collected from a suppression 
a rea, non-suppression mea (located 30 km away from 
the su ppression a rea) and a site from the Ngttrumnn 
escarpment. The three loca lities were typical of the 
Ngur urnan biotope. Genotype freq uencies nt the PGl 
and PGM loci were nssessed at the d ifferent localities 
within a seasonal cycle of 12 months. 

Certain alleles showed s ignificant devia tions from 
expected frequen cies in smne localities during certnin 
months. Heterozygosi ty seemed to pe(l k w ith the onset 
of th e rains either in December or March (incidentally 
associated with optimised breeding conditions and 
increase in fly numbers). Rare PGl alleles disappeared 
dming suboptimal cond itions (hot/ dry or cool/ dry) 
a nd reappea red during p e riod s o f o ptimum 
tempera ture and humidi ty. It appeared as though 
certnin individuals w ere susceptible to sub-optim nl 
conditions. More than 80% of all al leles maintained 
their frequencies throughout a seasonal cycle with 
minima l varinnceand havesim.ilarly been maintained 
at these loci irrespective of the drastic dedi11e in fly 
ntLmbers (99% of po puli'l tion) by a 4-yea r tsetse 
suppression campaign. Compari:-;ons of the results 
with previous data showed that an allele a t the PGI 
locus w hich was hitherto rare or absent is rurrently 
present a lbeit a t a low frequency~ 1 0%). A consistent 
significant d ifference between representative parents 
and offspring emerging under laboratory conditions 
was observed a mong all flies. 

3.2 DEVELOPMENT OF A TRA PPING 
TECH NOLOGY FOR GLOSSINA 
FUSCIPES 

M. M. Molmmcd-Ahmed, F. Oloo>!>, L. H. Oticuo, 
A. 1-lossnun/i, }. M. Muchiri a11d S. M. Moknytl 

The objective::.; of this project nre to discover novel 
(l ttractive odours and to improve existing trap designs 
for C. f. fuscipes and possibly other species of the 
palpa lis group. It is expected thn t the effective odou rs 
will improve and render feasible control of this sp ecies 
with tra ps and targets, nnd will also provide better 
monito ring t(Jols for res idunl tsetse p opula tions 
followi ng routine control operations. 

A tsetse survey of the study arc(! (en 45 km of Lake 
Victoria shore, from Luanda to Ungoye,Mbita Division, 
Homa Bay District) was und eJ'takcn to define the 
limits of the distribution of G. f. fuscipcs. The survey 
covered primary mangrove thicket hnbita ts along the 
la.ke shore and secondary habitats h1rther inland, 
comprised of thickets a nd woodland along water 
courses and hill g ullies. 

Experiments on d iurnal activity of the flies were 
undertaken to determine the best time d uring whk h 
the flies would be available for a biconical trap in 
d ifferent biotopes. These experiments also provided 
samples of recently engorged flies (repletes) for blood 
mea l identi fica tion to determine the host range CJf 
tsetse. F'Jy activity profiles were superimposed on 
those of the preferred lwst(s) to reflect correlations in 
die! activity patterns. Live preferred hosts, their waste 
products, a nd cured stuffed skins were investiga ted 
for their a ttractiveness for G. f. fuscipcs l1CCupying 
different habitats. In addition, con ventional tsetse 
atlract(lnts derived from ox (e.g., phenols, ketones and 
octenol) and fresh hippopot(l mus dung were nb o 
investigated. 

3.2. I Popu/nti01t ecology 
The preliminary results show that G. f. fuscipes exists 
mainly in mangrove forests along the lake shore nnd 
extends some 6 km fu rthe r inland in thickets nlong 
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wnter courses and hill gullies. Biconical traps were 
found suitable in catching m ales i!nd females 
approximately one metre from the edge of the 
mCingrove biotope. Males predominnted i.n catches 
from dense vegetation and dull days, while females 
from catches in open sites and bright days. Both sexes 
were iiVCiilable to traps primnrily from 0900- 1300 h. 
This activity pattern correlated well with that of the 
monitor lizard (Vnrmms nilol:icus)and temperature up 
t<.> 29°C. 

ft was su rprisi.ng that the blood meal identificatitm 
showed that the monitor lizard constituted the only 
source of food for the flies (N "'33) although there wns 
a high prevnlence of other potential hosts in this area, 
including domestic mtimn1s (sheep, goat, cattle) 
hippo potamus, birds, rodents, small wild herbivores, 
green monkeys and man. 

3.2.2 Odour bail 
Phenols, ketones and octenol derived from ox waste 
products slightly incrensed the cntch of C. f. fuscipcs 01 
biconical traps. Cow urine at high concentrations 
appenred repu lsive, while a mixture of the phenols (p
cresol + 3-11-propylphenol) was significantly nttractive 
for females, a lthough not consistently. Monitor lizard 
aqueous wnsh was not nn effective bait to G. f. frtscipes, 
whereas filtered monitor urine and fresh hippo dung 
significantly increased H1e catch of male and the total 
catch cJf G. f. fuscipcs. There was no increase in the 
female catch. However, overall male and female catches 
i.ncrensed with iJKreasingdoses of either waste product. 

3.2.3 Populatio11 dy11amics 
Dnta on tl1e population dynamics show that ground 
spraying (by the Ministry of Livestock of the Kenya 
Government) with cypermethrin had a very short
lived impact on tsetse. Flies were reduced by over 90% 
in the first month of spraying, but recovered to SO% of 
their pre-spray numbers 1-2 months Ia ter. Age grading 
showed thnt the majority of flies were ymmg. This 
suggests that the spraying was effective against adult 
flies but not against H1ose emerging from pupae a 
month a fterspraying. This u1d.icates thnt thecompow1d 
cypermethrin did not persist in the tsetse habitCit for a 
month. The older flies caught in this area could have 
been ei ther residua I survivors of the spray or invaders 
from the neighbouring islands. 

3.2.4 Provisional ilifei'euces 
The tentative results described above show tha t the 
urine from monitor lizard and the dung from 
hippopotamus were attractive to male G. f. fu scipcs. A 
mixture of phenols derived from ox urine (p-cresol + 
3·11·propylphenol) was also attractive to females. There 
was evidence of repu lsion of flies by high 
concentrations of cow urine. 

'"Department of Veterinary Services, Ministry of Livestock 
Development, Kenya 

3.3 TSETSE BEHAVIOUR TN RELATION TO 
TRAP TECHNOLOGY: lMPROVEMENT 
AND A TIRACTION TO, OR REPULSION 
BY, ANIMALS 

L. C. Mad11lnmyi 

Aspects of behaviour most liable to expose G. pnllidipes 
to interception by s tatic trapping devices and u1fluence 
their trnp entry response or choice of hosts in nature 
were the foci of investigations. 

Probing responsiveness of both sexes during each 
of 8 stages of midgut evacuation (trophic categories, 
TCIPE A111wal Report 1991) was explored asru1i.ndicator 
of foraging activity. It was found to increase 
exponentially during the first 4 midgut evacua tion 
s tages (MES), reaching a peak (1 00%) between MES 3 
and 5, and to decrease s teeply during the last 4 s tages. 
Surgical assessment of G. pnllidipcs shortly after being 
caught in cow urin~acetone·bilited NC2G traps at 
Nguruman revealed a total absence of flies at MES L 
n negligible percentage of those at MES 2 and a 
de ficiency of those at MES 0 (tenera ls), 3 nnd 4. The 
deficiency of the foregoing fly ca tegories suggests that 
G. JUdlidipc:s at tl1eir peak of probing responsiveness 
(and presumably foraging activity) were wenkly 
responsive to U1e t-rap odour-bait system used. The 
possibility that this reflects the low potency of cow 
uri.ne/acetoneasa tsetseattractantcompared to animal 
(host) odour is being investigated further. The 
preponderance among odotu-bCiited trap-caught G. 
pnllidipes ofindividuals at MES6, 7 and 8suggests that 
the current generation of odour bait trn p systems catch 
mostly G. pnllidipes that w ere unsuccessful in locating 
a blood meal source readily. This hypothesis is 
strengthened by the observations that only 30-47% 
and 54- 70% of trap-caught mnles and females, 
respectively ingested a blood meal from a calf shortly 
after entrapment; most of those which refused to feed 
were a t MES 7 or 8. 

A 4 x 4 Latin square experiment replicated 3 times 
was used to compare the G. pnllidipes catch of two 
versions of a new trap design shaped like the NG2G 
but havu1g 3 entrances, with H1at of the biconical (4 
entrances) and NG2G (one entrance), respectively. 
Each trap was baited with cow urine and acetone. Both 
versions of the new trap design caught the same 
number of G. pa/lidipes but each caught significantly 
more flies than either the NG2G or the b iconical trap 
(P < 0.0001). Thus, trap shape seems to be a major 
factor in the inferior catch of G. pnllidipes by the biconicaJ 
trap. However, among traps of comparable shape, the 
numberoftrapentrancesseemed to have considerable 
effect on the size of tsetse catch. 

The activities and behaviour of G. pallidipes around 
a cow urine/ acetone-baitedNG2C trap were observed 
from a distance of about 20 m etres by means of 
binoculars (15 x 60) and a motorised telescope (30 x 60) 
during several sessions, each of 30 minutes duration, 
in the field . Attention was concentrated on the vertical 
black tnrget and trap entrance. 



On arriving in the immediate vicinity of the trap 
entrance, flies either flew str-aight upward into the 
cone or went off at a tangent away from the trap 
entrance or alighted on the black vertical target or 
horizontaJ shelf. Approximately 76% of the flies in the 
non-return cage entered the trap cone without alighting 
on any part of the trap. Most of the flies (approx. 87%) 
which alighted on the vertical target flew away from 
the trap while-only about 13% entered the trap cone. 
Prior to either flying away or entering the trap cone, 
the flies spent an average of20 seconds on the vertical 
target. No fly which entered the trap cone was seen 
exiting through the trap entrance. It seems that alighting 
on the black vertical target of the NG2G trap is not a 
prerequisite for trap entry. Most flies which ended up 
in the trap cone seem to get there as a result of trying 
to avoid collision rather than by recognising an 
entrance. 

The NG2G traps baited with either a combination 
of acetone and the urine of established hosts (buffalo, 
cattle) or acetone plus the urine of a rare or non-host 
(waterbuck) of G. pallidipes were found to catch this 
tsetse in numbers that were not statistically different 
(P > 0.05). Chemical analysis of these urines revealed 
that they contained similar phenolic compounds. 
Implicit in these findings is a suggestion that, although 
animal urine maybe a host habitat cue, it may not play 
an important role in the lac a tion, acceptanceorrejection 
of animals as blood meal sources. It further suggests 
that the search for potent olfactory attractants or 
repellents of tsetse should target secretory, (e.g., body 
volatiles) rather than excretory products of animals. 

3.4 ACTIVITY PA ITERN OF THE TSETSE 
SPECIES GLOSSINA AliSTENI 
NEW STEAD 

M . L.A. Owaga and M. F. B. Cluwdhun; 

Field sampling of G. austeni was carried out using two 
methods: continuous hand net catch in a stationary 
vel1icle, and hourly trap catches using the biconical, 
the pyramidal and the NG2B traps. There were also 
separate day and night trapping periods. Laboratory 
observations were also made on fly activity in relation 
to feeding. Flies' take off/ flight response to host odour 
was observed at different times of the day (from 0600 
to 1700 hr). 

The results showed that daytime catches were 
significantly greater than night time catch, but not 
significantly different from the 24-h continuous catch. 
The vehicle catch revealed that activity took place 
throughout daylight hours with two peaks, one 
occurring around 0900-1030 hr and the other between 
1400-1700 hr. 

The activity of starving G. austeni responding to 
host odour without any visual stimulus in a flight 
chamber in the laboratory, showed a similar bimodal 
pattern of activity. There was no significant difference 
between the (old) non-teneralsand the tenerals (young 
unfed). There was, however, some relationship 
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between activity and temperature in the morning 
hours. Temperatures above30°C coupled with bright 
sunlight resulted in reduced activity or no activity at 
the open vegetation on the edge of the forest. The fact 
that the pattern of activity persisted even under a 12: 
12light: dark cycle under controlled temperature and 
humidity conditions suggests that the activity is 
controlled by an endogenous programme. 

3.5 TRYPANOSOME INFECTIONS IN THREE 
CO-EXISTING TSETSE SPECIES AT THE 
KENYA COAST 

M. L.A. Owaga 

A study was undertaken in Muhaka-Shimba Hills 
area, Kenya coast, to determine the ra teof trypanosome 
infections in three co-existing Glossina species, G. 
brevi pal pis Newst., G. auste11i Newst., and G. pallidipes 
A ust. The main objective was to assess the relative role 
of each species in harbouring, and possibly in 
transmitting, animal trypanosomiasis in the area. 
Sampling was carried out using four trap-types: the 
biconical, the NG2B, the pyramidal and the 4t-traps. 
Altogether, 1152 G. pallidipes, 1210 G. austeni and 755 
G. brevipalpis were dissected and examined. The 
Trypanosoma species encountered included the T. 
congole11se, T. vivax and T. brucei groups of 
trypanosomes. 

The highest infection was observed in G. austeni 
and the lowest in G. brevipalpis, with G. pallidipes 
infection falling in between. The difference in infection 
rates between G. nusteni and G. brevipalpis was highly 
significant (P < 0.01). T. congolense was significantly 
the most prevalent par<'lsite in all the three Glossina 
species in Muhaka forest (P < 0.01), where the main 
hosts are sttids. On the other hand, in the Shimba Hills 
game reserve, where the main hosts are bovids, the 
prevalent parasite species wasT. vivax. The incidence 
of infection generally fluctuated with the seasons and 
apparent density of the fly populations. Higher 
infection rates were recorded during high levels of 
apparent density in all the three species, which 
coincided with two rainy seasons, April-June and 
October-November. No T. brucei was encountered in 
G. austeni either in Muhaka or Shimba Hills. Most of 
the T. bntcei were detected in G. pnllidipes, although 
some G. brevipalpis in Muhaka were found to be infected 
with T. bmcei. 

3.6 TSETSE VECTORIAL CAPACITY 

S. Mihok, R. 0 . Olubayo, E. Munyoki, 
J. Stiles and E. Mpanga 

Tsetse flies are not passive vectors of trypanosomes; 
they possess many 'immune' factors that can prevent 
infection (lectins, lysins, agglutinins, etc.). These factors 
are poorly characterised for most tsetse species, but 
show great promise for practical applications in 
manipulating infection rates in flies. 
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Preliminary transmission experiments on various 
tsetse and trypanosome species described in the 1991 
Annual Report were continued. These studies were 
based on early dynamics of infection in G. 111. morsita11s 
i'111d G. /11 . centra/is infected with r. Collgalense or r. 
brucei mixed with goat, buffalo or eland blood. This 
work confirmed previous findings on the superior 
ability of goat blood in maintaining trypanosome 
infections in the fly. Goat blood appears to facilitate 
infection by protecting trypanosomes from natural 
clearance by the fly gut between days 3 and 6, after 
ingestion of a second blood meal. The processes 
responsible for this time-lag effect are currently under 
investigation with manipulations of hos t bloods. 

To differentiate between lectin-mediated and 
protease-mediated clearance of infections, we 
conducted a survey of protease activity in flies fed on 
different host bloods nnd parasites, with or without 
the presence of a lectin inhibitor (glucosamine). This 
survey failed to detect any relationship between 
infection rates and protease activity under a variety of 
normal conditions. However, we fow1d a synergistic 
effect on protease activity when both parasites and 
glucosamine were included in blood meals. Together, 
these factors substantially reduced protease activity, 
even though alone neither had an effect. These results 
suggest that glucosAmine may not act as a simple 
lectin inhibitor ill vivo. The biochemical basis for these 
observations is still under investigntion. 

3.6.1 Epizootiology of trypanosomiasis 
The development of DNA probes for the 
characterisation of trypanosomes has revealed that T. 
col!goleltse, an important parasite causing disease in 
livestock, is actually a complex of different genotypes, 
possibly even different 'species'. The role of these 
different parasites in disease in livestock has yet to be 
elucidated. Hence, we are developing techniques for 
the isolation of parasites so that we can assess the 
distribution of trypanosomes in vectors and in wild life. 
These studies will lead to more specific targeting of 
control programmes, as well as strategies for wildlife 
management in areas of conflict between wildlife and 
livestock. 

Collaborative studies with the Kenya Wildlife 
Service on the trypanosomes fowtd in wildlife areas 
continued. These studies focused on the use of 
xenodiagnosis with G.m. centra/is as a tool for isolating 
trypanosomes. Through this method, T. simine was 
identified as the cause of nn outbreak of disease in 
camels in Tsavo East National Park, Kenya. We also 
isolated T. sim iae from a new host. thew hi tt> rhinoceros, 
in an area without tsetse. but with numerous warthogs. 

The new 'Tsavo' type Namwmo11as reported in the 
1991 ICTP E A11111111l Report was characterised in 
collaboration with TLRAD and KETRI. A DNA probe 
was developed; so far application of the probe has 
revealed the presence of the parasite in a few tsetse 
flies from other areas of Kenya. The parasite may be 
restricted to suids, as it causes a mild disense in pigs. 
but does not appear to infect bovids. Surprisingly, it is 

closely related to Savamtah-type T. congolt'llse rather 
than T. simine, and has therefore been named as a 
subtype ofT. congole11Se. 

Field and laboratory experiments were started on 
the direct isolation of trypanosomes from the gut of 
tsetse flies through expansion in G. m. ce11trnlis. Through 
variou~ manipulations of membrane feeding using 
goat blood, we have been able to transfer procyclic 
forms f,·om all the major groups of tsetse (savannah, 
fuscn, pnlpalis) to G. 111. cclllmlis. The teclu1ique hns 
proved useful in identifying infections in wild ts«:t::;e 
and has provided us witha numberofunusual isolates 
for characterisation. We are now using the method for 
three tsetse species about which we know very little in 
terms of disease transmisison : G. brevipalpis, G. 
lo11gipe111tis, G. swynnertoni. 

3.7 VECTORIAL CAPACITY OF GLOSSiNA 
MORSIT ANS CENT RALlS AND GLOSSINA 
MORSJT ANS MORSIT ANS FOR DIFFERENT 
TYPES OF TRYP ANOSOMES IN DIFFERENT 
MAMMALIAN HOSTS 

R. 0. Ol11bayo 

A study was carried out to determine the infection 
rates in Glossina morsi In 11s sspp experimentally in fcc ted 
with either Trypanosoma co11gole11Se or T. btucei and 
maintained on different mammalian host bloods. The 
main objective oft his study is to explore factors within 
mammalian hosts which inhibit or promote parasite 
development. in an effort to disrupt the parasite cycle 
in the fly. 

The pattern of infection in G. m. ce11tralis and G. 111. 

morsitn11s membrane-fed on goat, eland, and buffalo 
blood mixed with T. amgolc/lseorT.lmtceiwasstudied 
from day 1 to day 10. Tsetse were initially permissive 
vectors, with most flies harboring infection of 104 to 
1 OS parasites on day 3. However, after a second blood 
meal on day3,fliesdeared many infections, with G. 
m.morsitnns clearing more infection than G.m. cellfmlis. 
Infective feeds of goat blood consistently increased 
final infection rates by limiting the number of infections 
lost between days 3 and 6. 

This effect was reproduced by feeding flies on 
erythrocytes, but not on serum. These results suggest 
that compounds from some mammalian erythrocytes 
act in a similar manner to midgut lectins, and hence 
have a protective effect on trypanosome establishment 
in the fly. 

3.8 ODOUR BAlTS FOR TSETSE FROM 
WILDLIFE 

S. Mihok, E. Mtmyoki, f. Kii/11 , C. Kyorku 
and A. Hnssanali 

Odour baits and traps for fusca group tsetse are at 
present relati vely ineffective. ill control programmes, 
these species often remain as residual components of 



the tsetse community after the savannah species have 
been controlled. Hence, we have been exploring the 
use of waste products from wildlife as novel odour 
baits for tsetse trapping programmes. The initial work 
is concentrating on rhinoceros, elephant, and 
hippopotamus- three species often utilised by fusca 
group tsetse. 

Experiments with rhinoceros waste products were 
completed with tests of both urine and dung under a 
wide variety of conditions in different areas of Kenya. 
Rhino waste products wereasattmctive to G. pnllidipcs 
as was cow urine. Chemical analysis revealed the 
presence of phenols s imilar to tl10se found in cow 
urine that are known to be tsetse attractants. 
Unfortunately, we found no evidence for novel 
attractive properties in rhino waste products for two 
target species, G. lo11gipc11nis and G. brevipnlpis. 

3.9 REPRODUCTIVE PERFORMANCE OF 
GLOSSJNA PALLJDTPES FED ON VARIOUS 
HOSTBLOODS 

f. 0. A. Davies-Cole, R. Ol11lmyo n11d P. Mwnmisi 

Except for the palpalis group, tsetse flies (Glossi11a spp) 
are generally regarded ns being selective in the choice 
of hosts from which their bloodmeals are obtained. 
We wanted to know whether various host bloods 
could sustain G. pnllidipes equally well. G. pnllidipcs 
was trapped a t tl1e Masaai Mara game reserve in 
Kenya. Non-teneral females were fed on laboratory 
mice soon after being removed from the traps, and 
were later brought to the laboratory in Nairobi. 

Groups of 90 females were then maintained on 
rabbit, buffalo, goat, eland and waterbuck blood. 
Feeding was done through silicon membranes. The 
flies were maintained in the laboratory at a temperature 
of 25 ± 1 °C, L:D 12:12 and 70-80% relative humidity. 
The following parameters were measured: daily 
pupa rial production, abortions, marta I ity and pu parial 
weight. The experiment was termina ted after 41 days. 

Mean puparial weights were above 30 mg in any 
one group. However, mean puparial weight for flies 
fed on rabbit blood was higher (37.2 mg) than those fed 
on buffalo, waterbuck, eland or goat. The lowest mean 
was obtained for waterbuck-fed flies (30.8 mg). Mean 
puparial weight for rabbit-fed flies was significantly 
higher than those fed on goat and waterbuck (P < 0.05) 
but there was no significant difference between rabbit, 
eland and buffalo-fed flies (P > 0.05). There was also no 
significant difference between goat and waterbuck
fed flies (P > 0.05). 

Abortions were very few, with not more than 10 in 
any group. The number of pupae produced by rabbit· 
fed flies was higher than those fed on any other host 
blood. Mortality was very high (84-99%) irrespective 
oft he group. Thenumberofpuparia per initial number 
of females was highest (0.92) for rabbit-fed flies and 
the lowest was for goat-fed flies (0.67). These results 
indicate that the failure to mail1tain G. pallidipes 
successfully i.n the laboratory is not due to a deficiency 
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in the guality of rabbit blood. 

3.10 IMMUNISATION OFCATILE W1TH 
CHELICERAL DIGIT-DERIVED 
GL YCOPROTEINS FROM THE TICK 
RHlPTCEPHALUS APPENDJCULA TUS 

A. 0. Mo11gi, T. R. Odlrinmbo, I. G. 01tya11go, 
f. G. Knbii, R. ClzesnnR, G. K. Ocltung 
n11d D. M. Munyi11yi 

To date, a number of protein components which show 
promise as protective immunogens have been detected 
from tick tissue extracts. Glycoprotein extracts from 
chelicera! digits were examined in detail tlus year. 

Affinity-purified glycoproteins from R. 
nppcndiculnfllscheliceral digits were prepared for cattle 
immunisation in two adjuvant systems. Humoral and 
cellular immune responses were produced by the 
glycoproteins incorporated in either adjuvant system. 
The immune responses were similar to those produced 
in laboratory animals immunised with solubillsed 
extracts of fully fed female ticks of R. nppeudiculntus. 
Partial resis tance to tick infestation was demonstrated 
by the significant reduction in adult and nymphal 
engorgement weights. Further reduction in infestation 
was shown by disruption of larvae and nymphs in 
their feeding positions as revealed by detachment 
and/orattachmenttonewsites. This led to a significant 
reduction in the number of tick instars able to feed 
successfully. The immune response also produced 
severe skin reactions characterised by the formation of 
oedema, serous exudation and large feeding lesions in 
the experimental (but not in the control) cattle. Some 
ticks were encrusted in the serous exudate while others 
appeared to be engorged with host fluids other than 
heme-containing erythrocytes, thus accounting for 
increased number of d ead larvae and nymphs in these 
animals compared to controls. Both adjuvant systems 
produced adverse anti·tick effects compared to the 
controls. However, one of the adjuvants augmented 
the effects more than the other. 

Antibody levels were detected in the experimental 
but not in the control cattle (using ELISA), thus 
confirming immunogenicity of the purified cheliceraJ 
digit glycoproteins. Subsequent identification of 
antigens that were possibly involved in e liciting the 
partial protection against the feeding ticks was carried 
out. ImmLLnoblot analysis showed de tection of four 
antigens with experimental (pre-tick challenge) sera 
while control (pre-tick challenge) sera showed no 
presence of these antigens. The detected antigens were 
estimated to have molecular weights ranging from 
20,000-200,000 daltons. They corresponded to those 
detected earlier from whole tick extract (1991 ICIPE 
A1111 11al Repol't) and suggested the possibility of being 
involved in triggering partial protection against the 
engorging ticks observed in this study. 

The present study shows tl1at chelicera! digits of 
the tick R. appe11diculntus contain glycoprotein 
components that are capable of inducing partial 
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protective immunity against feeding ticks. 

3.11 TICK-GUT ANTIGENS: PARTIAL 
PURIFICATION AND IMMUNOLOGICAL 
CHARACTERISATION 

S. Essuma11 and P. Muteria 

3.11.1 Immune protection potential of a glycoprotein 
Through a lectin affinity column (Pharmacia) a 
relatively low molecular weight glycoprotein from 
the gut of R. appendiwlatus was partially characterised. 
The glycoprotein, with some minor contamination, 
was eluted using 0.2 M methyl-cx.-o-mannopyranoside 
in TX -114-Tris-HCl buffer, pH 8.2. Protective effects of 
the fraction were studied in rabbits. The immune 
response induced reduced the mean engorgement 
weight by about 25%, the egg batch weight by about 
20%, and hatchability by about 15% compared to the 
controls. There was no significant effects on the larvae 
and the nymphs. The relatively low level of protection 
induced by this glycoprotein might be due to 
application of inappropriate dose of the antigen. The 
experiment is being repeated using a higher dose. 

3.11.2 The peripheral and integral proteins of the gut 
We have recently initiated a study on the immune 
protective effects of the peripheral and integral proteins 
of the gut of R. appendiculatus. Triton X-114 is being 
used for this purpose. The homogenate is phase
partitioned into detergent and aqueous phases. Both 
phases, when used as inm1unogens, showed that the 
detergent phase (integral proteins) induced a higher 
protection against subsequent tick infestations. 

On immunoblots, higher molecular weight 
polypeptides of the detergent phase reacted more 
prominently with the specific antisera (anti-integral 
proteins). Moreover, in immunisation studies, the high 
molecular weight polypeptides (> 60 kDs) induced a 
much higher immune protection than intermediate 
molecular weight (30 kDs - 60 kDs) and the low 
molecular weight (< 30 kDs) polypeptides. High 
molecular weight polypeptides will be electroreJuted 
from SDS-Gels and subjected to further purification 
procedures. 

3.12 HUMORAL IMMUNE RESPONSES OF THE 
TICKS RHIPICEPHALUS APPENDICliLATLIS 
AND AMBLYOMMA VARIEGATUM 

G. P. Knnya, A. W. Muia and E. Otma 

Studies on the immune responses of economically
important livestock ticks, e.g., R!tipiceplzalus 
nppendiculat us and Amblyomma voriega tum to microbial 
and parasitic infections were undertaken in order to 
identify some of the humoral immune factors produced 
by ticks in response to bacterial i.nfectiotlS. 

Adult ticks were immunised by injection of 
Enterobacter cloacae 2 x 104 Oectins) per tick and 
haemolymph collected in micropipettes from 

amputated legs at various times after immunisation. 
Lysozyme assays were conducted in agar plates seeded 
with killed Micrococcus luteus. Known concentrations 
of egg white lysozyme were placed in agar wells to 
prepare a standard curve. 

Lysozyme was found to be present in the 
haemolymph of both immunised and non·immunised 
R.appe11diculatus and A. variegatum. In A. vnriegntum, it 
increased after immunisation, reaching a peak after 
4 hand then declined gradually. In R. appe11diculatus, 
the increase in lysozyme reached a peak 3 h post
immunisation. In both tick species, however, the 
increase in lysozyme concentration following 
immunisation was not very remarkable. This might be 
due to the species of the inununisi.ng bacterium or to 
the dosage. 

3.12.1 A11tibacterial activity 
The antibacterial activity assays were prepared by 
seeding live M. luteus (a bacterium found to be most 
sensitive to tick haemolymph factors) in agar. Test 
haemolymph placed in wells created inhibition zones 
proportional to concentra_tions of antibacterial activity. 
As in the case of lysozyme, high levels of antibacterial 
activity were found in the haemolymph of both non
immunised and immunised ticks of both species. The 
concentratimlS increased after immunisation, reaching 
a peak between days4and 5 inA vnriegatum and days 
3 and 4 in R. appendiculaltts. The increase in levels of 
antibacterial activity in both species of ticks following 
immunisation was just about a third of pre-immune 
levels and was therefore not remarkable. Unlike the 
response in other arthropods, e.g., the cecropis moth, 
Hyalophom cecropia and Glossina morsitm1s, normal tick 
haemolymph, and the immune haemolymph contain 
high levels of antibacterial activity, and the immune 
haemolymph does not seem to be active against 
Escherichia coli, Bacillus subtilis and even the E. cloacae 
used to induce the immunity. 

3.12.2 Humornllectins 
The lectin assays were conducted in v-shaped 
microtitreplates in serial dilutionso£5 j.1l haernolymph 
in buffer to which 5 J.ll of erythrocytes (in buffer) were 
added and incubated overnight at 4°C. Initially, 
agglutination activity of tick haemolymph was tested 
with erythrocytes from rabbit, horse, sheep, cow, goat, 
dog, eland, buffalo and waterbuck. Rabbit erythrocytes 
gave the best agglutination results and were therefore 
used in all subsequent experiments. A total of 24 
sugars and glycoproteins were tested for inhibition of 
lectin activity in tick haemolymph. 

Lectin(s) were found to be present in the 
haemolymph of both the tick species, but titres were 
higher in A. variegatum (256) than in R. appendiculatus 
(32) . The sugars that blocked lectin activity in the 
haemolymph of both tick species were N-acetyhx~P.. 
glucosamine, o-marumse and o( +)-fucose. On the other 
hand, Fetuin blocked lectin activity in the haemolymph 
of R. appendiculntus only, whereas o(+)-glucosamine 
blocked activity only in the haemolymph of A. 



variegntum.Immunisation of both species of ticks with 
bacteria resulted in slight increases in lectin titres. 

The blocking of lectin activity by different sugars 
suggests tha t either the active sites of these sugars 
have architectural similarities or there may be more 
than one lectin in the haemolymph. The differences in 
the reactions of A. uariegatum and R. appmdicu/ntus 
haemolymphs with respect to Fetuin and D(+)· 
glucosamine also suggests the presence of different 
lectins in the two tick species. 

In general, both A. vnriegntum and R.nppendiwlnhts 
have high levels of I ysozyme and anti bacteria I activity 
in their haemolymph an.d their levels increase slightly 
following immunisation with£. cloacae. Lectins which 
tend to increase with immunisation are also present in 
both species. At least three sugars inhibit lectin activity 
in the haemolymph of both tick species. Further 
research is required to stUdy the immune system in 
ticks with respect to induction, duration, dose response, 
individual immune proteins involved,characterisation 
of immune lectins and the role played by cellu.lar 
immunity. 

3.13 BIOCONTROL AGENTS OF TICKS 

£. Mwnngi and M. Kimondo 

Studies were initiated to look for natural enemies of 
ticks, which could eventually be used in tick 
management. Engorged nymp hs of Amblyomma 
vnriegntum and Rhipiccplwlus nppe11diwlntus were 
collected from cattle from four areas in Kenya: Kuja 
River, Rusinga Is land (both in South Nyanza District), 
and Muhaka and Kaloleni from the Kenya Coast 
Province. Collections from each arei'l were made 
monthly from a group of farms, to investigate the 
occurrence and level of parasitisation of ticks with 
parasitoids, and to establish w hether there were 
seasonal variations. 

No parasitoids were found in ticks of both genera 
collected from Rusinga Island, Muhaka and Kaloleni 
areas. Out of 484 engorged nymphs of A. vnricgntum 
collected from the Kuja River area, 63% of them were 
parasitised with lxodipftagus ltookcri, a hymenoptemn. 
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Attempts to rear the parasitoid in the lnboratory 
were made using two methods. Ticks were exposed 
directly to parasitoids in glass tubes. This me thod only 
gave 40% parasitisation. A second and more efficient 
method was to expose ticks to parasi toids w hile on the 
host rabbits. Unfed nymphs of A. variegntum were 
placed on rabbit ears using ear bags. Parasitoids were 
introduced using a tick at a parasitoid ratio ofl:l. This 
method resu I ted in 90% parasitisa tion. By using about 
30 rabbits a week, it has been possible to produce 
180,000-300,000 parasitoids a week. 

3.14 DOMESTIC CHICKENS AS BlOCONTROL 
AGENTS OF LIVESTOCK TICKS 

5. M. Hnssn11 and P. 0. Ngoko 

Our previous investiga ticms have shown tha t domestic 
chickens are natural predators of livestock ticks. We 
ex tended our investigations to study chicken 
man(lgement and to determine the number of chickens 
required to effectively reduce tick infestation levels on 
cattle. 

The study was started ir\ March 1992 on two farms 
on Rusinga Is1and1 Kenya. Cattle were tethered within 
an enclosed structure of 7 rn long, 6 m wide and 2 m 
high, constructed of wire mesh and strengthened by 
wooden poles. Each enclosure was divided with a 
partition of mesh and poles into two smaHer units (7 x 
3 x 2 m). A corrugated iron sheet of 30 em high was 
fixed at the bottom of the partition to prevent cross
movement of ticks. Five head of adult cattle were 
confined in one of the small endosu res with 1 0 chickens 
released among them. Another group of 5 adult cattle 
was confined in the other small enclosure without 
chickens to serve as control. The chickens were released 
among the animals on a daily basis from 0700 hr to U\e 
time when cattle were released for grazing at 1100 hr. 

Ticks were collected on a monthly basis from the 
ten head of cattle. Tick collection started 6 months 
before the release of the chickens so as to establish the 
level of tick infestation of the two groups. 

Chickens drastically reduced the number of ticks 
on the experimental cattle. The investigation is still in 
progress. 
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4 
Medical Vectors 

4.1 MBU CLOTH TECHNOLOGY 
DEVELOPMENT 

M. f. Muti11gn, C. M. Mulero, M. Bnsimike, 
A. M11tavn, D. M. Renapurknr, C. C. Kamnu, 
F. A. Amimo, D. W. Wnchim, R. Kimokoti, 
M . Nynmori, D. M . Omogo, F. M . Kyni 
n11d B. Muin 

The Mbu Cloth is an appropriate teclmology developed 
for ruri1l resource-limited commtmities as well as for 
use in urban areas. Tt is a permethrin-impregnated 
cloth made of cotton or polyester material which is 
hung along the walls in bedrooms, and thus provides 
an insecticidal effect for the entire room. 

The Mbu Cloth technology deve lopment was 
continued in 1992. It included the monitoring of the 
efficacy of the wall cloth to suppress mosquito and 
sandfly populations in Perkerra Irrigation Scheme, 
Marigat, Baringo District, Kenya, and a few other 
selected arei1s with different climatic features. Prior to 
the introduction of the cloth, parasitological and clinical 
investigations were carried out in the Marigat Mea to 
assess malaria prevalence. These continued during 
and <1fter the application of the technology. Socio
economic and anthropo logical studies were 
undertaken in order to assess the acceptability and 
s us ta inability of the Cloth. Furthermore, the 
monitoring of possible insecticide resis tance in 
mosquitoes and sand fli es was carried out. 

4.1.1 lmproveme11t of the Mbu Cloth 
Research and development back-stopping on the Mbu 
Cloth technology continued in the area of looking at 
whether various coloured cloths attract or repel 
mosquito and sandfly vectors inside houses. 
Investigations on the possibility of incorporating 
natural plimt extracts i1S insecticides impregnated on 
the Mbu Cloth continued. 

The results of the above studies show a definite 
attraction of both sandflies and mosquitoes to specific 
coloured fabrics. Sand flies preferred colours that were 

different from those preferred by mosquitoes. Both 
vectors d emonstrated species-specific colour 
preferences. 

Different species of mosquitoes and sandflies 
differed also in their choice of landing position on the 
doth when experimentally tested. Position preference 
by mosquitoes was different for C. quinqllefncinlus as 
compared to Aedes negypli and Anoplteles gambine. 

4.2.2 Assessment of Mb11 Clotlt tjficiency 
In order to assess the efficacy of tl1e Mbu Cloth, various 
trapping methods were employed to evaluate the 
quantity of the trapped population. Studies were 
contin~u~d using various vector trapping techniques 
including exit traps, updraft traps, CDC light traps 
and suction traps. For the outdoor res ting populations, 
mosquito larval population was sampled from 
breeding places using dips, while resting adults were 
sampled from artificial pits. The indoor adult vector 
populations were assessed and recorded as unfed , fed, 
semi-gravid and gravid in order to determine the 
population age, and hence, the vector potentiaL 

4.2 EVALUATION OF THE RESIDUAL 
EFFICACY OF PERMETHRJN-
IMPI~EGNA TED SCREENS USED AGAINST 
MOSQUITOES IN MARJGAT 

M. f. Mutingn, D. M. Rc11apurknr, 
D. W. Wnchira, C. M. Mutero n11rl M. Basimikc 

Theuseofinsecticide-impregnated fabrics is gradually 
finding wider use in malaria and other disease control 
programmes. The efficacy of these devices is d ependent 
on how they are applied, the acceptability by the users 
and the effectiveness of the chemicals applied. This 
study was aimed at determining the duration of the 
effectiveness of permethrin-impregnated (Mbu Cloth) 
wall cloth applied inside houses at Mariga t, Baringo 
District against mosquitoes and sandflies. 

Table 4.1 shows the knock-down and mortality in 
An. gnmlline s.l. after their exposure for 3 min to 
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Tobie 4.1 Knock-down time (mean± S.E.) and percentage mortality (In parentheses) of Anophales gombioe s.l. a fter exposure 
to the Mbu Cloth for 3 minutes 

Months Total no. of Knock-down time (min) No. dead Corrected% 
after mosquitoes 10 30 60 otter 24 hours mortality 
treatment used 

168 22.2 ± 5.3 28 28 28 100 
(79) (100) (100) (100) 

2 186 22.8 ± 5.7 31 31 31 100 
(73) (100) (100) (100) 

3 165 11.6 ± 4.4 18.6± 4.4 22.4 ± 3.5 24 100 
(48.3) (78) (93) (100) 

6 190 1.0 ± 1.0 13.5±3.7 17.3± 2.0 18.3 ± 5.0 73 
(4) (66) (72) (76) 

7 140 0 8.7 ± 1.4 11.0 ± 2.1 13.4 ± 2.0 63 
(43) (55) (67) 

lO 140 0 3.14 ± 1.0 10.0 ± 1.2 10.3± 2.2 44 

permethrin-impregnated screens. For the first three 
months after insecticide application, the knock-down 
effect in A11. gnmbim! s.l. was 100%. This was followed 
by a gradual decline in the knock-down effect with 
time. For Aedes negypti, the knock-down rate observed 
was 100% after 30 min exposure on a 1 0-month-old 
cloth and 100% a fter 60 min exposure on a 12-month
old cloth. However, not all the Ae. ncgypfi knocked 
down after 60 min exposure on a 6-rnonth-old cloth 
died. There was a recovery of 6% in some mosquitoes 
exposed on a 6-month-old cloth which increased to 
45% by the 13th month. Mortality rates of 100% were 
maintained for 2, 3 and 6-month-old cloths for Culex 
qttillquefnscintus, A11. gnmbine s.l. and Ae. negypti, 
respectively, After a 24 hour post-exposure observation 
period. The three mosquito species also took different 
lengths of time to reach a mortality rate of 70%, the 
point at which re-impregnation of the experimental 
screens were considered necessary. C. quiltquefnsciafus 
required the shortest period (four months) for its 
ovemll mortality rate to fa II below 70%; it was followed 
by An. gnmbine s.l. (six months) and Ae. negt;pti (ten 
months). 

The over"ll population of both sandflies and 
mosquitoes remained suppressed to over 70% for 
sandfliesand 90% for mosquitoes. The malaria parasites 
rate was reduced by over 70%. No leishmaniases cases 
have been reported in the experimental area from the 
time of the introduction of the Mbu Cloth technology. 

These observations demonstrate that screens 
impregnated with permethrin at the dosage of 0.5 g/ 
m2 can be relied on for about 6 months to control A11. 
gn111bine s.l., the vector of malaria in the Marigat area. 
Culex quillquefnsciatus and Aedes species a re of great 
biting nuisance to the local people. Because of the 
varied susceptibility of A 11. gnm/Jine s.l. and C. 
quillqucfnscintJls in Marigat, impregnated screens 
against the two species would be most effective if re
treated after four months, particularly during the dry 

(16) (50) (52) 

season when the populAtion of C. quinquefnscintus is 
predominant. By so doing, the overall mosquito 
population would be kept in constant check, thus 
controlling malaria transmission as well as reducing 
nuisance biting. 

4.3 BIOLOGICAL CONTROL OF MOSQUITOES 

E. f. Asimeng, M. f. Muti11gn and M. M. Miti 

Although a wide variety of mosquito-invading bacteria 
have been isolated in several geographical areas, 
isolation of additional local entomopathogens is 
required due to economic cost and restrictions imposed 
on the use of foreign micro-organisms. Thus the present 
study was aimed at finding local pathogens as an 
alternative to the use of imported agents. Additionally, 
there is potential for isolating new pathogens or 
serotypes of previously known pathogens possessing 
characteristics that make them more suitable for 
development and field application. 

The search for entomopathogenic bacteria as 
potential mosquito biocontrol agents from M wea Rice 
Irrigation Scheme Kirinyaga District, Kenya, which 
was started in 1990, continued in 1992. Forty-two soil 
samples produced several types of bacteria, five of 
which were mosquito-toxic. The five were identified 
as variants of Bacillus 1/turillgiellsis based on their 
s tructural and growth characteristics, coupled with 
larvicidal activity. These were highly pathogenic to 
Anopheles, Aedt:."'S and Culex mosquHo larvae. When the 
isolAtes were sent to the WHO reference centre in 
France, they were typed as Bncill11s tllllri11giellsis 
isrnelicnsis (Bti). 

4.3.1 Larvivoro11s fish 
Among vertebrate and in vertebra te predators, 
larvivorous fish play a positive and significant role in 
reducing mosquito breeding. Recently there has been 



a renewed interest in their use for mosquito control. 
The rationale for choosing fish as biological control 
agents are two-fold. They can ingest larvae or they can 
alter habitats and make them unfit for mosquito larvae. 
An important criterion is the suitability of the habits of 
both larvae and the fish species in question for co
existence. 

Laboratory experiments on several species of fish 
showed that predatory fish collected from the Rice 
lrrigationSchemeatMwea Taberein Kiri.nyaga District, 
Kenya could be used as biological control agents against 
mosquito larvae. The larvivorous Tilapia zilli was 
evaluated in the field in 1992 to assess its potential 
using experimental ponds. This species was found to 
be extremely effective in controlling mosquito breeding 
throughout the year. Reductions of larvae by 90-100% 
occurred in dear-water ponds within 2-3 weeks of 
introduction of the fish. However, the presence of 
vegetation and water turbidity, especia lly as 
aggravated by catfish, a substrate feeder, significantly 
reduced its efficiency in predation. 

4.4 SANDFL Y ECOLOGY 

M. Basimike, M. f. Mutinga and R. Kumar 

Studies on the ecology and behn viuur of phlebotomine 
sand flies form an integral part of the epidemiology of 
leislunaniasis. Although studies have been carried out 
on sandflies of Marigat area, infonnation on their 
seasonal fluctuations remain scarce. The objective of 
this work was to identify more s<mdfly breeding/ 
resting sites Ln the Marigat area, a focus of both visceral 
and cutaneous leishmaniases, in order to determine 
species composition, relative abtmdance and seasonal 
fluch.1ations of their population. 

A number of natural and man-made habitats were 
surveyed for sandflies in 1985/86 in Marigat area of 
Kenya (Table 4.2). Of the 98,573 adult sandflies 
collected, 2.7% belonged to genus Ph/c/lotomus and 
97.3% to Scrgen tomyia . Sandflies of the genus 
Phlebotomus were four times more common in burrows 
than in termite hills, while twice as many sandflies of 
the genus Sergentomyin were collected from termite 
hills ns from burrows. Termite hills had the highest 
sand fly population compared to other sites, followed 
by tree holes and animal burrows. Using a standard 
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key, 15 species were identified, of which five belonged 
to Phlebotomus and 10 to Sergentomyia. The most 
abundant and widespread species were Scrge11tomyin 
nntemwtus, S. bedfordi, S. africmws and P. dubosca. 
Sandflies of both genera were present for the greater 
part of the year. Most species of sandflies decreased in 
numbers during the dry season. High population 
densities of sandflies were recorded during the wet 
period. Correlations between relative abundance of 
sandfly vectors of leishmaniasis and rainfall were 
positive. However, none of the correlation coefficients 
was statistically significant. 

4.5 ALTERNATE VECTOR STUDIES: 
DEFECATION BY ANOPHELES 
ARABTENSIS MOSQUITOES OF HOST 
BLOOD INFECTED WlTH LIVE 
TRYPANOSOMA CONGOLENSE 

C. M. Mutcro mrd M.J. Muti11gn 

The potential of mosquitoes to mechanically transmit 
African trypanosomiasis has not been previously 
assessed. This is probably due to a general assum pHon 
by many scientists that mechanical transmission of 
blood-home parasites by insects is mainly through 
contaminated mouthparts, which in mosquitoes are 
too small to be of significance. 

Defecation of a host's blood by mosquitoes of 
Anopheles species has been observed on a number of 
occasions by previous investigators. However, 
information is lacking on whether such blood contains 
live infective parasites. In view of the high degree of 
contact that exists between man, domestic animals 
and certain A11oplrc/cs spp, an assessment of the latter's 
potential to mechanically transmit diseases through 
defecated blood is necessary. The present study was 
undertaken with the main objective of determining 
whether or not live and infective Tn;ptmosomn congoleusc 
picked up by An. arabiensis during feeding on an 
infected animal are present in defecated blood. In 
addition, the proportion of An. nrabiensis mosquitoes 
defecating live trypanosomes was assessed, and an 
attempt was made to estimate the amount of blood 
that is defecated by a single mosquito. 

Female An. arabieusis mosquitoes collected from 
houses in Mwea Irrigation Scheme,Kirinyaga District, 

Table 4.2 Prevalenc e of Phlebotomus and Sergentomvto sandflles In the trapping sites 

Site 

Termite hill 
Animal burrows 
Tree hole 
Human habitation 
Animal enclosure 
Open field 

Total sondflles 
Percentage of 
total 

Distribution of 
Phlebotomus 

spp 

16.3 
71.5 

1.7 
4.3 
5.9 
0.3 

2663 
2.7 

Distribution of Percentage of No. species 
Sergentomy/a sandnles collected 

spp 

31.9 31.4 ll 
18.0 19.4 13 
25.9 25.2 12 
8.5 9.2 12 

10.3 11.3 12 
5.4 3.5 12 

95910 
97.3 
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Table 4.3 Number of Anopheles arablenslsfed on balb/c mice 
Infected with Trypanosoma congo/ense and percentage 
ejecting live trypanosomas In defecated blood 

No. 
mosquitoes Mosquitoes ejecting 

Donor defecating T. congolense 
mouse no. blood No. % 

1 53 50 94.3 
2 51 47 92.2 
3 55 55 100.0 
4 43 42 97.7 
5 66 61 92.4 

Total 268 255 95.1 

Kenya were used in the experiment. Four or five 
starved mosquitoes were placed in a cage with sides 
mad!:! of transparent perspex except the top, which 
cons isted of fine mosquito netting. The mosquitoes 
were offered a blood meal by pl<~ cing a clean hamster 
on top of the ne t. As soon as partial repletion was 
noticed/ a plastic Petri dish lined with filter paper was 
h eld about4cm below the feeding mosquitoes and the 
blood defecated by a replete individual mosquito was 
made to fall on the filter paper. The Petri dish and 
blood-s ta ined filter paper were re moved when 
defeca tion stopped and the experiment repeated with 
another batch of sta rved mosquitoes. TI1e procedure 
was repeated with mice infected with T. callgolense. 

The mosquitoes readily fed on either ru1iml'll. A 
blood repletion rate o f 82.7% was recorded for 
mosquitoes feeding on hamsters. Seventy·seven per 
cent of the replete mosquitoes continued to feed while 
at the same time defeca ting the host blood in droplets, 
ejected in quick succession from the anus. Ninety-five 
percent of mosquitoes defecating blood while feeding 
on mice infected with T. congofcllsc ejected live parasites 
(Table4.3) along with the blood. Clean mice inoculated 
intraperitoneaUy with T. congolensc or via the tail 
developed parasitaem.ia between the third and seventh 
day. This phenomenon of defecating live parasites 
could imply the possibility of these parasites being 
mechanically transmitted on by the mosquitoes. 

4.6 CHARACTERISATION OF 
PHLEBOTOMINE SANDFLTES USING 
ISOENZYME ANALYSIS 

H. Mnlwmnt, ]. Mutingn, A. Hnssnnnli and 
N. N. Mnssnmbn 

Isoenzyme analysis of Diptera such as mosquitoes, 
blackflies and sandflies1 has been used widely for 
popu Ia tion genetic studies and for the identification of 
different species. A lis t of possible diag nostic 
isoenzymes for use in sandfly taxonomy has been 
proposed. The study reported here was designed (<'I) to 
select a set of enzymes for development of a key for 
distinguishjng between a groupofeightsand.fly species 
in Kenya, and (b) to determine the phenetic 
relationships between these species. 

Eighteen isoenzymes were screened to ctistinguish 

eight sandfly species collected from the field and 
reared in the laboratory: Phlebotomus duboscqi,P. martini, 
P. ncule.nfus,P. pedifer, Serge11tomyin bedford if S. gnmhnmi, 
S. ingrnmi and S. schwetzi. Of these/ nine isoenzymes 
were found to give banding patterns potentially useful 
for taxonomic purposes. Three of these (GPI, MDH 
and PGM) were selected as diagnostic enzymes to 
develop a d endrogram for sandfly identification in 
Kenya. 

4.7 DIFFERENTIATION OF VECTOR SPECIES 
OF PHLEBOTOMlN A E (DlPTERA: 
PSYCHODIDAE) IN KENYA BY 
CHORIONIC SCULPTURING OF THEJR 
EGGS 

L. M. Rogo*, E. D. Kokwnro .. , M. f. Muti11ga 
1111d C. P. M. Khnmnln* 

In Kenya, Lcishmnnin parasites are tra nsmitted by 
s<~nd flies of three subgenera of Pltlebotomus: Phlcbotom us 
(Pitlcbotouws rful1oscqi Neveu-Lemaire transmits 
Leisftmn11ia mnjor); l.Jlrrossius (Phlebotomus pedifer Le\>vis, 
Mutinga and Ashford and Ph/ebofotrtusnculen/us Lewis, 
Minter and Ashford all transmit Leishman in nethiopicn; 
Pfllebofomus guggisbcrgi Kirk lind Lewis transmits 
Leisltmnnin tropica)1 l'lnd Syttphlellofomus: (Phlebotomus 
mnrtini Parrot transmits Leisltmn11in donovn11i). ln the 
subgenus l.JlrroussiiiS1 females of the 1Pedifer' species 
group/ namely P. pedifer, P. aculentus (P. efgone11Sis 
Ngoka, Madel/ and Mutinga), and P. lo11gipes Parrot 
<~nd Martin, are morphologically indistinguishable. ln 
the s ubgenus Synpltlcbotomus, fema les of the 
1Synphlcbotomus' species group (P. martilli1 P. celine 
Minter/ and P. vnnsomern11ne Heish 1 Guggisberg ru1d 
Teesdale) are also morphologically indistinguishable. 
Ln both species groups/ the taxa have been defined on 
the basis of male features, particularly the genit<llia. 
Consequent( y, the identity of U1c females can be verified 
only by rearing single egg batches or by collecting 
them i11 copufn, w hich is a rare occurrence. The aim of 
thisstudywas toexantineeggsof thetwophlebotomine 
sandfly s pecies groups by scanning electron 
microscopy and compare their chorionic patterns for 
biosystcma tic purposes. 

Wild collected P. pcdifet , P. nculcntus and P. mnrti11i 
were fed and allowed to oviposit. The eggs were 
simply air-dried/mounted on metal s tubs, and double
coa ted w ith carbon and gold-palladium in a vacuum 
evaporator. They were examined nnd photographed 
using <1 ::>canning electron microscope Uoel JSM·15) . 

P. pcdifer: Based on examination of 50 eggs from 10 
females, P. pcrlifer eggs had a general pattern of parallel 
ridges respectively on the same egg. However, it was 
noted that no two females had identical parallel ridges. 

P. nculenf!ls: Variations in sculpturing were 
observed in tltis species. Most eggs from a sample of 48 
had a general pattern of long polygons/ but a t the 
apices, the polygons were reduced in size to form a 
pa ttern like a ~eehive cell'. Five eggs from a sing le 
female had parallel ridge patterns but the nature of the 



ridges is unlike those of I'. pedifer. 
P. marfi11i: Examination of 28 eggs from three 

females reveilled three basic pa tterns: a hexagonCll 
patte rn , tiny mountninlike patte rns with an 
interconnecting wall; and an irregulnr pattern. It was 
observed that eggs laid by an ind ividual female were 
exactly alike. The observed differences were between 
eggs of different females of the same species. Hence in 
differentiating these species, chorionic sculpturing 
was not a reliable criterion. 

•Department uf Zoology, University of Na irobi, Chiromo, Kenya . 

4.8 CHARACTERISATION OF LEISHMANIA 

N. N. Massamba, M. f. Muti11gnal/(f B. N. Odcro 

4.8.1 Leishmania pnrasifes a11d tlrcir ki11ctoplast DNA 
(kDNA) 

Parasites of the genus Leishmania cause a spectrum of 
hUIJian diseases, including cutaneous, mucocuta neous 
and visceral leishmaniasis. Each disease lends to be 
associated with a particular species of Leisllmn11ia . 
Where the presence of more than one species of 
Leislmmnin is suspected, it is crucial that characterisation 
studies are carried out to supplement epidemiological 
work. The purpose of such studies is to establish the 
geographical dis tribution of the different organisms, 
to identify suspect vector species of sandflies and 
reservoir hosts, and to provide accurate information 
to clinici<ms on the presence of p athogenic organisms 
in the lesions of their patients. 

At least three species ofhLunanLeislzma11ia parasites 
exist in Kenya : Leisl1111mrin donovnui, L. actlriopicn and L. 
major. Leislt1111111in donmmtti and L. major are endemic at 
low altitudes in Baringo, Kitui, Machakos and West 
Pokot Districts while L. aetldapica occurs at high 
altitudes in BLmgoma District on the slopes of Motml 
Elgon. In addition, there have been recent reports of 
human cutaneous leishmaniasis in Kenya from L. 
tropica. 

Several m e thods for the identifica tion a nd 
characterisation of Leislmrmtin have been developed . 
These include: (1) isoenzyme analysis, by starch gel 
electrophoresis (SGE) or cellulose ace tate 
electrophoresis (CAE), (2) the use of highly specific 
monoclonal antibodies in a radioimmunoassay and in 
indirect immunofluorescence, and (3) the use of 
morphological and behavioural characteristics and 
clinical manifestations . 
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All these methods ha ve limitations in thei r 
usefulness. Isoenzyme analysis requires at least 101 

cells grown in experimental animals or culture media, 
which is sometimes difficult to achieve. A few species
specific monodonals are available, but the pwblem of 
cross-reaction in the caseofdoubleor multiple infection 
complicates their use for the identification of Leis/mm11in 
species in biologica I samples. One of these approaches 
uses kinetoplast DNA (kDNA), a distinguishing feature 
of th e Order K.inetopla s tida , which includes 
trypa11osomes, Leishmania and crithidia. Thjs kDNA is 
a complex network of two groups of catenated circles: 
a minor fraction of large circular transcribed DNA (the 
maxi-circles) and a major fraction of small molecules 
(the mini-circles) whose function is known. The mini
circles are heterogeneous in sequence a nd because 
they have evolved rapidly, should be useful for 
grouping together closely-rela ted Leishmania isolates. 

The kDNA has been used by MVRJ' for grouping 
related Lcis1111ttlllia reference-strains and Leislttnnuia 
isolates from differe nt regions of Kenya. In addition, 
the application of clones derived from recombinant 
DNA libraries o f re ference-stra in kDNA in 
hybridisa tion experiments, for the characterisation of 
the new isolates has been done. 

Restriction enzyme DNA analysis was applied to 
determjne the genetic differences between Lcislrmn11ia 
re ference s trains . In addition , Southe rn blot 
hybridisation using cloned kDNA seque nces from 
reference strains was used to discriminate different 
Leisltmattia species. 

4.8.2 Leishmania isolates, reference strains a11d in vitro 
cttllivntimr 

The Ldsllltlllnia isolates used for thisstudywere isolated 
from rod e11ts, canids, bovids and phlebotomine 
sandflies . They were stored as s tabila tes in vapour 
phase liquid nitrogenH60°C) with glycerol (10%) ns 
cryoprotectant. The Leislnnania reference materials 
used in this study were obtained from the collection of 
the World Health Organiznti.on's Reference Centre for 
Leishmaniasis. 

The stocks were initially cultivated in vitro as 
promastigotes on rabbit blood-based biphasic (NNN) 
medium.Samplesofoverlaywereexaminedatregular 
intervals to monitor growth and checked for the 
presenceofcontam.inants. Contaminated cultures were 
cleaned before use according to availa ble methods or 
discarded . 
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5 
Behavioural and Chemical 
Ecology Research 

5.1 A REAPPl{AISAL OF THE ROLE OF T HE 
FEMA LE SEX PHEROMONE 
COMPONENTS OF CHILO PARTCLLUS 

5. A. Lux, W. Lwnnde, N. Gikonyoand A. llnssnllnli 

Research on lhc pheromonal biology o f C. pnrtel/11s 
wns initiated a t the lCIPE some years ago to develop 
effecti ve tools and tacHes for utilising the femnle sex 
pheromone in lPM. The two major components o f C. 
pnrfcllus femClle p heromone, (Z)-11-hex<'!decennl nnd 
(2)-11-hexa d eceno l, were tested ex tensivel y in 
previous yenrs. O ne report {from outside [ClPE) 
claimed hig h ca tches with traps bCl ited w ith the 
ald ehyde alone (j . Cltcm. £col. 1979, 5, 153-167). 
However, neither of the two components has been 
found to be effectivt! when dispensed a lone, and 
previousdeploynumt of blends of the two compounds 
has never given ca tches higher than 30-40% of those 
obta ined from virgin femnles. Moreover, although 
over 10 miJlOl' component:-; have been identi fied in 
extTact:-; of the female sex g lnnds, none of these, when 
blended with the ma jor components a lo ne or in 
combinations, bns shown a s ignificant improvement 
in nttr<tctancy. 

Analysis of informaUon a lready ava ilnble by 
Novembt!r 199·1, led us to the conclusion that there 
wns littl e chance tha t impo rta nt p heromone 
components s till remained unknown. Accordingly, 
we hypothesised that the low attractiveness of traps 
bnited with the synthe tic pheromone could be due to 
the use of an erroneous dispensing technique whkh 
failed to take intoaccountcriticale lementsofC. pnrlcl/u:; 
behaviour. We the refore decid ed in 1992 to veri fy the 
biologicn l importance of the two major components o{ 

the pheromon e a nd to determi ne the basic condition :-; 
for its effecti ve di.sper\s ing. 

Working on the hypothesis thut fai lure to achieve 
high catches in previous studies was du e to the mole 

insect's rece1vmg a distorted sig nal near the trap, 
dispensers Wl;!re plnced at vary ing prox imities with 
respect to each other. Observations showed the need 
for the em ission of the two components to s imulate lhe 
point-release whlch occurs from the fem ale insect. 
Ou r inili<'l l s tucties showed that the high emission rotes 
for the main component (the nldehyde) which were 
used in earlier s tudies could have nfft!cted mnle 
rt!sponsc. Using <111 experimenta l pi'lper disptmser 
imbibed with the active compounds w hich a llows 
separate but close release of the two com ponents at 
m odernte rates, we have d emonstrated that 
• the components act synergistically {contr<'lry to the 

previou s report) a nd both components a re 
importan t fo r op tima l attractiveness of the 
pheromone; 

• on-field effectiveness of the traps bai ted w ith the 
synthetic blend is hig h, with catches averagi ng 
85% relative to thnt us ing virgin femnlt::~s as bait; 

• field monitoring of the pest w ith tr<'!ps baited wi th 
the synthetic blend is feasible. 
Further optimisntion of the pheromone baJt by 

ma nipulnting release parClmete rs (rate a nd rntitl) is 
now underwCly. 

5.2 BEHA VlOUR-CONTROLLLNG CHEMlCA LS 
ffiOMBANANAANDTHEBANANA 
WEEVIL 

I. 0. Ndieg~, W. f. Bttrlc11berg, D. 0. Oticno 
nttrl F. W. Knrngo 

In las t year's Ann.unl Report, we reported the identity 
of the m njor chemica l components o f three ban<tna 
cultivars, including thnt of a S\JSCeptib le cultivar 
(Githumo). A blend o f the major com ponents of this 
c u lti var fa ile d to e lici t a n y be havioura l or 
electrophysiological acti vity, tmlikt! the na tural blend. 
Electrophysiological examinntion of the host-p la nt 
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volatiles showed the presence of several active minor 
components, of which four gave prominent EAG peaks. 
One component, an oxygenated monoterpene, has 
been identified by GC-MS and shown to be active in 
behavioural assays. The natural blend has now been 
fractionated into EAC-active and non-active fractions. 
Most of the components of the blend are non-active, 
and this should now facilitate the identification of the 
EAG-active compotmds. 

We have also screened volatiles from eight banana 
cultivars by GC-EAG. The oxygenated monoterpene, 
although present in all susceptible and tolerant 
cuJtivars, was absent in a resistant cultivar. On the 
other hand, another active peak was observed in this 
cultivar and could possibly be an llllomone. 
Identification of this compound (also an oxygenated 
monoterpene) is in progress. 

5.3 OLFACTION AND ORIENTATION 
RESPONSE OF MARUCA T£STULALIS 
MOTHS TO HOST PLANT 
SEMIOCHEM1CALS 

S. I. Kamara* 

The success of M. tesfLilalis in finding and colonisi..ng 
the cowpea crop depends on the interaction of the 
sensory system of the insect and the chemica 1/ physica I 
characteristics of the host plant. Knowledge of how 
the host plantsemiochemicals affect the sensory biology 
of the pest can provide a basis for the development of 
ecologically sound and more practical strategies for 
the control of M . testulalis. This study investigates the 
role of cowpea airborne volatiles on the orientation 
behaviour of M. testulalis. 

5.3.1 Antenna/morphology ofM. testulalis 
An indispensable starting point for the study of insect 
olfaction is a reasonable knowledge of the olfactory 
sensilla. This provides a basis for electroantennogram 
(EAG) and single sensilla response investigations as 
well as far interpreting behavioural responses when 
insects are subjected to the same chemical stimuli. 

Antennae of male and female M. testulalis moths 
were examined under a scamti.ng electron microscope 
to obtain knowledge about the types, population and 
spatial distribution of the antennal olfactory sensilla. 

TI1is study reveals that antennae of both sexes of M. 
testulnlis are morphologically identical. The ventral 
surfaces of the antennae are covered with a dense mat 
of sensilla while the dorsal surfaces are completely 
covered with scales. Four olfactory sensilla types were 
identified on both sexes. These are sensilla trichodea, 
basiconica, coeloconica and auricularia. Sensilla 
basiconica, coeloconica and auricularia are known to 
be involved in plant odour perception. The presence 
of these odour-receptive sensilla )n both male and 
female M . testu/alis moths suggests that plant odour 
may play a significant role in the orientation of the 
moths to their host plants. 

5.3.2 Electroantennogram (EAG) studies 
The electroantennogram teclmique was used to 
examine the sensitivity ofM. tesflllnlis antennalsensiUa 
to odours of the host plant, cowpea. Antennae of male 
and female moths were stimulated witl1 odour 
emanations from cowpea leaves, flowers and green 
pods of a susceptible cultivar, Vita 1. 

Results of this study show that olfactory receptors 
of both male and female M. te:>tulalis moths are 
responsive to odours of the cowpea host plant. This 
suggests that both sexes of the moth share conm1on 
receptors for host plant odours. Inputs into these cells 
may be responsible for releasing the in-flight behaviour 
of the moths. 

5.3.3 Orientation response of M. testu.Jalis moths to 
airbome odours of cowpef/: A wind tumwl 
bioassay 

The orientation response of M. /estulalis moths to 
cowpea odours was investigated in a wind tunnel. 
Odours from undamaged potted cowpea plants at the 
flowering, flowering / podding a11d non-flowering 
growth stages were assayed on 3-5 days old male, 
virgin and mated female moths. 

Results of tltis bioassay reveal that all three 
phenologiml stages of cowpea are attractive to male, 
virgin and mated M. testulnlis moths. The moths 
exhibited positive odour-modulated anemotaxis and 
zigzag flights to locate plants 2m upwind . Plants at the 
flowering and flowering/podding stages evoked 
higher percent flights and landing on the host tha11 
non-flowering plants. Virgin and mated female moths 
were more attracted to odours of cowpea than were 
the males. Knowledge of the chemical components of 
the cowpea plant mediating this host-finding 
behaviour may be of importance in controlling M. 
testlllalis by mattipulating the behaviour of the pest in 
the agroecosystem. 

• ARPPIS Gradunte Scholar 

5.4 TSETSE BEHAVIOUR AND CHEMICAL 
ECOLOGICAL STUDIES 

R. K. Saini, D. Nyarango, A. Hassanali,J. Andoke, 
P. Alwyn and W. Ollml? 

Work is in progress to identify tsetse sentiochemicals 
with broader versatility with respect to different tsetse 
species and in different physiological states. With this 
objective in mind research has focused on: 

(i) evalur~ting new and long/medium/dose 
range attractants and analogues for G. m. 
morsifans and G. pallidipes; 

(ti) molecular optimisation of phenolic analogues 
with the objective of identifying better 
attractants; 

(iii) larviposition behaviour; the role if any, of 
semiochemicals and the receptor sensitivity of 
gravid females. 



Isolation and purification of active components 
which at close range induce arrestment, alightment 
and probing have been hampered by the presence of 
large amounts of m)n-active compounds in the body 
washings. A new teclmique based on selective trapping 
of body volatiles has been developed and the collected 
volatiles (Fig. 5.1) shown to be active in wind tunnel 
bioassays. Identification of components of these 
volatiles is now in progress. 

The olfactory sensitivity of G. pnl/idipes to 13phenolk 
analogues (9 of which were synthesised at ICIPE) was 
investigated using electrophysiological (EAG) 
techniques. Results indicate that integrating the 
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structural features of 4-cresol and 3-n-propylphenol 
into one molecule (4-methyl-3~n~propylphenol) led to 
reduced activity (Fig. 5.2) suggesting the existence of 
two different phenolic receptors, one for 4-cresol and 
the other for 3-n-propylphenol. A three-carbon chain 
at the3-position was found tobeoptimalforG.pa//idipes 
(Fig. 5.3). Introduction of alkyl branches or oxygen in 
the side chain at the 3-position led to reduced activity 
{Fig. 5.4). On the other hand, the presence of terminal 
unsaturation in the 3-alkyl chain or removal of the 
phenolic OH group does not appear to significantly 
affect the EAG responses (Fig. 5.5). Additional 
analogues are also being synUlesised for testing. The 
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Fig. 5. 1 Gas chromatographic profile of caHie body volatiles trapped on reverse-phase adsorbent. (Hewlett Packard GC; 5 em 
carbowox capillary column; 60" (5 min) to 220° at 5°/min). 
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Fig. 5.2 EAG response of Gloss/no poll/dlpes to phenolic 
analogues. 
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Fig. 5.3 EAG response of Glossina poll/dlpes to phenolic 
analogues. 
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Fig. 5.4 EAG response of Glossina pallid/pes to phenolic 
onologues. 
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Fig. 5.5 EAG response or Gloss/no pallid/pes to phenolic 
analogues. 
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Fig. 5.6 Gas chromatograms of Glossina morsitans morsitans larval hexane washings (A) and larval volatiles (B). 

w hole set of compounds are being tested for G. 111. 

morsitn11s to elucidate the structural requirements for 
a ttractancy of this class of compounds for this species. 

Isolation and purification of the active compou nd s 
i1wolved in the attraction of gravid female G. 111 . 

morsita11s and G. 111. celifralis to larviposition sites was 
hampered by the large number of non-active 

compo unds present in hexane washil\gs of la rvae 
(Pig. 5.6). Hence volatiles were collected from larvae 
prior to pupariatiun and were ~lso shown to be nctive 
in attracting g rav id females. GC profiles of larval 
vol(lti les indicate few peaks <md these are cu.rrently 
being identified (Fig. 5.6). 



5.5 RESPONSES OF TICKS RHIPICEPHALUS 
APPENDTCULATUS AND R. EVERTS! TO 
OLFACTORY STIMULI 

Sika Fra Kutua* 

Behavioural studies were initiated to investigate 
orientation responses of two ticks, Rhipicephalus 
appendiculatus (RA) and R. evertsi (RE), using odours 
from various cattle body regions as kairomonal cues. 
Preliminary results show that tick species are sensitive 
to host odours emanating from either ear or anal 
regions. 

The odours were obtained by washing various 
parts of the body of a steer with 11-hexane, followed by 
rotary evaporation of the solvent and concentration of 
the odour under a gentle stream of nitrogen. T-andY
shaped glass tube olfactometers, as well as a glass 
columns pairs were used to observe the orientation 
responses of 2-3 month old ticks towards the test 
odours. Parameters assessed were repellency, 
attraction, scanning time, time spent in the olfactometer 
arm, and dose-responses to the extracts. Tile available 

2-Dodecanone 

1-a-Terpeneol 

(·)-Cubebene 
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data from T- and Y-shaped olfactometer bioassays 
indicate that RA adults respond to the ear better than 
any other instars. As for the attractiveness of odours 
from various body parts, ear washings evoked the best 
attraction responses among RA adults tested (P < 
0.001) when compared with odours from belly and 
axillae, dewlap and neck and legs. The anal washing 
was found to be repellent to RA species. On the other 
hand, adults RE were attracted to the anal washings 
and repelled by the ear washings. Dose-relationships 
towards the stimuli of these predilection sites were 
demonstrated for both tick species ina climbing column 
pair. When RA andRE were exposed to the ear and 
anal odours (single adult used in Y-olfactorneter), it 
was found that the two species differ in their scanning 
activity and the time spent in the olfactometer arm in 
response to host odour. The two extracts tested elicited 
a different response pattern within a species (P < 0.01). 
Resultsalsoindicatethatthedurationofthe responses, 
viz scanning time and time spent in the treated 
olfactometer arm, were negatively correlated. 

" ARPPIS Graduate Scholar 
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Fig. 5. 7 Compounds Identified from Cleome monophy/lo essential oil. 
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5.6 CONSTITUENTS OF CLEOM£ 
MONOPHYLLA AS LNESTOCK TICK 
(RHIPICEPHALUS APPENDICULATUS) 
REPELLENTS 

W. Lwn11de, M. Ndungu. A. Hassa11nli, L. Morekn, 
H. Aminui nnd G. Aclzie11g 

Control of ticks using antHick plants which repel, 
immobilise or cause mortality to the non-parasitic 
stages, thereby preventing them from seeking or 
attaching to anima I hosts, has been proposed by several 
workers. Such plants could be grown in livestock 
pasture where they could reduce the tick population. 
Recently, the shrub Gynnudropsis gyumzdra (Family: 
Capparidaceae), has been reported to repel ticks and 
has been proposed as a possible anti-tick pasture plant 
(see 1990 and 1991 TCIPE Annual Reports). We have 
examined a closely related plant species, the shrub 
Cleome monoplzylln, which belongs to the same family 
as G. gynaudrn. The essential oil of C. monophylln was 
found to be repellent toR. nppendiculntus adult ticks,as 
was that of G. gyna11drn il1 the tick climbing repellency 
bioassay. Fourteen cons tituents of C. monophylla 
essential oil were identified (Fig. 5.7). Samples of all 
the compounds identified showed significant 
repellency toR. nppendiculatus at all the doses tested. 

Of the 14 compounds, the most repellent were 1-
a-terpeneol, 2-dodecanone, carvacrol, 3-undecanone 
and (-)-cubebene. The first three showed higher 
repellencies than the essential oil of C. mouopltylla. Like 
G. gyuaudra (1991/CIPE A111wnl Report), C. mo11ophylla 
is also eaten as a vegetable in a number of regions in 
Africa, a factor which will render it more acceptable 
for growing as an anti-tick pasture plant by fam1ers. 

5.7 PRODUCTION OF INFECfED TICKS AND 
IMPROVEMENT IN ARTIFICIAL FEEDING 
METHOD 

S. M. Walndde, A. Yoilng*; S. A. Ochieng 
and S. Mwnura* 

The anticoagulant method required to prepare the 
most appropriate blood meal for artificial feeding of 
ticks was determined . Heparinised blood was found 
to be superior to the defibrinated blood which was 
used earlier in these investigations. Acid citrate 
dextrose- and EDT A-treated blood was unsuitable for 
tick feeding. For the first time; nymphal ticks were 
successfully fed on membranes and their size was 
comparable to those fed on cattle. Heparinised and 
defibrinated blood obtained from Tlzcilerin parua
infected cattle was infective to nymphs fed on 
membranes, and these nymphs moulted into adults 
that could transmit T. pnrvn to cattle. Heparinised 
blood was more infective than defibrinated blood. The 
infection levels on membrane-fed ticks were generally 
lower when compared with those of ticks fed on blood 
donor cattle infected with T. parva. With the present 
artificial feeding method, it is possible to feed to 
repletion 4000-5000 nymphal ticks in one experiment. 
The mode of presenting blood to the tick is under 

review. The initial approach was to feed ticks on a 
membrane placed over the blood meal. However, 
when the situation was reversed , the initial data 
indicated that the resultant engorged ticks were 
generally heavier than those obtained when the blood 
meal was beneath the ticks. 

"Inte rnational Laboratory for Research un Anima I Diseases {I LRAD), 
Nairobi, Kenya 

5.8 EFFECTS OF OCIM UM PLANT SPECIES 
AND THEIR ESSENTIAL OILS ON SOME 
STORED-PRODUCT INSECT PESTS 

Bekele ]embere Adgc/1* 

The effects of three Ocimum plant species (0. suave, 0. 
basilicwn and 0. kenyensc) on three storage insect pests 
(Sitoplzi/us zenmais, Sitotroga cerealelln and Rlzizopertlzn 
domi11icn) have been evaluated. 

Maize and sorghum seeds, disinfected in an oven 
at 40°C for 4 h, were treated with (i) the essential oil, 
(ii) fresh leaves, (ill) dried whole leaves and (iv) ground 
dry leaves. Three levels of concentration were used, 
equivalent to 0.012, 0.06 and 0.3% mg. The seeds were 
treated with the plm1t materials in l litre-glass jnrs. 
Insects (10 pairs) were introduced into the jars and the 
effects of the Ocitmlm on their survival, feeding and 
reproduction periodically recorded. Seed viability was 
also noted. Control jars were set up as described, but 
without the addition of any plant material. 

The essential oil of 0. basil icum was found to be the 
most toxic, producing 100%,93% and 90% mortalities 
inS. cerea/elln, R. domitzicn and$. zenmnis, respectively, 
at 24 h post-treatment at the 0.3% mg level of 
application. In the case of the essential oil treatments 
with 0. suave and 0. kenyense, the mortality rates of S. 
zeamais were 88% and 30%, and that of R. domhlicn 
were 88% and 85%, respectively, 96 h post-treatment 
at 0.3% mg. S. cerea/ella has been the most susceptible 
insect, showing 100% mortality at 24 h post-treatment 
with 0.3% mg and 48 h with 0.06% mg of the essential 
oils. Other plant materials did not cause mortality to 
any treated group of S. zecmtais. Ground leaves of 0. 
Sltauc at 0.3% mg caused 100% mortality toR. dominica 
and S. cercnlclla at 72 h and 48 h post-treatment, 
respectively. All treatments with the three Ocimum 
spp affected the survival of S. cerenlel/a . 

ThenumbersofF1progenyproducedbytheinsects 
and the damage they produced were significantly 
reduced by treatments with the essential oil or dried 
ground leaves of the plants. However, these were 
fow1d to increase under treatment with fresh leaf 
material, most likely because of the favourable 
conditions provided by the moisture in the fresh leaves. 

Dry leaves of 0 . suave and 0. kenyense enhanced 
the germination of maize seeds, while no significant 
effects were observed for all three plants on the viability 
of sorghum seeds. At the highest level of application 
(0.3% mg), all three plants showed toxic effects against 
the three insects tested. 

• A RPPIS Gradu;~te Schol;~r 
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6.1 DEVELOPMENT OF DNA PROBES FOR 
IDENTIFYING LEISHMANfA PARASITES: 
CUT AN EO US LEISHMANIASIS IN KlTUI 
DISTRICT, KENYA 

N. N. Mnssn111bn n11d R. K. Rotich 

Wl,ile gene cloning is fashionable, it can also contribute 
to real and specific rewards, such as the selecti011 of 
probe.s for identification and taxonomy, the production 
of specific diagnostic reagents and the development of 
vaccines. 

To determine the vectors and animal reservoirs of 
le ishmaniasis in Tseikuru, Kitui Dis trict, Kenya, 
Leishmania parasites were isolnted from v<Jrious hosts 
including rodents, ca nid s , a nd li zard s. The 
promasligotes were cultured in d.i.phasic NNN medium 
a t room tcmper~:~ ture <md examined i'lfter 7-10 days. 
Thepositivecultures weresubsequentlymass-cullu.red 
in RPMl-1640 med.ium supplemented with 25 mM 
HEPES, pH 6.5 buffer, h ea t-inactivated foeta l ca lfseru m 
(15-20% v /v) and antibiotics (pen.icillin 100 U / ml and 
streptomycin 100 l!g/ml). ThecuJtmes were grown at 
26°C 

The stationary phase cells were harvested by 
centrifugation for 15 min at 3000 rpm at 4°C and 
w ashed three times in cold normal sa line solution. 
Cells were used immediately for DNA preparation or 
s tored at -7ooc for lfl ter use. Genomic DNA was 
prepared us ing s tand ard procedures. Restriction 
endonuclease digestion ofgenom.ic DNA .from various 
Lcislt111nnin reference s trains and isolates was ce1 rried 
out to completion. The resulting DNA fragments were 
separated by electrophoresis b1 0.6-0.8% (w/ v) agarose 
gels. After electrophoresis, the gels were proce:;Sed for 
tri;'lnsfer to nitrocellulose filter paper. 

A kinetoplast DNA (kDNA) probe was selected 
from a s mall kDNA library constructed in plasmid 
pUC -19 with kDN A sequences isolated from Leis! 111m 11 in 
reference strail1 of L. major lC-236. When this probe 
wa:.- hybridised wi th Southern blots from genomic 
DNA fragments of various Leislmumin parasites, 
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Fig . 6.1 Autorodlogroph of Southern blot of EcoRI· 
restricted DNA rragments rrom Leishmania reference 
strains: L. infantum IC-227, L. oethiopico IC-228, L. major 
IC-235. L. major IC-236, L. adl&ri IC-124. L ad/er/IC·244. 
L. donovaniiC·245. L. trop/ca IC-305 and Isolates. rrom 
sandflies: Sergentomyio gornhomi (IC-168, IC-284; IC-
285. 1C-313, 1C-314. 1C-315 ond IC-316) and from gerbil 
(IC-273) of Kltul District. Kenya . hybrldlsed to 
radiolobelled pl 236-30. IC-221 and IC-243 were L. 
major Isolates from S. ingram/ of Baringo District. Eoch 
lone contained opproxlmotely 2 J.t9 of DNA. 

311, 

316 
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positive signals were obtained with DNA samples 
from Sergcnfomyin garnlznmi, indicating that these 
sandflies were infected with L. major (Fig. 6.1). The 
result suggests that S. gamltnmi is a possible vector of 
L major, the parasite reponsible for cutaneous 
leishmaniasis, in Tseikuru, Kitui District, Kenya. 

6.2 STUDIES ON BACILLUS THURTNGIENSTS 
0-ENDOTOXlNS 

£. 0 . Osir, M . W. V~t~zdln and E. Keuya 

Studies on the 0-endotoxins from three Bt isolates, the 
Chilo pnrlellus/Spodoptera excmpta-active (MF4B /2), the 
Aeries ncgt;pti-activeand the Glossiun morsitmrs morsiln ns
active (TJKKJ) isolates (ICIPE Amwnl Report, 1991) 
have continued. This report presents datn obtained on 
the enzymatic activation, chemical and immunological 
properties, as well as bioassay of the 0-endotoxins of 
the Huee Bt isolates. 

Activation of the 63 kD MF4B/2 protoxin gave 
interesting results: while treatment of G. m. morsitans 
or S. exemptn midgut homogenates with commercial 
bovine trypsin resulted in no apparent change in 
molecular weight, when the protoxin was treated with 
either commercial chymotrypsin or C. pn rtel I us midgut 
homogenate, a toxin ofMr -60 KD was formed. For the 
Tikki pro toxin (Mr -64KD), activation with commercial 
bovine trypsin gave a toxin of Mr -62 KD, while 
treatment with commercial chymotrypsin resulted in 
a toxin of Mr -60 KD. Similarly, a mixture of trypsin 
and chymotrypsin or G. m. morsiln11s midgut 
homogenate gave a toxin of Mr -60 KD. The Ae. 
negypti-active protoxin was similarly activated. There 
was no apparent change in the molecular weight of 
either the Mr -66 KD or the Mr -21 KD subunit, when 
the two were treated with commercial trypsin or 
chymotrypsin, or with midgut homogenates from A e. 
ncgypti, G. m. morsifnns, C. pnrtell11s or Musca domesticn. 
These results raise interesting questions with regard 
to the selective toxicity of Bt 0-endotoxins. 

The presence of carbohydrate moieties on all three 
endotoxins was determined using the periodate-Schiff 
(PAS) stain and fluorescein isothiocyanate-conjugated 
concanavalin A (FITC-Con A). All three protoxins 
gave positive results, indicating the presence of N
linked glycosyl moieties of the high mannose type. 
The exCICtrole of the glycosylation sites is still unknown 
although it has been suggested that they may play a 
role in insect toxicity. 

Antibodies were raised against the three 
endotoxins. Double radial immunodiffusion showed 
that ontibodies to the MF4B/2 protoxin cross-reacted 
with the Tikki protoxin but not with the Ae. aegypti
active pro toxin. Similarly, antibodies against the Tikki 
protoxin cross-reacted with the MF4B/2 protoxin but 
showed no cross-reactivity with the Ae. negypti-active 
protoxin. For the Ac. aegypti-active protoxin, the 
antiserum raised against the Mr-21 KD proteinsubtutit 
did not cross-react with the Mr -66 KD protein and vice 
versa. Similarly, the two antisera did not cross-react 

with the protoxins active against G. m.morsitans or C. 
pnrte//us/5. exemptn. Further investigations using the 
more sensitive i.mmunoblotting method are currently 
underway. 

The bioassay results obtained for the tluee pro toxins 
were interesting, since some correlation between these 
and the immunological data was apparent. The MF4B/ 
2 protox.i.n caused mortalities in C. parte/Ius, $. exemptn 
and G. m.morsitaus. Similarly, the Tik.ki protoxin was 
active against both G. m. marsita11s a11d C. parte/Ius. In 
contrast to this, all three species were unaffected by 
the mosquito-active protoxin. Likewi:;e, mosquitoes 
were unaffected by both MF4B/2 and Tikki. 

Finally, preliminary investigations on the midgut 
endotoxin receptors of C. parte/Ius and G. morsitmrs 
have been initiated using the ligand blotting technique, 
and are currently in progress. For the MF4B/2, two 
bands ofMr -68 KD and -64 KD have been identified 
in C. partellus, while for the Tikki protoxin, a band of 
Mr .-64 KD has been identified in G. m. morsitn11s. It 
would be interesting to see if any similarities exist 
between the MF4B/ 2 and Tikki midgut receptors, in 
view oftheapparentsimilnrities in theirinununological 
properties i'lnd toxicity. 

6.3 DEVELOPMENT OF DNA MARKERS TO 
STUDY THE BASTS OF BEHAVIOURAL 
(AND INSECTICIDAL) RESISTANCE TO 
TRAPS IT ARGETS OF GLOSSINA SPP 

M. Limo, E. Osir, C. Snvakis t111d L. H. Otie~~o 

lnsects have received little attention with regard to the 
molecular and genetic basis of olJaction, despite its 
importance. The efficacy of using kairomone-baited 
and insecticide-impregnated targets for tsetse 
population suppression has been tested against Glossina 
spp in Ngununan and Lambwe VaUey in Kenya. Such 
field trials have reduced the fly population by over 
90%. However, little is known of the characteristics of 
those flies refractory to traps/ targets and which 
subsequently cause population resurgence. Recent 
moleculnr genetic studies of insecticide resistance have 
shown that point rnutations in genes, DNA 
amplification and alterations in regulatory genes are 
involved physiologically. At present it is not known 
whether there is any genetic basis for behavioural 
resistnnce to traps/targets developed by flies in the 
field. (f shown to be under genetic control, then this 
vector control strategy has great potential for 
development. 

DNA markers can be used to study genotypic 
diversity in the olfactory behaviour of different tsetse 
populations. Electrophoretically detectable variation 
was observed when phosphoglucomutase and glucose 
phosphat~ isomerase were used to define 
polymorphism in flies from Nguruman. In contrast 
with RFLP surveys and isozyme profiles, 
microsatellites which are common and polymorphic 
reveal a lotnboutgeneticdiversity. They can therefore 
be used to define vector species complexes that show 



behavioural differences. 
The other important aspect of the work that we 

wanted to explore was to isolate antennal-specific 
odorant receptors. At present receptor molecules that 
are localised in antennae and interact with chemical 
stimuli have not been identified il1 insects. Although 
there are no known tsetse mutants defective in some 
olfactory behaviour, it may be possible to done the 
genes using a PCR-based strategy. Jf shown to be 
directly involved in hl)St choice behaviour, such 
receptors could help in the design of improved traps/ 
targets. 

The objectives of our work were therefore to (i) 
develop microsatellites to be used in population 
analysis, and (ll) isolate and characterise the olfactory 
genes. 

6.3.1 Co11stmction of gc11omic lifJmry of Glossina 
morsitans morsitans 

A plasmid genomic library of Glossi11n morsita11s was 
constructed. Tsetse DNA was cut to completion with 
Sau3A 1 and separated on agarose gel electrophoresis. 
Fragments in the size range 200-500 bp from gel were 
extracted and cloned in Bluescript digested with 
Bam Hl. Colonies with simple repeats were determined 
by colony hybridisation with a (dG-dT)15 
oligonucleotide probe. Filters were processed by 
incubation for 5 min on 3 mm Whatman paper 
presoaked with 10% SDS, followed by denaturation 
and rena tu.ra tion, dried and baked . Hybrid is a tion was 
carried out in lx sse, 0.05% sodium pyrophosphate, 
10x den.hardts, 0.2% SDS with labelled (GT)15 at 55° 
overnight. The filters were wnshed twice in the same 
hybridisation buffer. Several strong positive colonies 
were picked for sequencing. 

The DNA sequences with (GT)n repeats will be 
us~d to select primers that will be employed to 
genetically type the fly populations for polymorphism. 
Future work will involve characterisation of 
microsatellite markers. This will involve sequencing 
the clones and designing primers that yield very high 
levels of polymorphism. The markers will initially be 
used to characterise Glossina pallidipes that exhibit 
unique behaviDlmtl h·aits in Nguru.man. Subsequent 
studies will concentrate on the adaptive nature of such 
polymorphism. 

6.3.2 Jsolt!tioll af receptors involved /11 i11scct olfacticm 
An attempt was made to isolate receptors involved in 
insect olfaction using a PCR-based approach. Total 
nucleic acid was prepared from antennae preparation 
in Holmes Bonner Lysis buffer. First strand eDNA was 
synthesised from total RNA and subjected to PCR 
with different primer oligonucleotides. The primer 
sequences used were derived from seven 
transmembrane domain conserved regions of putative 
olf<'lctory receptors. The 5 • primers used had the 
following sequences - TTAAGGA TGCT AA T A
GAAGGAGIT - and IT AACCCATGCT AA TACA
A TGGAGTT - and the 3 • prirners were C'ITTC 
AACTCTTTCCTTGCGA- and- CTGTCAACTCT-
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TCCITGCGA -. PCR was performed according to the 
following conditions: 96°C for 45 s, 55°C for 2 min, and 
72QC for 3 min. Aliquots of PCR reactions were analysed 
by agarose gel electrophoresis. 

h1 future, we hope to clone tsetse olfactory genes. 
Although the degenerate primers tested did not give 
the expected size band in PCR, the reason may be that 
rats and insects are distant relatives with a large 
phylogenetic gap. Some consensus primers from 24 
seven transmembrane receptors could be tested, 
including some sense primers and antisense primers. 
Many bands of eDNA PCR products were visible on 
agarose gels that requir~ further analysis to see if they 
are candidates for odour receptor gene(s). 

6.4 DETECTION OF INTRA- AND 
INTERPOPULATION GENETIC DIVERSITY: 
APPLICAT10N OF THE POLYMERASE 
CHAIN REACTION TO STUDIES OF 
TSETSE FLIES 

M. Lima fllld A. Robi11SOII 

Studies on the d efinition of vector species from the 
field and inbred colonies require quick, sensitive and 
reliable methods for distinguishing genetic variation 
within and among different populations. Current 
methods employ allozymes that often show little or no 
electrophoretically detectable genetic variation. 
Restriction fragment length polymorphism (RFLP) 
that require unique DNA restriction sites and other 
molecular probes that require clonit\g prior to 
sequencing are also used . 

Random amplified polymorphic DNA polymerase 
chain reaction (RAPD-PCR) that uses short primers 
and amplifies arbitrary regions of the genome is 
s~nsitive although it has some limitations, and has 
potential application in detailed studies of genetic 
polymorphisms. With specific primers directed 
towards r apidly evolving portions of the genome, it is 
now possible to directly measure genetic heterogeneity 
between and withi.n insect populations. 

6.4.1 Mcnsurcnwllt of DNA sequence va riation in the 
mifocho11dtial cytochrome' /7 gCI/e of wilrl tse/se 

Genomic DNA was prepared from individual flies. 
Primers were designed based on the highly conserved 
regions of the cytochrome b published sequences. The 
sequ~nc~s of the Light chain primer was- ACC/ AGC/ 
TCC/AAT/TAA/TAT/TTC/AAG/ATG/ ATG/A 
nnd of the heavy chain primer was - T AC/ AGT I 
TGC/TCC/TCA/AAA/TGA/TAT/TTG/TCC/ 
TCA·. 

The DNA was amplified in a PCR using 30 cycles 
(92°C denaturation for 45 s, 50°C annealing for 45 s, 
72°C extension for 3 min) followed by « fula110 min 
step at 72°C. Electrophoresis of the amplification 
products was done. Direct PCR sequencing using Taq 
polymerase and :12P-ATP labelled primers was carried 
out. Unmodified PCR fragments were cloned in horne
made T vectors. 
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The p rimers amplify a 372 bp region of cytochrome 
b gene of individual tsetse flies. However, reampli
fication of the purified band resulted in false priming 
(forms a ladder). Different PCR conditions w ere used 
but preliminary a ttempts to sequence directly with31P 
end-labelled primer were not successful. This may be 
due to the nature of theA+ Trich region (= 0.8 kb) ofmt 
DNA. This was surprising because a 1:10 d iluted 
samplega ve a sing le band; further work could be done 
to optimise the PCR conditions. The 372 bp fragments 
were cloned in bluescript for sequencing. 

Future plans include sequencing the 372 bp inserts 
tha t were cloned in bluescript and checking for 
genotypic d iversity of tsetse fl ies. lf the different 
popula tions reveal significant D NA sequence 
polymorphism, conditions for direct sequencing will 
be s tandardised . The same work could be extended to 
primers that amplify ribosomal RNA genes (rONA). 

6.4.2 Detcctio 11 of DNA polymorpltism in tsetse 
populnl i01ts using RAPD-PCR 

Total nucleic ncid was extracted from individual fli t:s 
for DNA fingerprin ts of tsetse popula tions obtained 
from LCIPE. 10 mer primers (Operon Technologies, 
Inc.) were ind ividunlly used for the nmplifica tion of 
rnndom DNA. U:sing R/\PD-PCR technique we were 
able to see mnny a mplified frn gments from the 
individual flies tha t could be used for genera ting 
RA PD profiles. 

Alth o ugh th e technique s ho w s ex tt!ns ivc 
polymorphism, it is rapid and requires small amounts 
of DNA; the utility o f the techn ique wo uld be 
substi'l ntially improved if the experiments were done 
under well s t<1 ndard ised conditions. Thus, RAPD 
fi ngerprints may be u seful for de tecting genetic 
variabili ty, butrcproducibility is sometimes a problem. 
ln future, we plan to explore further the utility of 
RAPD-PCR to genera te genetic markers for usc in 
definition of tsetse vector species complexes. 

6.5 DEVELOPMENTOFEFFlClENT,PRACTICAL 
METliO DS FOR MASS-INFECTiNG TSETSE, 
GLOSSINA SPP WITH A DNA VIRUS 

W. G. Z. O. fu rn 

The DNA virus causes s terili.ty in tsetse ma les. A 
Jlumber of ::;tudies we have carried out previously 
hnve focused on evaluating the potentia l of the virus 
as an al ternntive sterila nt to ri'ldiation, for use in the 
sterile iJ1Sect control technique (SlT). In the past year, 
we demo nstra ted tha t the virus-infected tsetse males, 
despite s teril ity, re tain their nonmd sexual vigour, 
behnviour and ma ting competitiveness. Such males 
wi II exert a gren ter irtfl uenc~· in reguln Hng popu In tions 
than can be ilChieved by destroying or removing the 
st~me number of individunls from the popula tion. 

In 1992 investiga tions aimed Ci t developing the 
more practicnl npproaches for use 1.1f the virus to 
control field popula tions of tsetse were initiated. 
Various techniques for mass-infecting tsetse with the 

virus were investigated. These include (a) membrane 
feeding of teneral tsetse on blood contaminated with 
the virus; (b) intra-haemocoelic inoculation of third
instar larvae with a tissue homogenate containing the 
virus, (c) topical application of the virus suspension 
onto the cuticle of third-instar la rvae. 

Both the intra-haemocoelic inoculation and topical 
application methods were found to be extremely 
promising. Further investigations are continuing. 

6.6 FACTORS AFFECTING TRYPANOSOME 
ESTABLISHM ENT lN THE TSETSE MIDGUT 

M. 0 . lmbugn, £. 0 . Osir, L. Abubnknr 
nmi V. Lnbo11go 

The differentiation of bloodstream trypa.nosomes in to 
procyclic forms is vita I for the survival o f the parasites 
within the tsetse midgut. The harsh tsetse midgut 
environment consists o f proteolytic enzymes, lectins 
and agglutinins to which the bloodstream trypanosome 
hns to ad opt physicnlly and biochemically, as well as 
morphologically, by transforming into p rocyclic fom1s. 
We reported in the 1991 TCIPE A111111nl Reptlrt, factors 
within the tsetse midgut which arc essential for this 
transformntion to occur. These include the presence of 
optima l concentrations of midgu t tryp sin and whole 
blood, among others. 

Tn addition to these factors, lectins (ca rbohydra te
binding pro teins) have a lso been implicated by other 
rcscnrch groups, and it appears that lectins and tsetse 
midgu t tryps in play :s imilnr roles. Firstly, they are 
both involved in the lysis of the pn ras ites n nd St~condl y, 
they hnve been implicnted in the d ifferentiatio n o f 
p a ras ite s. Lcc ti ns lyse th e parasi tes throu g h 
agglutina tion. 

We have shown thtl t tsetse midgu t lecti.tls a re 
s pecific for D(+)-glucos<'lmine. At the sam e time, other 
research groups htlve sh ow n thnt u blood mea l 
contnining 60 m.M of this sugar significantly i.tlcreased 
infection mtcs i.n flies. ft wtls therefor~ of ma jor 
importance to investign te theeffect of thissugar o n the 
lectin and trypsin activities of the tsetse m id gut. 
Inc reas ing co nce ntra ti on s of g lu ctiS<J mine 
progressively reduced trypsin activity down to 10% of 
the originnl nctivity. O ther hexose sugars including 
g lucose, m<'l nnose and N-acetyl-glucosamine were 
ine ffective (Fig . 6.4). This inhibition wns partiAl 
competitive nnd specific for tryps in a nd not o U\er 
midgut p roteascs. 

Glu cosa min e <'l lso specifica lly inhibited the 
agglutina tion o f b·ypanosomcs by tsetse midgu t lectin, 
whereas other closely related sugtl rs had no effect 
(Tnble 6.1). It has also been noted thnt the tsetse 
midgut lectin agglutinates procyclics be tter thnn 
blood s trea m pnrasites, but pre- incubat io n of 
bloods tren m fo rms w ith trypsin im proved the 
agglutination of these parasi tes by tsetse midgu t lectins. 
Presumably, trypsin function precedes the lectin one, 
i.e., trypsin removes the vC~riable surface glycoprotein 
(VSG) and thus exposes the lectin binding sites on the 
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Fig. 6.2 inhibition of tsetse midgut trypsin by o
glucosamine in vitro . Crude Gloss/no m. morsltons 
midgut homogenates (100 ~~g/mi) were pre-incubated 
for 5 min with 0·700 mM of o-glucosomlne (e), o
goloctosamine(&). P·o·fructose C ) o-glucose (_) ond 
~rmonnose C ) and trypsin activity assayed using the 
standard ossoy system. Dolo represents overages of 
three determinations. 

procydin for the agglutination process to occur. Since 
trypsin and lectins eliminate parasites from tsetse 
midgut, the inhibitory effect of glucosamine on the 
two activities could be important in the susceptibility 
of the tsetse to trypanosome infection. 

In addition to the factors mentioned above, this 
s tudy has revealed other striking similarities between 
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trypsin-like enzymes and lectins. These include:(i) the 
occurrence of the two activities in the tse tse midgut, 
(ii) the stimulation of their release by blood meal, (iji) 
peak activity at the same time (at 48 h in teneral flies 
and 24 h in non-teneral flies), and (iv) their co-elution 
on the FPLC anion exchange column. 

The biochemical similarities between these two 
proteins are presently under investigation, including 
the purification and biochemical characterisation of 
the tsetse midgut lectin. 

Table 6.1 Effect of glucosomlne on lectin activity of Glossina 
morsltons midgut 

Type of sugar Agglutination titre ot 
SOmM lOOmM 

Control 2048 2048 
~rglucose 2048 2048 
o-galactose 2048 2048 
o·monnose 2048 2048 
Sucrose 2048 1024 
Lactose 2048 2048 
Maltose 2048 2048 
o·glucosomine 64 2 
N-ocetyl o-glucosamine 2048 1024 

Sugar solutions ot 50mM ond 1200 mM concentrations were 
odded to the midgut homogenate and lncubatefd with 
Trypanosoma bruce/ procycllcs (5 x 106 porasltes/ml). 
Agglutination titre was scored as o reciprocal of end point 
dilution. 
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7 
Biomathematics Research 

7.1 CONVERSION OF CROP YTELD OAT A 
FROM EXPERIMENTAL PLOTS TO 
LARGER PLOT UNITS 

A. Orl11/njn rmd 5. Nokoe 

Agricultural rese<u·ch workers have usually converted 
Lhe yield obtnined from their experimen ta l plots to 
larger plot units (u s ua lly in hectares) by linear 
extropola tion. However, yield s obtained by farmers 
using U1e trea tments recommended have been found 
to usucdly fa ll, some times by a very wide marg in, 
below the expected yields as predicted by researchers. 

The relationship bt:tween crop yield <md plot size 
h(ls been found to be besl described by the power 
functi on 

Y.r = tt X" ... .............................. .. ...................... .... (1) 

w here Y_,. is the yield obtained from plot s ize X, a nd 11 

and v are cons tants. H ence, for an y two given plol 
siz~, X1 and X1, in which X2 > X1, a nd which ilre 
umformly cropped, Y x2 can be expressed , u sing (1 ), as 

y X2 = (X2 I X ,)l.' y Xl ..... ...................... .......... ... (2) 
The conventional con version byresemch workers g ives 
Yx2 as 

Y'x2 = <Xl I XI) Yxt ........................................ .. (3) 
Estim<1tes obtained using equation {2) will be egua I to 
tha t obtained using (3) only when v =:: 1. llowever, v 
cannot alw<1ys be cqua I to unity in a11 circumstances, 
since this wi ll imply the ideal situation of perfect soi l 
hom ogeneity, non-e n vironmentill variability a nd 
perfecl uniform mainte nn nee of field and crops. When 
v < 1, then Y'x2 > Y Xl' wh ich is the situation \1sua lly 
reported. Since v cmmol be less thnn zero, as this will 
imply a negative correlation between Lhe yield and 
size of p lots uniformly cropped, it is reasonable to 
assume that 

O<v<'l .......... ................................................... (4) 
The widdy used quantita tive mcnsure of soil 

heterogeneity due to Smith (1938)10 re lates plot variance 
to size by 

v_,. = V1 1 x~:> ...................................................... (5) 
whe re Vx = V,. I XZ, with Vxbeing thevelriancebetween 

yield of p lots of size X, and b is <1 consti'ln t called the 
index of soil heterogeneity. Re-writing equatio n (5) 
and relating it to eguatiun (2) gives 

v= 1 - i112 ......................................................... (6) 
Since it is assumed that 0 < b < 1 , then 0.5 < v < 1. 

A knowledge of b, the index of soil heterogeneity, 
which is now w id ely d etermined for m<~ ny crops a nd 
e nviro1U1'1ents, can therefore be used Lo d e termine v 
which m<1y be used for yield conversion to give more 
re<1l is tic estimates. 

*Smith, 1-l. r:. (1938) An empirical law describing hctcro· 
genei ty in y icld!l of agricultural crups. j. Agric. Sci. (Cnmb.) 
28, 1-23. 

7.2 CONVERSION OF CROP YIELD OAT A 
PROM EXPERIMENTAL TO LARGER 
PLOT UNTTS: MANAGEMENT LEVEL
BASED APPROACH 

S. N(lkoc a11d A. Orlu lnjn 

Us ing the yield -plot si7.e relationship 
y = II Xrf I 0 < d < J I ......... ............................... (1 ) 

where Y is the yield obtained from a plo t of size X and 
both 11 and d are constants, d has been fow1d to be 
rel<1ted to the index of soil he terogenei ty, b, by 

d = 1 - b/2 . ............................................ ..... (2) 
Co nceprualising d to be made up of compont!nts 

rela ting to soil heterogeneity and management level, 
\•ve now attempt to d evelop methods of partitioning rl 
into these two compon ents. 

Qua ntifying soil heterogeneity by h, the value of b 
G i ll b e regarded as cons tant for a partictLiar crop and 
field or environment. Hence, variation in yield in this 
particular crop and env ironment can be said to be due 
to management levels. Two possible models considered 
on the s tntcture of dare as follows: 

(i) Additive Model 
Supposing t11e effect of soil he terogeneity, b, and 

man<1gemcnt level, 111, hereafter referred to as the 
management index, a re additive. Then, 
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d. "' m .+b. + e . ................................................ (3) 
I I I I 

where ci is the error term assumed to be normally 
distributed with zero mean and constant variance. 
Then 

Ill; = 1-3bi/2 ................................................. (4) 

Since 0 < bi < 1 , then -0.5 < mi < 1 
Hence, assuming three management levels - low, 
medium and high- the mru1agement index interval 
may be partitioned, on the basis of equal intervals, into 
these levels as 

-0.5 < m1 < 0 (Low) 
0 :S Ill; < 0.5 (Medium) 
0.5 s; m i < 1 (High) 

Thus, predictions cru1 be made on a mru1agement level 
basis once the value of b for the particular crop and 
environment is known. 

(ii) Multiplicative Model 
lf the effects of band mare multiplicative, then 
d . "' mb. +e . ....................................................... (5) 

I I I I 

where ei is as formerly defined. This gives 
111; = (2- b)/2bi ................... , ........................... (6) 

where 0.5 < m . < oo. 
I 

No obvious partitioning of this interval into the three 
management levels is apparent. However, a parallel 
partitioning may be obtained by estimating the b 
values corresponding to the class divisions of the 
additive model intervals. Applying this method gives 
the partitioning of the multiplicative model interval as 

0.5 < m . < 1 (Low) 
I 

1 s; m . < 2.5 (Medium) 
I 

m
1 

~ 2.5 (High) 
Since farmers rarely attain the high level of 

management of fields and crops as in on-station or 
researcher-managed trials, it is essential to take 
cognisance of this fact to accommodate the different 
levels of farmers' management skills and the expected 
output from their farms. A knowledge of the b value 
for a particular crop and environment sufficiently 
enables such management level-based predictions 
using our method. The choice between the additive 
and multiplicative models needs to be further 
investigated. Both models, however, seem to give 
similar results for the set of data examined. 

7.3 A MAXIMIN-MfNIMAX APPROACH FOR 
CLASSIFYING CROP V ARIETlES INTO 
RESISTANCE GROUPS BASED ON YIELD 
POTENTIAL AND LOSS 

A. Odulaja and S. Nokoe 

A variety is u sually judged resistant or non-resistant 
relative to known resistant and susceptible checks; the 
variables used for classifying the varieties into 
resistance groups are usually the percen t yield losses 
and, very rarely, the yield potentials of the varieties 
under consideration. 

A variety may have a relatively high percent yield 
loss but still produce a moderately high yield under 

this condition. On the other hand, a relatively low 
percent yield loss variety may yield below average. It 
is therefore impor~ant for selection purposes to 
simultaneously give attention to both yield potential 
under pest or disease attack and percent yield loss due 
to this attack. 

The main purpose of selection for resistance is to 
maximise yield while mini mising yield loss. Hence, 
the problem can be conceptualised as maximisation of 
minimum expected yield (maximin) and minimisation 
of maximum expected percent yield loss (minimax). 
Since a variety is, in most cases, judged resistant 
relative to the resistant check, and susceptible relative 
to the susceptible check, the maximin approach is to 
obtain the yield potential of each variety relative to the 
resistant check, while the minimax approach is to 
obtain the percent yield loss relative to the susceptible 
check. 

Given V varie ties to be tested together with one 
each of resistant and susceptible checks, let YR and z8 
be the yields of the resistant check when unprotected 
and protected from the pest or di sease a ttack, 
respectively, Y 

5 
and Z5 the corresponding yields of the 

susceptible check, while the corresponding values for 
variety i, i = 1, .. , V, are Yi and Zi' Furthermore, let P R' 

P
5 

and P; be the percent yield loss due to the pest or 
disease attack for the resistant, susceptible and with 
varie ty respectively, obtained as 

PR "' 100 (ZR - YR)/ZR .................................. (1) 

P
5 

= 100 CZ5 - Y~)/Z5 ...... ............................ (2) 
P.= 100 (Z. - Y}/Z . . ................................. (3) 

I I I I 

The relative yield of each variety i may be obtained as: 
RY; = lOOY;IYR ................................................ (4) 

with the relative percent yield loss given as 
RP;"' 100P;/P

5
. .. .......................... ........... .......... (5) 

When checks are not included in the experiment, the 
highest yjelding variety under exposure to the pest or 
disease in question may be used as the resistant check 
while the variety with the highest percent yield loss 
may be used as the susceptible check. The higher the 
value of RY and the lower RP for any variety, the more 

RY 
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Ill 

RESISTANT 
LOW YIELDING 

u 

II 
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SUSCEPTIBLE 
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RP 

Fig. 7.1 A maximin-minimax plot for clcsslfylng crop vorletles 
into reslstonce groups. 



acceptable the variety is for selection. Setting a priori an 
acceptable lower Hmit, L, for RYand upper limit, U, for 
RP, a scatter plot of RY t:~gainst RP, maximin-minimax 
plot, can be divided into quadrants as in Fig. 7.1. 
Varieties in the first and trurd quadrants can be 
classified resistant but high- and low-yielding, 
respectively, while those in the second and fourth 
quad rants are susceptible but high- and low-yielding, 
respectively. 

When the lower limit for RY and upper limit for R.P 
cannot be fixed, the quadrant dividing lines may be 
determined i11 such a way that very few or no varieties 
arc left in quadrant m, thus maximisil1g the computed 
chi-square for the null hypothesis that the overall 
distribution of varieties into the quadrants is random. 

More than one each of the resistant and susceptible 
checks are at times included in this type of experiment. 
In such a situi'l tion, the mean or lowest yield of the 
resistant checks may be used in computing RY while 
the mean or the highest percent yield loss of the 
susceptible checks may be used in computing RP. 

7.4 A SERIAL CORRELATION ANALYSIS OF 
EXPERlMENTAL FIELD SCORES 

A. Odulnjn a11d 5. Nokoe 

Experimental plots are often scored for the il1eidencc 
or severity of pest or disease infestation. Such 
assessments are made visually using different pre
determined ranges of scores (e.g., 0 = none to 9 = 
aggressive; 1 =short toS =very taU). Scoring is usually 
done serially, one plot after the other, in the o rder of 
field plan, regardless of treatment differences. 

One fundamental problem il1 the analysis of such 
scores is that the score of any plot, except the first, is 
usually dependent on the score of the immediate 
previous plot. A scorer will naturally look back to the 
previous plots in order to determine the score of the 
present plot. This gives rise to a sequence of serially 
correlated observations. 

Conventional analysis of variance (ANOV A) tests 
are usually carried out, either on the origil1al or 
transformed data, with no provision for the obvious 
serial correlation. 

7.4.1 Genernlmodel 
Let Y = I Y;(jk> I be a vector of unit plot observations 
(scores) on a measure of plant performance. The 
subscript i denotes the position of the plot on the field 
in order of observation, j denotes the treatment or 
treatment combinations applied to the plot and k 
denotes the replica tion. Consider the general model 

y = 1.1. + y. + ~i("k) ................................................. (1) 
with y repr~sentlng all the factor effects, including 
blockihg (where applicable) and interaction effects, 
and 

E(e} ) = cr2 . ........ ..... ... ......... ...... ............................. (2) 
The erfor term, e. must allow for serial correlation. 

I 

When serial correlation is neglected, thedm1ger is that 
of declaring a significant effect where there is actually 
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none. The magnitude of this underestimation will 
depend on the nature and magnitude of the serial 
correlation. 

7.4.2 Corrclnlion betwce11 successive plots o11ly 
Assmning only successive plots' scores are correlated, 
that is, 

E(e.£. ) = 8, when z = 1, 
I I+ ; 

= 0 , otherwise, ......... .......................... (3) 
Thus, 

g = 1 + 28 (N -1)/ N. . ...................................... (4) 
If serial correlation is positive as expected, g will 
exceed unity. As~~ 1 and N is large, g ~ 3. The 
change in g value, 8g, for a given ch;mge, e~, in o, is 
given by 

Og = 20~ (N-1)/ N. .. ....................... .................. (5) 
eg is symmetrically distributed about e~ = 0 and 
ilKreases in magnitude as N increases. 

The estimate of S is computed as lag one 
autocorrelation of the residuals. 

7.4.3 Serial correlntio11 witll nuforcgressiuc strucfmc 
Ass uming all possible pairs of the ordered observations 
are correlated, that is 

n scri<1lcorrelatkm analysis can be developed as follows: 
With allowance for a correlation coefficitmt ~z 

between plots z intervals apart, 
N-1 

g = 1 + (2/ N) 1: (N - i) ~;I .. .......... ............ .. .... .. (6) 
i - 1 

When o; ~ 0 for all i i" 0, g = 1. As oi ~ 1 for all i to 0, 
theng ~ N. 

When the i'luturegressive structure is assumed 
and N is large, it may be very tedious and cumbersome 
computing autocorrelation of all possible lags. It seems 
therefore <1ppropriate to assume that correlation 
between twu plots, i and j , scores is i'l monotonic 
decreasing function of the interval between the plots; 
that is, 

~z=f(z), .......................................................... .... (?) 
where f is some known function and z is the interval. 
Thus, it may be possible to choose an interval,m, such 
that for all pairs of plots greater tl1an m units apart,~
is effectively zero. • 

A second possible approach is to allow for a 
correlation coefficient az between plots z intervals 
apart, computmg ~as the autocorrelation of lag one. 
Putting ~2 = ~z then gives 

N - 1 
g "" 1 + (2/N) !. (N- Mi1 .................................. (8) 

i"" 1 
As~~ 1, then g ~ N. 

It may also be assumed that the values of the 
correlation coefficients are simila rly serially related . 
That is to say, 

~ 1 = 11(8 ), ....................................................... (9) z• ; · 
where II is some function which can be determined 
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£rom previous sh1dies or assumed . lf 
52+ , - 11o:r ... ....... .................. .... ... ..................... (10) 

where 11 is a constant, then 
N - 1 

g '= 1 + ( 2'5/N) L u i- l (N - i) ... ............... .. .... (11 ) 
f = 1 

o being the 61• The value of 11 will necess(lrily be less 
than unity fot 8_ to be a monotonic decreasing function 
of z. As both II and 0 approach tuuty, g -~ N. 

When 
0=• 1 ~ ~\", ............................... ........................... (12) 

where v > 1 is a cons tan t, then 
N - 1 

S "' 1 +(2/ML (N -i)f/, ......... ........... ......... (1 3) 
i=1 

w here t .,. vi-I . A!; i5 ~ 1, g ~ N for all v. The v(l lue of 
g is unity when o = 0. 

Any analysis that ignores the possibility of selial 
corre la tion in such d ata risks underestimation o f the 
relevant error variance. The effect and magnitude of 
this underestima tion depend o n the n<1 ture r~nd 
magn.i tude of the seria l correlation. 

7.5 CHOlCEOFTRANSFOHMATrON lN 
ANAL YSfNG INSECT COUNT DATA 

A. Odulajrt a11d S. Nokoc 

It is w i.d ely establis hed in literatu re tha t the 
dis tr ibutional pnttern of insect count d M<'I is non
ra ndom with heterogeneous sample variance. The 
dis tribution o{ such data have been confirmed in the 
liternture to be th(lt of an aggrega ted dispersion patt~m 
w hich .fits best to the negative binomial d is tributio n. 
The consequence is tha t the VCl r iancc varies \'\rith the 
me<'!n in a particula r pa ttern . High coefficient of 
deten n.i.nation, R2, values have been reported w hen 
the log variance is plotted <'~gainst the log mean. Such 
da ta is also cha racterised with high variance, usually 
la rger than the mean. 

Before the ani! lysis of v<~ria.nce (ANOVA) m n be 
ca rr ied out on such data, the variance s hould be 
stablllsed and made independent of the mean . The 
usual method of achieving these is by tnmsforming 
the orig ina l count data to a no ther sca le . The 
tra nsfor mation to be employed sho uld, however, 
depend on the na t\.1 re nf the va riance~me\'1 n reli'l tiunship 
of the da ta. The reported .form of this relatio nship is 
usua lly given ns 

0'2 - (l j..l b ..... ...... ............... ....... ... . ......................... (1) 
However, in most recent litera ture, this established 
ftmctionaJ rela tionship between the variance and the 
mea n o f s u ch d a t<J is us u a ll y no t tak~n into 
cons.idera tion before d eciding on what transformation 
to use. Most often,. the logftrithm or square root 
transformation is arb itra ri ly employed . 

Twenty-seven (27) sets of da ta collected over a 
period spllnning ml'lny yei'l rs <1 t the Crop Pests Research 
Programme (CPRP) of ICIPE was used in this s tudy. 
These da ta cover three crops - cowpea, maize and 
sorg hum. Pests involved i.nclude thrips, pod borers 

ands temborersin their various developmental s tages. 
The counts were e ither on per plant or pe r plot of given 
sizes for the crop involved . 

Equation (1) wa.s fitted to each of th~: data sets o:~ nd 
the b values obtained. A NOVA. depending on the 
structure of the experimental treatmen ts, was carried 
out on each data set for the following tra nsformations 
of the count d a ta, y: 

L. y' = y 1 (n o trMlsformCi tion) 
n. y' Logc(y+ 1) 

m. y' = ...Jy 
rv. y' ;::: y l-11/ 2 

To compare the rela tive e fficiencies of these four 
transformation s in the stabilisC!tion of the varia tion 
within ead1 data set, the coeffk.ient o f vari 11 tion (CV) 
was computed for each ANOV A. The s ta tis tical 
s igni fica nceof the/Jvalues weredetcrm.ined to ind icate 
ho w good the rel(lt ions hip (1 ) was for each data set. 

Judging by theCVs, 13 of the27 d a ta sets were best 
transformed using method lV, 12 by m ethod 11, 2 by 
method Ill and none by method I. This indica tes that 
one type of tra nsformaHon or the other is necessary to 
stabilise th e varl<mce rmd rem ove the m ean-vil riancc 
depend ency of these types of d a ta wheth er the b va lue 
is sig nificant or not. 

Eleven ('J'I) out o f the 27 /1 va lues were not 
sta ti stica lly significant M the 5(1a level. W hile this may 
ind ica te the imiepe.ndence of the variance m1d menn in 
the respective d ata sets, it does no t necessarily es ti'l blish 
homogeneity o f variances. Hence, transformation is 
still appropria te in these cases. 

Out ofthe 16 dCi t(l sets with sta tis tica lly significa nt 
/l values, 11 were best transformed us ing method rv 
while the remall.1j11g 5 a re best transformed using 
method II. Seven (7) of the s ta tis tically no n-significa nt 
11 values data sets are best tra11sfor med us ing method 
n while two each are best transformed using methods 
Ill and IV. The percentage red ucti011 in the CV w hen 
the bes t tra ns fo rma tion is compared w ith no 
h·ansformation (method l) is between 22 and 92. 

Even when 11 = 0 (a n a lmost impossible situa tion), 
suggesting tha t no transformatio n may be required for 
the d e-depend ency of the meCin and variClnce, son1t: 
trans fonn<1tion may still be necessa ry to s tabilise the 
variance. The percen tage reduction in the C V when 
the best tra nsfonnntion is compiircd wi th no 
tra ns formation further stresses the need for some 
tra ns formation of insect count data. 

lf <m y CV greater thnn 25% is considered too high, 
none o f the transformations discussed in this paper is 
good enough for 17 ou t of the 27 d<~ ta sets. This 
suggests tha t some other tnmsformations may be 
need ed apart from the fa mily discussed here. Such 
oth er transformations h ave been s uggested by some 
ftuthors. 

From the results of this s tudy, it is clear that no 
p artic ular bla n ke t tra n sform a tion m ay be 
reco111mended for any of these crops pests or pests 
growth stages coLmt. Thjs is likely to be tnte also for 
other crops pests and en vironments. lt is therefore 
importa nt to in ves ti ga te, fi rstly, the functio nal 



relationship between the mean and variance of any 
insect count data before the choice of transformation 
procedure. From this study, however, there seems to 
be a general pattern in the relationship between tlw b 
values and the best transformation to adopt. When b is 
small (near zero), method ill seems to be best followed 
by method ll. For b values lying between 1 and 2, 
method IV is best, followed by method 11 when the b 
value approaches 2 and by method m when the b 
value approaches 1. When b is negative, and for other 
values of b, method II is best, followed by method III. 
One rule that could therefore be adopted is to use 
method IV when thebvalueissignificantor lie between 
1 and 2, and method Il otherwise. This, however, 
needs further empirical evidence or confirmation. 

7.6 A NON-LINEAR MODEL DESCRIBING 
YIELD LOSS IN COWPEA (VIGNA 
UNGUICULATA) DUE TO THE LEGUME 
POD BORER, MARUCA TESTULALIS 

A. Odulaja 1111d S. Oglliakhe 

Previous studies on yield loss due to this pest have not 
seriously considered the use of mathematical models 
in relating yield loss to the pest infestation level. By 
developing models that give adequate fit and account 
for substantial variability in yield loss based on the 
relevant parameters, yield loss can be estjmated for 
given levels of the infestation variables. This will also 
assist in timing control measures and determining 
econumjc injury levels. 

A plot of% yield loss against pest infestation levels 
is usually characterised by considerable scatter and 
indicates substantial non-linearity in form. Linear 
models have been shown to be unsuitable for such 
plots. Non-linear models are, therefore, considered in 
this study. 

Several non-linear models were examined for their 
ability to describe the relationship between yield loss 
in cowpea and three infestation parameter:; of Marum 
testulalis. The best model for all the three parameters 
was of the form 

Y""nlr, 
where y is the yield loss and xis either percent flower 
infestation, lnrvnl count or pod damage. A validation 
of the model using data collected from an independent 
experiment confirmed its suitability. 

When infestation is nil, it is reasonable to still 
expect some yield loss due to extraneous uncontrollable 
factors. For the two sets of dilta used in this study, 
percent yield loss at zero infestation level was put 
between 13 and 16 in the model. Comparing the 
parameter estimates of model 3 using a simple t-test, 
no significnnt differences were found between values 
at both locations foreachof the infestation parameters. 
This was also true for the b values. This seems to 
suggest that the model may be generalised for the 
different environments. 

A unit increase in infestation level will increase the 
% yield loss by a multiple of the b value which lies 
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between unity and 1.08. That is, if % yield loss at 
infestation level xis Y.-r then, Yx+J is given by by :r· This 
represents an increase of (b - l)y.r , and a percentage 
increase of 1 OO(b- 1). This increase is highest for larval 
count with up to 7.8% yield loss. The increase for both 
% flower infestation and % pod damage were up to 
1.5%. 

Total yield loss is expected when the infestation 
level, x, is given by 

x = log(lOO/a) /log(b). 
This value of x was given as 111-169,23- 39 and 133-
324, respectively, for % flower infestation, larval count 
and %pod damage. This reveals further the militating 
e£fectoflarvalcount. At100% level %flower infestation 
and % pod damage, some 16-46% and 39-68% yield, 
respectively, could still be recovered because of 
compensatory growth or recovery from injury by the 
plant. 

The model identified in this sh1dy serves as a 
useful tool in relating yield loss to the various 
infestation parameters of M. tcstJilalis. It also meets the 
desired objective of predicting yield loss given the 
levels of the infestation parameters. Given a tolerable 
% yield loss, this model can be used to predict the 
appropriate time for taking necessary measures to 
control M. testulalis in cowpea fields, provided other 
factors are kept controlled. Hence, the model can serve 
as a useful tool for determining economic injury levels. 
Larval count seems to be the most sensitive parameter 
to use for such predictions. 

7.7 AN AGE-STRUCTURED STOCHASTIC 
MODEL FOR THE PROJECTION AND 
CONTROL OF TICK POPULATIONS 

]. 0. Owino 

A simple agerstructured life cycle model for 
Rhipicephalus appendiculatus has been developed. It 
incorporates development, survival, pick-up/ drop
out, mating probabilities and fecundity rates. Starting 
with an initial distribution of eggs, larvae, nymphs 
and adults, and assuming that new entrants into the 
system were only vin the egg stage, the population 
distribution changes under certain homogeneous 
conditions are generated over discrete time periods. A 
hypothesised life cycle is presented in Fig. 7.2. 

Population projections are based on the basic 
matrix model 11Ct+l) = P(t) n(l), where n(t) is a 
partitioned age structured vector of individuals in the 
various instars at time t and P(t) is a partitioned 
projection matrix consisting of the above age specific 
probabilities and fecundity rates. 

To illustrate the fun ctioning of the model we 
assume that: 

i. The partitiotled matrix is time homogeneous, 
i.e., P(l) = P. 

ii. There is a uniform age distribution of individuals 
per instar. 

m . The number of age classifications per instar are 
equal. 
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Fed adult 

Fig. 7.2 The hypothesised life cycle for Rhipicephalus 
app~:~ndiculatus. 

iv. Thesexratiois 1:1 and thefecundity rateperage 
group is 2000 eggs. 

v. The survival probabilities are fixed a t 50%. 
v1. The developmental probabilities are fixed at 

5%. 
The model can then be used recursively for illustration 
purposes to project off-host and on-host populations 
of different life-cycle stages of ticks a t different times. 

We are now preparing to collect data to validate 
the model under the real conditions which are generally 
non-homogeneous. 

7.8 GEOGRAPHIC INFORMATION SYSTEMS 
ACTIVITIES 

H. H.Mee11a 

The objective of the GIS section is to build geographic 
databases covering lCIPE research sites. The primary 
source of data is the 1 : 50,000 topographic maps 
produced by the Kenya Govenunent (Survey of Kenya), 
from which physical featuresareextracted, and climatic 
datafromsatellitessuchasNOAA.lnaddition,climatic 
data from lClPE's weather stations in the various sites 
is incorporated. Otherd<~tn built into the databases are 
related to the relevant research activities, such as 
po:;ition of participating farms, crop yield, borer 
numbers, species, position of tsetse traps, trap catches 
by species, etc. 

The first site selected for building the database is 
on the Kenyan Coast covering Kwale and Kilifi 
Districts. Here, three projects have been selected: 

(i) fCTP£/WAU Biological Control uf Cro1' Pest 
Project: ftl addition to the provision of physical ond 
c(jm(ltic fea tures, 14 participating farms were geo
located using a Global Positioning System (GPS). 

(ii) f{{ino is/ICIPE CoUnborntiue Project : Use of ARC/ 
IN FO GlS, Spatial Analysis and Expert Systems for 
Tsetse Management. This project started in Lambwe 
Valley and was later extended to Kwa le District. 
Databases for the Lambwe and Kwale area have been 
developed and were finalised during a visit to Illinois 
in April by BMRU staff. Thedatabasesinclude locations 
for tsetse traps, enclosing physical features (thickets 
size, direction of open area), etc. 

(iii) ltttegmted Socio-EcoiiOIIIiC nnd Bio-Agricufture 
Pest Mn11a,~ement Tecltnology Trial and Deuelopment: In 
addition to providing the physical and climatic 
databases, GIS will be used in selecting study sites (at 
the macro-level) for the project and to locate at the 
micro-level participating farms (using GPS). These 
farms will provide data on pest and yield levels that 
will be extrapolated to cover uniform areas of the 
study. 
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8 
Biotechnology Research 

8.1 PRELlMJNARY FiELD EVALUATION OF 
BACILLUS THURTNGJENSJS (BT') AGAiNST 
MUSCA DOMESTICA AND ASSESSMENT 
OF PILOT SCALE PRODUCTION 

M. Mnknyolo 

Application and assessment of Bt serotype l (Bt .1+ 1) 
effectiveness against the housefly, M11sm domesticn in 
the field were studied . The Bt product was produced 
at the Technical University of Finland. Major field 
work wns done in Kenyn. It has been established that 
most toilet~ need re-treatrnent about 5-6 months after 
initial treatment. Preliminary technical assessment 
and cost estimates of 81 pilot scale production have 
also been made. The pilot scale plant would consist of 
the main fermenter of size 2-3m3. Annual production 
capacity of such a plant would be about 100 tonnes per 
year of Bl liquid product. The major raw mfltcrinls 
required would be cowpea and molasses. In addition, 
phospht~te, antifo(lm and pH control agents would be 
needed. 

PreliJ.ninary product formulation would include 
1% propionic t~cid or 1 0% sodium chloride. The study 
came up with three recommendations: the use of local 
nitrogen sources is feasible; the establishment of a 
pilot plant for Bt production is fensible; other local 

nitrogen sources should be investigated. 

8.1.1 App/icntio11 n11d nssessme11t of Bt effcctiveHess in 
tire field 

The Bt serotype 1 (Bt H-J) pwduct WI\S used in this 
work. Three preparations were used, the broth, the 
paste and the powder. The broth consists of bacteria, 
spores and thuringiensin. Both paste and powder 
consist of bacteria and spores. Major treatme1lt work 
was done in the Kibern ru-ea in Nairobi where 15 pit 
latrines of different shapes and structures were used. 
Other study areas were Kakamega, Bw1goma, Busia, 
South Nyanza and Ngurum<m. Apart from pit toilets, 
garbage heaps and condemned meat pits were nlso 
treated . The initial dosage per toilet was 21itres of the 
Bt formulation . The assessment of the Bt effectiveness 
went on for a year. During this period, re-isolati.cm of 
Bt w as also cnrried out to ascertain the presence of the 
bacteria. 

Table 8.1 shows the initial response of the housefly 
larvae in different typesofpitlatrines. ltcrm be observed 
that for the shallow and open pit Ia trine, treatment had 
to be done three times for any effect to be observed. 
This was because it was raining during the Ume. Jn 
other toilets, the effect on larval population reduction 
was noticed after 4-5 days. After 3-4 weeks most of the 
toilets had no larvae at all and this continued for six 

Table 8. 1 Effects of various formulations of Bocll/us lhuringiensis on Musca domest/ca lorvoe breeding In toilets In Klbera. Nairobi 

Toilet Formulation May June 
type 18 22 28 4 18 

Shallow Open Broth-A +++ +++2 +++ ++ ++ 

Shallow Roofed Broth-A +++ 
Two·Holed Broth·A +++ ++ ++ ++ ++ 
Pit Latrine Broth· A +++ ++ ++ ++ + 
VIPType1 Paste-S +++ + 

Pit, Roofed Powder·C +++ 

1VIP, Ventilated improved pit latrine. 
2+++. many live larvae; ++. some eHect seen; +, almost no larvae;-. no live larvae present. 
3Re-treotment . 

July Aug 
2 23 2 

+++J + + 
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months. Results indicated that six months after 
treatment/ Bt could still be re-isolated from different 
toilets. 

It was established that most toilets need two 
treatments per year. It was also established that it does 
not matter which preparation is used. The broth/ paste 
and powder gave the same results. 

8.1.2 Assessmwt of Bt Pilot scnle production: 
Prelimi11ary nnd economic evnluntio11 

A study on the installa tion of a pilot plant of 
fermentation size of 2 m3 has been carried out. The 
annual production capacity is 100,000 kg of liquid 
product (or 10,000 kg of paste). The preliminary 
production cost is estimated at Ksh 30/kg of liquid 
product. From field evaluations, the estimated dosage 
per year is 3 kg/year /toilet. The total annual cost of 
treating one toilet is Ksh 90/year. 

The major raw materials requ irt!d ilre cowpea and 
molasses. In addition, phosphate, antifoam and pH 
control agents <'Ire needed. 

8.1.3 Prclimi11nry product (Bt) formulntioll 
When formulating a product such as Bt, considerCttion 
must be given that the product meets qualitative and 
quantitative standards. It should be handled easily 
and must maintain its activity for a given specified 
period. Most of the information on commercial 
products is confidential and one has to formulate 
one's products to suit the specific local conditions. 
Good formulation is prerequisite for cost-effectiveness, 
shelf-life1 easy handling and application. The additives 
in the formu lation should include diluents, 
preservatives and other inert ingredients. 

lnfennentaHonof 8/bioinsecticide, formulation is 
based on either the broth or paste (centrifuged broth) 
or powder (spray-dried). In this study, a number of 
additives which include i.nerts sucll as bagasse, sisal 
waste and pig faeces, and preservatives such as 
propionic add, ethanol, sodiurn chloride and molasses, 
were tested. Other materials which havt! been tried 
before such as xylencs and sorbitol also do preserve 
the product but the dosage levels required are quite 
high. As shown in Table 8.2, 1% propionic acid or 10% 
sodium chlorideshowsomepotential in preserving Bt 
based products. Spore count after a year's storage 

shows that both sodium chloride and propionic 
add do not affect spore viability (Table 8.3). The 
shelf-life studies are still in progress. 

Tobie 8.2 Odour elimination and spore viability count of Bt
based insecticides 

Additives 

1% Propionic ocld 
0.5% Propionic ocld 
0.5% Ethanol 
10% Sodium chloride 
5% Sodium chloride 
1% Sodium chloride 
Control 

ObseNot1ons 

Odour1 

++++ 
++ 
+ 
+++ 
+++ 
+ 
+ 

Spore count 
viability 
(spores/ml) 

1.5.1()8 
2.2.1()6 

2.7.1CJ6 
3.5.1CJ6 

1 No odour at oil.++++; Acceptable odour.+++; unsatisfactory 
odour.++: bad odour. +. 

8.2 COMP ARISION OF GROWTI-I, 
SPORULATION, AND PRODUCTION OF 
THURINGIENSTN BY BACILLUS 
THURINGTENSIS ON SOYBEAN, COWPEA 
AND LOCAL WASTE RAW MATERIALS 

M. A. Okecl! 

Soybean has been used in the production of Bacillus 
tl111rillgieusis serotype 1 for the control of filth flies. 
However, as soybean is such a good source of protein 
and food for humans, it is wasteful to use it for this 
purpose. We are now screening locally available 
protein-rich waste materials as alternatives to soybean. 

Stud ies were carried out to fu1d the best conditions 
for growth and production of spores and thuringiensin 
(exotoxin) by Bncil/us tlwringiensis serotype 1 (Bt H-1) 
on soybean, cowpea, blood meal, meat, bone meal, 
horn, and hoof meal as sources of nitrogen. 

Shake-flask cultures were set up in 250 ml 
Erletuneyer flasks with 100 ml of culture media. Media 
in the different flasks were made up of the different 
nitrogen sources listed above, all set in triplica tes. 
These were autoclaved before inoculating with 10-12 

Table 8.3 ObseNotion of growth and sporulation of Bt cultured on loco! row materials 

nme1 Soybean Blood Meal Meat /Bone Meal Horn/Hoof Meal 

24 h few cells most cells no spores no spores 
sporulated sporulated In cells In cells 

48 h oil cells free spores most cells cells starting 
sporulated ond crystals sporulated sporulation 

I Hours otter inoculoflon. 



h-old culture grown in Typtone· Yeast extract-Glucose 
(TYG) broth media. The inoculated flasks were 
incubated at 30°C on a rotary shaker and driven at a 
speed of 200 rpm. 

The toxin concentration was determined from 
autoclaved culture broth. Different concentrations (10, 
15, 20, 40 and 80 J..ll} of the autoclaved product were 
made up in cups and set up in triplicates. Six control 
cups were also set up. Pieces of tissue paper were 
placed in the test cups before 20 three-day-old larvae 
of houseflies were introduced. The cups were then 
covered with plastic film and small holes made to 
allow aeration. The cups were incubated at 25"C until 
the flies emerged. From the results the lethal dose 
(L0

50
) was calculated. 

At48 h the average cell count was carried out in all 
the flasks. The spore count was carried out after 96 h 
when all the cultures had completed sporulation. 

Recently we received a new strain of Bt H-1 from 
the University of Helsinki. It grows very fast and 
sporulates in less than 24 h. We have tried it on the 
different protein sources mentioned above and 
preliminarily observations show good cell growth 
and sporulation (Table 8.3). 

8.2.1 Scaling up on the 15/itre fermmter 
Scaling-up fermentation trials were carried out using 
soybean as a standard protein source. The fermenter 
used was the 13iostat"E (B. Braun). The cultures were 
started from lyophilised Bt, inoculated in 250 ml 
Erlenmeyer flasks containing TYG broth medium. 
This was incubated on n rotary shaker at 30°C for 18 h. 
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This culture was used to seed four flasks containing 
soybean medium, which after incubation for about 
15-18 h were used to seed the fermenter. 

The fem1enter was set up with the following 
parameters controlled on Line: 

pH 7.0 
Temperature 320C 
Aeration 1 vol/vol/min 
Stirrer speed 200 rpm 

Growth in the fermenter was followed hourly and at 
the end of the fermentation, total cell count, spore 
count and toxin value were noted. The product was 
tested in pit toilets and the results show that Bt H·l 
product is effective in controlling filth flies. 

8.2.2 Detectio11 of tlmringie11si11 ({3-exotoxhd i11 the 
fermentation product 

The fermentation product was tested using HPLC to 
confirm the presence of thuringiensin. The results 
were compared with those of standard thuringiensin 
obtained from the de Barjac Institut Pasteur, Paris. 

The chromatography was carried out on a Waters 
715modelHPLCequipped with a UV-detector(Waters 
Associate model440). The thuringiensin was analysed 
on a Nova-Pak C

18 
column (8 mm x 10 mm, 4 J,lm 

particles). For gradient elution, degassed sodium 
phosphate buffer at pH 4 was used, among other 
solvents. The samples were read at different 
wavelengths for thuringiensin. The results show that 
the best detection is given at wavelengths between 
250-270 nm. 
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9 
Insect and Animal Breeding 

9.1 EXPRESSING PRODUCTION AND SUPPLY 
OF C ROP BORERS IN TEL<MS OF 
ECC-EQUTVALENCE 

F. 0. 011yn11go 

In previous yt:'ars, production and supply of Chilo 
pnrlclh ts, Busseoln j'11scn <md Mamco tcsfttfalis ha ve been 
expressed in terms of to ted quantities of insects 
produced a nd supplied, rcg<Jrdl t:'SS of the stage of 
development. Users usunlly n.:que~t for speciJic stngc(s) 
of devdopment of an inSl'd species. Based on the 
variable production costs of the various u1sect s tages, 
the production and supply of fldults, pupae or lnrvile 
were this year expressed in terms of respective (•gg
equ iv;1lence f OJ' s tandm·d isa tion yearly projections, 
budgeting a nd costing. This was don e as follows: 

I Chilo adult/pupa=- 2 L./L~ = L2 L/ L.1 
-: 160 t:'ggs/ L

1 
I Husseola adu lt/ pupil = 1 L~ - Lh =150 eggs/L1 
I Mamcn adult / pupa = 1 L, = L, = 100 eggs/L

1 
I R11sseola egg= 3.2 Chilo eggs= 5.3 Mamca t-ggs. 
'I' he above equivale ncies were worked out on the 

b<Jsis of the to tal costs of rt:'aring each s tage of the 
insect, including lhe cost of I li tre of the artificinl diet, 
cnsua l labourin prcparu tion oft he d ie l, and laborn tory 
maintena nce costs. One pair of adult 8. fusm produce 
on a verage 300 viable eggs which hatch to give rise to 
300 1s t ins tars. About 50% of larvae survive to pup;'lte, 
so nne pair of adult moths produce l SO pupae. The 
1992 cost of 1 litre of diet is Ksh 176.40, a nd this is 
sufficient to re1ise 35 pupa~ (or 34 adu lts). T he cost of 
I fldu lt is therefore Ksh 5.25. 

9.2 PRODUCTION AND S UPPLY OP Cll/LO 
PART£LLUS AT MPfoS 

M. D. 0. Bungu, f. 0. Osrrri, f. 0. Mrwro, 
M. 0 . Clwiin, W. 1. Odltia111/Jo, f. N. Klluyu, 
P. A. Nynkwnmba, F. 0. Orryrmgo artd 
f. P. K Oclric11g'-Odero 

The colony of C. pnrtdlus wns maintnined Oil a semi
synthe tic diet tlu-o ug hout the yea r. The pen k demand 

occurred in the m onths of April and October fo r the 
long nnd short rainy SP<ISl>nS, respectively. All insects 
d emanded were supplied . ThequnntitiesnfC.fllll'td/lls 
produced <md su pplied tot(! lied 60.3 and 19.2 million 
egg-equi valents, respcctivdy d uring the ycn r. 

9.3 l< EARING OF CHILO SPP AT DUDUVJLLE 

P. E. Njoruge, M. Giln11 nrrrl A. Mnjrwje 

The production of Chilo parl-cl/us at Duduvill t! was 
stepped up during tht:' year torntcr for the requirements 
ofUK·IC fP£/WAU ami KwnJe/Kilifi p rojects . Betvveen 
8- 9 million egg-cq\Jiv<~lents of this specie:> were 
s upplied to ICIP£/WAU (10.6%), Kw ille/Kilifi project 
(85.0%), BCERU (1.7%), CPI~P (2.3'Yo) and o ther users 
(0.4o/,,) . 

In the course of the year effor ts were directed 
towards dewloping a cheap <Jrtificial die t for rearing 
C. (lflrfef/1/s as well ns rearing a coastnl specit:'s, C. 
oricltnfcociliellttS, using art ificial diet. 

An <1rtificial diet composf:!d of sawdus t, w hent 
bmn ;md reduced qunntity o f agar was found to be 
promising in rearing C. pnrlel/11s. Detai led t:'Va luaHon 
of this djc t is in progress. 

lniti<ll a ttempts to rear C. oric/mlcociliellus <m the 
st;mdard C. prnkl/us diet w as not Vt:' ry successful. 
However, with the reduction of ng<~ r, the development 
of the species on the nrtificial medium improved. 
Improvement of the nrtifidal diet for suita bility of C. 
oriclmlcociliellus rea ring continues. 

9.4 PRODUCTJON AND SUPPLY OF MARUCA 
T£STULALJS 

P. 0 . Wn11gnra, F. 0. Onyn11goa11d 
f. P. R. Oclticllg'-Odcro 

The quantity of M. tcslllfal is supplied for research 
d eclined dra:;tically this year due to the reduced 
numbe r of users wi th a relatively low d e mru1d 
compared to the previous two ye<trs. The ir regular 
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means of transporting the insects from Mbita Point 
Field Station where the insect is produced to Duduviiie, 
where regular users are stationed, was also a factor 
affecting supply. Major users were ARPPIS Scholars 
and Behavioural and Chemical Ecology Research Unit 
(BCERU). Relatively fewer insects were used by the 
Plant Resistance to Insect Pests (PRIP) section of the 
Crop Pests Research Programme(CPRP). The quantity 
produced wasdeliberatelykeptjustabovethequantity 
demanded for cost considerations. The quantities of 
M. testulnlis supplied in 1992 was 2.8 million egg4 

eq••ivalents compared to 7.3 and 7.2 million in 1991 
<1 nd 1990, respectively. 

9.5 PRODUCTION AND SUPPLY OF BUSSEOLA 
FUSCA 

A. C. Nynngwnrn, B. 0. Owiyo, D.]. Okode, 
] . M . Okomo, F. 0 . Onynngo nnd 
] . P. R. Ocltieng'-Odero 

The production of B. fusca in 1992 increased ten-fold 
s ince 1990 and nearly4 times as in 1991. The quantity 
supplied in 1992 was 1.2 million egg-equivalents, 6 
times and 2.5 times more than the quantity supplied in 
1990and 1991, respectively. Major users this year were 
ARPPIS (67.7%), CPRP (13.2%), and CBRU (10.6%). 
The colony was continuous and sustained throughout 
the year. 

A colony of B. {11scn was initiated at Duduville in 
March, 1992 usjng ex-Mbita insects. The colony is 
steadily building up and in time should be able to cater 
for Duduville users, particula rly BCERU and ARPPJS. 

9.6 PROCEDURES FOR ARTIFICIAL REARING 
OF MARUCA TESTULALIS 

F. 0. Ollyn11go, P. 0 . Wagnrn, A. G. Nynngwnrn 
nnd f. P. R. Ochieng'-Odt>ro 

The ingredients used in preparing M . testulnlis diet 
used in ICIPE since 1989 are listed in Table 9.1. About 
10 ml of the diet per vial is dispensed while warm into 
heat-sterilised fla t-bottomed glass vials (7.5 x 2.5 em 
din.) by means of a ketchup dispenser. The via ls are 
then covered with paper towels and allowed to stand 
overnight at room temperature to gel and to remove 
any condensate before use. 

Five neonate larvae are introduced into each vial 
which are then covered with tight~fitting sterilised 
cotton wool plugs. The cotton wool plugs are removed 
16 days after inoculation and the vials placed in clean 
adult emergence perspex cages (40 x 40 x 25 em). Most 
pupae emerge 18-20 days after inoculation of the 
larvae. 

Adult oviposition units are made of rectangular 
metal framed cages (30 x 30 x 45 em) covered with wire 
mesh (5 squares cm·1) on the sides and top and a metal 
base. Distilled water soaked in cotton wool is placed 
inside the cage i11 a Petri dish for the adult diet. Clean 
potted young cowpea plants (a Marucn susceptible 

variety) approximately 2 weeks-old are provided inside 
the cage for oviposition. Fifty adult pairs are i11troduced 
per cage. 

Eggs arc checked begiruting 2 days after setting up 
U1e oviposition cage. Potted plants a re removed each 
morning and checked for eggs on both s urfaces of the 
leaf. The leaves with eggs are excised and incubated a t 
ambient Iaboratl)ry conditions (optimum 28± 2°C;70-
80% r.h.) in a sandwich box lined with moist filter 
paper and covered with a perforated lid. 

The semi-synthetic diet and re<~ring procedure is 
capable of producing 70-90% normal adults from 
neona te la rvl\c. lt produces uniform insects of 
predictable performance without Joss of vigour or 
reproductive capacity over successive generations of 
labori'l tory rearing. The procedure minimises handling 
of insect s tages, thus saving time and labour (one 
person working 8 hours/day can produce over 1000 
he<1lthy pupae or adults/day), and over 400 healthy 
pupae or adults can be produced per litre of diet. 

Table 9. 1 Components ofthe artificial diet NMD/89 fat rearing 
Maruca testu/al/s at the ICIPE 

Distilled water for blending 
Brewer's yeast 
Ascorbic acid 
Sorbic acid 
Methyl p-hydroxybenzoote 
Vitamin E (300 i.u.) capsules 
Soybean Hour 
Cowpea flower powder' 
Agor (technica l No. 3) powder 
Distilled water for agor 
Formaldehyde 40% 

'Dried In the oven ot 60"C for 12 h. 

Quantity per 
3.2 L diet 

1200 ml 
40.0 g 
11 .0 g 
2.5 g 
5.0 g 
1.5 g 

350.0 g 
50.0 g 
50.0 g 

200.0 ml 
1.0 ml 

Adults reared on the diet are able to recognise the 
host plant for oviposition of viable eggs, while ha tchjng 
larvae are able to feed and develop normally on fresh 
cowpea flowers. 

Thus, this method of rearing M. testlllnlis was 
found to be very suitable for high-volume host plant 
screening at marginal costs per production unit in 
terms of labour requirements and diet ingredients. 

9.7 PROCEDURE FOR SUSTAINED REARING 
OF BUSSEOLA FUSCA ON A SEMI
SYNTHETIC DIET 

F. 0. Onynngo, A. G. Nynngwnrn, B. 0 . Owiyo, 
D.]. Okode r111d f. P. R. Ochieng'·Odero 

The ingredients for the artificial diet for rearing B. 
fusca Me listed in Table 9.2. Approximately 15 ml of 
diet is dispensed while warm per hea t-sterilised glass 
vial (7.5 x 2.5 em dia.) using a ketchup dispenser. The 
vials are covered with clean paper towels and left 
overnight on the bench in the laboratory to gel and 
remove condensate before use. 



Table 9. 2 Ingredients or the seml·synthetlc diet D2/88 for 
continuous rearing of Busseolo fusca ot the ICIPE 

Fraction A 
Distilled water for blending 
Bean (Phaseo/us vulgaris) powder 
Brewer's yeast 
Sorbic acid 
Methyl p-hydroxvbenzoote 
Ascorbic acid 
VItamin E capsule~ (300 i.u.) 
Sorghum leaf powder' 
Sucrose 

FracHon B 
Agar (tech. No. 3) powder 
Distilled water for agar 

Fraction C 
Formaldehyde 40% 

Quontlty per 
21itre diet 

800 ml 
175 g 
45 g 

1.3 g 
2 g 
5 g 
4.2 g 

50 g 
70 g 

25 g 
800 ml 

2 ml 

'4-8 weeks old leaves. dried in the oven at 60•C for 12 h. 

N eonate la rvae are introduced singly into the 
glass vials containing the diet using a sterilised camel 
hair bntsh such that the brush does not come in contact 
with the diet. The via ls are dosed inunedintely with 
tight-fitting sterilised cotton wool. Rearing vials that 
are contaminated with fungus are immediately 
discarded . The larvae are allowed to feed 11d-libitwn 
until pupa tion. 

Fresh pupae are collected weekly and placed in 
perspex holding cages (24 x 20 x 24 em) ready for the 
adults to emerge in two weeks time. Newly emerged 
adults are collected , the sexes separaled and later 
paired in a metal frame cage (30 x 30 x 45 em) covered 
with wire mesh (5 squa res cm·1) on the sides and top 
and a metal base. The sex o f the adult is determined by 
sexual dimorphjsm of the antennae, females being 
filiform and males pectjnate. 

Fresh sorghum s tems 6-8 weeks old with intact 
leaf sheaths are provided diagonally inside the cage 
daily for moths to oviposit. Adults are fed on distilled 
wa ter soaked in tissue paper in a Petri dish. The 
sorghum stems are removed from the oviposition 
cage daily and portions of the leaf sheath containing 
eggs are carefully excised, eggs dislodged from the 
leaf sheath and sterilised in 1% sodium hypochlorite 
solution for 10 min. A few drops of liquid detergent 
are added to a llow the eggs to shlk to the bottom of the 
solution. The eggs arc rinsed in 5 washings of distilled 
water, dried between two filter papers, and placed in 
sterilised glass v ials (7.5 x 2.5 em dia .) cont<~ining a 
moist filter paper at the bottom. The vial is tightly 
closed with sterilised cotton wool wrapped in tissue 
paper. The eggs are left to hatch a t optim1.1m 
temperature and relative humidity, for egg incubation 
are 28 ± 2°C and 70 - 80% r.h., respectively. 

Young sorghum leal powder, when incorporated 
in the semi-syntheticdiet, causes high larval mortality, 
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while mature sorghum leaf powder induces a high 
incidenceofdiapause. Theuseofsorghum leaf powder 
4-8 weeks old prevents diapause and suppor ts the 
highest survival. Using the above method, one litre of 
iliet produces nn average of 40 pupae; S-6 generations 
are completed per year with a total developmental 
period (egg- egg) of about 68 days, and the peculiar 
diapause behaviour is overcome. So far, 18 successive 
generations have been reared at the TCJPE Mbita Point 
Field Station. 

9.8 REARING OF THE DESERT LOCUST 
5CHISTOC£RCA GREGARIA AT ICIPE 

5. M. Nd11go, ]. P.R. Ochimg'-Odero, J. T. Kilori, 
5. A. Patya, ]. H. Ot~gudlta nttd G. M. Ngn11gn 

The stock used to propagate the desert locust colony is 
the same one which originated from Addis Ababa, 
Ethiopia and the Red Sea Coast of Sudan in 1989 and 
1990, respectively. 

The crowded colony is now in its 17111 generation . 
The insects were fed mainly on Serena sorghum 
seedlings and wheat bran. Mortality was at times as 
high as 30% due to cannibalism, especially in the late 
nymphal ins tars. Fecundity averi'\ged 40- 50 eggs/ 
pod. Five generations were completed per year, with 
F /C and E/F ra tios remaining fairly consta11t over the 
generations. A total of 26,274 locusts were supplied 
this year. 

The ex-Add is a nd ex-Red Sea strains of the isola ted 
locusts are in the 141

" and 111
" generations, respectively. 

They were previously fed on a diet o f Serena sorghum 
seedHngs and wheat bran, however they nre now fed 
on wheat seedlings and wheat bran, o n which they 
have been found to perform better. Mortality was 3% 
and 10% for ex-Addis and ex-Red Sea s trai ns, 
respectively. Fecundity was 80 ± 9 eggs/pod over the 
generations. F/C and E/F ratios for both strains 
remained constant, showing no s ignificant ch<m ge 
between generations. A total of 1254 locusts were 
s upplied this year. 

9.9 PRODUCTION ANDSUPPLYOFTSETSEAT 
MPFS 

j.A. Ojllde, j.K.Gitegi,J. O.Opere, W. O.Ognmin, 
F. 0. 0 11ynngo nnd ]. P. R. Ocllicllg'-Odcro 

The low propensity of Glossina pallidipes to ma te (see 
ICJP£ 1991 Ammnl Report) continued to hinder the 
continuous and sustained laboratory rearing of the 
species in 1992. Similar pro tracted problems were 
experienced with G. fuscipes fuscipes, introduced fTom 
the neighbouring lake shores. However, a total of 
nearly 30,000 pupae were supplied over the year to 
initiate a colony a t the Duduville insectary. The pupae 
were obtained from wild flies trapped arouJ"'d the lake 
shores and held in the insectary at MPFS. The possible 
cause(s) of low mating propensity and high mortality 
is the subject of future research at MPFS. 
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9.10 PRODUCTION AND SUPPLY OF GLOSSINA 
MORSIT ANS MORSIT ANS AND GLOSSINA 
MORSTTANS C£NTRAUS 

f . U. Wanyonje, H. K. Banda, E. 0 . Awuoche, 
R. G. G. Knriuki, N. M. Mwikya, and 
]. P.R. Ochie11g'-Odero 

Glossina morsita11s morsitnns and G. m. cwtrnlis were 
reared and supplied to Livestock Pests Research 
Programme (LPRP), Behavioural and Chemical 
Ecology Research Unit (BCERU), Molecular Biology 
Research Unit (MBRU) and Biotechnology Research 
Unit CBTRU). 

During the year, production and supply of G. m. 
morsitans peaked in February and October while that 
of G. 111. ce11trnlis occurred il.1 January and October. 
Compared to the previous year, more C. m. ce11Lralis 
were demanded and supplied for research this year. 
All user demands for both species were supplied 
without difficulty. Mortality rate was kept below 1.5% 
throughout the year. 

In order to meet the user requirements for the year, 
the colony of G. m. morsitnns was maintained at 
approximately 9000 producing females while that of 
G. m. morsitans was kept at approximately 7000. 

9.11 EFFECT OF A BROAD SPECTRUM 
ANTIDIOTJC ON THE REPRODUCTION 
OF TSETSE 

J. U. Wanyonje, ]. M. Kagoiya, I . G. Onynngo 
and J.P. R. Ocltieug'-Odero 

Three rabbits were each injected with oxytetracycline 
(Vetmyci.n) weekly at the recommended dosage for a 
period of 13 weeks. A similar number of rabbits were 
untreated. The treated and untreated rabbits were 
then provided with food and water under identical 
environmental conditions. 

Twenty newly emerged, clean parent tsetse females 
kept i11 a cage were allowed to feed per treated or 
control rabbit. Male flies were similarly treated, used 
for mating, then killed. The procedure was repeated 
for two successive generations and reproductive 
performance observed. 

Parent flies on treated rabbits produced 
comparatively smaller pupae than those flies feeding 
on untreated rabbits, which produced weaker firs t 
generation flies. The pupae from the first-generation 
flies failed to emerge to perpetuate the second 
generation offspring. On the other hand, flies fed on 

untreated rabbits produced healthy pupae and adults 
during the two generations. 

Thus, the use of oxytetracycline (Vetmycin) in 
treating rabbits for feeding tsetse was fOLmd to be 
detrimental for the reproduction of tsetse. 

9.12 PRODUCTION AND SUPPLY OF SMALL 
LABORATORY MAMMALS IN 1992 

f. M. Kagoiya, A. S. lklwnynlo, R. 0. Agan, 
S. M. Mbttgua, J. O/ie11o n11d 
f. P. R. Oclzieng' -Odcro 

Outbred colonies of laboratory rabbits, rats, Swiss 
mice, hamsters and inbred strain of balb I c mice were 
maintained and supplied for feeding target 
haematophagous arthropods and for research work at 
the ICJPE. The section was able to breed and supply 
1770 rabbits, 1845 rats, 1149 Swiss mice, 894 balb / c 
mice and 324 hamsters. Though the rodents were 
available, fewer were supplied this year compared to 
1991, with the exception of the rabbit supply which 
increased by 30%. 

The section could not breed all the required rabbits 
due tolackofspaceand adequate breedingcmd holding 
cages. Towards the middle of the year, 100 aluminum 
rabbit cages were bought in order to ease the space 
problem. 

9.13 EFFECTOFCOCCJDlOSTATCOYDEN 25 
ON THE PERFORMANCE OF RABBITS 
AND TSETSE GLOSSINA MORSITANS 
CENTRAUS 

f. M. l<tlgoiya, f. P.R. Ochicng'-Odero 
and H. K. 8n11dn 

Three groups of adult New Zealand white rabbits 
weighing between3-4 kg each were maintained under 
normal conditions. The rabbits were fed ad libitum 
with water containing Coyden 25 at concentrations of 
0%, 0.08% and 0.16%, respectively, and rabbits pellets 
without any coccidiostat. The daily volume of water 
consumed and food eaten, weekly weights of the 
rabbits, packed cell volume (PCV) estimation, and the 
general health of the rabbits were observed. 

Coyden 25 at a level of 0.08% and 0.16% given in 
water did not adversely affect the health of rabbits. 
The PCV, weight, food and water consumption were 
also normal. Similarly, G. m. CC/Itrnlis maintained on 
the coccidiostat-treated rabbits were not adversely 
affected. 
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Social Science Interface Research 

10.1 SOCIO-ECONOMIC DIAGNOSTIC SURVEY 
OF THE KWALE AND KILIFI DISTRICTS 

A. W. Ocwfo n11d F. G. Kiros 

The survey was carried out as part of the K wale and 
Kilifi Districts Adaptive Research Project (see also 
report of this project under TBIRI). The purpose of the 
Project was to undertake research on integrated pest 
and vector management technologies which are 
adapted to the agro-ecological conditions of the area, 
and which are compatible with the peoples' socio
economic circumstances. The ultimate aim was to 
enhance food security through control of crop pests 
and livestock disease vectors, particularly tsetse. 

The objective of the socio-economic survey was to 
facilitate adaptation of technologies by making 
available to biological scientists basic information on 
farmers' resource base, practices, perception and 
know ledge regarding pest management. It also aimed 
at providing information on costs, preferences and 
institutional factors which would influence tedmology 
adoption. 

Three sites were selected from each district 
representing the three dominant agro-ecologica1 zones 
(AEZ)- L3, Uand LS-with theadviceand assistance 
of staff of the Ministry of Agriculture in Kwale and 
Kilifi Districts. A sample of 30 respondents was taken 
from each site, making a total of 180 farmers (90 from 
each district). Interviews of farmers were conducted 
by combined teams ofTCIPE, KARl (Kenya Agricultural 
Research Institute), and Ministry of Agriculture 
extension staff over a period of 21 days during March 
and April, 1992. Entry of data into the computer and 
analysis was carried out at the IClPE hc11dquarters, 
Nairobi. 

10.1.1 Populnlio11 profile 
In both districts the majority of the residents are of the 
Mijikenda ethnic complex, with significant minorities 
of immigrants, especially Kamba from inland. While 
in Kwale District Islam predominates (74%), 

Christianity has more adherents in Kil i fi District (56%). 
Indigenous religions have a significant following in 
the latter (32%). Levelsofilliteracyarequite high, with 
only a small number having attained more than eight 
years of formal education (15% in Kilifi and 3% in 
Kwale) and about half having no form of education. 
The number of polygamous households was higher in 
Kwale District, as was the number of female-headed 
households. 

10.1 .2 Tlze eco11omy 
The majority of the people in the two districts are 
agricultural producers. Food crops produced are 
maize, cassava, rice, sorghum, millet and legumes. 
The main cash crops are cashew nuts, coconuts, cotton, 
sisal, sugarcane and horticultural products. In the 
drier hinterland, cattle rearing (mostly Zebu) is carried 
out to a significant extent. Food crop production, cash 
crop production, livestock rearing and cottage 
industries are the main sources of cash income. 

10.1.3 Agriwltural production 
The bulk of agricultural activities are undertaken by 
women in both districts. However, in the L3 AEZ, men 
play a relatively greater role than their counterparts in 
the other zones. 

lt was also found that although the majority of the 
respondents practiced intercropping, only a small 
number (mostly in the L3 AEZ) used it as a method to 
control pest attacks. Similarly, only a small number of 
respondents used early planting for such control. 
Indeed, a significant number, especially in LS, practised 
late planting for this purpose. 

Farmers were familiar with and used many maize, 
cowpea and sorghum varieties. Nevertheless, it was 
dear that whatever features they recognised in these 
varieties, be it resistance or susceptibility to pest attacks, 
whether in the field or in storage, was not effectively 
utilised. 

About half of the respondents experienced 
frequent food shortages, with about one-third facing 
shortages during more than half of the year. 
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10.1 .4 Livestock renri11g 
Livestock rearing plays a more important role in the 
less well-watered parts of the two districts. 
Nevertheless, the tendency is to keep more sheep and 
goats than cattle. Men play a more important role in 
ca ttle-rearing activities, especially in the L3 AEZ. 
Livestock diseases were regarded as the single most 
important constraint (67% in Kilifi and 83% in Kwale). 
Other problems were drought, labour shortage and 
inadequate support services. 

Ticks and tsetse were rega rded as the main 
arthropods affecting cattle. Perceptions differed as to 
the periods of heightened tse tse activity, while there 
appeared to be limited knowledge of the diseases 
transmitted by the fly. Moreover, only a smnUnumber 
of farmers took any measures to protect cattle from 
tse tse bites, apparently fo r lack of knowledge o f 
effective methods of doing so. 

1 0.2 FOOD PRODUCTION PRACTICES AND 
CROPPING CALENDARS IN LAMBWE 
AND KIBIRl AREAS OF SOUTH NY ANZA 
DISTRICT 

P. 0 . Clritcrc and A.M. Al:shnli 

This s tudy sought to unders tand cropping systems 
and timing of farm operations with a view to adapting 
IPM teclmology to the local farming systems of South 
Nyanza District. The study was based on detailed 
open-ended interviews of a sample of 68 farmers (33 
from Lambweand 35 from Kjbiri). Theannlysisofthe 
data compiled is still in progress. However, inHial 
findings relating to factors influencing adoption ciln 
be reported here. 

The dependent variable in thiss ludy was adoption 
of farm inputs and practices recommended by 
extension workers. The independent variables of the 
s tudy were: age, gender, wealth stalusas measured in 
terms of farmers' material possessions and income 
earning opportunities, forma l education, and 
nwareness of the Minis try of Agriculture's (MOA) 
extension recommendations on growing of food crops. 

The d ependent variable, adoption, was nssessed 
from 19 equally weighted indicators, including early 
planting, proper spacing, clean weeding, insect pest 
control, and use of fertilizers and improved seeds. 
Each of these was treated as a score. In Lambwe, 18% 
had hlgh (8-12), 42.4% had medium (6-7), 15% had 
low (4--5), and 24.2% had very low (less than 3) scores. 
In Kibiri, 22.9% had high, 25.7% had medium, 34.3% 
had very low scores. No signilicant difference was 
observed in the scores obtained by Lambwe and Kibiri 
farmers (X2 = 4.486, df = 3, P < 0.05}. 

Among the independent variables that were 
hypothesised to influence fam1ers' adoptive behaviour, 
it was only their awa reness of extension 
recommendations and their wealth s tatus whlch were 
significantly related to adoption. 

10.3 THE FEASIBILITY OF USING CHICKENS AS 
PREDATORS OF LlVESTOCK TICKS ON 
RUSINGA ISLAND 

f. W. Sscnnyo11ga n11d P. Mwrgni 

The biological potential of chickens fls predators of 
livestock ticks has been shown to be high (ICJPE 
AIIIIIHII Reports 1989, 1990). A study aiming at 
determining the socio-economic feasibHity of using 
chickens as predators of livestock ticks (FUCPLT) was 
s tarted in 1991. Four determinants of FUCPLT were 
identified, namely (i) demographic parameters, (ii) 
ownership and distribution; (iii} management, nnd 
(iv) costs and benefi ts. Studies of (i) and (li) have been 
discussed (ICIPE Atwunl Report 1991). This report 
discusses investigations of management. (See also a 
report on this project under Livestock Pests Research). 

Manngement affects the predation cnpacity of 
chickens in three m ajor ways: feeding regimes, health 
care, and shelter <Irrangem ents. This report focuses on 
she lter arrangements with n view to showing how 
they enhance or constrain the accessibility of cattle to 
chickens . 

Three sets of da ta were collected from 53 mndomly 
selected ho mesteads, namely (i) chicken and livestock 
rearing units; (ii) places where chickens, cattle, goats 
and sheep are kept; and (iii) measurement of the 
dis tances between the sites where chickens are kept 
and w here cattle, goats and sheep are kept. 

The findings of this study show that whereas 
cnttle are own ed and managed centrally at the 
homestead level, chickens are managed ns uruts but 
a re owned by m o re tha n one individual at the 
household leve l. The number of households making 
up a homestead ranges from 1 to 6, with n mean of 2. 
Thus, there are 104 chicken-rearing households, and 
109 owners in the 53 sample homesteads. 

Shelter arrangements for chickens and livestock 
are complex nnd vary seasonally nnd once every 1-2 
yenrs. Chickens mny be kept in the kitchen, in the 
sitting room, on the verandah, or in specinl shelters. 
During the rainy season they are restricted either in a 
shelter or are tethered to prevent them from destroying 
crops. Arrangements for cattle are also complex. In 
most cases (54.3%), calves are kept away (mostly on 
the verandah) from the main herd, but in 34.3% of the 
cases, the entire herd is kept in one open place. In a few 
instnnces (8.6%), lacta ting cows and their calves are 
kept in the same place, away from the rest of the herd; 
in rare instances (3%), the herd is kept in three separate 
places, one each for calves, I acta ting cows, and the rest 
of the herd. The place for the main herd is changed 
once every 1-2 years to enhance soil fertility but the 
site may be outside the homestead compound. 

Distances from the households where chickens 
a re housed to the various places where livestock are 
kept are rela tively long and appear to increase in line 
with the number of households. For example, the 



mean distances from the first, second and third 
households to the main cattle sheds are 37.5, 42.1 and 
53 metres, respectively, but variation is low (standard 
values are 23.2- 26. 9). These findings show that changes 
will have to be made in the shelter arrangements if 
chickens are to be used as effective predators of ticks. 

10.4 BENCHMARK INFORMATION ON THE 
COMMUNITY RESOURCE BASE FOR 
MANAGEMENT OF TSETSE TRAPPING 
TECHNOLOGY IN LAMBWE VALLEY 

f. W. Ssennyollgaond P. Mrmgai 

Community-based management of tsetse and 
trypanosomiasis entails the mobilisation of several 
kinds of resources on a continuous basis: money to 
buy materials; labour and skills to make and service 
traps; manag~ment to direct and coordina te activities 
and to control people and resources. It is therefore 
important to compile a data base on these resources 
and to establish a basis for selecting (i) farmers who 
will play important roles, (ii} a core group to be trained 
as trainers, (iii) fanners who will keep the sentinel 
herd for impact assessment and (iv) others who will be 
assigned management roles. 

An area of 80 km2 straddling Nyaboro thicket 
where tsetse traps have been deployed on a limited 
scale for experimental purposes by IClPE scientists 
was selected as the tsetse suppression zone. The 38 
village headmen (elders) in the area were asked to 
provide lists of all the homesteads in their area of 
jurisdiction. Altogether, 311 homesteads (25.6% of the 
total) were selected by systematic random sampling. 
Four sets of data were collected from each of these 
homesteads: gender and residential s ti\tus of the 
homestead heads; number of individuals employed 
and tl1eir salary; number of cattle, goats nnd sheep 
reared; and number and quality of houses. Stock 
animals were converted into single stocking units 
(SSUs) and given market monetary values. Houses 
were also given monetary values to facilitate the 
grouping of homesteads by economic strata. 

The homestend rather than the household was 
found to be the most appropriate unit for purposes of 
trapping technology. The majority (86.8%) of 
homesteads rear livestock, 78.8% rear cattle and 61% 
combine two or more species. Stocking units are large 
and probably growing larger. The majority (71.7%) of 
homesteads are self~employed, mainly as farmers; the 
individuals in paid employment are mostly sons and 
reside outside the study area. Overall economic ranking 
reveals a skewed pattern; for example, aggregate 
monetary values for SSUs, salary, and type of house 
divided by the 311 homesteads yield a top quartile 
which is twenty times greater than the bottom one. 
Still, mobilising resources for trapping technology is 
wuikel y to present problems in the study community. 
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10.5 COMMUNITY MOBIUSATION AND 
TRAINING FOR MANAGEMENT OF 
TSETSE TRAPPING TECHNOLOGY IN 
LAMBWE VALLEY 

f. W. Sse1myongn, M. M. Mohamed-Ahmed, 
F. G. Kiros, L. H. Otieno, E. 0. Omolo and 
P. 0. Agutu 

The objectives of this activity of community 
mobilisation and training were to cultivate the 
willingness of the people to participate in trapping 
technology, to get the community's commitment to 
take the responsibility for tsetse control, to create a 
spirit of self-reliance, and to raise the level of the 
community's underst(lnding of the problems of tsetse. 
Community mobilisation and training activities 
specificCilly tailored to these objectives were therefore 
pl(lnned and carried out. 

A project Consultative Group (CG) consisting of 
the staffdosel y associated with the project was fanned. 
The CG adopted two principal strategies, namely (a) 
to train a catalytic group of 40 farmers in two or three 
batches, and (b) to employ the catalytic group of 
trainees to mobilise their commtutities. The first batch 
of 14 farmers was selected by the leaders of the 
communities for training during November, 1992. 

10.5.1 Tmhli11g of farmers 
Lectures, discussion groups, demonstrations and 
audiovisuals (posters, video films on tsetse control 
using the lCJPE trap, etc.) were used extensively as 
specific methods of training. 

The training had a fairly high scientific content 
because of the previously reported problem that once 
thetsetsepopulationdeclinessubstantially, the interest 
of the comn1w1ity may wane. It was felt that this is due 
to an inadequate understanding of tsetse biology and 
ecology. A science-based tra.ining would enable the 
communities to maintain traps even if few or no flies 
were to be caught for long periods of time. 

Topics selected were as follows: farmers' own 
assessment of the problems of tsetse and tsetse 
infestation; history of U>etse invasion in the project 
area; tsetse biology and ecology; wildlife hosts of 
tsetse; tsetse-borne diseases; the impact of tsetse 
infesta tion on livestock productivity; available 
solutions to the problems of tsetse; trapping technology 
and practicals in trap making and servicing; the 
formation of an effective organisational framework 
and management for trapping technology; the impact 
of tsetse control on land use. A field day in the tsetse 
habitat, Lambwe Valley, for practical::; in trap site 
selection and inspection of traps i11 situ was part of the 
programme. 

Collaborating institutions such as the Ministry of 
Livestock were involved in the training. Following the 
completion of the training, the training rna terials were 
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translated into the Luo language and handed out to 
the trained farmers as resource materials for use in 
community mobilisation. 

Although it is still too early to assess the results of 
the training, those who were trained exhibited a lot of 
enthusiasm and eagerness to assume the responsibility 
to train others so that the community would eventually 
manage tsetse on its own. On their return, the trainees 
held planning meetings and later drew up a timetable 
indicating the dates and venues for 15 mobilisation 
meetings. Theysentcopiesofthetimetableand invited 
the researchers to attend their mobilisation meetings 
as resource persons. The meetings are due to be 
completed in March 1993, following which another 
group will be trained. This will lead to organisation 
and management activities, to be followed by resource 
mobilisation and the launching of trapping and trap 
servicing by the community. 

10.6 AGRICULTURAL EXTENSION 
ORGANISATION, OPERATION AND 
IMPLICATIONS FOR IPM DEVELOPMENT 
IN SOUTH NY ANZA DISTRICT, KENYA 

P. 0. Chitcrc, L. Ngonde a11d G. Mrmgni 

The study sought to assess the capacity of the extension 
service in terms of staffing levels and know-how of 
extension agents about extension methods and the 
technical aspects of their work, including their 
understandingofiPM technology. Data were collected 
from (a) key informant interviews of senior extension 
personnel, (b) documentary sources, and (c) open
ended interviews of 50 frontline extension agents. 

Results of the study show that Oyugis, Kendu Bay 
and Mbita Divisions have 75 (28 in Oyugis, 22 in 
Kendu Bay, and 25 in Mbita) frontline agents and 
18,420, 18,247 and 17,143 households (average size 
being 7 persons); extension agent-farmer ratios are 
1:658, 1:829, and 1:686, respectively. 

Whereas Entomology is covered in the pre-service 
courses for extension agents, 24% of the frontline 
agents had not attended such courses. Only 12% of 
them reported havingattendedan Entomology course 
which included grain storage and crop protection 
using chemicals. Application of insecticides such as 
Dipterex was recommended to farmers by 62% of the 
agents, insecticides and cultural practices by 8%, 
improved seeds by 2%, and cultural methods such as 
uprooting damaged plants by 16%. The remaining 
agents did not recommend any method of pest control. 
About 44% of the agents had heard of the term 'lPM', 
but were not able to fully explain what it really meant 
except that it included control of pests using biological, 
cultural, traditional and chemical methods. 

10.7 PRELIMINARY COST-BENEFIT ANALYSIS 
OF CA ITLE PRODUCTIVITY ON RUSINGA 
ISLAND, SOUTH NYANZA 

I. MacNairn, S. Hassan, f. W. Sse11nyongn 
nnrl G. T. Lilko 

T11is study was carried out in 1992 based on data 
provided by biological scientists in the former Livestock 
Ticks Research Programme. It is the first study where 
livestock productivity data have been used for 
performing cost-benefit analysis. 

The study evaluated various regimes of treatments 
including balanced diet, external spraying and internal 
treatmentoftick-bornediseases,intemalanthelminthic 
treatment and a combination of external spraying, and 
internal treatment oftkk-borne diseases and helminths. 
The sixth category was the control group of animals. 
Calves used in the experiments were hom in either 
1989 or 1990 and although their number totalled 75 at 
one point, roughly 20 remained at the time of the 
study. 

The attrition was attributed to death, sale, 
slaughter, being given as dowry, being put to grazing 
freely, or to the farmers' refusal to continue with the 
treatment. 

The costs and benefits of the different treatment 
regimes were calculated on the basis of a hypothetical 
Rusinga farm with 10 cows, which is the average 
number of animals per farm. This was done in order to 
reduce the effects of likely instabilities of herd structure 
implicit in the observed attrition rate of experimental 
animals. The costs included acaricides, veterinary 
drugs, labour (e.g., services of the animal health 
assistant), wages of unskilled labour, incidental items 
such as gloves and bucket, etc. Benefits were based 
solely on weight gain by the animals under the various 
treatment regimes. It was not possible to quantify 
other benefits, e.g., early maturity, increased fertility, 
increased milk production, or improved hide condition. 
This fact limits the interpretation of the results 
somewhat and could potentially alter the conclusions 
drawn, but it should not prevent us from deriving 
some tentative conclusions from the weight gain data 
results alone. 

Theresultsshowthatanimalsreceivinga balanced 
diet gained the highest weight levels, followed by 
those that were given internal anthelminthic treatment, 
then by those that received the external spraying 
treatment. Those that received internal treatment for 
tick-borne diseases came next to the last or to the 
control group in weight gain. 

The preliminary results also show that use of the 
internal treatment of tick-borne diseases method, and 
the internal anthelminthic treatment technique, 
provided marginally better weight gains than simply 
leaving the animals untreated, as was the case in the 
control group. 
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11 
Reports on Institutional Building, 
Interactive Research and 
Information Activities 

THE AFRICAN REGIONAL POSTGRADUATE 
PROGRAMME IN INSECT SCIENCE (ARPPIS) 

11.1 THE ARPPIS PHD PROGRAMME 

R.N. Rzmo mut V. 0. Musewe 

The African Regional Postgraduate Progmmme in 
Insect Science (ARPPIS) is a unique collaborative PhD 
research and training programme between the 
International Centre oflnsect Physiology and Ecology 
(lCIPE) and African Universities. This innovative 
programme is specifically tailored to meet Africa's 
needs for insect scientists. 

ARPPIS graduates constitute an elaborate network 
of insect scientists with an excellent training 
backgrmmd. The scientific network has continued to 
expand annually since 1986 when the first ARPPIS 
scholars graduated from the Programme. Between 
1983--1992, 112 scholars from 22 different African 
countries have been enrolled in ARPPTS. Of these, 57 
have graduated from ARPPIS and continue to work in 
Africa as university lecturers or researchers with 
national and international i'lgricultural research 
systems. Currently, 40 scholars (1990-1992 Classes) 
continue with taught courses, research work, data 
analysis and thesis writing at the ICIPE. 

11.1.1 The Grad11nfing PlrD Class 
Nine scholars of the ARPPIS 1989 class (see Table 11.1) 
graduated from the programme in a ceremony held on 
Monday, 1st March 1992 at the ICJPE headquarters. 
The Cluef Guest was Dr. Babatu11de Thomas, Deputy 
Resident Representative of the United Nations 
Development Programme (UNDP), Nairobi, Kenya. 
Dr. Thomas gave the 7th ARPPTS Distinguished Lecture 
entitled 'Science and Technology: Africa's Dilemma'. 

The graduation ceremony and the lecture were well 
attended by a wide cross-section of scientists from the 
universities around Nairobi, the national agricultural 
researchsystem,ICIPEscientistsandARPPISscholars. 

11.1.2 The 1992 ARPPIS PhD Class 
Sixteen scholars from 10 different Africru1 countries 
joined the ARPPIS 1992 Class. Between March
September, they enrolled in six monU1s of taught 
compulsory courses and three non&examined courses. 
Examinations in the six mandatory courses were 
undertaken between 20th September and 2nd October 
1992. During the year, and in addition to taught courses, 
the students developed their PhD research projects 
with the assistance of ICIPE scientists. With minor 
revisions, the research projects and ICIPE Supervisory 
Committees were approved by the 31st Meeting of the 
ARI'PfSBoardofStudieson Wednesday,9th December 
1992 and endorsed by the ARPPIS Academic Board on 
Monday, 18th January 1993. 

Due to ill-health, one student was unable to 
complete the taught courses and returned to his home 
country before the end of the 1992 Teaching Semester. 
The list of courses taught during the 1992 ARI'PIS 
Teaching Semester is indicated in Table 11.2, while 
Table 11.3 shows the list of scholars, research projects, 
and registering universities of the 1992 ARPPIS PhD 
Class. 

11.1.3 University participation in ARPPIS 
A total of 25 African universities have joined ARPPIS 
as Participating Universities as of December 1992, 
after signing a joint agreement with the lClPE. This 
marked increase in university demand to join ARPPIS 
has been experienced mostly in the last three years; the 
programme started off with only seven universities in 
1983. Table 11.4 gives the list of ARPPJS Participating 



1992 A11nua/ Report 118 

Table ll . 1 1989 ARPPIS Graduating Closs • - students. supervisors and research projects 

NAME AND COUNTRY RESEARCH PROJECT TITLE 

Mr. Ali El Badawl Inheritance and combining 
(Sudan) ability of resistance to sorghum 

shootfly (Ather/gona soccota 
Rand) and the spotted stemborer 
<Chilo parte/Ius Swfnhoe> In 
sorghum 

Mrs. Dorcas D.S. Bawo Oviposition behaviour of Man.Jca 
(Nigeria) testula/Js Geyer (Lepidoptera: 

Pyralidae) with respect to host-
plant recognition 

Mr. All Nur Duale Biocontrol potential of Pediobius 
(Somalia) furvus <Go h.) for the 

management of cereal 
stemborers In Kenya 

Mr. Henry K. Klaro Immune protection potential of 
(Kenya) membrane-bound proteins from 

Amblyomma variegatum 

Ms. Rosetta B. Bob- The effect of fungal pathogen 
Manuel Hlrsutel/a thompson/1 on 
(Nigeria) populations of the cassava green 

mite Mononyche/lus tanojoo and 
the predatory mite. lphlseius 
degenerans on cassava 

Mr. Alliy S.S. Mbwana The host-range. survival and 
(Tanzania) control of Praty/enchus goodeyi 

Sher and Allen on banana 

Mr. Francis E. Nwllene The potential of the predacious 
(Nigeria) phytoseiid mites. /phiseius 

degenerans (Berlese) ond 
Neose/u/us teke (Pritchard + 
Baket) for biological control of 
the cassava green spider mite 
Mononychel/us tana}oa 

Mr. Eric A.R. Ndhine Studies on bionomics and 
(Kenya) behaviour of Tetrastlchus 

sesomloe and its potential in 
biological control of legume pod 
borer. Maruca testu/al/s 

Mr. Boas E.N. Uranu The effect of plant resistance and 
(Tanzania) cultural practices on the 

population densities or banana 
weevil Cosmopolites sordldus 
(Germ) and banona yield 

Universities and their representatives on the ARPPTS 
Acndemic Bonrd, which is the govem.ing body in charge 
of policy and management of aJI ARPPIS academic 
matters. Two important meetings held under the theme 
Management Planning Workshop of Network 
Coordinators of ARPPTS was hosted by the D'Schang 
University Centre, Cameroon, 16-20th June 1992 
followed by the 21st Meeting of the ARPPIS Academic 
Board (18th June). 

l11eARPPIS Board of Studies, on behalfofthe ARPPIS 
Academic Board1 ensures implementation and quality 

ICIPE SUPERVISORS UNIVERSITY REGISTERING 
SUPERVISORS UNIVERSITY 

Dr. R. Pathak Prot. Ellmam University ot 
Dr. M. Algholl El Khldlr Khartoum 

Dr. s. Waladde Dr. B. A. Rivers State 
Dr. E. Kokwaro Okwakpam University of 

Dr. A. 0 . Asite Science 
and Technology 

Dr. J. Chacko Dr. B.A. Rivers State 
Dr. G.Oioo Okwakpam University of 

Science 
and Technology 

Dr. S. Essuman Dr. B. A. Rivers State 
Dr. E. Osir Okwakpam University of 

Dr. A. 0 . Aslte Science and 
Technology 

Dr. M. Odlndo Prof. R. Kumar Rivers State 
Dr. S. Nokoe Prof. G. Nachman University of 

(DANIDA) Science 
Prof. M. Munster· and Technology 
SWendsen 
(DAN IDA) 

Dr. K. V. Seshu· Dr. G. Woudo Kenyatta 
Reddy Prof. R. M. Sikora University 

(GlZ. Germany) 

Dr. M. 0. Odindo Prof. R. Kumar Rivers State 
Dr. S. K. Nokoe Prof. G- Nachman University of 
Prof. Z. T. Dabrowski (DAN IDA) Science 

Prof. M. Munster- and Technology 
Swendsen 
(DAN IDA) 

Dr. J . M. Chacko Prof. J . M. Mueke Kenyatta 
Dr. G. W. Oloo University 

Dr. K. V. Seshu· Dr. G. Waudo Kenyatta 
Reddy Prof. J. M. Mueke University 

Dr. G. Madel 
(University of 
Bonn) 

control for the ARPPIS programme. The main functions 
of the Board ofShtdies, under the Chairmanship of the 
ARPPIS Acrtdemic Coordinator, are to ensure curricula 
implementation; monitor students' pwgress on the 
programme, conduct and provide for examination; 
approve students' research projects; and approve 
Supervisory Committees for student research projects. 
The ARPPIS Board of Studies holds quarterly meetings 
each year, and in 1992meton 14Apri1 (28th meeting), 
26 June, 28 August and 9 December. 
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Table 11.2 Programme of the 1992 teaching semester 

DATE COURSE AND LECTURERS 

5-6th March Documentation and Information Retrieval 
(Mr. N. Nsubuga and Ms. D. Baroso. ICIP£) 

9-28th March Insect Functional Morphology 
(Or. K.J. Mbota, University of Zambia. Lusaka and Dr. W. G. Z. 0 . Jura. ICIPE) 

Insect Taxonomy 30 March to 
22ndAprll (Prof. A. E. Aklngbohungbe, Obafeml Awolowo University, 1/e-/fe. Nigeria and Dr. R. K. Bagine, 

National Museums of Kenya) 

Insect Physiology and Biochemistry 23rd April to 
30th April (Drs. M. F. B. Choudhury. f?. K. Saini and£. 0 . Oslr. ICIPE) 

1-5th June Introduction to Microcomputers and Word Processing 
(Mr. J. M. Otedo. ICIP€) 

8th June to 
Jrd July 

Biostatistics and Experimental Design 
(Or. S. K. Nokoe and Mr. D. Muny/nyl. ICIPE) 

6-31st July Insect Ecology 
(Prof. H. Morgan, University of Sierra Leone: Drs. Mutero and C. Kyorku. ICIPE) 

3-22 August Biological Control 
(Drs. W. A. Overholt, G. P. Kaoyo. and M. 0 . Odlndo, IC/Pc and Dr. Gary Hill. CAB International 
Institute of Biological Control. Kenya station) 

24-25th August The Role of Social Sciences In Insect Pest Management 
(Prof. Fossil Klros. Drs. J. Ssenyonga and G. T. Lako. /CIPE) 

26-29th August Project Identification. Formulation. Evaluation and Budgeting 
(Mrs. R. A Odlngo. Dr. W. A. Otieno and Mr. J. R. Kapklrwok, IC/Pc) 

31st August to 
4th September 

Insect Taxonomy (Seminars ond Practicais on Insect ldentlflcotlon) 
(Or. R.K. Baglne. National Museums of Kenya) 

14-19th September Examinations 

11.1.4 Awnrrl of PhD degrees 
Six scholars were awMded PhD degrees i.n 1992. Table 
11 .5 shows the names, research titles, awarding 
universities and dates of their Convocation. 

11.2 THE ARPPIS MSC SUB-REGIONAL 
PROGRAMME 

The proposal for U\e establishment of the ARPPIS MSc 
Sub-regional Programme was endorsed by the Vice· 
Chancellors Planning Meeting held at the Jomo 
Kenyatta University Collt:ge of Agriculture and 
Technology (JKUCAT), Juja, Kenya, between 5- 7 
August 199}. In principle it was agreed that sub
regional centres would be established at selected 
ARPPIS Participating Universi ties for the 
implementation of the progranune. 

11.2.1 The ARPPJS MSc Sub-Regional Cc11tres 
Itiswi.th the above mandate from theJKUCATmeeting, 
and following intensive consultations with universities 
and national governments, that the ARPPlSAcademic 
Board selected the four hosting universities for the 
ARPPIS MSc Sub-Regional Programme as follows: 
• Southern Africa Sub-region (University of 

Zimbabwe, Harare). Countries represented include 
Angola, Botswana, Lesotho, Malawi, 

Mozambique, Namibia, Swaziland, Zambia and 
Zimbabwe. 

• Anglophone West Africa Sub-region (University 
of Glm11n, Leg011), representing the following 
cotmtries: Ghtma, Nigeria, Liberia, Sierra Leone. 

• Franct>phone Africa Sub-region (D'Scltnllg 
Llnlvcrsily Ce11tre, D'sclwng, Cameroon), 
represen ting Benin, Burkina Faso, Burundi, 
Cameroon, Central African Republic, Chad, 
Congo, Cote d'lvoire, Gabon, Guinea, 
Madagascar, Mali, Mauritania, Rwanda, Senega I, 
Togo and Zaire. 

• Eastern and North-Eastern Africa Sub-region 
(Addis Abnbn U11iversity, Ethiopia). For Ethiopia, 
Kenya, Somalia, Sudan, Tanzania and Uganda. 

11 .2.2 lmp/cmell fnt ioll of the ARPPIS MSc Sf/b-tegiollnl 
Programme 

The University of Zimbabwe. The Southern Africa 
ARPPIS MSc Sub-Regional Programme was the first 
to take off, under Dr. Joseph M. Gopo, ARPPIS MSc 
Sub-Regional Coordinator. In March 1992, the first 
class of seven students were ad mit ted to the 
programme. Between March and November 1992, the 
students undertook the following taught courses in 
fulfillment ofPartl of the MSc in Tropical Entomology 
(MTE) at the University of Zimbabwe, Harare, and on 
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Table 11 .3 List of scholars. research projects. and registering universities for ARPPIS Incoming 1992 PhD Closs 

NAME OF COUNTRY 

J. Magyembe-Mweslgwo 
(Uganda) 

Joseph Alfred Suman! 
(Zambia) 

Charles J. H. Mutinda 
(Kenya) 

Habte Tekle 
(Ethiopia) 

Sekouba Bengaly 
<Mali) 

Loise Njerl Glchuru 
(Kenya) 

Freddie Masonlnga 
(Zambia) 

Ibrahim S. T. Jalloh 
(Sierra Leone) 

Yousif 0. H. Assad 
<Sudan) 

Arap Leek Dang 
<Sudan) 

Mohamed All Mohamed All 
<Sudan) 

Bokor! Kaoneka 
(Tanzania) 

Margaret Nabosirye 
(Uganda) 

Edward Kinyua Nguu 
(Kenya) 

Timothy T. Epidi 
(Nigeria) 

TITLE 

Interaction effects of banana weevil Cosmopolites sordldus 
Germer and nematodes in bananas 

Biology of the banana weevil on rhizomes of different banana 
varieties and types and mechanisms of resistance 

Genetic variability and responses to selection for Chilo 
porte/Ius (Swlnhoe) resistance In a maize <Zeo mays L.) 
population 

Biological effects of neem seed derivatives on the 
management of maize stalk borer Busseolo fusco (Fuller) in 
pest management 

Cellular and humoral immune responses of the tropical bent 
tick Amblyomma var/egofum F. and the brown ear tick 
Rhipicephalus oppendicutotus (Ixodidae: Acari) to pathogens 

The biology of lxodlphagus hooker/ Howard (Hymenoptera; 
Encyrtidae). a parasitoid ot the tropical bent tick. 
Amblyomma voriegatum Fabricius (Acari: Ixodidae) In Kenya 

Adaptation of Trypanosoma congo/ense types to different 
hosts ond transmission by Gloss/no species 

Pheromone ond plant odour perception In Busseola fusca 

The role of host plants In maturation of the desert locust 
Schistocerco gregorio (Forskol) (Orthoptera: Acrldldae) 

Studies on the factors that influence phose dynamics of the 
desert locust Schistocerca gregorio <Forskal) 

Influence of additives and ultraviolet protectants on Bacillus 
thuringtensls tor control of Chilo parte/Ius infesting some 
sorghum cullivars 

Acaricidal properties of ac tive principles from Commlphora 
swvnerton/1 Burtt. and one Mellaceae species against the 
brown eor tick Rhipicephalus oppend/cu/atus Neuman 

Stotistlcallnference on pest resistance indices 

Effect of host blood and its digestive products on 
trypanosome differentiation in tsetse fly Glossina morsltans 

Mechanisms of resistance in selected sorghum genotypes to 
the spotted stemborer. Chilo portal/us (Swlnhoe) 
(Lepidoptera: Pyrolldae) 

REGISTERING UNIVERSITY 

Mokerere University 

University of Zambia 

University of Nairobi 

Addis Ababa University 

University ot Ghono 

Kenyotta University 

University of Zambia 

Rivers State University of 
Science and Technology 

University of Gezira 

University of Khartoum 

University of Geziro 

Mol University 

Mokerere University 

University of Nolrobl 

Rivers State University of 
Science and Technology 

satisfactory completion, started on thesis research 
work as Part TI of the Programme: 

MTE 503 - Insect physiology and biochemistry (8 
weeks). Lecturers: Mr. E. Zitsanga and 
Mr. S.Z. Sithole, UniversityofZimbabwe. 

MTE 501 - Biostatistics, experimental design and 
modelling (9 weeks). Lecturers: Mr. R. 
Crust and Prof. B. Campell, University of 
Zimbabwe 

MTE 502 - Insect functional morpho logy and 
systematics (11 weeks). Lecturers: Mrs 
A. R. Mabveni and Mr. G. Chikwenhere, 
University of Zimbabwe, and Dr. K. 
Mbata, University of Zambia 

MTE 504- lnsect ecology and behaviour (3 weeks) . 
Lecturers: Prof. L. McClain, University 
of Namibia, Windhoek. 

MTE 505 - Pest m<magement (6 weeks). Lecturers: 
Dr. P. Tongoona and Dr. D. Giga, 
University of Zimbabwe, and Dr. K. 
Mbata, University of Zambia. 
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Table 11.4 Members of the ARPPIS Academic Boord and ARPPIS Participating Universities In 1992 

REPRESENT AliVE 

1. Prof. Hector G. Morgan 

2. Prof. J . N. Ayertey 

3. Dr. J. A. Odeblyl 

4. Prof. R. I. Egwuotu 

s. Dr. B. A. Okwokpom 

6. Dr. I. Parh 

7. Prof. Ellmam el Khldlr 

8. Dr. M. H. Zelnelobdln 

9. Dr. Teferi Gemetchu 

10. Prof. J. N. Sltumo 

11 . Prof. J . M. Mueke 

12. Prof. K. Ole Karei 

13. Prof. R. W. Mwongl 

14. Dr. J. G. Yarro 

15. Dr. D. C . Muntholl 

16. Prof. A. Siwelo 

17. Dr. S. B. Feresu 

18. Dr. E. E. Etienne 

19. Prof. M . C. Eluwo 

20. Dr. V. A. Awoderu 

21. Prof. T. Mubambo 

22. Dr. R. I. S. Agbede 

23. Dr. B. A. Kolu 

24. to be appointed 

25. to be appointed 

UNIVERSITY 

University of Sierra Leone. Freetown 

University of Ghana. Legon 

University of lbodon. Nigeria 

Nnomdl Azlklwe University, Enugu. Nigeria 

Rivers State University of Science and Technology, Nigeria 

D'Schong University Centre. Cameroon 

University of Khartoum. Sudan 

University of Gezlra. SUdan 

Addis Ababa University. Ethiopia 

Makerere University. Uganda 

Kenyatto University. Kenya 

Mol University. Kenya 

University of Nairobi, Kenya 

University of Dares Salaam. Tamonio 

University of Malawi 

University of Zambia 

University of Zimbabwe 

Unlversite de COte d ' lvolre 

University of Nigeria at Nsukko 

Ogun State University, Nigeria 

Unlversite du Burundi 

Ahmadu Bello Unive rsity, Nigeria 

University of Agriculture, Mokurdi, Nigeria 

University of Moldugurl. Nigeria 

Enugu State University ot Science and Technology. Nigeria 

Table 11 .5 ARPPIS scholars awarded the PhD In 1992 

NAME AND COUNTRY 

Dr. John 0. A. Davies Cole 
(Sierra Leone. 1987 Closs) 

Dr. Hossone M . Hassone 
(Chad, 1987) Closs 

Dr. Salah M. Khelr 
(Sudan, 1988 Class) 

Dr. Allan M . A. Malik 
<Sudan. 1988 Closs) 

Dr. Charles Mugoyo 
(Uganda. 1988 Closs) 

Dr. Angus Onyido 
(Nigeria. 1988 Class) 

THESIS TITLE 

Some aspec ts of the mating behaviour of 
Glossina morsitons morsitons Westwood and 
G. pallid/pas Austen 

The biochemical taxonomy of 
phlebotomine sondflles (Diptera : 
Psychodidae) In Kenya 

Mechanisms of c utaneous reactions In 
cattle Infested with Rhipicephalus 
appendlcu/afus 

Studies on some pathological aspects of 
the fungus Beouverio boss/ana on the 
legume pod borer Maruca testulal/s 

Feeding behaviour of Maruca testulalls 
IaNoe on cowpea (VIgna ungutcutato) 

Ecology of Sergentomyio gomhoml, a 
vector of leishmaniasis In Kenya 

MTE 506- Economic entomology (9 weeks). 
Lecturers: Dr. D. Giga, University of 
Zimbabwe, Prof. Phelps and Mr. N. 

AWARDING UNIVERSITY DATE OF AWARD 

University of Sierra Leone 19-12-1992 

University of Sierra Leone 19-12-1992 

University of Khartoum 28-5-1992 

University of Khartoum 18·3· 1992 

Rivers State University of 4-4-1992 
Science and Technology 

Rivers State University of 
Science and Technology 4-4-1992 

Sheeni, Dept. of Vet, and Prof. C. B. 
Cottrell, Tobacco Research Board. 
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The Germany Academic Exchange Service 
(DAAD) has provided fellowships to four students 
from Zimbabwe (2) and Namibia (2) on the MSc 
programme at Harare. The Ford Foundation is also 
supporting the programme through a grant released 
to the university through the lClPE Headquarters. 

The ARPPIS MSc programme at Harare plans to 
admit students on alternate years; the next class is 
p lanned to start in March 1994. 

University of Clrana. The University of Ghana, 
hosting univei:sity for the Anglophone West Africa 
Sub-Region, has appointed Prof. J. N. Ayertey, Head, 
Crop Sciences Department as the Sub-Regional 
Coordinator for the Programme. He has completed 
the sensitisation mission and consultations with 
several universities, concentTI!ting mainly on non
ARPPIS participating universities in the sub·rcgion. 
Thefundi11g for the sensitisa tionmission was provided 
jointly by the University of Ghana and the ICLPE. 

Since then, the University of Ghana has made 
tremendous progress in the planning artd 
implemen tation process of the ARPPIS MSc 
programme. lt has (i) appointed Prof. J. N. Ayertey, 
Head, Crop Science Department as Regional 
Coordinator for the Programme; (ii) organised two 
meetings of the lr1ter-University Consultative Group 
(IUCG). The second meeting was held at the D'Schang 
University Centre, Cameroon on Wednesday 17th 
]w1e 1992 and was attended by representatives from 
six West African universities; (iii) developed the 
curriculum and syllabus including a list of potential 
academic staff at each wtiversity drawn up ready for 
submission to the Academic Board of the University 
of Ghana for approval. 

Lack of ftmdi11g for the programme constrains 
implementation. However, the University plans to 
adntit the first students on the Programme by the 1994 
Academic Year starting in September, depending on 
avai lability of funds. 

Addis Abnbn University. The President of Addis 
Ababa University has appointed Dr. Teferi Gemetchu 
of the Department of Biology, Faculty of Science at 
Addis Ababa University as the Coordinator for the 
ARPPIS MSc Programme for the Eastern ami North
Eastem Africa region. 

Dr. Gemetchu has started consultations with 
universities in Ethiopia, and Ethiopia-based regional 
and international organisations. It i5 expected that Dr. 
Gemetchu will start a sensitisation tnission to the 
E.-.stern and North-Eastern region in the near future, 
depending on availability of funds. 

D' Sclumg University Centre. The D 'Schang 
University Centre, hosting university for tl1e French
speaking Africa region, is at the preliminary planning 
stages for the ARPPIS MSc programme. The ARPPIS 
Academic Board will be sending a select committee to 
visit universities in French-speaking African countries 
later this yea:ror early next year, subject to availability 
of funds. 

CONSUMER-BASED INTERNATIONAL 
GROUP TRAINING 

11 .3 GROUP TRAINING COURSES FOR 
SPECIALISTS 

f. f. Onrlieki mtd R. Runo 

Four Group Training Courses were offered to 
practitioners from the National Research and Extension 
Service (NARES) and the universities. Seventy-one 
scientists and senior technicians from 19 countries 
pnrticipated in the following courses: tsetse and 
livestock tick management, taxonomy and 
identification of Cotesia stemborer parasitoids, and 
insect mass rearing. These courses were relevant to 
the mandate of the TCIPE and in direct support of the 
implementation of the IPM/TVM technologies. A 
number of donors cooperated in funding the CO\.m;es. 

The list below shows the number and distribution 
of trainees at the four group training courses: 

Cottutry 

Angola, Cameroon, India 
Netherlands, Swaziland 

Bunmdi, Burkina Faso 
Nigeria, Z imbabwe 

Ethiopia 

Kenya 

Malawi, Rwanda, Senegal 
Sudan, Tanzania, Uganda, 
Zambia 

No. of Participa11ts 

5 (1 each) 

8 (2 each) 

6 

27 

21 (3 each) 

4 Mozambique 

Total countries 19 Total participants 71 

11 .3.1 Tnxonomy n11d ident ification of stemborer 
pamsifoids 

Tltis four-day course was held at the ICLPE, Nairobi 
from Jnnuary 13- 16, 1992. It was attended by 20 
participants from the following five countries: 
Cameroon, Kenya, india, Netherlands and Tanzru1ia . 
The course objectives were to acquaint participants 
working on biological control of stemborers with the 
necessary techniques in the taxonomy and 
identification of the various stemborer parasitoids of 
the Cotcsin spp. 

The course was funded by the Netherlands 
Govemment through the ICIPE/WAU Crop Pests 
Biological Control Project. 

11 .3.2 It1sect mnss reari11g for JPM/TVM 
The course was of three weeks' dmation and was held 
at the ICIPE, Nairobi from March 16-April3, 1992. It 
w<1sattended by 21 participants, including six women, 
from 13 African countries: Angola, Burkina Paso, 
EtJ1iopia, Kenya, Malawi, Mozambique, Nigeria, 
Rwanda, Swaziland, Tanzania, Uganda and Zambia. 
The funding for the course was provided through a 



Netherlands Govenmwnt grant to ICIPE on the project 
'Human Resources Development for Scientific and 
Technological Capability in Africa'. 

The course topics covered included insect rearing 
technologies; methods of colonisation and quarantine 
procedures; quality control in insect rearing systems; 
artificial diets in mass rearing; re<1ring procedures for 
insects and mites; identification of common insect 
pathogens in insectaries; requirements for a successful 
insectary; breeding of laboratory manuals for use in 
rearing of arthropods. 

This course was designed to help participants 
develop their own insect-rearing facilities for research 
work in thejr own countries. 

11.3.3 Group Tmining Co11rses on Ticks a11d Tsetse 
Ma 11ngemen t 

Two of the Short Practitioner Courses held during 
1992 are a continuation of similar courses held at the 
ICIPE under the theme of 'Management of Vectors for 
the Control of Trypanosomiasis <1nd East Coast Fever 
in Livestock Production for the Developing World'. 
The course on Ticks Management was sponsored 
through hmding by the UNDP whilst that of 'fsetse 
Management was funded by the EEC. 

Ticks Mnllngelllenl Course. This year's course was 
attended by 14 participants from eleven African 
coun tri es: (Ethiopia, Kenya, Malawi, Mali, 
Mozambique, Nigeria, Rwanda, Sudan, Uganda, 
Zambia and Zimbabwe). The four weeks' course 
provided the tick scientists and technicians with the 
current strategies being used in tick control. 

The course covered theory, laboratory and field 
pmcticals 0~1 various subjects comprising of tick 
biology, anatomy, physiology, ecology, tick/host 
relationships. etc. lt aJso included such specialised 
areas as tick-immunology, identification, natural 
enemies of ticks, introduction to computers, and the 
use of computer simulated models for tick 
management. 

The firsl two weeks were devoted to theory, 
laboratory pmcticals and visits to some national and 
international livestock research institutions in and 
around Nairobi. The third and fourth weeks were 
used for field ecological studies. This was composed 
of practical$ and further theoretical taxonomy and 
identification. 

Tsetse Manageme11t Course. This was the ninth of a 
series of International Group Training Courses on 
Tsetse Management to be offered at the ICIPE, Nairobi 
from November 2- 28, 1992. SL-.:teen participants, 
including one woman, were drawn from 12 African 
countries: Burkina Faso, Burundi, Ethiopia, Kenya, 
Malawi, Mozambique, Rwanda, Senegal, Sudan, 
Tanz11nia, Zambia and Zimbabwe. 

The objectives of the course were to acquaint 
participants with the theory and practical aspects of 
tsetse management and how they interact in supporting 
integrated pest and vector management. The first 
week of training was devoted to lectures on basic 
tsetse biology, followed by another week of lectures 
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on applied tsetse biology. Afternoons of the first two 
weeks were devoted to laboratory work and 
demonstrations. These i.ncl uded basic tsetse taxonomy, 
methods for isolating and characterising 
trypanosomes, theuseofDNA probes for trypanosome 
identification, the use of ELISA technique for 
bloodmeal identification, and the use of wind tunnels 
and EAGs for odour bait assessment. A three-day 
afternoon workshop on trap design Wt'lS held, wherein 
participants were encouraged to make their own traps 
for use in field testing. 

The last two weeks of the training programme 
were spent on field work at the Kenya Coast, in an area 
where three species of tsetse- Glossina pnllidipes, G. 
brcvipalpis and G. mtstcni - are found. In the field, 
participants were expected to test both conventional 
traps as well as those designs developed during the 
trap design workshop. Field trapping experiments 
and tests with electric screens were used to illustrate 
features of the behaviour and ecology of tsetse. 
Techniques of tsetse dissection and trypanosome 
isolation were also taught in the field . 

11.4 PROFESSlONAL DEVELOPMENT 
TRAINING 

Up to 21 postdoctoral research fellows (PDF) and 8 
visiting scientists worked at the lClPE during the 
period. Five of the PDFs completed their contracts and 
left during the yee'lr. One of the visiting scientists, Dr. 
Quentin E. Paynter visited the IClPE on the [CIPE/ 
Royal Society Collaboration in the John Pringle Scientist 
Exchange Scheme; Dr. W.G.Z.O. Jura of the JCTPE 
worked at the Royal Postgraduate Medical School, 
Department of Histochemistry, Hammersmith 
Hospital, University of London, for a period of nine 
months on the same collaborative arrangement. Due 
to financial constraints, there were no visits to the 
TCIPEon the ICTPE/Third World Academy ofSdences 
research associateship scheme. 

There was heightened activi ty under the lCIPE's 
Training Attachment/lnternshipSchemes, which saw 
a total of 27 interns training at the ICIPE during the 
year, including three young attachees from the 
Netherlands visiting underiCWE/WAU collaboration, 
and one lrainee from the USA. 

Due to financial constraints, staff development 
training was limited during the year. 

11 .5 INTERNATIONAL COOPERATION 

The laboratories and institutions collaborating in 
research with the ICIPE are reported under each 
research programmeorunit.ln addition, the IBIRI had 
specific collaborative arrangements with the following 
organisations: 
• Association of African Universities (AAU) - on 

joint projects; ICIPE is an associate member of the 
AAU. 

• International Federation of Institutions for 
Advanced Studies- on joint projects; ICIPE is a 
member. 
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• The Royal Society, London,-on scientist exchange 
programme. 

• Third World Ac~derny of Sciences (TWAS) - on 
a joint research assodateship scheme for sden Hsts 
from developing countries. 

• ARPPIS Participating Universities - 25 African 
universities cooperating with the ICIPE in 
postgraduate training in insect science and pest 
management 

• Donor Agencies - in support of educational 
programmes including ARPPISand/ or consumer
level group training. These include: Deutscher 
Akademischer Austauschdienst (DAAO); Ministry 
of Foreign Affairs, Directorate General for 
International Cooperation, Netherlands (DSO)i 
Ford Foundation, IFAD, UNDP, EEC, UNESCO, 
BMZ, NORAD, ODA, Rockefeller Foundation, 
PEW Trust and SAREC. 

PEST MANAGEMENT RESEARCH AND 
DEVELOPMENT NETWORK (PESTNET) 

11 .6 PESTNET COORD IN A TJON AND 
COLLABORATIVE ACTfVITIES 

]. ]. 011dieki 

The objectives of PESTNET have remained the same as 
in previous years, namely to support and strengthen 
the National Research and Extension Services in the 
area of insect science and p est management through 
interactive technology development, training and 
information exchange. However, due to unforeseen 
financial constraints and coupled with political 
upheavals in some of the PESTNET collaboJ:ating 
countries, PESTNET Research and Development 
activities were active in three countries only: Kenya, 
Zambia and Ethiopia. It is not possible to hold the 
yearly PESTNET Teclmical Advisory Committee 
Meeting due to lack of funds. 

Information and training activities were continued, 
although at a reduced pace. In conjunction with the 
ARPPJS Network, PESTNET produced and circulated 
four issues of the NETWORK News as well as three 
issues of the PMDISS Bibliogmphy on information and 
documentation. 

11.6.1 PESTNET research and development activities 
During 1992, components of IPM technologies 
developed by ICIPE scientists were validated and 
demonstrated in Kenya and Zambia where currently 
PESTN ET resident scientist teams are located . It is 
hoped that in the future, resident scientist teams will 
serve both regional and national PESTNET activities. 
Reports on PESTNET research projects are to be found 
under Crop Pests Research. 

11 .6.2 Plnllning Meeti1lg{Metltodolob'Y Workshop ill Ke11yn 
In March 1992, a three-day Workshop on 
Determination of Economic [njury Level (EIL) of 
Stalkborers on Maize for on-farm research was held at 

the Bandari College, Mombasa. It was attended by 
KARl entomologists working on maize, as well as by 
ICIPE scientists. The highlights of the workshop will 
appearinNETWORKNews, while all the presentations 
will be compiled as a Proceedings. 

On-field training was imparted to KARl 
entomologists and the technicians participating in 
PESTNET activities on how to carry out the single 
plant analysis sampling method for: determining EILs, 
as well as on the identification of stalkborers. 
Immediately after the Workshop, a Planning Meeting 
was held at the same venue, to discuss the PESTNET 
research activities for 1992. 

11 .6.3 Training activities i11 Zambia 
In line with PESTNET objectives, especially as it relates 
to strengthening national agricultural capabilities 
thiough training, and as a response to the need for 
microcomputer training for research and extension 
staff in Luapula Province, PESTNET organised a 
computer course for Research and Extension officers 
working with word processing, data collection and 
analyses. The course was held between June 22-J u 1 y 3, 
l992at the Luapula Regional Research Station(LPRS). 
Mansa, Zambia. 

The course was attended by 16 participants 
(including six women) from the Ministry of 
Agriculture, Food and Fisheries Research and 
Extension departments in Mansa District. The course 
comprised of lectures, demonstrations and hands-on 
computer exercises. Participants received hand-outs 
of lecture notes and backups of software such as 
MSTAT-C, Wordperfect 5.1, Quartro, DBase IV and 
LOTU5123. 

11 .7 THE KW ALE-KILIFI ADAPTIVE RESEARCH 
PROJECT: LINKAGES, PROGRESS AND 
POTENTIAL• 

5. Sitfumanthmn, C. Kyorku lllld A. Oendo 

The Kwale-Kilifi Adaptive Research Project (KKARP), 
is a component of the Kwale-Kilifi Distdct 
Development Project. In this project, the Kenya 
Agricultural Research Institute (KARl) is the executing 
agency for the Government of Kenya, while ICIPE is 
the implementing agency. It is a 'transfer oftechnology' 
activity involving ICIPE and the NARS (National 
Agricultural Research System). The present phase of 
the project is for two years (1992-93). 

The two major objectives of the project are: (a) to 
increase food production and cash incomes of resource
poor farmers in Kwale and Kilifi Districts through 
increased knowledge and use of improved pest and 
vector management practices for selected crops and 
livestock, and (b) to develop IPM adaptive research 
capabilities of KARl. 

11 .7.1 Background to the Project 
The people of Kwale and Kilifi Districts in the Coastal 
Province of Kenya are pJ:edominantly agrarian. The 



average size ofland held by farmers in the two districts 
is 0.9- 1.8 hectares. The ecological zones closer to the 
coast (L3, L4) support more food crop production, 
willie the hinterland (LS, L6) is suitable for livestock 
production. The warm humid conditions, together 
with the bimodal rainfall, tend to favour the 
multiplication and activity of most insects, which 
include some destructive pests of crops and vectors of 
livestock diseases. Among the food crops growing in 
these districts, maize and sorghwn are known to 
suffer substantial yield loss due to stalk borers, while 
cowpeas are often attacked by several major insect 
pests, especially flower thrips, spotted (Maruca) borer 
and pod sucking bugs. On the other hand, tsetse 
(Glossina spp) serves as the vector of a major cattle 
disease (nagana, or animal trypanosomiasis) regarded 
as important, especially in Kwale District. 

The technologies presently available for managing 
these pests are either ineffective or uneconomical. 
Improved technologies which are environment
friend1 y as well as affordable by resource-poor farmers 
have now been identified. These include the use of 
pest resistant crop varieties and cultural practices 
such as intercroppi.ng against crop pests and use of 
traps against the tsetse.lt is therefore important to test 
(and if required refine) these improved and sustainable 
pest and vector management technologies developed 
at ICIPE and elsewhere, with the aim of facilitating 
Uleir adoption by resource-poor farmers in this region. 

11.7.2 Linkages and coordinntion 
The linkages between the project and the different 
institutions as well as the clients (farmers) are 
established at different levels. At the locallevel, these 
are the advisory panels which include extension 
officials and farmers' representatives in Kwale-Kilifi 
districtsfor planningand implementationoftheproject 
activities. At the provincial level, the local coordinating 
committee involves officials of Ministries of 
Agriculture and Livestock Development as well as 
fanners' representatives. At the national level, a 
national coordinating committee, involving ICIPE, 
KARl and concerned Ministries, provides guidance 
on policy issues. 

11.7.3 Project management 
The project management is guided by a committee of 
supervisory officials, including research, 
administration, planning and finance. The Coordinator 
acts as the local link for components teams, as well as 
with KARI, and the ministries of agriculture and 
livestock development (MOALD). The three 
component teams of the project are crop pests, tsetse 
and social science, each consisting of a team leader 
(ICIPE scientist), a deputy team leader, additional 
scientists and I or support staff (all seconded from I 
through KARl). The crop pest and social science teams 
are based at the KARl Regional Research Centre, 
Mtwapa On Kilili District) while the tsetse team is 
based at the Veterinary Investigations Laboratory 
(VIL), Ukunda (in Kwale District). 
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11.7.4 Problem diagnosis/verification 
Socioeconomic diagnostic survey of 180 farmers (90 
per district; 30 per zone in L3-L5 of each district) was 
undertaken in March-June, 1992. The majority of the 
farmers were found to recognise pests as a source of 
substantial yield Joss, but very few adopted any practice 
aimed at controlling them. 

Most famurrs confirmed that they recognised the 
local preva.lence of tsetse flies and their ad verse role on 
cattle health, but few took any preventive measures 
against them. On-farm monitoring of plot-s of maize 
and sorghum showed significant infestation by stalk 
borers, especially in the short rainy season, thus 
confirming their in1portance as pests in the region. 

Trap catches in Shimba Hills (Kwale District) 
confirmed that two species of tsetse - Glossina 
brcvipa/pis and G. pnllidipes are predominant locally. 
Monthly sampling of cattle in the same area for 
trypanosomiasis since September 1992 has shown that 
the disease incidence tends to be greater at sites near to 
the game reserve, which is the known breeding site of 
the tsetse vector. 

11.7.5 Technology testing and refinement for local 
srlitabilify and acc.eptal1ility 

The results of research to identify locally adaptable 
maize, sorghum and cowpea genotypes, and to develop 
appropriate cultural practices for pest reduction are 
reported under Crop Pest Research. The potential 
acceptability of the promising pest resistant genotypes 
of maize, sorghum and cowpea are being investigated. 

ln terms of teclmology refinement, a series of field 
experiments resulted in an improved tsetse trap design 
over NG2B, which includes acetone as the most 
effective odour source for attracting the two major 
tsetse species in the area - G. pallidipes and G. 
brevipalpis. 

11.7.6 Training 
On-the-job training was provided for technical/ 
support staff (KARI/MOA) in IPM/fVM 
methodologies. Three short courses (3--6 days), one 
each on insect mass rearing techniques, IPM 
components in adaptive research, and social science 
survey methodology were organised for KARI/MOA 
officials involved. One KARl official was trained in a 
5-week International Training Course on Tsetse 
Management. 

Several groups of farmers were trained on 
evaluating pest resistant varieties illlli cultural practices 
for IPM during on-farm field days, on-station visits 
and a training workshop held in September 1992. Two 
KARl officials have been sponsored for PhD training 
under support from the project. 

11.7.7 Interacting project scientists 
The interacting scientists assigned full time to the 
project during 1992 are as follows: 

ICIPE 
Dr. S. Sithanantham, Coordinator-Team Leader 

(Crop Pests) 
Dr. C. Kyorku, Team Leader (Tsetse) 
Dr. Oendo, Team Leader (Social Science) 
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KARl/MOALD 
Mr. M. Kiarie, Entomologist - Deputy Team 
Leader (Crop Pests) 
Mr. B. Muli, Agronomist 
Ms. E. Wekesa, Research Officer (Social Science) 
Dr. F. Mukendi, Veterinarian - Deputy Team 
Leader (Tsetse) 

•More lnformatinn nbout this project can be fnund in St.>etiun 1 on 
Crop Pests Research 

11.8 THE PEST MANAGEMENT 
DOCUMENTAT[ON AND INFORMATION 
SYSTEM AND SERVICE (PMDISS) 

N. Nsubugn rmd D. Bnrnsn 

PMDISS, which was created to give informational 
support to the Pest Management Research and 
Development Network (PESTNET), had a fair)~ q.u.iet 
year due to limited funding. However, act~v1t1es 
pertaining to information exchange contmued 
throughout the year. 

Following the favourable publicity that was given 
to PMDISS in 1990, the PMDISS headquarters was 
bombarded with information requests and we were 
unable to provide all the publications that were being 
requested for. We tried to encourage users to request 
for information through their designated centres rather 
than as individuals, ~order to reduce costs. 

In-house, work contained on developing the 
computerised database and input of records on the 
database grew from less than one hundred the previous 
year to over a thousand records. 

11.8.1 Publicntions 
The long-a.wnited Proceedillgsofllle PMDJSSfP~STNET 
Pltm11i11g Workslwp for Enstem nnd S?utlienr Afnca~ held 
in November 1989, Lusaka, Zamlna, were pubbshed 
and distributed to particip<mts of the workshop. 

PMDISS Bibliogmplly. This is a current awareness 
quarterly publication listing bibliographic detajls of 
nll publications receivc:d that are of interest to the 
network participants. Four issues of the bibliography 
were produced during the year containing abstracts 
and for the first time, including material fmm the 
National Coordinating Centres. Our mt~in problem 
was funds for mailing, so we were not able to provide 
the publications to as many centres as we would have 
liked . 

11 .8.2 Otller PMDISS services 
PMDISS continued to provide the following services: 
questions and answer services, computer searches, 
identification and location of information sources, 
and d epository services for documents. 

11 .9 TRArNING AND EDUCATION FOR 
PESTNET COUNTRIES 

]. ]. 0/l(fieki 

PESTNET collaborating cutmtries continue to benefit 
from education and training offered at the LCLPE and 

also within individual countries. Three trainees 
sponsored through PESTNET have undergone PhD 
training under the ARPP£5 programme: Mrs. M. 
Taguma (Z·mlbia) completed in 1991, Mr. Ali·Nour 
Duale(Somalia) completed in 1992and Mr.J. Kayitare 
is due to complete his studies in early 1993. 

In addition to formal training, practitioner courses 
were conducted for staff of PESTNET collaborating 
countries during 1992. Fifty-five participants out of a 
total of 71 in the Group Training Courses described 
earlier were fron1 PESTNET collaborating countries. 
Attachment training was also organised for four 
Somalia staff for periods ranging from six months to 
one year. These were staff who were displaced as a 
result of the civil strife il1 Somalia. 

IN FORMA TlON RESOURCES 

11.10 THE INFORMATION RESOURCE CENTRE 

N. Ns11l111gn 

One of the major means by which lCIPE enhances its 
mandated activities is the provision of a strong 
information resource base. The biggest landmark and 
reward in the Centre's efforts in this regard came in 
1989 when IClPE and the Swiss Developn1ent 
Corporation (SDC) signed an integrated funding 
agreement which provided money not only f~r the 
bui !ding, furniture and fixtures for a pu rpose-destgned 
information resource centre, but also for the purchase 
of books, computers, a photocopier, and selective 
training of staff. Although 1992 was a lean year, ~he 
completion and commissioning of the new Tnformahon 
Resource Centre in April 1991 t:~nd successful 
implementation oftlw funding agreement had already 
set into motion a number of activities which continued 
in 1992. 

11.10.1 Acquisitio11 of rcadi11g materials 
As a result of the grant provision of US$20,000 for the 
purchase of books over the grant period, there was a 
sizeable boost in flcquisitions. About 300 books were 
received and accessioned plus 600 reprints relating to 
pest management. It is regrettable, however, that by 
the time the money was remitted it was too late to 
renew all the subscriptions. Therefore only about half 
of the 130 subscriptions were renewed. In addition 50 
other titles continued to come in through donations 
and exchange. 

17.10.2 Computcrisntio11 
The TRC mau1tains a computer database which serves 
not only the needs of the ICIPE users but also the 
partners in the Pest Management Research and 
Development Network (PESTN ET). Theda tabase was 
designed to carry not only descriptive information on 
document acquisitions, but also data on relevant 
personnel, i.nstitutionsand projects. About1000 records 
were e11tered on Ule computer u sing the UNESCO
sponsored software CDS/ISlS. Work was also started 
on the inputting of personnel information and the 
collection of the other types of dat<'l . 



A local area network (LAN) was established in the 
IRC using LANSMART. 'Now the computer d ata in 
the IRC can be accessed from a ny one of its 
microcomputers scattered in thelRC. This networking 
was considerably assisted by the release from 
UNESCO of the networking edition (version 3.0) of 
the database software CDS/ISIS which the IRC u ses. 

The IRC also acquired, installed and tested ISIS/ 
CIRC, the commercially available circulation system 
software that is designed to work with CDS/ ISIS. The 
E-mail facility which has linked ICIPE to the CGNET 
since 1988 was transferred from the Biomathematics 
Research Unit to be managed and operated in the IRC. 
ICIPE became a participating centre in AGRIS, the 
lntemational Agricultural Information System of FAO. 
The TRC as the Centre's executing agent, regularly 
submits data on the Centre's publications to AGRIS 
and in return receives the AGRIS database on CD
ROM as well as the printed AGRJNDEX. 

11.10.3 Pest Mnnngeme11t Documentation mzd 
Informnfiou System nnd Seroicc ( PMDISS) 

The success of the first PMDISS, methodology 
workshop held in Entebbe, Uganda, in August 1991 
ushered in th e active participC~tion of national 
programmes in the implementation of PMDISS, as 
recommended in the planning meeting of 1989 (whose 
Proceedings were also published during the year). 
PMDISS National Coordinating Centres started 
submitting their data to the central database at the 
headquarters and received the quarterly PMDJS$ 
BilJ/iogrnpll!f for current awareness. 

11.10.4 Services 
The emphasis in this regard continued to be on current 
awareness based on the indexing and abstracting of 
journals and databases (on CD-ROM) subscribed, the 
PMDISS database and quarterly bibliography, and 
the in-house Ubrnry n11d Dowmentntion Bulletin. Work 
started on the entry of personnel data is also expected 
to enhance our current awareness service, especially 
selective dissemination of information (SDI). About 
80 retrospective computer searches were done, all of 
them in-house, thanks to the acquisition of databases 
onCD-ROM.Inadditionabout1600documentsupply 
requests were satisfied. 

11.10.5 Professional trnillillg n11d tmvrl 
Staff training under the Swiss funding agreement was 
finalised with the following scholarships: 
• The Senior Librarian spent the period 20 January-

9 February as a visiting scholar at the US National 
Agricultural library in Beltsville, MD. He was to 
observe and get hands-on experience with modem 
information technologies. 

• The MPFS Librarian, Miss Dorothy Achieng 
attended the Training Course on Agricultural 
Information Management at C.A.B [nternational, 
Wallingford, U.K. 20 July- 7 August 1992. 

The IRC hosted five student a ttaclunents, one 
from the Faculty of Informa tion Science, Moi 
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University, another from Kenyatta University, and 
two from the Department of Information and Liberal 
Studies, The Kenya Polytechnic. 

COMMUNICATION, EDITING 
AND PUBLISHING 

11.11 CON1MUNICA TION AND PUBLISHING 

R. Wnslrikrt 

11.11.1 The 1992 lCJPE A mlllnl Rcscnrcll Con[ere11cc 
The 1992 Annual Research Conference marked a 
significant departure from the traditional structure 
and format oflClPE's previous research conferences. 
Instead of reviewing a few selected programmes, the 
Conference focused on a fairly broad scientific theme 
that cu t across a number of research areas within 
!CU)E's programmesi1nd units: 'Insect Behaviour and 
Chemical Ecology in Integrated Pest Management 
(IPM)'. Papers presented at the Conference highlighted 
how research in insect bcha vi our and chemical ecology 
is providing a strong base for the development of 
environmentally friendly and technologically feasible 
and sustainable IPM teclu10logies. 

Anothernew fealureofthis ycar's.Annual Research 
Conference was the introduction of discussion foru ms 
following each of the sub-themes selected for the 
presentations. Prof. P . Esbjerg, Chairman of the 
Programme Committee of the Governing Council, 
guided the discussions on questions ranging from 
strategies in the use of parasitoids, plant-insect 
relationships, regula tion of existing genomes to studies 
C~t the biosynthetic level, dispersal, learning behaviour 
and mass trapping. 

Another discussion forum focused on future 
directions in behaviour and chemical ecology research 
ofhaematophagousarlhropods, including ticks, tsetse, 
mosquitoes and sand flies. The third discussion forum 
centered on what can be done to keep the locust in its 
soli tarious phase. It underlined the fact that much 
more research in behaviour and chemical ecology of 
the desert locust needs to be done before we can 
interfere with the gregarisation process and confine 
the pest to its solitarious state. Other research activities 
not directly linked to chemical ecology were reviewed 
through poster presentations. 

The conference was opened by Mr. F. Stephen 
O'Brien, Chief of the World Bank's Regional Mission 
in Eastern Africa, a practicing economist for over 30 
years. He spoke authoritatively on 'Transformation of 
African Agriculture: The Challenges', and set the tone 
for the next three days of conference deliberations. 

The 1992 forum was particularly successful in that 
the donor community was well represented and an 
array of pertinent issues were discussed freely. The 
forum was chaired by Professor Constantina Safilios
Rothschild, a social scientist from the Wageningen 
Agricultural University, Netherlands, who is also a 
member of the TCIPE Governing Council. Donors 
present included ADB, DANlDA, FINNIDA, IFAD. 
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the Kenya Government, NaHonal Research Institute 
(NRI) - UK, ODA, The Rockefeller Foundation, 
USAlD, UNEP and the World Bank. 

The last d ay of the Conference saw the <uumal 
present<1tion of tl1e ICIPE Medal for Innovative 
Resei'lrch. This year the winner was Mr. Francis Omeno 
Onyango, for his pio neering work on s uccessful 
colonis<1tion <1nd r e<uing of the maize and sorghum 
s tem borer, Busseola fttscn, nn "' semi-:.;ynthetic diet. 
(More informa tion about Mr . Onyango's award
w ilming work is reported under Section 9 on Insect 
and Anima l Breeding). 

Preceding the medal presentation was the ·1992 
Sp ecial Gu est Lecture, whJch this ymu was delivered 
by Profes:.;or F.S. ldachaba, Vice-Chancellor of the 
Univers ity o f Agriculture at Mak urdi, N iger ia . 
Professor ldachabn's lectu re will be published il t i'l 

lilter d ate by TCIPE Scie.nce Press. 

1·1.1 1 .2 Ln11 11Chi11g of the /Cl fl £' s \1 isic111 a/Ill Stmtegic 
Fm111ework for tltc 1990s 

On Friday 2nd October 1992 at a colow·ful cen.•m or1y 
a t Duduvillc, LCU.JE's Visio11 rlllrl Strategic Fram~;·work 

fC/ r the '90s wa:; la unched . Th.e occasion was witnessed 
by a cross sec ti on of l C lPE's s uppo rters nnd 
cons tituency including the donor community, the 
sc ie ntifi c community , na ti o nal programm e 
representa tives, and the diploma tic corps, as well as 
the farming community . 

This plam1ing docume nt evolved tllroug h a se.ries 
of consulta tions a t vario us levels il1clud.ing the user 
community, the interni'l tional R & I) coll aborators, the 
dont.Jr cnm mu11ity an d the national R & D partners ln 
Afr ica, culmj11a li11g ill a two·d <ly meeting ht'ld in 
Nairobi in September 1991 a nd i'Jttended by Di n :ctors 
of R~;:;earc.h in i'lgriculture, Uvestoc.k development, 
health a nd natio nal phuming from over 50 counb·ies 
in /\£rica. 

T he centra l theme of the d ocument highlights the 
crucial role that insects play in red ucing ag ricultura l 
production, hindering tllC'dcvclopmentofthe lives tock 
ind us try, and tri't n:.;rnitting ma jor tropical diseases i.n 
Africa. The document advocates a s trong m ovement 
toward s d eveloping pest manngemen t technologies 
w h ich nre en vi ronme nta lly beni gn , technica lly
d fed ive (but socio-culturally a ccepta ble), hjgh 
teclm ology-based but simple in applic<~tion ), w hile 
nnch.ored on tr<J dition<~l knowl~dge. 

The d ocume nt places a high pre mium on capacity 
building, especially at scientific leadersh ip level, as an 
assm ance for sustain<~ble science-led developmemt in 
Ah·ica . A s p i'l rt of the launching ceremony, live 
d e mons trations ofiC.lPE's NGU trap for tsetse control 
as well CIS other novel approaches to pest control u:sing 
the pt~::; t's nwn s pecific n a tural ene mies, we re 
d emon s tra ted. ICIPE's tra ining ac tivities and 
achi evements over the yea rs were presented through 
pos te r di spl~ys. 

11.11.3 ICIPE receives nwnrd of the Intcmatiollal Sniut 
Frn11cis Prize for thi' £nvirounte11t "Ctmtic/cofn/1 
Creatures" 

The Prize on Education and Communication of the 
1992 intematiOni'll Saint Francis Prize for Environment 
was awarded to JCTPE a t a ce re mony organised by the 
Fmnci.scan Centre of Environmental Stud ies in AssisL 
ftaly on 22nd OctlJber, 1992 (Fig. 11 .1 ). The prize::; a re 
a w ard ed to p e rsons o r ins titutions that ha ve 
dis tingu.ished themselves at the hig hest internntional 
level, for their ClJntribution to the improvement, 
protection or conservation of the environment. 

Fig. 11 1 Acting ICIPE Depuly Director Professor K. N. Soxeno 
receives the St. Fra nc is Prize for the Erwironmenl on behalf of 
t he Centre ot the Francisc an Centre of Environmental Studies 
in Assisl, Italy. 

l.n selecting lClPE for the award 1n the field o f 
Comm~micl'l tiun ilnd Educa tion, the jury, composed o f 
e mine nt p ersons representing the humanities, science 
and inte rn<1 tion<1 1 orgtmi sn tions, recognised the 
h·emendou~ effort fCIPE has mad e in the sphe re o f 
educa tio n a nd communica tion 011 insect p est 
management. The jury noted that ICTPE's tr!'lining 
progr?lmm(;!::; nre firml y based on the develo pment o f 
innovative p est management systems that contribute 



to maintaining and enhancing the quality of tile 
environm~nt, conserving natural resources and 
promoting the earth's biodiversity. These principles 
are in hflrmony and conform to the values and ideals 
as expressed i.n the St. Francis ''Crmticle of a ll 
Creatures". 

1'1 .12 SCIENTIFIC EDITING 

A. Ng ' CII]I·Mengech 

Following the reorganjsation of ICIPE's progrummcs 
and units which occurred in September 1992, the 
position of Senior Science Editor was transferred from 
the IOPE Science Press (ISP), to tlle newly-fonncd 
programme of lBIRI. The re-defined duties of the 
editor me to internally edit the scientific manuscdpts 
originating from IC1PE's research programmes prior 
to their submission to international journalsi to edit 
and compile the Annual Report; to assist in any other 
editorial work as may b~ required, such as conference 
proceedings, reports of seminars and meetings, project 
proposals, donor reports, etc. 

rn 1992, over 75 scientific manuscripts passed 
through the office of the Senior Science Editor, as well 
as reports and Proceedings of several workshops and 
conferences. TC!PEalso houses theofficeofthescientific 
editor of the journallnsccf Science n11d its App/icnticm, 
which is published by the JClPEScience Pre:;:;. Volume 
13 (6 i:;sues) was produced this year. 

The editing unit of the ICIPE was further 
strengthened in early 1992 by the addition of a Senior 
PublicatiOn$ Officer, who is responsible for the editing 
of two ofiCIPE' s major publicity tools, Durlu newsletter 
and Nctwork News, as well as coordinating all of the 
other newsletters and publicity material emanating 
from the individual programmes. 

The end of 1992 n1arked the retirement from ICJPE 
of the Principal Science Editor, Dr. M.F.B. Chaudhury, 
who served the Centre in several capacities for 17 
years, first and foremost as an insect physiologist of 
international repute,<md as the Programme Leader of 
the Sensory Physiology Research Unit. Dr. Chaudhury 
was re-assigned as the Principal Science Editor at the 
ISP in 1991 . He finished off his tenure at TCIPE by 
compiling and editing a manual for l11sect Physiology 
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nnd 8ioclremistry, the firs t manual in the PEW Africa 
Ecology Series, at1d editing of a second PEW manual, 
lllscct Pop11/ntion Ecology: A11 African Perspective 
(compiled by Prof. J. S. Elkinton of the University of 
Massachusetts), boU1ofwhich arecurrentlyil1 press at 
the JSP. 

11.13 ICTPE SCIENCE PRESS 

A. Kntn11tn a11d W. Oyuko 

1992 was a transitionnJ year for JClJ)E Science Press 
OSP) . The Press began operating on a more market
oriented basis, as opposed to being an en ti.rel y service
oriented department. The lSP continues to be involved 
in high quality production of journals, proceedings, 
books, illus trat-ions, and posters, to list a few. Th.is 
i11cludes Ule w hole g<mmt of production procedures 
involved, such as con ceptualisa tion, design, 
typesetting, layout and printing. Over 80% of our 
printing needs are now handled in-house. 
Subcontracted outside are procedures such as perfect 
binding. 

TSP equipment and staffing levels remail1 very 
modest, considering the volume of work generated. 
Production schedu les as a result are very tight, but we 
monage to meet most of our deadlines. In order to 
bridge the shortfall in s taffil1g,lSP has introduced the 
University Student Attachment Programme (USAP), 
a collabora tive programme between ISP and universil y 
students within the region. The attachment programme 
is brief, rmel y exceeding three 111011 ths, and is 11 in1ed a t 
exposing s tudents to the production of manuscripts, 
documents and books. The USAP programme 
facilitates cutting down of costs at !SP and helps clear 
the backlog of work as we II as speeding up production. 

Some of the titles produced during the year are: 
• 1991 ICIPE Aw111al Report (ISBN 92 9064 046 4) 
• Volume 13 of Insect Science nnd its Applicntio11 (6 

issues) 
• Vis-lou nud Stmtcgic Framework forth~ 1990s. (ISBN 

92 9064 048 X) 
• Mni11tailting 1111rl Servicing of Scit•IJ/ ific Equ ipmenl i11 

Africa. (ISBN 92 9064 049 9) 
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1992 Publications 
by ICIPE staff* 

.. Articles prrblisllcd in referet'tl jorrmals. Tlrt• list does not irrcludc rtrnnrrscripts ill press nrrd tlrose srrbmifft·d drtrirtg 1992. 

Ajala, S. 0. 1992. I11heritance of resistance in maize to 
the spotted s tem borer, Cllilo partellus (Swinhoe). 
Maydicn. 37, 363 - 369. 
92-1086 

Alg h a li, A. M. 1992. Compo ne nt technology 
d evelopment: An integra ted tick managemen t 
approach for livestock production in Africa. f11sect 
Scic11ce nmi its Applicnticm. 13(4), 609-612. 
92-111 7 

Amoo, A. 0. J. 1992. Studies on the biology of African 
ticks: A review of the past, <md present with gu ides 
for the future. l11sect Science a11d its Applicatio11. 
13(4), 569-577. 
92-11 19 

Asim eng, E. J.; M u ti nga, M .J. 1992. £sola tion of 
mosquito-toxic bacteria from mosquito-breeding 
sites in Kenya. joumnl of the A111crictm Mosqllito 
Coutrol Associatio11. 8(1), 86-88. 
92-1 030 

Basimike, M.; Mutinga, M. J.; Kumar, R. 1992. Habitat 
p refere nce a n d season a I va r ia tions of 
phlebotomine sandflies (Diptera:Psychodidae) in 
M arigat area, Baringo District,Kenya. /usect Scierrce 
a11d its Applicntio11 . 13(3), 307- 314. 
92-1065 

Basim ike, M .; Mutinga, M. ].; Kumar, R.; Munyinyi, D. 
1992. Relative abundance of adult p ll leboto mine 
sandflies (Diptera:Psychodidae) in relation to soil 
characteristics of the ir breeding sites in Baringo 
Dis trict, Kenya. Euviro111nental E11tomolog1j. 21 (5), 
1114-11 20. 
92-1071 

Basimike; M.; Mutinga, M. ]. 1992. The rela tive 
abundance of Phlebotomus mnrfi11 i Parrot and P. 
duboscqi Neveu-Lemajre (Diptera:Psychod.id ae) in 
an imal burrows and termite mounds in Marigat 

Location, Baringo District, Kenya. l11secf Science 
ami its A11plicntiou. 13(2), 173-176. 
92-1044 

Bentley, M. D.; Gaul, F.; Rajab, M. S.; Hassanali, A. 
1992. Tetranortriterpenes from Turracn mlmstn. 
Journal of Nnturnl Products. 55(1 ), 84-87. 
92-1093 

Brightwell, R.; Dransfield, R. D.; Williams, B. G. 1992. 
Factors affecting seasonal dispersal of the tsetse 
flies Glossi11a pallidipes and Glossina longipemlis 
(Diptera: Glossinidae) a t Nguruma11, South-West 
Kenya. Brtllefin of Eufomologica/ Rest!arclt. 82, 167-
182. 
92-1052 

Brownbridge, M.; O nyango, T. 1992. Laborntory 
evaluation o f fou r commercial p reparations of 
Bacillus thuri11giC11sis (Berliner) against the spotted 
stem bo rer, Chilo parte/Ius (Swinhoe) (Lep; 
Pyralidae). Journal of Applieii E11tomology. 113, 159-
167. 
92-1082 

BrownbridgeM.;Onyango, T.1992.Screeningofexotic 
and locally isolated Bacillus thuriltgiellsis (Berliner) 
strains in Kenya for toxicity to the spotted s tem 
borer Chilo parte/Ius (Swinhoe). Tropical Pest 
Marwgeme11t. 38, 77- 81. 

Denlinger, D. L.; Zdarek, J. 1992. Rhythm ic pulses of 
haemolym ph pressure associa ted with partura tion 
and ovulation in the tsetse fly, Glossina morsitm1s. 
Physiological E11tomology. 17, 127-130. 
92-1058 

Dipeolu, 0 . 0.; Mongi, A. 0.; Essuman, S.; Amoo, A. 
0 .; Ndungu, ]. N. 1992. Studies on natura lly 
acquired immuni ty to African ticks: II. 
Observations on cattle exposed to RhipiceplutltiS 
nppemficu/atus under varying periods of repeated 
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infestations. Veterinnn; Parnsitolog1;. 41(3-4), 293-
320. 
92-1026 

Essuman, S.; Hassanali, A.; Nyindo, M.; Ole-Sitayo, E. 
N.1992.Augmentationofhost'snatura11yacquired 
immunity by solubilized membrane-bound 
midgut proteins of the tick R!lipicepltalus 
appendiculnttts. Journal of Parasitology. 78(3), 466-
470. 
92-1072 

Fargues, ].; Maniania, N. K.; Delmas, J. C.; Smith, N. 
1992. Influence de Ia temperature sur Ia croissance 
in vitro d'hyphomycetes entomopathogenes. 
Agnmomie. 12, 557-564. 

Hassan, S.M.; Dipeolu, 0 . 0 .; Munyinyi, D. M. 1992. 
Influence of exposure period and management 
methods on the effectiveness of chicken as 
predators of ticks infesting cattle. Veterinary 
PnrasitologJJ. 43, 301-309. 
92-1078 

Jmbuga, M. 0.; Osir, E. 0 .; Labongo, V. L. 1992. 
Inhibitory effect of Trypanosoma bmcci brucei on 
Glossina morsitans midgut trypsin in vitro. 
Parasitology Research. 78, 273- 276. 
92-1061 

lmbuga, M. 0.; Osir, E. 0 .; Labongo, V. L.; Darji, N .; 
Otieno, L. H. 1992. Studies on tsetse midgut factors 
that induce differentiation of blood-stream 
Trypanosoma brucei brucei in vitro. Parasitology 
Research. 78, 10- 15. 
92-1062 

Jura, W. G. Z. 0 .; Davies-Cole,]. 0. A. 1992. Some 
aspects of mating behaviour of Glossinn morsitans 
morsitans males infected with a DNA virus. 
Biological Control. 2, 188-192. 
92-1080 

Kaaya, G. P. 1992. Non-chemical agents and factors 
capable of regulating tick populations in nature: a 
mini review. Insect Science and its Application. 13(4), 
587-594. 
92-1106 

Kadd u,]. B.; Mutinga, M. J .; Nokoe, 5.; Musyoki, R. M. 
1992. Phytophagy of Sergentomyia ingrnmi I. 
Feeding rates. Insect Science and its ApplicaHon. 
13(5), 731-735. 
92-1111 

Kaddu,J. B.; Mutinga, M. ].; Nokoe, 5.; Musyoki, R. M. 
1992. Phytophagy of Sergentomyia ingrnmi 11. 
Feeding performance on selected indigenous and 
exotic plants. Insect Science and its Application. 13(6), 
807-811. 
92-1121 

Koppenhofer, A. M.; Seshu Reddy, K V.; Madel, G.; 
Lu bega, M. C. 1992. Predators of the banana weevil, 
Cosmopolites sordid11s (Germar) (Coleoptera: 
Curculionidae) in Western Kenya. Joumal of Applied 
E11tomo/ogy. 114,530-533. 

Kumar, H. 1992. Patterns of stem borer incidence and 
damage to twocultivars of maize in the field. Insect 
Science and its Application. 13(2), 211-216. 
92-1046 

Kumar, H. 1992. Inhibition of ovipositional responses 
of Chilo parte/Ius (Lepidoptera: Pyralidae) by the 
trichomes on the lower leaf surface of a maize 
cultivar. Journal of Economic £11tomology. 85(5), 1736-
1739. 
92-1091 

Lwande, W.; Hassanali, A.; McDowell, P. G.; Moreka, 
L.; Nokoe, S.; Waterman, P. G. 1992. Constituents 
of Commiphorn rostrnta and some of their analogues 
ns maize weevil, Sitophilus zeamais repellents. I 11sect 
Scie11ce and its Applicntio11. 13(5), 679-683. 
92-1113 

Mahamat, H.; Hassanali, A.; Mutinga, M. ].; Morgan, 
H. 1992. Characterisation of phlebotomine 
sandflies (Diptera: Psychodidae) of Kenya using 
isoenzyme analysis . Acta Entomologica 
Boltemoslovaca. 89, 351-356. 
92·1081 

Mahamat, H.; Hassanali, A.; Morgan, H.; Mutinga, M. 
}.; Mihok, 5.; Massamba, N. 1992. Isoenzyme 
analysis of Kenyan phlebotomine sandflies 
(Diptera:Psychodidae) by isoelectric focusing (IEF) 
on pharmacia phast system. Biochemical Systematics 
a11d Ecology. 20(7), 593-596. 
92-1070 

Majiwa, P. A. 0.; Maina, M.; Waitumbi, J. N.; Mihok, 
5.; Zweygarth, E.l992. Tn;panosonw (Nannomonas) 
congolcnse: Molecular characterization of a new 
genotype from Tsavo, Kenya. Parasitology. 106, 
151-162. 
92-1109 

Malonza, M. M.; Dipeolu, 0. 0 .; A moo, A. 0.; Hassan, 
S. M. 1992. La.boratory and field observations on 
anti-tick properties of the plant Gyna11dropsis 
gynandra (L) Brig. Veteriunry Parasitology. 42, 123-
136. 
92-1059 

Maniania, N. K 1992. Pathogenicity of entomogenous 
fungi (H yphomycetes) to larvae of the stem borers, 
Chilo parte/Ius Swinhoe and Busseola fuscn Fuller. 
Insect Science and its Application. 13(5), 691-696. 
92-1112 

Maniania, N. K.; Gargues, ]. 1992. Susceptibility of 



Mamestra brassicae (L) and Spodoptera littoralis 
(Boisd.) (Lept., Noctujdae) larvae to hyphomycetes 
Paecilomyces fumosoroseus (Brown and Smith) and 
Nomuraea rilet;i (Samson) at two temperatures. 
]ormml of Applied Entomology. 113, 518-524. 

Massamba, N. N.; Mutinga, M. ]. 1992. Recombinant 
kinetoplast DNA (kDNA) probe for identifying 
Leishma11ia tropica. Acta Tropicn. 52, 1-15. 
92-1079 

Massamba, N. N .; Mutinga, M. ].; Odero, B. N. 1992. 
Leishmania parasites and their kinetoplast DNA 
(kDNA). Insect Science a11d its ApplicntiotJ. 13(3), 
293-306. 
92-1066 

Mbogo, S. K; Osir, E. 0.; Mongi, A. 0 . 1992. Host 
immunoglobulin G in the haemolymph of the 
brown ear tick, Rhipicephalus appendiculatus 
(Neumaml, 1901). IIIsect Sciencea11d Its Application. 
13(4), 481-485. 
92-1147 

Mihok, S.; Munyoki, E.; Brett, R. A.; jon yo,]. F.; Rottcher, 
D.; Majiwa, P. A 0 .; Kangethe, E. K.; Kaburia, H. 
F. A.; Zweygarth, E. 1992. Trypanosomiasis and 
the conservation of black rhinoceros (Diceros 
bicomis) at the Ngulia Rhino Sanctuary, Tsavo 
West National Park, Kenya. African Joumal of 
Ecology. 30, 103-115. 
92-1060 

Mihok, S.; Olubayo, R. 0.; Moloo, S. I<. 1992. 
Trypanosomiasis in the black rhinoceros (Diccros 
biconi11us Linnaeus, 1758). Revlie Scielltifique et 
Tech11ique Office lntemational des Epizoofies. 11(4), 
1169-1173. 

Mihok, S.; Otieno, L. H .; Darji, N.; Munyinyi, D. 1992. 
Influence of D( + )- glucosamine on infection rates 
and parasite loads on tsetse flies (Giossimt spp.) 
infected with Tnjpanosoma lmtcei. Acta Tropica. 51, 
217-228. 
92-1073 

Mihok, S.; Otieno, L. H.; Tarimo, C. S. 1992. 
Trypanosome infection rates in tsetse flies (Diptera: 
Glossinidae) and cattle during tsetse control 
operations in the Kagera River region in Rwanda. 
Bulletin of Entomological Research. 82, 361- 367. 
92-1074 

Mutero, C. M.; Mutinga, M. ].; Birley, M. H.; Amimo, 
F. A.; Munyinyi, D. M. 1991. Description and 
performance of an updraft trap for sandflies. 
Tropical Medicine a11d Parasitology. 42, 407-412. 

Mutero, C. M.; Mutinga, M. ].; Ngindu, A.M.; Kenya, 
P. R.; Amimo, F. A. 1992. Visceral leishmaniasis 
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and malaria prevalence in West Pokot District, 
Kenya. East African Medical joumal. 69(1), 3-8. 
92-1023 

Mutinga, M. J. 1991. A review on investigations of 
leishmaniasis vectors in Kenya. Parasitologia. 33(1), 
453-461. 

Mutinga, M. ]. 1992. Leishmaniasis: What is new in 
transmission [Editorialj. East African Medical 
]oumnl. 69(1), 1- 2. 
92-1022 

Mutinga, M. J .; Kamau, C. C.; l3asimike, M.; Mutero, C. 
M.; K yai, F. M. 1992. Studies on the epidemiology 
of leishmaniasis in Kenya: Flight range of 
phlebotomine sandflies in Marigat, Baringo 
District. Enst Africall Medica/Journal. 69(1), 9- 13. 
92-1024 

Mutinga, M. ).; Mutero, C. M.; Basimike, M.; Ngindu, 
A. M. 1992. The use of permethrin-impregnated 
wall cloth (Mbu doth) for control of vectors of 
malaria and leishmaniasis in Kenya-!. Effect on 
mosquito populations. Insect Science and its 
Applicatio11. 13(2), 151- 161. 
92-1042 

Mutinga, M. ].; Mutero, C. M.; Basimike, M.; Ngindu., 
A. M. 1992. The use of permethri.n-impregnated 
wall cloth (Mbu cloth) for the control of vectors of 
malaria and leishmaniasis in Kenya-11. Effect on 
phlebotomine sandfly populations. Insect Science 
and its Applicatio11. 13(2), 163-172. 
92-1043 

Mutinga, M. J.; Renapurkar, D. M.; Wachira, D. W.; 
Mutero, C. M.; Basimike, M. 1992. Evaluation of 
the residual efficacy of permethrin-impregnated 
screens used against mosquitos in Marigat, Baringo 
District, Kenya. Tropical Medicine and Parnsitolog~;. 
43(4), 213-294. 
92-1083 

Mwangi, J. W.; Addae-Mensah, 1.; Muriuki, G.; 
Munavu, R.; Lwande, W.; Hassanali, A. 1992. 
Essential oils of Lippia species in Kenya. IV. Maize 
weevil (SitophilusUilmais) repellency and Larvacidal 
activity. International journal of Pharmacognosy. 
30(1), 9- 16. 
92-1096 

Nguu, E. K.; Osir, E. 0.; Ochanda, J. 0.; Olembo, N. K. 
1992. Isolation and properties of a 23-KD 
haemolymph protein from the tsetse, Glossina 
morsitans morsitans. Insect Science and its Application. 
13(2), 189-197. 
92-1045 

Nokoe, S. 1992. Modelling for the management and 
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control of ticks: Special consideration and ICIPE's 
approach. fn sect Science n11d its Application. 13 
(4), 545-549. 
92-1118 

Nokoe, S.; Meena, H .; Munyinyi, D.; Punyua, D. K.; 
Latif,A. M.;Okello,0.1992.Acomputer-simulated 
model for U1e biology and control of Rhipiccplmlus 
appendiculatus Neumann (Acari:Jxodidae). Insect 
Scie11ce mui its Applicatio11. 13(1), 95-104. 
92-1020 

Nokoe, S.; Punyua, D. K; Capstick, P. B.; Latif, A. A. 
1992. Non-tick stock-specific index for assesing 
resistance of Zebu cattle to Rlzipicephalus 
appendiculatus Neumann (Acarina: Ixodidae). Insect 
Science and its Applicatio11. 13(5), 685-690. 
92-1114 

Odindo, M. 0. 1992. Future prospects for application 
of insect pathogens as a component of integrated 
pest management in tropical root crops. Biocollfrol 
Science mrd TeclmolagJJ. 2, 179-191 . 
92-1077 

Odindo,M. 0. 1992. Screenhouse trials on the potential 
of Nose!IU!IIIflntcae for the control of Clzilo parte/Ius. 
Entomologia Experime11tnlis el Applicatn. 65, 283-
289. 
92-1107 

Odindo, M. 0.; Jura, W. G. Z. 0. 1992. Ultrastructure 
of Nosema mar11cae spp. n. (Microspora, 
Nosematidae), a pathogen of Maruca tcstulnlis 
(Lepidoptera: Pyralidae). Cu rrellt Microbiolofw 25, 
319-325. 
92-1095 

Odindo, M . 0.; Opondo-Mbai, M.; Amutalla, P. A. 
1992. Effects of sorghum phenology on the control 
of Chilo pnrtellus with Nosemamarucae (Microspora: 
Nosema tid a e). Bioco11 trol Scimce n nd Tecltnology. 2, 
307-314. 
92-1094 

Ogenga-Latigo, M. W.; Baliddawa, C. W.; Ampofo, J. 
K. 0. 1992. Influence of maize row spacing on 
infestation and damage of intercropped beans by 
the bean aphid (Aphis fabae Scop.).Jl. Reduction in 
bean yields. Field Crops Researclt. 30, 123- 130. 
92-1075 

Ogwang, J. A.; Odindo, M. 0. 1992. Studien zur 
ultrastraktur der transovarialen ubertragung von 
Nosema marucae Odindo and Jura (Sporoz., 
Nosen'latidae) auf Chilo pnrtellus Swinh. (Lep .• 
Tortricidae). Anuiger Scfradlingskrwde 
Pflanzellsclrutz. Umwcltschtz. 65, 48-50. 
92-1108 

Oloo, G. W. 1992. Life tables and intrinsic rate of 
na tural increase of Pediobius fun,us 
[Hym;Eulophidae ] on Chilo parte/Ius [Lep: 
Pyralidae). Entomoplragn. 37(1), 29-35. 
92-1146 

Otter, C. j. den. 1992. Responses of the African 
armyworm ;md the three species of borers to 
cmbohydrates and phenolicsubstances. An electro
(lnd beh<wioral physiological study. E11tomologia 
E.tpcrilllenfnlis et A11J1Iicatn. 63, 27-37. 
92-1100 

Pathak, R. S.; Othieno, S.M. 1992. Diallel analysis of 
resistance to the spotted stem-borer(Chilo pnrtellus 
Swinhoe) in maize. Mnydica. 37, 347- 353. 
92-1084 

Punyua, D. K. 1992. A review of the development m1d 
survival of ticks in tropical Africa. Insect Scie11ce 
n11d its Application. 13(4), 537-544. 
92-1120 

Punyua, D. K.; Hassan, S. M. 1992. The role of host 
management in tick population changes on 
Rusinga Island, Kenya. Experime11tal and Applied 
Acarology. 14, 61--65. 
92-1053 

Reddy, K. V. S.; Sum, K. 0 . S. 1992. Yield irtfestation 
relationship and determination of economic injury 
level of the stem borer, Chilo partellus (Swinhoe) in 
three variations of maize, Zen mays L. Mnydica. 37, 
371- 376. 
92-1085 

Rogo, L. M.; Kokwaro, E. D.; Mutinga, M. j.; Khamala, 
C. P.M. 1992. Differentiation of vector species of 
Phlebotominae (Diptera: Psychodidae) in Kenya 
by chorionic sculpturing of their eggs. }oumal of 
Medical E11t01uology. 29(6), 1042-1044. 
92-1103 

Saini, R. K.; Hassanali, A.1992. Olfactory sensitivity of 
tsetse phenolic kairomones. llzsect Science and its 
l\pplicntio11. 13(1), 95-104. 
92-1021 

Saxena, K. N. 1992. Larval d evelopment of Chilo 
pnrtellus (Swinhoe) (Lepidoptera:Pyralidae) on 
artificial diet incorporating leaf tissues of sorghum 
lines in relation to their resistance or susceptibility. 
Applied E11tomology and Zoology. 27(3), 325- 330. 
92-1076 

Ssenyonga,J. W.1992. Workingwithfarmerstodevelop 
integrated tick management. I11sec:t Science and its 
ApplicnfiOJz. 13(4), 599-606. 
92-1116 



Torto, B.; Addae-Mensah, L; Moreka, L. 1992. 
Antifeedant activity of Piper guineense Schum and 
Thonn. am ides against larvae of the sorghum stem 
borer Chilo parte/Ius (Swinhoe). I11scct Science a11d 
its Application. 13(5), 705-708. 
92-1115 

Vundla, W. R. M.; Brossard,M.; Pearson, D.J.; La bongo, 
V. L. 1992. Characterization of aspertic proteinases 
from the gut of the tick, Rhipiceplwlusappmdicu/atus 
Neuman. lusect Biochemistrya11d MoleCIIIar Biology. 
22(4), 405-410. 
92-1064 

Waladde, S.M.; Ochieng' , S. A. 1992. Advances in the 
artificial feeding of ticks. Insect Scimce and Its 
Applicatiou. 13(4), 579-583. 
92-1145 

Williams, B.; Dransfield, R.; Brightwell, R. 1992. The 
control of tsetse flies in relation to fly movement 
and trapping efficiency. Jouma/ of Applied Ecology. 
29(1), 163-179. 
92-1040 

Zdarek, J .; Denlinger, D. L 1992. A ro le of the nervous 
system in coordinating pupariation in tsetse larvae. 
Adva11ces i11 Regulation of ll1sect Reproduction. 317-
319. 
92-1067 

Zdarek,J .; Denlinger, D. L. 1992. Eclosion behaviour in 
tsetse (Diptera: Glossinidae): extrication from the 
puparium and expansion of the adult. Journal of 
l11sect Behaviour. 5(5), 657-668. 
92-1063 

Zdarek, J.; Denlinger, D. L.; Otieno, L. H . 1992. Does 
the tsetse parturition rhythm have a circadian 
basis? Physiological EntomolotiW 17, 305-307. 
92-1068 

Zdarek, j .; Denlinger, D. L. 1992. Neural regulation of 
pupariation in tsetse larvae. Joumal of Experimental 
Biology. 173, 11-24. 
92-1090 

RcpriHtsofnrticles with n rn/1 1111111ber nt the end ofthecitatioll ~'11 11 
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MISCELLANEOUS PUBUCA TIONS BY 
ICIPESTAFF 

A. CONFERENCE PROCEEDINGS 

Inaya tullah, C.;Ojwang, D. 0 .; Hassanali, A.; El Bas hir, 
S. Visual responses of the desert locus t, Sch istoce-rcn 
gregaria, to reflecta nce from surfaces of diffe rent 
colours. p 124. In: Proceedings oft he XIX International 
Co11gress of £11tomology, Beijing, China, 1992. 
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Kaaya, G. P.; Mwangi, E. N . Pathogenicity of Beauveria 
bassiana and Metarhizium anisopliae for larvae of 
tsetse Glossina morsitans and adult tick Rhipicephalus 
appe11diculntus. In: Proceedings of the Society for 
I11vertebrate Pathology Conference, Heidelberg, 
Germany, August 16-21, 1992. 

Lux, S. A. Ethological analysis and simulation of 
behaviour as a tool in applied entomological 
research. p. 217. In: XIX International Congress of 
Entomology, Beijing, China, June 28-July 4, 1992. 

Lux, S. A. Pheromonal traps - a tool for monitoring 
pest population or just for trapping insects? In: 
XIX lntemafional Congress of EntomolDgJJ, Beijing, 
China, June 28-]uly 4, 1992. 

Meena, H.; Nokoe, S. Assessment of ICIPE's 
involvement in electronic networking, including 
its experiences with CGNET. In: Proceedings of 
Joint American Association for the Advancement of 
Scie1tce & African Academy of Sciences Work.~hop 011 

Science a11d Teclmology Commu11ication Networks ht 
Africa, Nairobi, Kenya, August 27-29, 1992. 

Munyinyi, D. M. A systematic approach to the 
evaluation and procurementofstatistical packages 
for biological investiga tions. pp. 61-72. In: 
Proceedi11gs of 2nd Meeting of t!Je Biometric Society 
East, Ce11tral a11d So11them Africa Network, Harare, 
Zimbabwe, November 23- 28, 1991. 

Nokoe, S. Analyses of multivariable entomological 
trials. pp. 91- 104. In: Proceedi11gs of211d Meeting of 
tlte Biometric Society East, Cmtrnl amf Southern Africa 
Network, Harare, Zimbabwe, November 23- 28, 
1991. 

Nokoe, S. Research protocol for effective biometric 
advice. pp. 20-28.ln: Proceedings of 2tld Meeting of 
the Biometric Society East, Cent rnl and Sou til em Africa 
Network, Harare, Zimbabwe, November 23-28, 
1991. 

Nokoe, S. Role of biomathemnticS in pest and vector 
ma nagement. pp. 19-21. In: Proceedi11gs of tile 1st 
Conferellceofthe Kenyn Matlwmaticnl Society, Nairobi, 
Kenya, August 19-21, 1992. 

Nokoe, S. StCI tus of statistics and computing in western 
and eastern Africa. pp. 123-136. In: Proceedings of 
lil vifed Papers, XVIt/1 llltel'llational Biometric 
Confcrwce, Hamilton, New Zealand, December 7-
11, 1992. 

Odindo, M. O.; Ochoggo, L. W.; Obilo, J, O.; Ongoma, 
]. A.; Ogwang, j. A Field evnlua tion of Hirsutella 
tlwmpsonii (Hyphomycetes) for the control of 
cassava green spider mite. In: Proceedings of Africa I! 
Association of l11sect Scientists Co11ferellce, Accra, 
Ghana, September 23-27, 1991. 
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Odulaja, A.; Nokoe, S. Design and analysis of 
experiments for comparing the efficiency of 
different tsetse traps-Preliminary investigations. 
Tn: Proceedings XV!th lntenwtionnl Biometric 
Conference, Hamilton, New Zealand, December7-
11, 1992. 

Odulaja, A.; Nokoe, S. Mathematical models for the 
analysis of uniformity trial data. In: Proceedings of 
the 1 sf Conference of tlte Ke11yn Mnthemnticnl Society, 
Nairobi, .Kenya, August 19-21, 1992. 

Osir E. 0.; Magoma, G. N.; Vundla, M. W.; Kenya E. 
Bacil1115 tlturingic11sis endotoxins active against Chilo 
partellus and Glossina morsitans. In: Proceedings of 
the lllfemntional Symposi11m on Maungement of insect 
Pests: N11clear rmd Related Molewlar and Ge11etic 
Tccltniqlles, Vienna, Austria, October 1992. 

Owino, J. 0. A. Comparison of educational charac
teristics of males and females. In: Proceedings of tlte 
1st Confrrence of fltc Kenya Matlremnficnl Society, 
Nairobi, Kenya, August 19-21, 1992. 

Saxena, R. C. Biointensive management of insect 
pests of rice. p. 351 . In: Proceedings of tlte XJX 
lntemafional Co11gress of Entomology, Beijillg, China, 
June 28-July 4, 1992. 

Saxena, R. C. Botanical pest control in rice-based 
cropping system in Asia. p. 557. In: Proceedings of 
lite XIX l11ternaticmnl Co11gress ofEnlomologt;, Beijing, 
China, June 28-July 4, 1992. 

B. ARTICLES IN NEWSLEITERS 

Ajala, S. 0. Selection for resistance to the spotted 
stemborer Chilo parte/Ius in maize. Annual Pln11t 
Resistn11ce to Insects Newsletter 18:124, 1992. 

Chitere, P. 0 . On the concept of the 'resource-poor' 
farmer. Dialog11c, fCfPE, 4-6 1992. 

Kiros, F. G. Coming to terms with the issues of 

deve lopment and the enviro nment. Whydnh 
(African Academy of Sciences), 3 (1 ), September 
1992. 

Kiros, F. G. Criteria for assessing teclmological fit in 
traditional agricultural systems. Dialogue, ICIPE, 
3-11992. 

Kiros, F. G. For Earth' s Sake, Commission on 
Developing Countries and Global Change. 
Discovery and Jmuruntio11, African Academy of 
Sciences, 4 (3), September 1992. 

Kiros, F. G. Kenya : Monitoring living conditions and 
consumption patterns. Whydnlz 3 (2), December 
1992. 

Kiros, F. G. Teclmology impact asse::>sment and the 
environment: The need for a multidisciplinary 
approach. Dialogue, ICJPE, 5-10 1992. 

Lako, G. T. On technological and economic efficiency. 
Dialogue 4-6 1992. 

Nour, A.M. Incorporation of resistance to stem borer 
Chilo parte/Ius into elite sorghum lines. Annual 
Pln11t Resistance /o /usee/ Newsletter 18, 1992. 

Oendo,A. W. On the sncial acceptabilityoftechnology 
in African nuaJ settings. Dialog11e 4-61992. 

Overholt, W. A. Classical biological control of Chilo 
parte/Ius: An ecologically rational approadl to pest 
management. DUOU, 14, 1992. 

Saxena, K. N.; Odindo, M. 0.; Ampong-Nyarko K.; 
Seshu Reddy K. V. Compatibility of stemborer
resistant / tolerant sorghum lines with 
intercropping and biocontrol agents for IPM. 
Ann11al Pln11t Resistance to Insects Newsletter 18:18 
1992. 

Ssennyonga,J. W. Incorporating suslainability in the 
IPM research agenda. Dialogue 4-6, 1992. 
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1992 Seminars 
at ICIPE 

SPEAKER 
Dr. D. Obeng-Ofori 
Locust Research Programme 
TCIPE 

Dr. Annett Wnlker 
H ymenopterist, 
Intcmationallnstitute of 

. Entomology, UK 

Prof. K. N. Saxcnn 
Programme Leader, 
Crop Pests Research Programme 
ICLPE 

Dr. Wendimngcgn Mnmmo 
Department of Chemistry 
Addis Ababa University 
Ethiopia 

Dr. ]n11 N. C. Va11 dcr Pas 
Syntech, Netherlands 

Dr. S. Lllx 
Crop Pests Research Programme 
IcrPE 

Prof. S. El-Bashir 
Programme Leader, 
Locust Research Programme 
lCIPE 

Dr. S. K. Rni11n 
Locust Research Programme 
ICfPE 

Dr. M. ]. M11tinga 
Programme Leader, 
Medica l Vectors Research 
Programme, IClPE 

Dr. M. F. B. Cllnudlwry 
Principal Science Editor 
IClPE Science Press 

TOPIC 
UscofPheromonesinStored ProductPestManagementSystems 

The Bulletin of Entomological Rese<trch-Its Policies and 
Procedures 

Crop Pests Research Programme: Activities and Pl;ms 

Pigments from Arnliorltnllllts vnginatn 

Chemical Communication-A Dynamic Process 

Economy of the Khapra Beetle Reproductive Behaviour 

Locust Research Programme: Hs Research and Activities 

From Grub to Gin mour: Sericu ltu re for Resource-Poor Farmers 

Medical Vectors Research Programme: Its Research and 
Activities 

The Art of Science Wrjting 
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Dr. T. S. Dadllinlln 
Department of Entomology 
Michigan State University, USA 

Mr. Alwin Hocgcrlc 
Proprietor, 
Integrated Systems 

Prof. Mariam Stickle11 
Michigan State University, USA 

Dr. Philip M. Nktmikn 
Head, Department of Biology 
University of Zambia 

Dr. l.Aum 8rczi11skt; 
International Centre for 
Research on Animal Diseases 
<ILRAD), Nairobi 

Dr. Keith james 
ILRAD, Nairobi 

Mr. Donn Dnkouo 
ARPPIS Class of 1990 
JCJPE 

Dr. Gary Bemon 
USDA-APHIS, USA 

Dr. Eben~.->zer f. Asimeng 
Medical Vectors Research 
Programme, ICIPE 

Dr. Samuel M. Wnlndde 
Sensory Physiology Research 
Unit, ICWE 

Prof. j . W, Smitlr 
Texas A & M University, USA 

Dr. Franz Bigher 
Swiss Federal Research Station 
for Agronomy, Zurich, 
Switzerland 

Dr. Miclrne/ Wclli11g 
Institut fur biologischen 
Pflanzenshutz, Darmstadt, 
Germany 

Dr. Geolinde Nachtigale 
Institut fur biologischen 
Pflanzenshutz, Darmstadt, 
Germany 

Ms. jane Rees 
Research Fellow, 
Oxford University, UK 

The Biochemical and Molecular Basis of Egg Production in 
Insects 

Screen Machine and Visuallnformation 

Improving African Crops for Pest Resistance 

Termites as Major Pests of Building Timber, Forestry a.nd 
Agriculture in Zambia: An Overview 

Molecular and Evolutionary CharacterisCition of a Transposable 
Element from the Endemic Hawaian Drosop,ila 

Molecular Approaches to the Isolation and Characterisation of 
Genes Encoding Immunogenic Proteins: The Case of Theileria 
pnrvn 

Development and Implementation of IPM in an Irrigated Rice 
Environment-A Successful Case in Burkina Faso 

Colorado Potato Beetle-A Global Perspective 

The Effect of Rice Husbandry on Mosquito Breeding at Mwea 
Rice Irrigation Scheme with Reference to Biocontrol Strategies 

Mating Behaviour of MaruCil /estulnlis Geyer (Lepidoptera: 
Pyralidae) 

Foraging Strategies of Parasites of Stalk Borers of Tropical 
Graminaceous Crops 

Quality Control in Tricltogrnmmn 

Possibilities of Biological Control of Locusts with Bacterial and 
Fungal Pathogens 

Control of Cryptic Living Insects in Orchids with 
Entomopathogenic Nematodes 

Investigations into Bee Immunity and the Evolution of 
Immune Systems 



Dr. Man; R. W. Vundln 
Chemistry and Biochemistry 
Research Unit, ICIPE 

Dr. Marcel Dicke 
Department of Entomology 
Wageningen Agricultural 
University, The NeU1erlands 

Prof. C. S. Prakash 
Plant Molecular Genetics, 
Tuskegee University, USA 

Mr. Silas Ita 
Chief Executive 
Export Processing Zone (EPZ) 
Authority, Najrobi 

Dr. Asa11zi Mbc:y-Yame Clzristoplte 
Maize Entomologist, 
Service National de Recherche, 
Zaire 

Dr. Nimrod M. Tole 
Dept. of Diagnostic 
Radiology, University of 
Nairobi 

Mr. A. A. Attdanje 
Kenya Posts and 
Telecommtmications, Nairobi 

Dr. Curtis Powell 
Public Health Research 
Institute, New York, USA 

Dr. Oswald N. Morris 
Agriculture Canada Research 
Station, Winnipeg, Canada 

Dr. Bill S. Hansso11 
Department of Ecology, 
Lund University, 
Sweden 

Dr. P. G. N. Njagi 
Locust Research Programme 
ICIPE 

Mr. L. 0. Sese 
Kenya Industrial Property 
Organization, Nairobi 

Dr. M. Rai 
Locust Research Programme 
ICIPE 

Mr. Herbert Seaforth 
Electronic Data Processing 
Unit, UNCHS (Habitat), 
Nairobi 
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The Molecular Basis for Selective Toxicity in Bacillus 
tl111ringiensis Endotoxins 

Infochemicals in Tritrophic Interactions: Do Plants Cry for 
Help? 

Genetic Engineering of Sweet Potato: Potential for Insect 
Resistance 

EPZ: Conceptual Framework and Philosophy 

Some Aspects of Maize Streak Virus Epidemiology in some 
Ecological Zones in Nigeria 

Radiation Hazards and the Law in Kenya 

Electronic Networking and ComputerCommunkation Systems 
in Kenya with Special Reference to KENPAC 

Experimental Immunity Against Trypanosomiasis 

Insect-Related Biotechnology and Applied Microbiology 

From Antenna to Brain-Structure and Function in Insect 
Olfaction 

The Desert LocustS. gregaria and its Host Plant Volatiles: A 
Perspective 

Industrial Property, Patenting and the Kenyan Scientist 

Incidence of the Microsporidian N. locustne in the Paddy 
Grasshopper: Its Mass Production, Screening and Application 
in Paddy Fields of Vidarbha Region, India 

Design and Management of Large Data Base Systems i.n 
lnstitutions using PCs: Some Important Considerations 
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Dr. Phelix A. 0. Majiwa 
ILRAD, Nairobi 

Prof. Krmthnla Jayarmnan 
Director, Centre for 
Biotechnology, Ann University, 
Madras, India 

Prof. R. W. Mwtmgi 
Dean, Faculty of Science, 
University of Nairobi 

Dr. C. lnayatullah 
Locust Research Programme, 
ICIPE 

Dr. F. 0 . Otierto 
University of Nairobi 

Dr. F. X. Giclmm 
Basic Education Resource 
Centre, Kenyatta University 

Dr. Mark]. Whitten 
Chief of the Entomology 
Division, CSIRO, Australia 

Dr. Ian 5. MacNairn 
Johns Hopkins University 
Washington D.C., USA 

Mr. Leonard Nwoke 
ARPPIS Scholar, ICIPE 

Prof. Gladys N. Opinya 
College of Health Sciences, 
University of Nairobi 

Prof. Celia Nyamwem 
Kenyatta University and 
St. Lawrence University, 
USA 

Dr. N. Ogrtge 
Kenyatta University, 
Nairobi 

Dr. Pedro Sanchez 
Director General, 
International Council for 
Research in Agroforestry 
(JCRAF), Nairobi 

Dr. Philip 0 . Owuor 
Tea Research Foundation of 
Kenya, 
Kericho 

Gene Manipulation for a Better Understanding of Parasitic 
Protozoa 

Biopesticides: From Cloning to Commercialisation 
Biotechnology 

Potential of Natural Products in Insect Pest and Vector Control 

IPM of Rice Stem Borers in Pakistan 

Science and Technology Policy as an Impetus to Industriali
sation: The Case of Kenya 

Making Education the Engine of Development 

Recent Advances in Research at CSIRO's Division of 
Entomology 

Cost~benefit Analysis of Cattle Productivity on Rusinga Island 

Potential Odour Attractants for Mosquitoes 

Fluorides and the Kenyan Child 

Earthquakes and Seismological Disasters in Kenya - Where 
Will the Next Strike be? · 

The Role of Fertility Control in Management of Animal Over 
Population 

ICRAF's Strategy to Mitigate Deforestation, Land Depletion 
and Rural Poverty 

Tea: The Chemistry in Your Cup 
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1992 Personnel* 
*(as at 31 December, 1992) 

MANAGEMENT AND FINANCE 

OFFICE OF THE DIRECTOR 

Prof. T. R. Odhlambo, Director 
Mrs. R. A. Odingo, Chief Planning Officer 
Dr. W. A. Otieno, Principal R & D Planning Officer 
Mr. V. S. Mutisya, Principallntemal Auditor 
Mrs. D. W. Njoroge, Senior Internal Auditor 
Mrs. G. M.A. Ochola, Personal Assistant to tlte Director 
Mr. J. R. Kapkirwok, Planning Officer 
Miss S. M. Kagondu, Senior Administrative Secretan; 
Mrs. H. A. Masibo, Senior Secretan; 
Mrs. Y. Obiero, Senior Secretan; 
Mrs. S. A. 0. Madowo, Secretary 
Mrs. G. 0. Obwanda, Secretary 
Mr. 0. Aoko, Clerical Assistm1t 
Mr. J. K. Kibor, Principal Driver 
Mr. 0. Ogallo, Driver 
Mr. S. 0. Okiri, Driver 
Mr. J. M. Mutinga, Driver 
Mr. ]. 0 . Aroko, Driver 
Mr. F. 0 . Ujiji, Driver 
Mr. D. ]. M. Mwawasi, Driver 
Mr. J. L. Mwangai, Messenger/Clerk 
Mr. H. 0 . Agonyo, Messenger/Clerk 

ADMINISTRATION AND INFORMATION 
DIVISION 

Mr. L. Okola, Administration Manager 
Mr. ]. F. Omange, Principal Administrative Officer 
Mrs. S. N. Govedi, Secretary 
Mr. F. J. Utanje, Travel Officer 

Human Resources 
Mrs. P. A. Ogada, Principal Administrative Officer 
Mrs. A. M. Mulei, Administrative Officer 

Mrs. M. R. Opande, Office Management Supervisor 
Mrs. G. A. Kwanya, Senior Administrative Secretary 
Mrs. M. M. Onyach, Secretary (Pool) 
Ms. R. A. Okoth, Data Input Clerk 
Mr. J. M. Mwendar, Clerical Assistant 
Mr. E. E. 0. Obuya, Clerical Assistant 

FINANCE DIVISION 

Accounting Services (Ouduville-Based) 
Mr. R. M. P. Okura; Chief Accmmtant 
Mr. G. W. Kanza, Principal Accotmtant 
Mr. R. Otieno, Senior Accountant 
Mrs. W. N . K Ssebunnya, Senior Systems Analyst 
Mr. A. A. M. Oguda, Accountant 
Mr. V. M. Kamanyi, Accountant 
Mr. P. 0 . Ngugi, Accountant 
Mr. P. 0. Okune, Assistant Accountant 
Mr. G. ]. Rugendo, Assistant Accountant 
Mrs. L. W. Muchene, Assistant Accountant 
Mr. S. M. Aritho, Assistant Accountant 
Mr. C. T. Maingi, Accounts Assistant 
Mr. N. K Mulwa, Accounts Assistm1t 
Miss F. Ojode, Senior Administrative Secretary 
Mrs. M. M. Butali, Secretan; 
Mr. A. 0. l<irimba, Driver 
Mr. A. Bubusi, Senior Cleaner/Messenger 

Stores and Supplies (Duduville-Based) 
Mr. C. M. Oloo, Controller for Supplies and Stores 
Mr. T. 0. Oloo, Assistant Supplies Officer 
Mr. P. N. K. l<athenya, Supplies Assistant 
Mr. D. 0 . Olalo, Senior Storekeeper 
Mr. ]. B. Oyondi, Senior Driver/Messenger 
Miss S. M. Matiku, Assistant Secretary 
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CORE RESEARCH AND TRAINING PROGRAMMES 

CROP PESTS RESEARCH PROGRAMME (CPRP) 

Prof. K. N. Saxena, Senior Principal Research Scientist/ 
Programme Leader 

Dr. R. C. Saxena, Senior Principal Research Scientist 
Dr. R. S. Pathak, Principal Research Scientist 
Dr. K V. S. Reddy, Principal Research Scientist 
Dr. Z . R. Khan, Senior Research Scientist (leave of 

absence) 
Dr. E. 0 . Omolo, Senior Reset~tch Scientist/R & D Field 

Coordi11ator 
Dr. M. 0. Odindo, Senior Research Scientist 
Dr. S. A. Lux, Senior Research Scientist 
Dr. H . Kumar, Research Scientist 
Dr. N. K. Maniania, Research Scientist 
Dr. A. M. Nour, Scientist-ill-Residence 
Dr. K. Ampong-Nyarko, Postdoctoral Research Fellow 
Dr. S. 0 . Ajala, Research Associate 
Dr. S. Oghiakhe, Scientific Officer 
Mr. L. Ngode, Associate Scientific Officer 
Mr. R. M. Onyango, Associate Scientific Officer 
Mr. P. R. Speijer, Graduate Research Scholar 
Mrs. N. E. M. Smit, Graduate Research Scholar 
Mr. K. S. Sum, Senior Research Assistant 
Mr. Z. N. Otieno, Senior Research Assistant 
Mr. J. C. Olela, Chief Technician 
Mr. S. M. Othieno, Principal Technician 
Mr. P. 0 . Ollimo, Principal Tedmicim1 
Mr. M. C. Lubega, Principal Technician 
Mr. M. W. Obondi, Graphics Technician 
Mr. F. D. 0 . Odawa, Senior Technician 
Mr. S. 0 . Paye, Senior Technician 
Mr. E. K. Ngugi, Senior Technician 
Mr. R. 0 . Okello, Senior Techttician 
Mr. P. A. Amutalla, Technician 
Mr. E. L. Kidjavai, Teclmician 
Mr. P. M. Chiliswa, Techniciatt 
Mr. M. Kithokoi, Junior Technician 
Mr. S. M. Otieno, Technical Assistant 
Mr. G. 0. Asino, TechniCIIl Assistant 
Mr. D. 0 . Nyagol, Technical Assistant 
MT. ]. 0 . Ochieng', Techtlical Assistant 
Mr. I. 0. Mayoga, Laboraton;JField Assistant 
Mr. P. 0. Ochanjo, /Jlboraton;/Field Assistant 
Mr. ]. A 0 . Mwanda, Laboratory/Field Assistant 
Mr. W. 0 . Owuor, Laboratory/Field Assistant 
Mr. I. 0 . Odhul, Laboratory/Field Assistaut 
Mr. L. M. Origa, Laboraton;/Field Assista11t 
Mr. J. A. Adero, Laboratory/Field Assistant 
Mr. P. 0. Okello, Laboratory/Field Assista11t 
Mr. P. 0 . Akello, Laboraton;/Fie/d Assistant 
Mr. P. 0 . Omolo, Laboraton;/Field Assistant 
Mr. J. 0 . Ogoro, Labornton;/Field Assistant 
Mr. J. 0 . Ondijo, Labornton;/Field Assistant 
Mr. P. A. Oreng, Laboratory/Field Assistant 
Mr. D. A. Atieno, Laboratory/Field Assistant 
Mr. J. 0. Ngare, Laboratory/Field Assistant 

Mr. J. 0 . Obara, Laboraton;/Field Assistant 
Mr. S. A. Onruek, Laboraton;/Field Assista11t 
Mr. R. 0 . Oluoch, Laboratory/Field Assistant 
Mrs. T. A. Odero, Laboratory/Field Assistant 
Mr. M. Y. Oriwo, Labora fon;JField Assistant 
Mr. T. 0 . Onyango, Laboraton;/Field Assistnnt 
Mr. J. A. Orwa, Driver/Tee/mica/ Assistant 
Mr. S. G. Ogechi, Senior Driver 
Mr. J. Mokaya, Driver 
Mr. R. 0. Musa, Driver 
Mr. K 0. Onyango, Driver 
Mrs. H. A. Abade, Se11ior Secretary 
Mrs. ]. A. Ojijo, Secretary 

ICIPE/WAU Collaborative Project 

(i) Duduville-Based 
Dr. W . A. Overholt, Visiting Research Scientist 
Dr. G. W . Oloo, Senior Research Sciwtist 
Dr. C. 0 . Omwega, Postdoctoral Research Fellow 
Mr. R. C. Odhiambo, Teclmicia11 
Mr. J. 0. Okello, Junior Teclmicitm 
Mr. J. A. Otieno, Technical Assistant 
Mr. M. 0 . Odoyo, /Jlboraton;/Field Assistant 
Mrs. B. M. Opiyo, Secretan; 

(ii) Mtwapa-Based 
Mr. P. M. Lammers, Research Associate 
Mr. K. Ogedah, Senior Research Assistant 
Mr. S. P. Ojwang', Laboratory/Field Assistant 

(iii) Bamburi·Based 
Mr. P. 0. Agwaro, Teclmicinn 
Mr. J. 0. Awendo, Field Assistant/Driver 

Cypress Aphids Project 
Dr. S. H. B. Okech, Se11ior Scientific Officer 

LIVESTOCK PESTS RESEARCH PROGRAMME 
(LPRP) 

(i) Duduville-based 
Dr. L.H Otieno,Principal Research Scie11tist/Progrnmme 

Lmder 
Dr. G. P. Kaaya, Principal Research Scic11list 
Dr. K S. Nokoe, Se11ior Research Scie11tist 
Dr. 0. A. Mongi, Senior Rcsearcl1 Scientist 
Dr. S. Mihok, Se11ior Research Scientist 
Dr. L. C. Madubtmyi, Se11ior Research Scientist 
Dr. S. Essuman, Research Scie11tist 
Dr. H. Sasaki, Visiting Scientist 
Dr. R 0. Olubayo, Postdoctoral Research Fellow 
Dr. J. 0 . Davies-Cole, Postdoctoral Research Fellow 
Dr. Q. E. Paynter, Research Associate 
Mrs. M. L.A. Owaga, Senior ScienHfic Officer 
Dr. D. K. Punyua, Senior Scielltific Officer 
Dr. E. Mwangi, Scientific Officer 



Miss N. F. Darji, Pri11cipnl Research Assistnnt 
Dr. I. G. Onyango,Rcsidmt Veteri11nrian/Se11ior Research 

Assistant 
Mr. J. G. I<abii, Pri11cipal Techuicia11 
Miss R. Chesang, Principal Technician 
Mr. M. M. Malonza, Pri11cipal Technician 
Mr. S. S. Ole-SipaJa, Se11ior Tech11icinn 
Mr. E. M. Ng'ongo, Senior Technician 
Mr. E. Mpanga, Senior Technician 
Mr. S. S. Wakape, Senior Technician 
Mr. D. F. Uvyu, Senior Technician 
Mr. P. M. Mwamisi, Tech11ician 
Mr. J. I<. Kiilu, Teclmician 
Mr. ). G. Mugane, Tech11icinn 
Mr. F. M. Thuo, Tec/micinu 
Mr. P. P. Muteria, Tech11icia11 
Mr. J. Likhanga, Teclwicinn/Senior Driver 
Mr. M. G. Kimondo, junior Tech11icia11 
Miss E. A. Ow1a, Junior Teclmicinu 
Mr. D. K. Mungai, Junior Technicia11/Driver 
Mr. S. 0. Maramba, Technical Assistant 
Mr. G. M. Hindi, Technical Assistant 
Mr. G. K. 0 . Ochung', Technical Assistant 
Mr. M. G. Kinyua, Teclmicnl Assistant 
Mr. A. D. 0 . Nyangasi, Field Asst ./Ailima/ AHmdaut 
Mr. H. H. Onzayi, Field Asst./Auimal Atte11dnut 
Mr. M. J. Khadiakala, Lllllornton;/Field Assistnut 
Mr. P. S. Muchisu, Laboratory/Field Assistant 
Mr. J. K. Njuguna, Laboratory/Field Assistaut 

· Mr. R. K. Njonjo, Laboratory/Field Assistn11t 
Mr. J. N. Ndungu, Laboratory/Field Assistant 
Mr. E. N. Njamura, Lnbomtory/Field Assistant 
Miss E. Afandi, Senior Secretary 
Mrs. A. K. Ogoti, Secrcfan; 
Mr. P. 0. Owuor, Sertior Driver 
Mr. G. M. Kinyanjui, Driver 
Mr. A. Mwangi, Driver 

(ii) MPFS..Based 
Dr. S.M. H assan, Research Associate 
Dr. M. J. Wabomba, Associate Scientific Officer 
Mr. P. 0. Ngoko, Senior Technician 
Mr. J. N. Odhiambo, Technical Assistant 
Mr. J. A. Arus, lAboratory/Field Assista11t 
Mr. J. 0. Odida, Lllboraton;/Field Assistant 
Mr. H. M. P. Gesicho, Senior Security Guard 
Mr. ]. M. Owili, Sec11rity Guard 
Mr. D. 0 . Muok, Driller 

(iii) Mariakani (Kilifi-Based) 
Mr. R. Ojowa, Senior Technician 

(iv) Nguruman (Kajiado· Based) 
Mr. J. N. Olekobai, LAboratory/Field Assistant 
Mr. T. Toroke, l.Aboratonj/Field Assistant 
Mr. S.M. Pukare, Laboraton;fField Assistant 
Mr. J. N. Tanchu, Laboratory/Field Assistant 
Mr. M. L. Parirong, lilboratonj/Field Assistant 
Mr. J. 0 . Kobaai, Senior Security Guard 
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ODA Special Project 

MPFS-Based 
Dr. M. M. Mohamed-Ahmed, Research Scientist 
Mr. P. 0. Agutu, CltiefTeclmician 
Mr. J. M. Muchiri, Junior Teclt11icia11 
Mr. J. 0 . Abudi, Labornton)/Field Assistant 
Mr. S. E. Mokaya, Driver 

ICIPE/WAU Special Project 

Muhaka-Based 
Dr. I. M. I. Abu Zinid, Postdoctoral Research Fellow 
Ms I. J. M. de Groot, Research Associate 
Mr. C. 0 . Machika, Tech11icia11 
Mr. H. Simba, Lnborntory/Field Assistant 
Mr. S. T . Oseur, LnborntonJfField Assistant 

UNDP Kwale/KHifi Special Project 

Muhaka-Based 
Dr. C. A. Kyorku, Research Scientist 
Mr. A.M. Macharia, Senior Technician 
Mr. ]. Mwandandu, Teclmicinn/Driver 

LOCUST RESEARCH PROGRAMME (LRP) 

Duduville-Based 
Prof. S. El Bashir,Principal Research ScimtistfProgrmmltt! 

Lender 
Dr. S. K. Raina, Senior Research Scientist 
Dr. C. Inayatullah, Senior Research Scientist 
Dr. B. Torto, Research Scientist 
Dr. H . Mahamat, Postdoctoral Research Fellow 
Dr. D. Obeng-Ofori, Postdoctoral Research Fellow 
Or. P. G. N . Njagi, Scie11ti[ic Officer 
Dr. M. M. Rai, SciCillific Officer 
Mr. S. M. Ndugo, Associate Scientific Officer 
Mr. H . Odongo, Research Assistn11t 
Mr. D. 0 . Ojwang', Research Assistant 
Mr. J. T. Kilori, Principal Technician 
Miss J. R. Wawiye, Technician 
Mr. F. 0. Odhare, Technician 
Mr. H. A. Cham:u, Technical Assista11t 
Mrs. K. Yaa, SecretanJ 
Mr. M. A. Mbeke, Driver/Tech11ical Assistant 
Mr. J. M. Onyango, Laboraton;/Field Assistant 

Sudan-Based 
Mr. H. El-Tigani Abdel-Rahman, Associate Scie11ti{ic 

Officer 

MEDICAL VECTORS RESEARCH 
PROGRAMME (MVRP) 

Duduville-Based 
Dr. M. J. Mutinga, Principal Research Scientist/ 

Programme Leader 
Dr. C. M. Mutero, Research Scientist 
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Dr. M. Basimike, Research Scientist 
Dr. E. j. Asimeng, Postdoctoral Research Fellow 
Dr. A. E. P. Mnzava, Postdoctoral Rcsearclr Fellow 
Mr. C. C. Kamau, Associate Scientific Officer 
Mr. B. N. Odero, Associate Scientific Officer 
Mr. F. A. Amimo, Se11ior Research Assistant 
Mr. M. P. Nyamori, Chief Teclmicimz 
Mr. F. M. Kyai, Tedwicittll 
Mr. D. M. Omogo, Technician 
Mr. F. M. Masika, Tccllllician 
Mrs. E. M. Wahome,ftmiol' Tecl111ician 
Mr. D. M. Mativo, Tee/mien/ Assista11t 
Mr. M. M. Miti, Teclz11ical Assistant 
Mr. J. M. Ndambuki, Laboratory/Field Assistant 
Miss I. N. Nzuve, S!'cretary 
Mr. R. M. Mogaka, Driver 

Marigat (Baringo) West Pokot-Based 
Mr. D. K. Mbavu, Teclr11ical Assistant/Driver 
Mr. S. M. Mutua, Teclmical Assistant 
Mr. P. K. Munguti, Teclmical Assistrmt 
Mr. B. M. Muia, Teclmical Assistant 
Mr. W. M. Kilonzo, Lnboratortj/Fielrl Assistant 
Mr. S. M. Singi, LPbomtory/Field Assistant 
Mr. P. B. Chepkoimet, Llllmmtory/Fielrl Assist(lllf 
Mr. K. ]. Klsilu, Laboratory/Field Assistant 
Mr. P. 0. Manyuanda, Lnborntory/Field Assistant 
Mr. R. K. Leitich, Sec11rity Guarrl 

Tseikuru (Kitui)-Bascd 
Mr. P. K. Wandei, l.llb()rntonj/Field Assistant 
Mr. R. K. Muoki, Lnbomfory/Field Assisfmtt 

INSTITUTIONAL BUILDING, INTERACTIVE 
RESEARCH AND INFORMATION 
PROGRAMME (JBIR() 

Education Programme 
Dr. V. 0. Musewe, Programme Learler 
Prof. Z. T. Dabrowski, Tmiltillg Coordinator 
Miss R. Runo, Training Assista11t 
Miss V. K. Manene, Se11ior Teclmician 
Mrs. M. G. A. Odera, Senior Secretary 
Miss I. K. Monyancha, Secretary 
Mr. ]. K. arap Muti'li, }u11ior Teclllliciaii /Driver 

ARPPIS Students 
Mr. D. Dakouo, P!t.D. Sclwlar Year 3 
Mr. S. Dossa, Ph.D. Sclwlar Year 3 
Mr. S. Gebre, Ph.D. Scholar Year 3 
Mr. ]. Kayitare, Ph.D. Sdwlnr Ymr 3 
Mrs. E. U. Kenya, Ph.D. Sclwlnr Ycnr 3 
Mr. S. K. Meressa, PII .O. Sclwlar Year .3 
Mr. A. S. Mohamed, Ph.D. Sclrolar Year 3 
Mr. M. Mugunga, Ph.D. Scltolar Year 3 
Miss A. R. Mutambara, Ph.D. Scholar Year 3 
Mr. L. 0. Nwoke, Ph.D. Scholar Year 3 
Mr. R. P. Uzakah, Ph.D. Sclwlar Year 3 
Mr. D. 0. Ogoyi, Ph.D. Scholar Year 3 
Mr. K. K. Oyugi, Ph.D. Scholar Year 3 
Mr. E. F Rw~kika, Ph.D. Sclwlar Year 2 

Mr. A. 0. Ahmed, Ph.D. Scholar Year 2 
Mr. S. G. Mwangi, Pit .D. Scholar Year 2 
Mr. S. I. Kamara, Ph.D. Scholar Year 2 
Miss S. W. Ki.mani, Ph.D. Scholar Year 2 
Mr. S. F. Kutua, Ph.D. Scholar Year 2 
Mr. J. C. Mbapila, Ph.D. Sclrolar Year 2 
Ms. A. J. Ngi-Song, Ph.D. Scholar Year 2 
Mrs. J. A. Kongoro, Ph.D. Scholar Year 2 
Mr. E. 0. Omolo, Ph.D. Sclwlar Year 2 
Mr. B.) . Adgeh, P/1.0. Scholar Year 2 
Miss L. N. Gi.churu, Ph.D. Scholar Year 1 
Mr. B. S. K Kaoneka, Ph.D. Sc!tolar Year 1 
Mr. j . M. Mwesingwa, Ph.D. Sclwlnr Year 1 
Mr. C. J. M. Mutinda, Ph.D. Sclwlar Year 1 
Mrs. M. Nabasirye, Ph.D. Scholar Year 1 
Mr. I. S. T. Jalloh, Ph.D. Scholar Year 1 
Mr. H. Tekie, Ph.D. Scholar Year 1 
Mr. T. T. Epidi, Ph.D. Sclzolar Year 1 
Mr. E. K. Nguu, Ph.D. Scholar Year 1 
Mr. 5. Bengaly, Ph.D. Scholar Year 1 
Mr. F. Masaninga, Ph.D. Scholar Ycnr 1 
Mr. l. Bizimana, Ph.D. Scholar Ycnr 1 
Mr. A. ] . Sumani, Ph.D. Scholar Year 1 
Mr. M. A. M. Ali, Pl1.D. Sclwlar Year 1 
Mr. A. L. Deng, P/1.0. 5clrolar Year 1 
Mr. Y. 0 . H. Assad, Ph.D. Scholar Year 1 

PESTNET 

PESTNET Secretariat 
Mr. ]. ]. Ondieki, PESTNET Coordhwtor 
Miss D. W. Barasa, PESTNET Dvcumentalist 
Mr. ]. A. Lago, Senior Teclmicin11 (Data-I11put) 
Mrs. S. M. A. Otieno, 5ccrefnry 
Mr. D. lsoso, Driver 

Country Resident Teams 

PESTNET Kenya: Mtwapa-Based 
Dr. S. Ky11manywa, PESTNET Resident Scie11tist 

PESTN ET Somalia: Mogadishu-Based 
(Vacant), Scicutific Officer/PESTN ET Resideut Scie11tist 
Mr. M. H. Mohamed, Research Assistaut (On trniuhzg) 

PESTNET Zambia: Lusakn-Based 
Mr. C. F. Mugoya, Scientific Officer/PESTNET Residc11t 

Scie11tist 
Mr. C. Kazhila, Research Assista11t 

PESTN ET Ethiopia: Addis Ababa-Based 
Mr. G. Tikubet, Scieutific Officer 

UNDP Project 
Dr. S. Sithanantham, Se11ior Rescarc/1 Scieutist 
Dr. A. W. Oendo, Senior Postdoctoral Research Fellmu 

Library, Information and Documentation Services 
Miss R. A. Washikn, Clricf Colllllttlllicnfions Officer 
Dr. A. N. Mengech, Seuior Scimce Editor 
Miss M. H. l3ugembe, Scuior Plm111ilzg a11d Publications 

Officer 
Mr. N. S.M. Nsubuga, Scuior Ubrarinu 



Mrs. R. A. Oyoko, Librarian 
Mrs. R. P. Ortega, Seliior Comm111rications Officer 
Mrs. L. A. Aduke, Docllmcntalist 
Miss ). A . Nyambare, Secretary 

Miss N. N . Zani, Secretary 
Mr. A. Shisoka, Clerical Assista11t 
Mr. j. Elegwa, Clrrim/ Assistmrl 
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RESEARCH SUPPORT UNITS 

BEHAVIOURAL AND CHEMICAL ECOLOGY 
RESEARCH UNIT (BCERU) 

Prof. A. Hassanali, Pri11cipal Research Scientist/Unit 
Head 

Dr. R. K. Saini, Se11ior Research Scie11tist 
Dr. S. M. Waladde, Senior Rcscnrclr Scientist 
Dr. W. Lwande, Senior Researclr Scientist 
Mr. D. 0. Nyarango, Associate Scirmtific Officer 
Mr. B. 0 . K. Wanyama, Associate Scientific Officer 
Mr. N. K. Gikonyo, Associate Scientific Officer 
Mr. W. P. Ouma, Se11ior Research Assistant 
Mr. H. M. Kahoro, Chief Teclmician 
Mr. E. Nyrmdat, Principal Techuician 
Mr. S. A. Ochieng', Principal Teclmicin11 
Mr. ]. A. Andoke, Smior Teclmician 
Mr. P. 0 . Ahuya, Tecl111icinn 
Mr. L. M . Moreka, Tecltnicinn 
Miss M. W. Wafula, Senior Adminlstrntivt' Secretary 

Banana Weevil Semiochemicals (Norway) 
Dr. W. J. Budenberg, Posldoctornl Researclt Fellow 
Dr. I. 0. Ndiege, Postdoctoral Research Fellow 
Miss F. Karago, Research Assista11/ 
Mr. D. 0 . Otieno, Senior Teclmicinn 

MOLECULAR BIOLOGY RESEARCH UNIT 
(MBRU) 

Dr. E. 0 . Osir, Se11ior Rescnrch Scientist/Unit Head 
Dr. N. N. Massamba, Senior Research Scientist 
Dr. W . G. Z . 0 . Jura, Research Scie11fist 
Dr. M. K. Limo, Research Scimtist 
Dr. M. Imbuga, Postdoctoral Research Fellow 
Dr. R. M. W. Vundla, Senior Scielltific Officer 
Mr. F. 0. Oduol, Associate Scielltific Officer 
Mr. M. M. 13. Chimtawi, Researclr Tedmologist 
Miss L. A. Owuor, Research Assistmrt 
Mr. P. Lisamulla, Chief Technician 
Mrs. J. K. Muriithi, Clrief Teclmicimr 
Mr. E. N. ole Sitayo, Principal Teclmician 
Mr. L. V. Labongo, Principal Teclmician 
Mr. J. 0. Adino, Senior Technicia11 
Mr. R. K. Rotich, Tl!chnicnl Assistant 
Mrs. P. N. Owitti, Senior Secretary 

BIOMATHEMATICS RESEARCH UNIT (BMRU) 

Duduville-Based 
Dr. A. Odulaja, Se11ior Computer Applications Specialist/ 

U11it Head 
Dr. J. 0 . Owino, Postdoctornl Research Fellow 
Mr. D. M. Munyinyj, Senior Computer Applications 

Specialist 

Mr. J. M. Otedo, Senior Co111p11ter Applications Specialist 
Mr. M. D. M. Gathoga, Computer Teclmologisl 
Mr. H. H. Meena, Computer Applications S~1ecia/ist 

(GIS) 
Mr. 0. 0 . Okello, Pri11cipal Teclrnicia11 
Mr. J. M. Mirangi, Settior Teclmicin11 (GIS) 
Mrs. G. N . Gathura, Secretnry 

MPFS· Based 
Mr. J. 0. Omwa, Tecltnicia11 

BIOTECHNOLOGY RESEARCH UNIT (BTRU) 

Dr. M. Makayoto, Postdoctoral Research Fellow 
Dr. M. R. A. Mohamed, Postdoctoral Researclr Fellow 
Mrs. M. A. Oketch, Scientific Officer 
Mr. j . A. Nyawad1, Lnbora/ory/Field Assistant 

SOCIAL SCIENCE INTERFACE RESEARCH 
UNIT (SSIRU) 

Dud u ville-Based 
Dr. F. G. Kiros, Principal Research Scimlisi/Unit Head 
Dr. G. T. Lako, Senior Research Scie11fist 
Dr. P. A. Chitere, Scielitist-in-ResideliCe 
Mr. J. N. Ombaso, Research Assistant 
Mr. K. C. Chitala, Computer Applicatio11s Specialist 
Mrs. P. N. Kawem , Secretary 
Mr. S. 0 . Mdimba, Driver 

MPFS-Based 
Dr. J. W. Ssennyonga, Senior Research Scientist 
Mr. A. N. Ngugi, Associnte Scientific Officer 
Mr. B. A. Omollo, Senior Teclmicimt 
Mr. P. G. Mungai, Teclmicirm 
Mr. S. 0 . Ambogo, Tee/mien/ Assistant 
Mr. G. 0 . Nengo, Teclmicnl Assistmtt/E1111111erntor 
Mr. R. 0 . Yogo, Tee/mien/ Assistant/Emtmemtor 
Mr. N. 0 . Oibogo, Tecl!llicnl Assistn11t/E11umerntor 
Mrs. M.A. Ayugi, Teclmicn/ Assisfmti/Euumerntor 
Mr. J. S. OlliOch, Tee/mien/ Assistmti/Emnnemtor 
Mrs. A. A. Nyangwecha, Field Assistflllt/Enumemtor 
Mr. M. W. Were, Field Assistaut/Enumemfor 
Mr. J. 0. Aroko, Driver 

Maria kani· Based 
Mr. 0. j . Nyapela, Senior Teclmician 
Mr. S. M. Jembe, Teclmicn/ Assistartf/Euwnerntor 

Nguruman-Based 
Mr. D. K. Kahuria, Teclmicnl Assislallt/Emtmerntor 
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Muhaka-Based Marigat-Based 
Mr. 0 . K. Wambua, Technical Assistant/Enumerator Mr. S. Kelwon, Technical Assistant/Etwmerator 

RESEARCH SUPPORT SERVICES 

INSECT AND ANIMAL BREED ING UNIT (IABU) 

DuduviUe-Based 
Dr. J.P. 0 . Odero, Se11ior Scieutific Officer/Unit Head 
Mr. J. Wanyonje,lnsectary Technologist 
Mr. H. K. Banda, CltiefTeclmiciall 
Mr. J. M. Kagoiya, Principal Teclmicirm 
Mr. A. K. Ikhunyalo, Senior Teclwician 
Mr. P. E. W. Njoroge, Senior Tech11icia11 
Mr. J. M. Ongudlut, Techniciau 
Mr. E. 0 . Awuoche, Teclmicin11 
Mrs. R. G. G. Kariuki, Technician 
Mr. R. 0. Agan , Teclmicia11 
Miss M.G. Wanjiru, junior Technician 
Mr. S.M. Mbug ua, Junior Teclmicicm 
Mr. G. M. Ng'ang'a, Junior Tecl111ician 
Mr. S. A. Patya, fllnior Teclmician 
Mr. N . Mwikya, Tcclwical Assistant 
Mr. A. Majanje, Ln/Jorafory/Field Assistant 
Mr. J. 0. Kaleb, l.ilbornt01y/Field Assistant 
Mr. J. 0 . Opere, Laboratory/Field Assistant 

MPFS-Bascd 
Mr. F. 0 . Onynngo, Associate Scientific Officer 
Mr. ]. M. Okomo, Research Assistant 
Mr. M.D. 0. Bungu, Senior Teclmician 
Mr. E. 0. Amboga, Teclwician 
Mr. J. K. Gitegi, Junior Tcchnicia11 
Mr. J. A. Ojude, Junior Teclmician 
Mr. P. A. Nyakwamba, Lllboratory/Field Assisla11t 
Mr. W. !. 0. Odhiambo, Labomton;/Field Assistant 
Mr. J. 0 . Maoro, Laboratory/Field Assistant 
Miss J. N. Ku nyu, Lnbomt01y/Fie/d Assistant 
Mr. J. 0 . Osuri, l.ilbomtory/Field Assistant 
Mr. W. 0. Og<mda, Lnborntory/Field Assista11t 
Mr. f'. 0. Wagara, l.nboratory/Ficld Assistant 
Mr. A. G. Nyagwara, Laboratory/Field Assistant 
Mr. B. 0 . Owiyo, Laboratory/Field Assistant 
Mr. M. 0. Chacha, LniJOratory/Field Assistant 
Mr. D. J. 0 . Okode, Lnboralory/Fie/d Assistant 

ICIPE SCIENCE PRESS DEPARTMENT 

Mr. L. Okola, (Head of Department) 
Dr. M. F. B. Chaudhury, Principal Scie11ce Editor 
Mrs. S. W. Mwanycky, Se11ior Scientific Editor 
Ms A. Katama, Marketing and Information Exec11tive 
Mrs. W. A. Oyuko, Prod11clioti Officer (Graphics) 
Mr. N. M. Komeri, Senior Scientific Illustrator 
Miss D. M. Munene, Senior Phototypesetter 
Mrs. D. 0. Odhiambo, Proof-reader 
Miss I. A Ogt'ndo, Graphic Artist 
Mr. G. K. N. Suka,Pri11finga11d Offset Machine Operator 
Mrs. J. Odallo, Desktop Typesetter 

Mrs. J. J. Gombe, Senior Secretary 
Mr. J. M. Kisini, Cleaner/Messenger 

WORKSHOPS A ND LABORATORY SERVICE 
UNIT(WLSU) 

Duduville-Based 
Mr. J. A. Mand o, Principal Controller for Tecfmicnl 

Sen1ices/U11it Head 
Mr. D. Murali, Electronicstmd Instrumentation Engineer 
Mr. M. S. Nakitare, Electronics and lnstrwnent 

Technologist 
Mr. G. S. Kidunda, Electro11ics and lnstrumCI/t 

Tee !I nologist 
Mr. A. R S. Abdalla, Refrigeration Technologist 
Mr. P. 0 . Nyachieo, ClriefTeclmician 
Mr. J. M. Maina, Principal Teclwician 
Mr. P. 0. Auma, Mai11tenance Foreman 
Mr. J. B. Omullo, Se11ior Teclmicin11 
Mr. J. 0 . Ogalo, Senior Tecfmicitm 
Mr. P. A. Oluya, Senior Tcclmicia11 
Mr. K. Kinuthia, Tech11ician 
Mr. A. M. Wanyama, Technician 
Mr. J. K. Gadonya, Junior Technician 
Mr. ]. 0 . Omondi, Junior Teclmician 
Mr. M. 0. Odada, ]wzior Tech11ician 
Mr. T. 0. Ochieng', Junior Technician 
Mr. M. M. 0. Orwe, Workshops Assistant 
Mr. P. N. Muasa, Driver 

MPFS-Based 
Workshops and Maintenance 
Mr. J. K. Alwala, Electronics mtd lnstrumettfaficm 

E11gineer 
Mr. P. M. Alianda, Senior Technician (Water Works) 
Mr. P.M. Okwanyo, Setzior Technicimt (Carpt!llfly) 
Mr. T. L. Ngutu, Senior Technician (Metal Works and 

Mac/tines) 
Mr. K. G. Ogweno, Senior Technician (Power Supply) 
Mr. M. Likhangi'l , Senior Teclmician (Refrigeratiott) 
Mr. E. E. Okello, Technician (Electronics) 
Mr. J. 0 . A. Wasinda, Teclmician (Electrical) 
Mr. R. M. Nzioka, Teclllliciall (Plttmbillg) 
Mr. S. M. Karanja, Technician (Ge11eral Mailttena11ce) 
Mr. J. 0 . Okech, Teclmicimz (Masonry) 
Mr. D. 0. Wanjara, Jzmior Tecl111icimz (Carpentn;) 
Mr. W. 0. Omonge, J1111ior Technician (Welding) 
Mr. P. 0. Gati, Tcclmical Assista11t (Oxidation Po11ds) 
Mr. C. A. Otuta, Works/l()p$ Assistant 
Mr. N . 0 . Otengo, Workshops Assistmtt 

Ungoye·based 
Mr. z. B. Ooko, fallitorial/Tecfmica/ Assistn11t 



Transport 
Mr. J. H. Ohato, Senior Oriver/Meclumic 
Mr. W. N. Omi.no, Coxswaiu 
Mr. P. 0. Mbuya, Senior Driver 

Mr. L. 0 . Otieno, Driver 
Mr. J. 0. Ot1mge, Dl'iver 
Mr. E. 0 . Ndiao, Mcclmnic Assistant 
Mr. 5. 0. Haira, Mccltnllic Assistmtt 
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MBITA POINT FIELD STATION AND SATELLITE FIELD RESEARCH SITES 

Station Management 
Prof. K. N. Saxena, Manager for Research Policy a11d 

Resources 
Mrs. R. A . OkoU1, Senior Secretary 

Accounts and Supplies Section 
Mr. M. Kawaka, Accountant 
Mr. E. 0 . D. Od11iambo, Accounts Assistn11t 
Mr. M. T. Kanyara, Accou11ts Assistant 
Mr. J. 0. Gombe, Assistant S11pplies Offiar 
Mr. E. 0. Jasor, Stores Clerk 

Administrative and Janitorial Services 
Mr. E. 0 . Anyango, Officer-in-Citarge 
Mr. C. A. Amolo, Gardener 
Mr. Z. 0. Nyandere, Clcaucr/Messe11ger 
Mrs. M . 0. Walter, Janitorial/Gardening Assisttmf 
Mr. G. 0 . Ogero, Janitorial/Garden ill,!? Assista11t 
Mr. T. A. Owiti, Jmzitoria f/Garderting Assistant 
Mr. 5. M. Mkamba, JrmitorialfGardcning Assistn11t 
Mr. V. 0. Nyangute, )allitoriai/Gardcning Assistant 
Mr. T. K. Ad war, Janitorinf/Garde,ing Assistn11t 
Mr. M . 0 . Omollo, janitorinlfGardelliltg Assistant 
Mr. J.D. Orimbo, /allitorialfGnrdcnin,r.: Assistant 
Mr. R. Y. Owawa, Janitoriaf/Gardcllillg Assistant 
Mrs. z. P. Mmbone, JanitorialfGm·deJting Assistant 
Mr. B. 0. Yana, JmtitOt'ialfGardeniltg Assistant 
Mr. A. A. Awich, Jnnitoriai/Gardenillg Assistant 
Miss D. A. Achieng', Assistant Secretary 
Mr. G. K. Khisa, TelephollislfReceptiouist 
Miss M . A. Okoth, Telephonist/Receptiollist/Typisf 
Mrs. D. T. Ongondo, Typist 
Mr. R. R. Nyaridi, Clerical Assislmtt 

Security Section 
Mrs. P. A. Oriwo, Smior Securi~lf Officer 
Mr. j . .K. N. Birir, Security Supervisor 
Mr. J. Omogi, Security Supervisot· 
Mr. J. 0. Musingo, Security Guard 
Mr. M. 0 . Omom, Security Guard 
Mr. N. N. Omurumba, SecurihJ Guard 
Mr. E. P. Achenya, Security Guard 
Mr. E. 0 . Raringo, Security Guard 
Mr. G. M . Kinyuah, Security Guard 
Mr. J. T. Rege, SecurihJ Guard 
Mr. G. 0. Aunga, Security Guard 
Mr. N. Odhiambo, Scwrity Guard 
Mr. S. 0 . Mboga, Security Guard 

Mr. N. 0 . Mbija, Security Guard 
Mr. A. 0. Omondi, Security Guard 
Mr. J. M. Chacha, Security G11ard 

Farm Services 
Mr. P. Nyongesa, Farm Supervisor 
Mr. P. 0 . Ouma, Senior Farm Assista11t 
Mr. P. L. Rakwach, Tmctor Drivcr/Mechn11ic 
Mr. E. 0 . Ogutu, Trnctor Dri·ver 
Mr. J. 0 . Ojunga, Farm Assistcmt 
Mr. J. W. Achola, Farm Assistant 
Mrs. P. Ogito, Farm Assistant 
Mr. J. Sagini, Farm Assista11t 
Mr. 5. 0. Odero, Farm Assistn11t 
Mr. F. 0 . Bwire, Farm Assistant 
Mr. H. 0 . Abongo, Farm Assista11t 
Mr. W. j . 0 . Odhiambo, Farm Assistant 
Mr. P. C. K. Wanyonyi, Farm Assistant 
Mr. J. 0 . Obilo, Farm Assistant 

UNGOYE FIELD STATION 

Farm Services 
Mr. E. G. Kabiru, Farm For£'man 
Mr. D. 0. Oyoo, Senior Farm Assistant 

Security 
Mr. 5. M . Abaya, Security Supervisor 
Mr. W. K. Makori, Security Cunni 
Mr. P. 0. Oked1, SecurihJ Guard 
Mr. ). M. Motari, ScwrihJ Guard 
Mr. P. 0 . .Kisaria, Sewrihj Gunrd 
Mr. P. R. Manga, Security Gunrd 

KUJA RIVER FIELD STATION 

*Security Staff listed under LPRP 

MUHAKA FIELD STATION 

Mr. B. 5. Masyanga, Farm Development Officer 
Mr. ]. C. Wanga, Security Officer 
Mr. S. Abdalla, Security Guard 

Library Section 
Miss D. Achieng, Librarian 
Mr. E. A. Sonye, Clerical Assisfalit 
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AMENITIES AND SOCIAL SERVICES 

INTERNATIONAL GUEST CENTRE SYSTEM 

Duduville International Guest Centre (DIGC) 
Mr. ]. A. Achilla, Principal Business and Cateri11g 

Co11troller 
Mr. P. A. M. I<asina, Chef 
Mr. C. B. Oyieyo, Food and Beverages Supervisor 
Mr. A. Lweya, Assistant Head Cook 
Mr. G. Gichuru, Cook 
Mr. J. M. Mwakisha, Cook 
Mr. E. M. Aosa, Assistant Storekeeper 
Mr. P. A. Omollo, Senior Barmmt/Waiter 
Mr. L. M. Mulae, Raom Steward 
Mrs. P. A. Ochola, Assistattt Housekeeper 
Mr. H. 0 . Onyango, Barman/Waiter 
Mrs. R. M. Wekesa, Senior Tclepftonist/Receptiolli~t/ 

Cas/tier 
Mrs. T. A. Ogongo, Room Steward 
Mr. J. 0. Mukhobi, fa,lftorial Assistant 
Mr. S. Obondo,fanitorial Assistant 
Mr. K. K. Omari, ja11itorial Assistant 
Mrs. J. A. Awich, l.mmdry Assistant 
Mr. ] . N . Kipserem, Latmdty Assistant 
Miss]. W. Weru, uwndry Assistant 
Mr. J. W. Mburu, Kitchen Assistant 
Mr. G. S. 0 . Omondi, Kitchell Assistant 
Mr. J. N. Chege, Kite/ten Assistant 
Mr. P. Mungithya, Waiter 
Mr. G . 0. Oketch, Waiter 
Mr. W. 0. Odera, Waiter 
Mr. C. 0. Odero, Housekeeping Assistant 
Mr. L. M. Maki, Guest House Attendant 
Mr. D. 0. Resa, Front Office Assistant 
Miss C. W. Mwangi, Secretary 

MPFS International Guest Centre 
Mr. J. A. Kooro, Business and Catering Controller 
Mr. S. Nyangi, General Assistant 
Mr. M N. E. Asudi, Assistant Accounta11t 
Mr. S. A. Alos, Assistant Barman 
Mr. P. 0. Odote, Chef 
Mr. 1. 0. Koyaa, Stores Clerk 
Mr. A. 0. Were, Messmger/Waiter/Cleaner 
Mr. F. K 0. Orwa, Kitchen Assistant 
Mr. E. J. Odero, Gardening Assistant 
Mr. C. 0 . Nyagaya, Housekeeping Assistant 
Mr. H. 0 . Omala, Housekeeping Assistant 
Miss M. A. Nalo, Housekeeping Assistant 
Mr. J. A. Oloo, Guest House Attendant 
Mr. W. M. Esirenyi, Guest Hollse Atteudant 
Mr. H. 0 . Wara, G11est House Attendant 
Mr. F. N . Omutsembi, l.nundn; Assistant 
Mrs. H. A. Ouma, l.nundry Assistant 
Miss L.A. Olack, Fro11t Office Assistant (On leave of 

absence) 

Ungoyc Guest House 
Mrs. R. Osuna, Guest House Attenda11t 
Mr. S. 0 . Odhako, Guest House Attendant 

Marigat Guest House 
Miss S. J. Cheboiywo, Guest House Atfe11dant 

Muhaka Guest House 
Mr. S. 0. Ojwang', Guest House Attendant 
Miss N. Ifire, Guest !-louse Attwdant 

MEDICAL AND CLINICAL SERVICES UNIT 

St. Luke's Clinic- Duduville 
Dr. R. W. Kimokoti, Medical Officer 
Mrs. F. P. Mbogo, Senior Cli11 icnl Officer 
Mrs. I. A. Wadundwe, Nurse 
Mrs. C. E. Okoth, Nurse 
Mr. S. Kirera, L1borntmy Techllologisl 
Mr. J. K. A wino, Plmrmnceutical Teclmologisl 
Miss]. W. Mwaniki, Medical Secretary 
Mr. J. M. Asitiba, Janitorial Assistant 

St. Jude's Clinic- MPFS 
Dr. E. C. Achieng', Medical Officer 
Mr. ]. H. Odoyo, Senior Clinical Officer 
Mrs. S. A. L. Chybire, Public Henltlt Nurse 
Mrs. A. A. Miruka, E11rolled Community Nurse 
Mrs. F. K W. Mukoko, Clerical Assistant 
Mr. A. 0 . Olwoko, Senior Driver 
Mrs. L.A. Abuya, Clinical Attendant 
Mrs. C. A. Abonyo, Janitorial Assista11t 

MBITA POINT INTERNATIONAL SCHOOL 

Mr. D. B. E. Okongo, Principal 
Mr. F. 0 . Omolo, Deputy Princi1ml 
Mr. Y. M. Koko, Teacher 
Mrs. C. 0 . M. Ndiege, Teacher 
Mr. P. W. Mburu, Teacher 
Mr. P. W. MHugo, Teacher 
Mrs. L. G. Chacha, Teacher 
Mr. J. B. A. Sw1e, Teacher 
Miss V. Olwali, Teocher (French) 
Mrs. M. N. Okach, Secretan; 
Miss S. A. Omune, School Attendm1t 
Mrs. 0 . A. Ojwang', School Attmdant/Cieaner 

DUDU CO-OPERATIVE SAVINGS AND CREDIT 
SOCIETY LTD (DUSCO) 

Elected officials 
Mr. P. A. Oluya, Chairmmt 
Mr. M. 0. Kotengo, Vice-Chnirma11 
Mr. P. 0. Oktme, Treasurer 
Mr. L. V. Mon~ka, Secretary 
Mrs. P. N. Owitti, Credit Committee 
Mr. T. Oloo, Credit Committee 
Mrs. W. Oyuko, Credit Committee 
Mr. P. Ngugi, Education Committee 
Mr. V. Kama11yi, Education Committee 



Mr. W. 0 . Bw1di, Supervisory Committee 
Mr. D. Olalo, Supervisory Committee 
Mrs. S. Madawo, Supervisory Committee 
Mr. P. Ollimo, Mbita Representative Com111ittee 
Mr. E. Odhiambo, Mbita Representative Committee 
Mr. R. Yogoh, Mbita Representative Committee 

Staff* 
Mr. R. 0 . Olunga, Accountant 
Mr. J. L. Kasiera, Book-keeper 
Mr. L. 0. Kwelu, C/eriCIII Assistant 

•Paid from DUSCO j1111ds 

CENTRAL ADMINISTRATIVE SERVICES AND 
UTILITIES 

Mr. L. Okola, On dmrge) 
Mr. W. W. Wapakala, Principal Administrative 

Officer I 

Utilities Section 
Mrs. G. M. Weya, Telephonist/Receptionist Supervisor 
Mrs. M. B. Mohochi, Senior Rece11tionist/Telephonist 
Miss S. 0 . Onani, Settior Receptionist/Telephonist 
Mrs. M. Assetto, Receptionist/Telephonist 
Mr. E. Asami, Mnil Clerk 
Mr. N. Okumbe, Machine Operator 

Janitorial Section 
Mr. C. F. 0 . Onoka, ]a11itorial Supervisor 
Mr. W. 0 . Adhiambo, Cleaner/Messenger 
Miss P. Siva, Cleaner/Messenger 
Mr. R. M. Masaka, Cleaner/Messenger 
Mr. D. M. Mutha ma, Cleaner/Messenger 
Mr. E. Ondeyo, Cleaner/Messenger 
Miss E. J. Tirop, Cleauer/Messenger 
Mr. T. 0. Adongo, Cleaner/Messenger 
Miss L. W. Mwaura, Cleaner/Messenger 
Mr. B. M. Oketch, Clemter/Messcmger 
Mr. W. Ambaka, Cleaner/Messenger 

149 Personnel 

Mr. G. S. K. Kariuki, Cleaner/Messenger 
Mrs. 5. A. Otila, Cleaner/Messenger 
Mrs. M. A. Ochanda, Clcmter/Messenger 
Mrs. S. Onyango, Cleaner/Messenger 
Miss T. D. Makero, Cleaner/Messe11ger 
Miss L. W. Kabiru, Cleaner/Messenger 
Mr. F. 0. Athula, Clenner/Messellger 

Security Section 
Mr. A. M. Bwana, Senior Security Officer 
Mr. A. M . Ouma, Security Supervisor 
Mr. D. R. M. Njeru, Security Supervisor 
Mr. M. M. Kinguu, Se11ior SewrihJ Guard 
Mr. ]. D. Nyawalo, Scliior Security Guard 
Mr. A. A. Ogaja, Senior Security Guard 
Mr. A. M. Muhindi, Sew rity Guard 
Mr. C. K. Mulela, Securihj Guard 
Mr. E. H. Otieno, Security Guard 
Mr. D. M. Mwilu, Securihj Guard 
Mr. W. Mayienga, Security Guard 
Mr. ]. A. Vudavira, Security Guard 
Mr. P. 0. Apodo, Sec11rity Gunrd 
Mr. Z. Otieno, Securihj Guard 
Mrs. M. N. Muintri, Security Gunrd 
Mr. M. 0. Otiende, Securihj Guard 
Mr. ]. N. Aburi, Security Guard 
Mr. G. 0 . Omond i, Security Guard 

Transport Section 
Mr. V. 0 . Odhiambo, Transport Assistant 
Mr. J. 0. Mad ero, Data ln-p11t Clerk 
Mr. J. 0 . Oduol, Automobile Forcnuw 
Mr. A. J. Ombija, Senior Mecltmtic 
Mr. R. M. Kiboi, Senior Medumic/Driver 
Mr. P. N. Mahogo, Sellior Driver 
Mr. U. Ibrahim, Driver/Mechanic 
Mr. R. M. Mugi, Driver/Assistant Mechanic 
Mr. A. Kathoka, Driver 
Mr. H. N. Njachi, Driver 
Mr. J. K. Nzioki, Driver 
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