
\ .. u .. 
·~ ICipe 
African Insect Science for Food and Health 

biennial 
scientific report 

2004-2005 



• • 
IC1pe 

African Insect Science for Food and Health 

biennial 
scientific report 

2 004 -2·005. 

P. 0. Box 30772-00100 Nairobi, Kenya; Tel: +254 (20) 8632000, Fax; +254 (20) 8632001/2; ic:ipe@icipe.org, www.icip(·.org 



.. 

Cover photo of children playtng on canal bank in Mwea 
Division, Central Keny~. courtesy of Santiago Escobar 

icipe biennial scienfilic: report 2004 -2005 

©2006 International Centre of Insect Physiology and Ecology. All rights reserved 

ISBN: 92 9064 180 X 

Published by 

icipe Science Press 
P. 0 . Box 72913 -00200 

Nairobi, Kenya 
Tel : +254 (20) 8632000 
~x:+254Q0)863200l /2 

E-mail : isp®icipe.org 
Home page: www.icipiJ.org 

Edited by: Ahmed Hassanali, Fritz Schulthess, John Githure and ian Gordon 
Editorial assistance: Dolorosa Osogo 

DTP, graphics and cover design: Irene Ogendo 
Administrative support: AnnCiaire Ndung'u 

Printing: icipe Science Press and Regal Press Ltd (Cover) 

The following icipe staff provided additional input: 
M . Knapp, P. Kaweru, J. Lago, P. Ndiangui, S. Kariuki 



Contents 
Foreword .... ..... .......... ......... ............... .......... ...................................... ..... ...... .... ......... ... . vi i 

Plant Health 
A. Staple food crops pests 

Biological Control of Cerea l Pests in Africa ................................. ......................... 1 
Habit;~t Management Strategies for Control of Stemborers and Striga Weed 

in Cerea l-Based F;~rming Systems .................................................................. 40 

8. Horticultural crops pests 
Expanding Biological Control of the D iamondback Moth, Plutella xylostella 

L. in East and Southern Africa ........................................................ ................ 59 
Economic Impact Assessment as a Decision-Making Tool for Resource 

Allocation in Horticultur;~l Research in East Africa .............. ......................... . 67 
Development of Env ironmentally Friendly Management Methods for Red 

Spider Mites in Smallholder Tomato Production Systems in East and 
Southern Africa ..................... ........... .......... ................ ............. ........... .......... 70 

African Fruit Fly Initiative (AFFI) ............... ..... ..................................................... 84 
Technology Transfer and Trilining ............. ......... ...................... .......... ... ......... ..... 94 

C. Locusts and migratory pests 
Development of Semiochemicals-Based Management Strategies for the 

Desert Locust, Schistocerc{l gregaria (Forskal) ................................................ 99 

D. Root and tuber crops pests 
Pathogenicity of Beauveria bassiana and Metarhizium anisopliae to Sweet 

Potato Weevil Cylas puncticollis .... ..... .............................. ............ .. ........... .. 106 

E. Population system study and management · 
Modelling the Population Dynamics of Insects ........... ......... ........................ ..... 108 

F. Mathematical models of population dynamics of pests 
Development of Mathematical Models for the Description of Interaction 

Between Insects and Plants ....................... ......................... .. ....................... 11 0 

Animal Health 
A Tsetse 

Further Refinement of the Watcrbuck Repellent Blend (WRB) ......................... . 121 
Livestock Farmers' Perception and Epidemiology of Bov ine Trypanosornosis 

in an Endemic Area of Kwa le District, Kenya ........ .............................. ........ 126 
Preliminary Evaluation of Repellents ;~nd Bai ts in 'Push-Pull ' Tactic for 

Tsetse and Trypanosomosis Suppression .................. ................................... 130 
Toxicologica l Assessment of a Tsetse Repel lent Developed for Sma llholder 

Indigenous Communities of Sub-Saharan Africa on the Heal th of 
Exposed An imals .................... ......................... ........ ... ................................ 133 

Characterisation of O lfactory Receptor Proteins Associated w ith Attractancy/ 
Repellency in Savanna Species ofTsetse Flies .......................... ................... 136 

Expression Profiles of Glossina Proteolytic Lectin Gene in Tsetse M idguts ........ 137 
Studies on the Midgut Lectin Gene of Glossina austeni .................................... 138 
Mwea National Reserve Community-based Tsetse Contro l .................... ... ........ 13q 
Adaptive Management of Ecosocial Systems. I. Historica l Perspective and 

Introduction o f Ecosocia l Systems .................................................... ........... 141 
Study and Adaptive Management of Ecosoci ill Systems. II . Theory .................... 143 
Study and Adaptive Management of Ecosocial Systems. Ill. Applications .......... 144 
Community-Driven Tsetse and Bovine Trypanosomiasis Management at 

Different Model Si tes in Ethiopia .......... .......................... .. : .. ...... ..... ............ 146 
Biofarming at Model Sites with Communi ty-Driven Tsetse ilnd Bovine 

Trypanosomosis Management in Ethiopia ...... ............................................. 151 

iii 



B. Ticks 
Repellency of e-ssential oils of some plants from Bungoma District, 

Western Kenya against Rhipicephalus appendiculatus Neumann 
1901 (Acarina: Ixodidae) ................ ............................................................. 152 

Epidemiology Modelling of East Coast Fever of Cattle ......................... ............. 155 

Human Health 
A. Malaria mosquitoes/Malaria 

Ecology of Anopheles Mosquito Species and larval Habitat Diversity in 
Irrigated Rice-Village Complexes in Mwea, Kenya ...... .............. .. .. .. .......... . 157 

Ecosystem Approach to Human Health: Integrating Malaria Control 
Interventions with Development Strategies in Kenya .......................... ........ . 165 

Malaria Control and Prevention in the H ighlands of Western Kenya ................. 173 
The Applicability of Available Technologies for Adaptive Integrated 

Malaria Vector and Environmental Management at Malindi .. ...................... 179 
Vector Competence in the Anopheles gambiae-Piasmodium 

falciparum System ........................ .......................... .................................... 182 
Mosquito Chemical Ecology and Natural Products Potentially Useful 

for Malaria Vector Control ................. .......... ............................................... 189 
Individual-based Model of Mosquito Choices up Odour Plumes to Alternative 

Hosts ......... .................. ................................ ..................... ...... ......... ........... 198 

8. Tsetse/human African trypanosomosis 
Developing a Diagnostic Test for Sleeping Sickness Caused by 

Trypanosoma brucei rhodesiense ................................ ...... ............. ............. 200 

Environmental Health 
A. Biodiversity conservation 

Prelim inary Assessment of Carbon Storage and the Potential for Forestry· 
Based Carbon Offset Projects in the Arabuko-Sokoke Forest. ... ..... .............. 201 

Preliminary Assessment of Carbon Storage and the Potential for Forestry· 
Based Carbon Offset Projects in the·Lower Tan a River Forests: The 
Tana Delta Irrigation Project and the Tana River National Primate 
Reserve .. .... ... ..... ...................................................... ....... .. .... ....... ... .......... . 207 

iv 

Preliminary Assessment of Carbon Storage and the Potential for Forestry-
Based Carbon Offset Projects in the Kakamega National Forest, Kenya ....... 209 

Ecosystem Profile for the East African Coastal Forests and Eastern Arc 
Mountains Global Biodiversity Hotspot ...................................................... 212 

Spatial and Temporal Dynamics of a Male-Killer Endosymbiont 
(Sp iroplasma) in the African Queen Butterfly, Dana us chrysippus .. .... ........ 214 

B. African stemborers biodiversity 
Biodiversity and Chemical Ecology of Gramineous Noctuid Stemborers in 

Africa ...... ..... .................... ........................................ .................. ................ 217 

C. Applied bioprospecting 
Bioprospecting for Useful Products from Biodiversity .......................... ............. 231 

D. Commercia/Insects 
Developing Incentives for Community Participation in Forest Conservation 

through the Use of Commercial Insects in Kenya ................................. ....... 241 
Development of Sericulture and Apiculture Products for the Poor in Fragi le 

Ecosystems Using the Value Chain Approach .......................... .................... 248 

E. Crass/arthropod diversity 
Conservation of Gramineae and Associated Arthropods for Sustainable 

Agricultural Development in Africa ............................ ........ .... .................... 256 

F. Gene flow from cultivated to wild plants 
Cowpea Gene Flow ................................................... ... .. ......... ........................ 259 

C. Metapopulation study and management 
Metapopulation Dynamics and Management. I. Connectivity Enhancement 

for Ecosystem Service Enhancement as Case Study ..................................... 263 



Metapopulation Dynamics and Management. II. Application of Information 
Theoretics to Species Conservation as Case Study ................... .................. .. 264 

H. Cur symbionts of termites 
Bacterial Diversity in the Intestinal Tracts of Fungus-Cultivating Termites 

Macrocermes michaelseni (Sj6stedt) and Odontermes somaliensis (Sjostedt) ...... 2 66 

I. Insect identification services 
Insect Identification and Taxonomic Information Services ...... .. .... ......... ........... 267 

Capacity Building and Institutional Development 
CapClcity and Institution Building in Insect Biosciences .......... ............................. 269 

Appendixes 
Appendix 1: icipe Animal Rearing and Contilinrnent Unit... ...... ............................. 2R 1 
Appendix 2: icipe Arthropod Pn thogen Germplasm Centre .................................... 2 85 
Appendix J: Information and Publict~tions Unit ....... ................................. ........ ..... 2fl6 
Appendix 4: icipe publica tions for 2004 ............................................................ ... 289 
Appendix 5: ic:ipe publications for 2005 ................................................................ 294 
Appendix 6: icipe Collaborations ......... .............................................. .................... 300 
Appendix 7: Seminars at icipc during 2004 .......... .......................................... .. ..... 303 
Appendix 8: Seminars at iclpe during 2005 ........................................................... 304 
Appendix 9: Audited Finilncit~ l Stt~tements 2004, 2005 ......................... ................. 305 
Appendix I 0: icipe Staff and Governing Counci l Members 2004 ..... .. .................... JOCJ 
Appendix 11 : icipe Staff ;md Govern ing Council Members 2005 ............................ n 5 
Appendix 12: Acronyms and Abbreviiltions ........................ .................... ............... J21 

v 





MESSAGE FROM THE DIRECTOR GENERAL 

T
his biennial scientific report for the period 2004-2005 summarises 
icipe's research and development (R&D) activities carried out at the 
Nairobi-based headquarters as well as at the various field stations 

and rese<Jrch si tes comprising of over 500 hectares covering most of 
the ecuzones of Africa. Building on a rich research legacy spanning 
three-and-a halF decades, icipe has evolved into a major international 
organisation in Afr i c<~ , focusi ng on research to provide, on one hand the 
much needed solutions to arthropod pest and vector problems that limit 
the continent's development potenticJI, il nd on the other, the promise 
of poverty l!llevit~tion through judicious harnessing of useful arthropod 
biodiversity. 

In the first two-and-a-half decades, the late Thomas R. Odhiambo Prof. Christian Borgenteister, 
laid the striltegic research groundwork crucial . to unlocking Africil's Director General, icipe 
development-unravell ing little-known basics of the biology, physiology 
and ecology of mosquitoes, tsetse, ticks, locusts, stemborers just to name a few of Africa's 
important arthropods. His successor Hans R. 1-terren sustained this approach, but introduced 
a new paradigm named the '4Hs' that focused icipe's R&D activities on plant health, animal 
het~llh, human health and environmental health as the major programme areas. Consequently, 
the Centre ventured into more applied aspects of insect science. 

U nfortunately todate mt~ny of these same pests st ill pl<~gue Africa and other p;:~rts of the 
tropical developing world. Increased trade through glob;;Ji isl!tion has resulted in the 
continuous spread of invasive species, often with ca tastrophic consequences for African 

agri· and horticulture as illustrated by the recent havoc ca used by the red spider mite, the 
diamondback moth and the fruit fly Bactoc:era invadens just to name three. At the same time, 
however, society h<~s benefitted considerably from insects through silk and honey production, 
pollination and other ecosystem 'services'. As the third Director Genera l of icipe, I am committed 
to the vision of my two predecessors to find solutions to problems posed by harmfu l insects, and 
also to reap the benefits derived from those that provide services and products. This is of course 
only possible becl!use of the full commitment and cooperl!tion of the dedicated and enthusiastic 
stilif ill icipe in partnership with visi ti ng scientists and national and in ternt~tional collaborators. 

In this comprehensive report you wi ll find thcJt we have continued to build the bridges between 
research <Jnd reil l products. Some of these products Me now ready for commerdl!l isaf!on by 
the private sector and community-based enterprises for wider distribution ilnd use. Reflected 
in the biological control programmes cJt icipe is a propensity to target the pests that deprive 
resource-poor fam ilies of their livelihood such liS intractable cereal and horticul tural pest species, 
a II at v irtua lly no cost to the farmer. After the recent locust infestations, we have now been 
<Jble to validilte, through large-scale field trials at our field station in Port Sudan, the impact of 
semiochemicals discovered at icipe on gregarising desert locusts. Strategies for the control of 
vectors of debilitating bovine 01nd humt~n diseases such as tsetse, ticks and malariil mosquitoes 
continue to be developed. Our biodiversity conservation programmes are safeguarding the 
insect diversity thilt ciln be found in tropical forest habitats and exploring the potential of carbon 
t r<:~ding. Investigating the economic importance of African noctuid stemborers and associated 
natural enemies in wi ld hl!bitats is illso being done with active participation of our resct~rch 
partners. The programmes <Jrc <~l so providing economic incentives for conservation to forest­
adjacent communities that have traditionally derived their existence from the forests. Efforts to 
improve yields of cul tivilted cerea l grasses in a r1ew technology incorporating the conservation of 
n<llive grasses (for use as border rows and for uop improvement) in various agroecosystems Me 
improving the livelihoods of African farmers in numerous ways. 

icipe cont inues to provide training opportunities at the postgr;;~duiltc level (PhD and MSc), the 
prt~ctitionet level (demonstration and extension workers) as well as offering training thilt targets 
fa rmers ill the community level, so as to strengthen capacity for participating countries to better 
handle the developmental complexities. 
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During the period covered by the report, icipe 
scientists and technicians, in collaboration with 
our various partners, produced more than 90 

publications in international peer-reviewed journals 
and made over 60 presentations at conferences and 
meetings. 

What does this all add up to? 

It indicates that the practice of African insect science at 
ic:ipe has provided food and better health for the peoples 
of Africa in a number of ways. 

For example 

Increased food as a result of: 
• Reduced maize yield losses for farmers (and 

ensuing purchasing power) 
• Improved soil fertility on farms (and ensuing 

increased agriculturill production) 
• Extra livestock fodder crops (and ensuing 

increased milk yields) 

Better health as a result of: 
• Pesticide-free vegetables in compliance to 

international food production standards (and 

BETTER HEALTH: Met/lods being dc·vl'iuped 
for mducinslwman-vector contact are helpin8 
to lessen the malaria hurden lnr this mnther 
and child JS well iiS for m;my other f.1milics 

ensuing acceptance by clientele, and the safety and health of farm l<~bourers as well as 
consumers) 

• Protection and conservation of forests and other wild habitilts (ensuing in hea lthier 
environments, protection of beneficial insects for more crops and gilinful employment 
for communities) 

• Qu<~lity nutrient-ri ch fruit (and ensuing healthy lifestyles) 
• Protection of cattle fronn tsetse and ticks populations (and ensuing reduction in disease 

incidence and provision of more meat products) 
• Reduced malaria incidence for those at risk (ensuing in reduced child and maternal 

mortality, and that of the general population). 

We therefore wish to affirm to all our donors who have invested in our work; to the various 
research partners who continue to work with us; and to the beneficiary communities who have 
invested their trust in our environmental ly friendly, knowledge-based development options, thai 
}'es, icipe's cutting-edge research strategies and capacity building efforts are helping to meet the 
needs of our constituency and contributing towards meeting the millennium development goals 
of many of the developing countries in Africa. 

fj:~~elst~ ( &(__ 
Director General 
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A. Staple food crops pests 

BIOLOGICAL CONTROL OF CEREAL PESTS IN AFRICA 

Background; approach and objectives 

The programme consists of three major projects: (1) Biological Control of Cereal Stem borers in East 
and Southern Africa (SBCNET) funded by the Government ofThe Netherlands, (2) IPM of Maize 
Stemborers in Western Africa funded by BMZ, Germany and (3) Biological Control of the Larger 
Grain Borer Prostephanus truncatus in Keny<~ funded by the Kirkhouse Trust, UK. A collaborating 
unit, the Arthropod PL'lthology Unit is <1lso engaged in rese<Jrch on the biological control of the 
larger grain borer In Kenya that is funded by the USAID and icipe core fund donors. 

The SBCNET encompasses 11 countries-Eritrea, Eth iopia, Kenya, Madagascar, Malawi, 
Mozambique, Ug<mda, Tanzania (Main land and Zanzibar), Zambia and Zimbabwe. E<1ch country 
has its own project, which they manage. These projects are linked in <1 network coordinated by 
ic:ipe. icipe provides training for partner countries and conducts scientific research to support 
Implementation of biological control and habitat management in the 12 countries. 

In general. the activities and responsibilities in the project <Jre split as follows among icipe and 
the NARES: 

icipe's role is to identify new natura l enernies; conduct basic research which w ill help to pred ict 
the efficiency of a niltural enemy lind effects on non-target species; m<Jss-rear natura l enemies 
for collabor<Jting countries; examine macro-economic impact of BC of stemborers on cereal 
production in ESA using field data, modelling and GIS; R&D of other IPM techniques (habitat 
management); gather information on new exotic pests amen<~ble to biological control; organise 
short-term training courses for NARES scientists; supervise graduate students; assist countries with 
extensionist and fMmers' training. 

The NARES conduct country-wide surveys on pest distribution; conduct biological studies in 
the laboratory and field; mass-rear natural enemies; conduct post-release surveys to determine 
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establishment; study the impact of BC on pest composition and on crop yield; gather information 
on exotic pests amenable to BC; study the integration of BC with other IPM tactics, such as habitat 
management techniques; organise training of extensionsists and farmers. 

The specific activities vary from country to country depending on the different levels of expertise 
reached in each country in biological control of stemborers, through earlier collaboration with 
icipe. The basic steps in the approach, however, are similar. Baseline ecological information on 
distribution of stemborers and associated natural enemies is being collected in cultivated and wild 
habitats, natural enemies are being released at targeted locations, and economic and biological 
impact assessments are being made. Moreover, biological control and habitat management 
techniques are being integrated into small farmer maize systems in a parHcipatory manner. 
Training at all levels, from farmers to graduate students, is a primary feature of the project. 

The project on IPM of Maize Stemborers in Western Africa was initiated in May 2004. The target 
countries are Cameroon and Benin. The project will greatly profit from the expertise gathered in 
the SBCNET. It will test Cotesia $€$amiae str<Jins from Kenya, Xanthopimpla stemmator from Asia 
and a West African strain of Sturmiopsls parasilica on Busseo/a fusca in Cameroon and search for 
parasitoid species to exchange with e<Jstern Afric01. In addition, habitat management techniques 
with emphasis on mixed cropping will be tested. 

The SBCNET also started monitoring of the larger grain borer (LGB), Prostephanus cruncatus, a 
devastating storage pest amenable to classical BC in several countries. It was accidentally introduced 
from Central America in the early 1980s. In Kenya, the pest spread to the highland zones and the 
Lake Victoria region, where it i~ the major constraint to stored maize. A new project on Biological 
Control of LGB in Kenya plans to introduce two strains of the predator Tererrius nigrescens (Tn) 
ad<Jpted to different climate conditions into the icipe cont<~inment facilities from the labQralories 
oi the Centro lnternacional de Maiz y Trigo (CIMMYT) in Mexico. Presently, molecular tools ilre 
being developed that will allow differentiation of the different rilces in the field. 

Work in progress 

IPM OF MAIZE STEMBORERS IN WESTERN AFRICA 

Sen in 

Participating scientist: M. Tamo 

Assigted by: 5. Counou 

Donor: IJMZ 

Collaborator: lntemalional/nslilUle of Tropic;;/ Agriculture 

7. Suitability and interspecific competition 

Laboratory colonies of Se.~amia calamistis, S. poephaga, £/da n;1, saccharina, Coniesta ignefvsalis, 
Busseofa fvsca 01nd Mussidia nigrivenella have been established from field-collected borer larvae. 
They will be tested for their suitability to virulent and avirulent Kenyan races of Cutesia sesamiae 
(See outputs 37 and 38 under Activities at icipe) to be introduced in mid-2006. A virulent 
coastal strain of C. sesamiae, introduced and released in 1994, got permanently established on 
S. calami.~tis in the country. However, for releases in Cameroon, where 8. fusca is the major pest 
species, avirulent strains arc required. 

The different C. sesamiae races wi ll also be tested for their effect on the performance on locally 
occlming1parasitoid species. 

icipe biennial ~clenllflc report 2004-2005 



Cameroon 

Participating scientists: R. Nd~:mah (based at 1/TAJ, F. Schulthess 

Assisted by: N. -N. Akongnwi, 1\. /\bang 

Donor : BMZ, Germany 

Collaborators: lnstitut de Rech~:rc:he Agronomique pour le Developpment, University of Buea 

2. 1-labitat management and biological control 

In the mid altitude of C<1meroon crop rotation tri<Jis with phaseolus beans, soy beans, tephrosi<J 
and maize with or without fertiliser were pl<~nted at the Njinikom benchmark. Maize with fertiliser 
had twice the noctuid borer densities (Buss~:ula fusca and Sesamia calamistisl compared to m aize 
without ferti l iser. There were no signific<Jnt treatment differences for Chilo sp. In the high <Jititllde, 
the triills were destroyed by cattle and have to be replanted in 2006. -

Pre·release surveys of borer~ on maize and four grass species (Pennisewm purpureum, Panicum 
maximum, Sorghum arundinaceum and Setaria sp.) in the high and mid altitude, forest zone and 
western lowlands were undertaken during the first (June/Ju ly) and second (October, November 
and December) maize cropping seasons to determine the borer species composition, and larva l 
and pupil I parasitism. In the first season on milize, 8. fusca was the predominant borer i n the high 
(99.l'Y.l) and mid (60%) L~ltitude ilnd forest zone (75.4%). The second most import;mt borer in the 
forest zone was £/dana saccharina (1 2%) ;md in the n1id altitude Chilo sp. (29%). Other borer 
species encountered were S. c<Jiamislis, Mussidia nigrivenclla ilnd Cryptophlebialeucotreta. In the 
second season in the forest zone Lind mici illtitucle, 8. fusc:a on m<Jizc Clccounted for, respectively, 
59.52 and 27.63l}'... Eldana s,Kcharina increased in importance in the forest :wnc, M. nigrlvenella 
ilnd Chilo sp. in the mid-altitudes. On f~ purpur~:um, only nnc tuid borers were encountered 
w ith Poeonom<J .semlla being the predomini:lnt species ·n all ecozones. Other borers included 
Rvsseola phaia and Sesamia penniscti ilnd, very rarely, B. fusca. On S. arundinac:eum, the borer 
species encountered were Sesamia poeph,1ga and /3. fusca while on P. maximum, Chilo sp. WilS 
found. It is concluded thilt the common oc:turrencc of l3. fusca on P. purpureum reported in the 
past WilS due to misidentification of the species. 

The braconid larvil l pc1rl1Siloid Cot~:sia sesamiae, the most common lar.val parasitoid o f B. fusci) on 
maize in eastern Afric<~ WilS very scarce and only obtained from 9 larvae of 'wild' borer species 
from/~ pwpurewn and Setaria sp. The scarcity of C. sesamiae opens avenues for the redi.wibulion 
BC approach. For 2006, it is planned to introduce several races of C. sesamiae from Kenya, and the 
tachinid larva l parasitoirl 5 turmiop.sis para.sitica from Benin vi<J the icipe containment facili ties. 

BIO LOGICAL CONTROL OF CEREA l STEMBO RERS IN EAST AND SOUTHERN AFRICA 

REGIONAL ACTIVITIES 

Ethiopia 

Participating scientist : Difabac:hew Belay 

Assisted.by: Melaku Wale 

Donor : OG/5, Tht: Netherlanrfs 

Collaborator: EthiopiJn Institute of Agriwlwral f~esearch 

J. Effect of soil fertility on infestation by stemborers and yield of maize 

An experiment w<Js conducted to determine effect of level of soil nitrogen in the form of urea <Jnd 
P in the form of tri-super phosphate (TSP) on damage caused by stemborers and yield of maize. 
During pre-harvest, significant differences were observed only in percent infestation <Jnd borers per 
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plant (Table 1 ). At harvest significant 
differences were observed in 
percent infest<~tion, number of exit 

Tt~ble 1. Me~;~nt (;~; SE) oF prH~;~rve~t alemborer dam~;~g• p~;~rgmelera a11d 
yioldt of m~;~ixe plola fertiliaed with diHoront combin<lliona of urea (N) <!nd 
TSP (P) 

holes per plant, percent cob d<1rnage Tr~clmont 
and yield per plant and per plot. lkg/ho) 
Stemborer incidence and numbers N p 

o/o 
lnfasl~;~tion <ll leaf 
veg~lcliva fooding 

sc:ore"' 
per plant tended to be lower with

0 
- - -

0
----=-------- -.;....:... ____ ..:.____:~-

.tage Borer/plonl Yiold/ Piot (g) 

7.5 :t 1.2 ~;~b 7..7 ;I; 0.2 0.5 ± 0.2 be 7390.7 ;I; 203 ab 
high dosages of P. 60 o 

4. Mixed cropping 
experiments 

Lepidopteran stemborers are the 
main pests of cereals in Ethiopia. In 
recent ye<~rs, habitat man<~gement 
(I·IM) techniques, which aim at 
increasing pl<tnt biodiversity, have 
Aained increased auention in 
stemboJer control. Severity of pest 

90 0 
120 0 
0 60 
60 60 
90 60 
!20 60 
0 100 
60 100 
90 100 
120 100 
0 140 
60 140 
90 140 
120 140 

10.4 ± 2.3 0 2.9 ± 0.3 
6.1 ;1; 0.7 (lb 2.4 ;I; 0.1 
8.5 ± 1.6 ob 2.8 ± 0.2 
7.6 ± 1.2 ab 2.5 ± 0.1 
6.0 ;I; 0.7 ob 2.6 :1: 0.2 
6.7 ± 0.9 ob 2.6 ± 0.~ 
4.5 ±0.4 b 2.1 ± 0.1 
~.A i 0.9 ob 2.3 ± 0.1 
7.6 ± 1.4 cb 2.5 ;I; 0.2 
6.4 :!: 0.9 ab 2.4 ± 0.1 
4.9 ±0.5 b :!.A ;I; 0.1 
8.3 ± 1.8 ob 2.5 ± 0.1 
7.1 ± 0.9 ob 2.5!!: 0.2 
4.3 ;t;0,5 b :!.3 ;I; 0.1 
4.6 ± 0.4 b 2.3 ± 0.1 

0.7 ± 0.4 b~ 7200.5 ± 251 I;JQ~ 
l.5 !!: 1.1b 7945.4 ± 259 a 
0.2 ;I; 0.2 b~ 6830.6 t .130 obc 
0.5 ± 0.2 ob 6633 .6 :!: 925 b~ 
0.7 ± 0.4 ob 7092.4 ;t 329 obe 
2.2 i 1. 1 a 6668.8 ± 26il abc 
1.5 ± 0.9 b 6896.5 ± 405 ab~ 
0.5 ± 0.2 be 6813.4 ;I; 228 obc 
0.2 ;I; 0.2 b~ 7720.2 ± 373 ~;~b 
1.5 ± 0.6 ob 7137,6 ± 203 obc 
0.01:1: 0.0' 7139.1 t 527 abc 
0.01±0.0 c 6172.5 ± 740 c 
0.2 ± 0.2 b~ 7817,6 ± 402 ob 
0.2 :1: 0.2 be 6991.1 t 327 abc 
0.2 ;I; 0.~ b~ 7687.6 ± 544 b 

infestatiOnS f1lilY vary With SeaSOn *n~- OOO·Signifi~ont; meOM within 0 ~o(umn followod by lne iame (eller 

d d h f 
ore nor slgnir,~cntly differcont ol P = 0.05 (SNK). 

an year an t e question arises i 
HM techniques are sti ll profitable 
under low pest infest;;~tions. In 
the present study, the profitability of mjxed 
cropping of maize w ith hari cot beans at 
different ratios and PP was studied in ;;~re<Js 
where pest infestalions are known to vary 
considerably. 

In Melkassa, pest infestations were too low 
for the cropping system to signi ficantly affect 
p ests, plant damage and yie lds while in 
Mieso, where the pest densities were high, 
intercropping or maize with . beans at ratios 
of 1 :4 to 1 :3 significantly decreased bmer 
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-g 
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z 2.0 
~ 1.8 
~ 1.6 
:§ 1.4 .. 
:g 1.2 y = i.1115x- 1.2067, R2 = 0.9464, P < 0.0001 

~ 1.0'::---="':-----::-'::---::-'::-----::-'::----=-"',....--" 
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Squ11re root or soli pH + 1 

Figure 1. Effccl of soil pH on establishment of Napier gril~S 
(N) and gn::cnleaf clesmodium (0) during 2004 in western 
Erhiopi~ ($ibu-Sire Woreda) 

densities compared to pure maize stands. L<Jnd equiv<Jient ratios of> 1 indic<Jled higher land use 
effic;:ienc.:y in mixed compared to sole cropping, even if pest densities were low. 

Establishment of desmodium and Napier grass in push-pull tria ls v;;~ ri~~d from site to site, ilnd poor 
establishment was observed in plots with low pH (Figure 1) and P. Where per area yields varied 
significantly, they were lower in the push-pull thiln sole 111<1i ze, due to the smaller area planted 
to maize. Thus, in the absence of striga and at lower borer densi ti es the PP system had no yield 
advantage over the sole maize crops. 

5 . Release of new natural enemies 

Xanthopimpla stemmator was imporred from icipe and released ln Ethiopia at three sites (Bo fa, 
Wulnchiti and Mieso areas) in August 2005 where Chilo parcel/us was the dominant stemborer 
species. This is the first time the Ethiopi<~n qu<~Fantine authorities have gr;mted an import permit 
for a natural enemy. To date, no recovery of the parasitoid has been made. Attempts to initiate a 
colony of the parasitoid at Melkassa have began. 

6. Larger grain borer (LCB) monitoring 

Larger grain borer traps were set at Ethic-Kenya border (at Moyale) in collaboration with Ministry 
of Agriculture and Rural Development, quarantine division of the crop protection department. 
Silmples were collected from the traps and kept at Moyale. The trap catches h01ve not yet been 
identified. 
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Eritrea 

Participating scientists: Adugna Haile, Kidane Negassi 

Donor: DGIS, The Netherlands 

Collaborators: Ministry of Agriculture 

7. lntercropping 

An intercropping trial was conducted 
ill Hillhal Begos using haricot bea ns, 
cowpea, desmodium and Dolichos /a blab 
as companion crops with sorghum. The 
treatments were replicated three times. 
Egg counts varied from 12.7 to 65. The 
highest egg, larvae, pupae and deadheart 
counts were recorded on pure sorghum 
stand followed by sorghum with cowpea 
t~nd Oolichos /ablab. Deadheart damage 
due to stemhorers wtJs very low in the 
intercropping plots. Lowest pest numbers 
and dilmage was recorded on Furt~dan­
treated sorghum (Table 2). 

Table 2. Effed of int.r«opping on U.mbo ... r populcriion 

No. of No. of % da~;~G- No. of 
Treatment eggs larvae he orb pupae 

Sorghum pure stand 65.0 24] 27.3 8.3 
Sorghum-cowpea 27.7 12.3 11 ,0 6.0 
Sorghum-haricot be~;~n 19.7 16.3 10,6 11.3 
Sorghum-des.Modium 17.2 7.5 8.5 5.6 
Sorghum-Oollchos loblob 27.3 12.5 12.5 11.2 
Furadan 12.7 .4.0 2.6 1.7 
Mean 31.3 14.3 12.9 6.8 
SE 4.1 3.1 2.5 3.4 
LSD 10.2 7.6 6.1 8.3 

8. Release of parasitoids 

Plant 
height 

123.7 
151.3 
139.3 
158.3 
145.7 
166.3 
145.2 

5.0 
12.3 

Import permit for the parasitoid Xanthopimpfa .Hemmator was obtained in August 2004. Out of 
300,000 Cotesia flavipes imported 200,000 were released in 1;amdmalo and 100,000 in Sheeb. 
1000 X. .Hemmator were released in Sheeb and 2000 in Hal hal and Hamelm<~lo . 

Kenya 

Participating scientist:}. Songa 

Donor: DGIS, The Netherlands 

Collaborators: Kenya Agricultural Research Institute, Moi University 

9. The bionomics of the egg parasitoid Telenomus busseolae (Gahan) 
( l-lymenoplera: Scelionidae) on Busseola fusca Fuller and Sesamia 
cal am is tis Hampson (Lepidoptera: Noctuidae) 

The suitabi lity of 1- J-dily-old eggs of Uusseola fusca Fuller and Sesamia calamistis Hampson 
(Lepidoptera: Noctuidae) to a strain of Telenomus busseolae (Gahan) (Hymenoptera: Scelionidae) 
collected in mid-altitudes of Kenya was assessed in the laboratory. For both species, age of egg did 
not ilffcct progeny production but 2-day-old B. fusca eggs yielded more progeny than 5. calamistis 
eggs of ihe same age. With 5. calamistis, development time ofT. busseolae increased with <Jge of 
eggs, while host species had no effect. Neither borer species nor age of eggs significantly ;:rffected 
the sex ratio. Longevity ofT. busseolae was greilter and total fecundity higher on £3. fusca th<rn 5. 
calamislis. The intrinsic ro:Jte of increilse <Jnd the net reproductive rate were greater with B. fusca 
than 5. calamistis eggs ilS host. The values were considerably lower than those reported from 
the same species in West Africa, indicilting th<1t there arc differences in strains between regions. 
Females begun ovipositing on the first day of emergence <Jnd the avert~ge daily number of eggs 
laid and the proportion of females decreased with age of the female, on both hosts. The ability 
ofT. busseolae femilles to accept and develop in B. Fusca and S. calamistis of different ages is an 
ildvantage, especially during times of host scarcity, which is common during the dry season . In a 
Y-tube experiment no preference for either stemborer species was observed. Similarly, in the field, 
there was no significant variation in parasitism between 8. Fusca and S. calamistis eggs. 
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7 0. Monitoring and status of the spread and abundance of the lq. rger grain 
borer Prostephanus truncatus Horn 

Since its accidental introduction into 
Kenya in the early 1980s, through the 
Kenya- Tanzania border town of Taveta, the 
larger grain borer Prostephanus cruncatus 
has continued to be the most devastati ng 
storage pest of maize and c<tssava in Kenya. 
Losses in mai ze are est imated at 30- 90%, 
and which according to the Ministry of 
Agriculture records, lead to grain loss of 1.8 
million 90-kg bags a ye<Jr, valued at KShs 
8 .1 billion annually. 

The spread of this pest in Kenya was initially 
monitored through a collaborative effort 
between KARl and DFID, between 1991-
1999. However, after thi s period, further 
spread of this pest could not be reliably 
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Figure 2. Mean ± number of larger grain borer adults per 
lrap in each of 5 maize growing areas in Kenya during the 
period January-December 200.'> 

tracked, due to lack of a monitoring system. There were increasing reports from farmers of this 
pest in new ;:m~;'tS , such as Nyanza province in the late 1990s. Due to the seriousness of this pest, 
and fears about its potential spread to western Kcny<~, which is the main maize growing region in 
Kenya, there was an increasing need of a monitoring system for the LGB. A reliable mo,nitoring 
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T11bl• 3. M•on (:t SEMI !'lUmber of stembor•ra per moin plonl in voriouJ ~pping 1ysi•ITI$ 
ond in m11i..:•, 111rghum ond mlll•l pu~ st11nds 111 Klllum11ni and Kiboko during th• sh.ort 
r11lns (Ski 2004, and long roins (LR)of 2004 and 2005 

Cropping system SR 2004 LR :ZOOA LR 2005 

K11tvmonl 
Maize 
Moire mono 0.02;!; 0,01 0.23:!: 0.06 a 0.29:!: 0.06 
Maize - Sorghum 0,02 ;I; 0.01 0.11 :!: 0.03 lib 0 .. 14 ± 0.03 
Moi;~;o - 6Qon 0.01 :!: 0.01 0.13 t 0,02 ob 0.13 ± 0.04 
Mai..:o-Millo! 0.07 ± 0.05 0.15 i O.OA~;~b 0.20 ± 0.06 
Maiza-Millet- Bo~;~n 0.00 ± 0.00 0.07 ± 0.03 b 0.29 ;I; 0.09 
Moire-Millet-Sean-Sorghum 0.06 ± 0.04 0.13 ± 0.04 ab 0.09:!: 0 .03 
F 1,27 2.66 2.52 
p 0.277 0.022 0.028 
Millet 
Millet mana 0.00± 0.00 b O.oJ ± 0.01 0.12 ;I; 0.03 
Moln-Millet 0,00 ± 0.00 b 0.04 ± 0,02 0.04 ;I; 0,02 
Molze - MIIIet-Beon 0.00;1; 0.00 b 0.08 ± 0.03 0.07:!: 0,03 
M~;~in-Mlllet-Beon-Sorghum 0.08 ;I; 0.04 0 0.11 ± 0.03 0.12 ± 0.07 
f 5.05 2.7.4 1.19 
p 0.002 0.043 0.314 
Sorghum 1,39 ± 0,17 0.33 ± O.oJ 0.72 ;I; 0.10 

Kiboko 
Mgi~q 

Maize mono 0.15 ±0.04 0.50 ;I; 0,03 0 0.26 :!: 0.06 ab 
Maize-Sorghum 0.16 ± 0.04 0.36 :1: 0.03 b 0.21 ± 0.04 ab 
Maize-Soon 0.08 ± 0.02 0.30:!: 0,03 b 0.25 ± 0.0.4 ob 
Maize-Millet 0.14 ;I; 0.0.4 0.31 ± 0.05 b 0.39 ;I; 0.09 Q 

Maize - Millet-Bean 0.19 :1: 0.06 0.29 ± 0.04 b 0.17 :1: 0.05 b 
Mc;~ize-Millet-Bean-Sorghum 0.19 :!: 0.14 0.38 ;1: 0.05 b 0.12:!: 0 .04 b 
F 0.94 5.4 I 2.12 
p 0.525 0.0001 0.061 
Millet 
Millet mona 0,12 :1:0.03 0.19 ± 0.03 0.23 ± 0.06 
Moire-Millet 0.10 :t O.OA 0.15 ± O.OA 0.18 :1: 0.05 
Moize - Millet - Be11n 0.08 ;I; 0,03 0.17 ± 0.04 0.09 ;1: 0.04 
M~;~i~o-Millet-Beon-Sorghum 0.07 :1; 0,03 0.20 ;I; 0,04 0.17 :1; 0.06 
F 0.54 0.37 1.14 
p 0.656 0.777 0.234 
Sorg&vm 
Sorghum mono 1.43;1;0.10 0.50;!; 0,03 1.96 ;:1: 0 .17 
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system for this exri'ilc 'pest 'is essential for development of an effective classical biological control 
programme. This information is also essential for better targeting of other pest management 
strategies against this pest. ·_ 

Monitoring of the larger'grain borer P truncatus (an exotic), WilS conducted in the period January 
to June 2005, in each of five m;;~jor maize growing regions in Kenya, using pheromone traps. Trap 
c<1tches were highest at Kakarnega followed by Kitale, while the Kenyan coast had the lowest 
(Figure 2 ). 

1 7. Integration of cropping systems and biological control for stemborer 
management in maize in eastern Kenya 

The effects of maize- millet-sorghum-bean mixed cropping systems in eight different 
arrangements on infestations of cereals by lepidopteran stemborers and on associated 
parasitoids were assessed during three consecutive rainy seasons at two sites in the semi­
arid Eastern Region of Kenya (Table 3). Yie lds o( all crops and their land equivalent ratios 
(LER ) were evaluated. If infestations were high, maize intercroppcd with bean grown in 
il llernative rows reduced stemborer densities and plant damage. lntercropp ing with mil let 
h<~d an effect on stemborer spec ies composition but not overall borer density. Across seasons 
<1nd si tes, maize intercropped with beans had the highest LER. In general. intercropping 
m<t i7.e with other cereals was not as beneficial in terms of land use efficiency and pest 
reductions <1s were mixtures with cassava or leguminous crops reported in the l iterature. 

7 2. Training of farmers and extensionists 

Fanners and extension pcrsonnel' ir1 Kakamega and Thika were trained on the stemborcrs of maize 
and their management, with emphasis on biologic;;~l control. In Kakamega, a total of SO farmers 
(27 men and 23 women) and 8 extension personnel (3 men and 5 women) from Kabras, Lubao, 
l( ha>'ega. llesi, Bukura, Kwishero ::~nd Municipa lity locations ;~ttended the training. In Thika, a 
tot.:d of 31 filrmers (18 men and 1 3 women) and 7 extension personnel (2 men and 5 women) 
from Munyu and Giltuiln>'aga locations attended the training. 

Madagascar 

Participating scientists:/. Ravololon<Jrlrinnina, N. Rahalivavololona, L. Ravaomanarivo 

Donor: DG/5, The Netherlands 

Collaborators: H. T. 1\ndrianaivo, L. A. Rasmizafy 

13. Surveys for stemborers and associated nawral enemies 

In the 1960s and the 1970s, several introductions of parasitoids were done in Madagascar by the 
French. This present work aims at cataloguing the borer complex and associated par;;~sitoids in the 
Southern 1-lighlands, Mid West, Mid East, South ;;~nd South West, South East and the North Wes1. 

Borer incidence 

The percentage number of plants infested varied significantly with zone (F"' 3,62 71; P < 0.004), 
though overall infestation levels were low. Borer incidence was higher in the Mid West, the 
Southern 1-'lighlands and the North West than the South and South West, Mid East and South East 
(Table 4). In the South- and Mid East, rice is crop number one and maize is rare. In the South East 
.1nd Mid East, rice is crop number one and maize is rare while in the South and South West maize 
is a very important staple. However, unreliability of rainfall and scarcity of water limit ma ize 
production. Nevertheless, high infestations of around 45% were observed in some local ities. 

Borer species composition 

Three borer species were found attacking maize in Madagascar: the noctuids Sciomesa biluma 
and SP.samia calamislis, and the crarnbid Chilo orichalcociliel/us. Sciomesa biluma was only found 
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Table 4. Relative importance (o/•) of Jtemborer ~pegeJ in the different region• of MadagaK<Ir 

Sosamic Sciomosa C/,i/o %plants 
RogiQn Altilvdo (m} ~olomis fis bilvmQ orkholcocilic:llus lnle>ted 

Mid Wo$t 1000 87.8 ;I; 16.6 0 .0 ;I; 0.0 12.2 ± 12.2 12.3 ± 3.3 0 

Southorn Highlonds 1067 61..7 ;I; 10.0 0.0 ;I; 0.0 35.3 ;1: 10,2 10,7:!; 1.9 Qb 
North We5l 399 44.9 :1: 15.5 0.0 ± 0.0 55.1 ;1: 16.4 8.0 ;I; 2.3 b 
South ond Soulh Wesl 667 31.9 ± 9.6 0.0 ± 0.0 68.1 ± 10. 1 4.0 ± 1.4 c 
Mid Ecst 199 100.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 3.7 :!: 4.4 c 
Soutn fo$1 1218 73.9 ± 10.6 20.2 ± 9.6 5.9 ± 5.9 1.5 ± 2.1 c 

Me~;~n$ It SE;) in 1he some column followed by I he some Ieifer ore not significantly different (Student-Newmcn· 
Keuls multiple ~ompori,on to,f, P < 0.05). 

in the high altitudes above 1200 m. Sesamia calamislis was the most common borer spedes 
in all zones, except for the North West and South and South West. where C. oricha/coc:/liellus 
dominated (Table 4). Chilo orichalcociliellus occurred in <1 ll :zones except in the Mid E<~st. 

Parasitism 

In genera l, larva l and pupil I parilsitism was exceedingly low. In the Mid West and the North West, 
some C. oricha/cociliel/us larvae were found parasitised by the ichneumonid Syteuctus gaul/ei. 
The eu lophids Pediohius furvus and Tetraslichus howardi were reared from some 5. calamistis 
and 5. biluma pupae. Pediobus furvvs was introduced by the French in 1960 for the control of 
5. c;;J/amistis . No pupal parasitoids were obtained from C. orfchalcociliellus. Cotesia fl;;~vipes, 
which was introduced by the French in the 1960s against the invasive C. sacchariphagvs was not 
recovered during the present surveys. 

Pupnl parasitoids were observed in three areas, and parasitism levels were low. The highest 
parasitislll w<Js 2 .s o;., observed in the South East. In the highlands, parasitism was only 1% and in 
the M id West 0.47%. 

7 4. Training 

A total 47 farmers and 3 postgraduate students were trained between 2004 and 2005. 

Malawi 

Participating scientists: E. Kapeya, T. Mau/ana 

Donor: DG/5, The Netherhmds 

Collaborators: Bvumbwe Agricultural Research Station, Bunda College 

7 5. Monitoring the larger grain borer 

The tr<1ps were placed near stor<~ge sheds at five locations in each of three districts in the southern 
region. At each site the traps set were left for a period of 15 days. Trap Ciltches from three districts in 
two months of 2004 and three months 
of 2005 ere given in Table 5. 

16. Release, establishment and 
spread of exotic parasitoids 

Malawi continued to release Cotesia 
f!avipes in selected areas, especially in 
the southern region, where Chilo is a 
major pest. Additional release sites were 
identified in Thuchila (Mulanje), Njuli 
(Chiradzu lu) and Nsipe (Ntcheu). 

8 11@§ 0 

Tohl• 5. Larger grain borer catchn in som• distric:h of fOuth•m 
Malawi 

M•CJn number of larger grain borer (LGB) 

Di.trict S•pf•mb•r O~lober February April May 

Nsonfe 75 b 77c 150b 120 b 78 h 
Chikwowo 264 0 189 b 614 a 403 a 403 0 

MCJngCJchi 3.45 0 863 a 59lo 666 0 157 0 

Torol 3421 5645 6775 5941 2168 
Me~m 228 376 452 396 145 
CV% 151 206 108 109 99 

Mean. In a colvmn followed by the $Orne lower ~a'• lelter5 ora not 
$loti$1i(~JIIy signiA~ant (P < 0.005). 
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MozcJIJibiqua 

Participating scientists: D. Cugala, E. Mambo 

Donor: OC/5, The Netherlands 

Collaborators: Eduardo Mondlane UniversitYt Department of Plant Proceclion 

7 7. Release and establishment of the exotic pupal parasitoid Xanthopimpla 
stemmator Thunberg (Hymenoptera: lchneumonidae) at different 
agroecological zones 

First releases of Xanthopimpla scemmator were made in July 2001 in five sugar cane fields in 
a lowland area at AGucareira de Mafambisse. Additional releases were conducted during the 
2002/0J growing season in maize farmers' fields at three agroecologically different zones in 
Mozambique which have distinctly different stemborer complexes: (1) lowland are01 at less than 
200 masl where Chilo parte/Ius constitute for more than 95% of the total stemborer population, 
(2) mid to high elevation areas at 800 masl, where both C. parte/Ius and Busseola fusca occur with 
nearly equ<~l frequency and (3) at high elevation area at about 1400 masl in northern province 
of Niassa where B. fusca is the dominant species with more than 90% of the total stemborer 
population followed by Sesamia calamistis and C. parte/Ius. At each location, X. stemmator was 
released in four selected farmers' fields when the stemborer pupal stage peak was expected. 
During post-release surveys pupae of three stemborer species were collected at all sampling 
sites including C. parte/Ius, 13. fusc<t and very few of S. calamistis. Chilo parte/Ius was abundant 
in lowl<llld and B. fusca found in mid to high elevation zones. Xanthopimpla stemmator was 
recovered only from C. parte/Ius pupae collected mainly from loc<Jtions where C. parcel/us was 
dominant. No X. stemmator individuals were reared from either B. fusca or 5. calamistis. The 
numb(!r of X. stemmator recovered WCJS significantly highest at Tica-Mafambisse (F = 4 .56, df "' 6, 
P = 0.0003) followed by Magude ('12 ± 0.54) and Xai Xai (1 0 ± 0.49). Xanthopimpla stemmator 
was not recorded at Lichinga. The levels of parasitism due to the exotic X. stemmator on C. 
parte/Ius puplle under environmental field conditions was significantly high at Tica-Mafambisse 
and Magude (F = 3.04, d( = 6, P = 0.0082) followed by Guija (11.0 ± 3.51) and Xai Xa i (8.5 ± 
2.36). 

7 R. Assessment of the 
impact o f natural 
enemies on stemborer 
infestations and yield 
loss in maize using 
selected insecticides 

The effect of natural enemies on 
stemborer infest<:~tions and maize 
gra in yields was estimated using 
;:1n insecticide exclusion method. 
Field experiments were conducted 
at low, mid and high elevation 
1.ones, which vary in the stemborer 
species composition. Dimethoate 
was applied to exclude n<:~tural 
enemies and cypermethrin to 
suppress slemborcrs, while other 
plots served .1s control. At <JII 
study sites more stemborer larv<1e 
and pupae were collected when 
natural enemies were excluded. 
Parilsitism as well as mai ze grain 
weight in the unprotected plots 
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Tobie 6. Effect of IT•alm•nh on cob ond groin w•ighl and yl•ld lone• in the 
pr•••nc:. ond abaenee of natvi"CCI •n•miea (:tSE) 

Yiold losses from 

lo~otion/ Groin weight 
treatment Cob woighl kg/plol 

Unpro lec.lod E:~~~t u,ion 
plols1 plot12 

(o) Chokwe 
Unproleded 18 .6 r 2.8 b 17.1 = 1.5 b 26.1 
hch,..ion 17'.5 ~ 3.3 b 12.6"' 1.48 c 
Fully protected 26.1 : 3.5 a 22.3 :t 1.0 a 28.9 43.3 
df 2, 12 2. 12 
F 8.25 2.9 
P·values 0.0093 <0.0001 

(b) Mochlpondo 
Unpraloc;lod 16.6 "' 2.2 b 14.1 :2.6 b 
Exdu,ion 16.2 "' 5 .3 b 12.9 "'5.5 b 

11.2 

Fully prote~ ted 28.1 : 1.4 a 21.4 "'3.4 0 3.4.5 40.8 
df 2, 12 2, 12 
F 15.6 5 . .4 
P-volues 0.0012 0.0290 

(c) Lichinga 
Unproleeled 18.2 = 1.70 b 14,5 ~ 2.19 b 
Exdusion 17.6 = 0.91 b 13.4 "' 1.00 b 

7.6 

Fully prolac;lod 25.3 "'2.32 0 21.1 ~ 2 .01 0 

dl 2, 12 2, 12 
31.2 36 . .4 

F 24.1 21.1 
P-volue• 0.0002 0.0004 

I Yield loneJ in the pre111nce of nolurol enemies (com poring fully proleeled 
and unproleeled plots). 
'Yield losses In the c:~bsence of natural enemies (~omporing unprotec101d and 
exclusion plols and full y proleeled ond exdusion plot• for first and seeond 
values re~paclively) . 



Table 7. Effed of tr.Gtmtn! on sttmbortr denlily and porolimm at the three .tudy sltea (*Se) 

loco~on/ %(.lt;~nb No.ol Colesio SIUTI!Iiopsls OenlichiiJmiaJ Prot:flrochiiJmi<;~J 
Treatment !!I eJ!ed Jt•mborar'$ llovipes C. 48Jami<;~e poroslllro buueoloe nigromoculafuJ 

(a) Chokwe 
Unprolec:!ed 75 ;I; 0.1 b 2.9±2.3b 5.8 ± 2.1 0 13.2:!: .4.2 a 36.7 ± 5.2 a 
Exdusion 90:!: 1.2o 5.8 ;I; 3.2 0 0.0 ± O.Ob 0.9:!: 1..4 b 10.3 ± 2 . ..C b 
Fully proted•d 15 :!: 0.2 c 0.9;1;0,8~ 0,0 ;t O.Ob 0.0± O.Oc 0.0 ± 0.0 
df 2,119 2,119 2,119 2,119 2,119 
F 45.5 22.0 3.3 3.4.6 21.8 
P-volua• <0.0001 0.0003 0.0474 <0.0001 <0.0001 

(b) Machipondo 
3 . .4 ± 2.2 b Unprotected 45 ± 0.4 b 15.4:!: 3.10 20.4 t .4 . .4 0 7.2 ± 3 .9 0 20.9 ± 2 . .40 0.0 ± 0.0 

Exdusion 60 ± 0.8 0 6.8 ;I; 3.2 0 2.2:!: 1.3 b 5.1:!: 2.1 b 1.5 tO.Ab .4.0 ± 3.2 b 0.0 ± 0 .0 
Fully proteded 5 ± O.Oc 0.5 ;I; 0.8 ~ 0.0 ± 0.0 c 0.0:!: 0.0 0.0 ;1;0.0 b 0.0 ± 0.0 0 .0;1; 0,0 
df 2,119 2,119 2,119 2,119 2,119 2,119 
F .47.2 27.9 16.9 30.3 8.7 10.5 
P-voluas <0.0001 <0,0001 <0.0001 <0.0001 0.0078 <0.0001 

(c) Uchinga 
4.8 ;I; 2.4 b Unprotected 80 ± 1.2 a 0.0± 0.0 3.6:!: 1.5 0 A.5 ;t 1.3 o 0.0± 0.0 .48.6 ±10.4 (i 

E~<du$lon 95.5 ;I; 1.5 (I 7.8 ± 3.1 0 0.0 t 0.0 0.0± O.Oo 1.2:!: 0.9 a 0,0;1; 0.0 2 .6 t 1.2 b 
fully proledod 10 ± 0.1 b 1.2 ± 1.6 c 0.0:!: 0.0 0.0 ;I; 0.0 0 0.0 ±0.0 0.0 ± 0.0 0 .0 ± O.Oc 
df 2,119 2,119 2,119 2,119 2,119 
F 56.0 79.9 5.1 8.3 27.0 
P-voluol < 0 .0001 < 0.0001 0.0.479 0.0004 0.0002 

Mean• followed by the 1ome lowercase letter within a column <;~r• not slgnlflcontly different at P < 0.05 (SNK). 

was significantly higher than in the exclusion plots. Yield losses increased in 28.9% in unprotected 
10 43.3% in exclusion plots (Table 6). The most abundant parasitoids of Chilo parte/Ius were C 
sesamiat:, C. f/avipes and Denlichasmias busseolae while for ausseo/a fuse;; they were C. sesamiae, 
Sturmiopsls parasir.icil and Procerochasmias ni8rumaculacus (Table 7). It was concluded that 
exclusion of natural enemies caused an increase in stemborer populations; thus, the parasitoids 
pl<~y an important role in suppressing stemborer infestations in m<~ize. 

7 9. Other exolic pests amenable to classical biological control 

The larger grain borer 

Surveys on the larger grain borer (LGB} were conducted in some areas in the central and southern 
regions in January and July 2005. Prostephanus cruncaws was first reported in provinces ofTete, 
Ni<rssa and Cabo Delgado bordering Tanzania, Malawi and Zambia. However, current results 
reported the occurrence of this storage pest in the central and southern provinces of Manica, Sofa Ia 
and tnhambane mainly along the National Road No. l through which maize grain is transported 
from the North and Centre 
to South where maize is 

0 b 

commercially grown. 

To evaluate the incidence, 
distribution and dispersion 
of P. cruncacus, pheromone 
tr<rps were installed 
at various susceptible 
locations for P. rnmcatus 
infestCllions along the 
National Road No. 1 and 
Beir<~ Corridor in january 
and in selected areas in 
Manica province in July 
2005 (Figure 3). The impact 
of P. truncatus and other 
storage pests on weight 
loss in stored maize was 
evalu<rted. 
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figure 3. lncidenc;e, diwibution and dispersion of Prosreplu.tnus rruncatus In 
plierotnone lfaps: (~) J~nu~ry ~005 sampling sites (b) July 2005 sam,>llng shes 
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20. Training 

BSc Slilden11 who did th•lr degr .. -Niot•d work within tha eont.xt oF the pro ltd 

Nome Topic 

A. Belate E.:onomi~ aspects of the use of biolosl~ol ~antral ogenb to ~antral stembort~u In Chokwe dlstrid, Gazo 
provin~e . 

N, Bonze 

R. George 

R. Niqui~e 

V, Ganga 

A>sassment of estoblishmont and spread of Xonthopimp/o slommofor in Monhico dlstrid, Maputo province. 

Assessment of estoblbhment ond sprt~ad of Xanthopimpla slemmafor in Gondola d ist rl~t, Monico provin~e. 

Assessment of tstoblishmt~nt r;Jnd 1preod of Xanthopimplo demmotor in Monico district, Monico provin~e . 

Assessment of establishment and spr&od of Xanthopimpla sfemmafor in Nhamotanda district, Sofola 
province. 

S. Musso Status of groundnut leaf miner, Aprooerema moclicollo oru;l its impact on yiold Iones In lnhombane 
provincll. 

F. Gro~o 

S. Amaro 

S. Com9 

Status of groundnut leal miner, Aprooorema moclieello and it• impad on yield Iones in Go%o province. 

Status of groundnui leaf miner, Aprooeremo moclice/la and its impact on )'leld Iones in Maputo provin.:e . 

lneldenco and di&tribution of groundnut leal miner, Aprooeremo rnodicolla and potential ~one& on rlsk of 
Invasion in Sololo province. 

E. Condo lnddenco and diilribution of groundnul leal miner, Aprooeremo modicella and potential ~one& on risk of 
Invasion in Nampula province. 

A. Ma~aringull lndden~• and diatribullon of groundnut leal miner, Aprooeremo modicalla and potential ~one& on risk of 
Invasion in lnhombone provln~e . 

It Egidio lnddonco ond di&tribullon of groundnul leaf miner, Aproooremo mod/colla and potential ;~;one• on risk of 
invr;aion in Gaza province. 

M. Berguete Incidence and impod of Pro1tephonus truncalu• on maize groin weight loss and lh ouociated natural 
enen1ies in Monl~a province. 

M. Mopo.se Evaluation of resistant varieties against groundnut leal miner, Aproaorqma moclie@l/o. 

Tanzania-Mainland 

Participating scientist: B. Pallansyo 

Donor: DG/5, The Nclherlands 

Collaborator: V. Mgoo 

21. Maize yield loss attributed to the stemborer Chilo partellus (Swinhoe). 
(Lepidoptera : Crambidae) at different nitrogen application rates 

Field trials were conducted at Kibaha 
and Morogoro in Eastern Tanzania 
during two seasons to evaluate 
the effect of nitrogen ferti lisation 
(0, SO, 75, 1 DO kg INI/ha) on pest 
abundance, plant damage and yield 
loss of maize due to stemborers. 
Stemborer density was higher in 
Kibaha than in Morogoro, and higher 
during the short than the long rainy 
seasons. Nitrogen posi tively affected 
stem di;;~mcter, plant height and yield 
of maize though it had no effect 
on percentage of stem tunnelling 
and internodes bored. In genera l, 
e<~r and grain weights increased 
linearly with nitrogen level (Table 
8). In the infested plot, grain weight 
increased 2.5· and 1.8-fold from 

plant health 

Tobit 8. Main cob and groin yield hlfplonl) at dilnrent nitrogen level• 
of FvrodarHI'eated (TJ and untreated (UTI maize at prHa»elling and ot 
harv.al during two .:ropping natant and at two loeotiona 

Short rain& &ea!on long rains •eoson 

Grain yield Grain ylold 

N~evels T UT T UT 

Kibaha 
0 93.2"' 5.3 b <14,0" 6.2 c 93.0"' 5.9 d 67.8 "'4.6 d 
50 104.3 ""5.0 b 62.8 "6.3 b 108.5 .. 4,3 c 84 .8 = 5.2 c 
75 125.1 .. 3.7 a 95.3 ~ 6.8 0 130.1 a 4.0b 109.0 "'6,4 b 
100 137.9"' 4.9 a 111.1 "'5.4 a 146.3 ~ 4.3 0 12.4 .6 '"5.6 a 
F 18.0 2.4.1 24.9 21.3 
p 0 .0001 0 .0001 0.0001 0.0001 

Morogora 
111.0±.4.7 b 96.3 ;j; 5.7 d 0 110.1 ± 7.4 c 108.2 ± 6 .9 c 

50 123.1 ± 7.2 be 124.7 t 6.5 be 119.9 ± 4 .8 b !12.8 ~ 5.3 c: 
75 138 . .4 ± 5 .3 ab 136,.4 t 5.8 ab 138.8 ± 5] D 135.0 :t 4.9 b 
100 153.0 ;j; .4.1 0 152.5 t 5 .3 a 151.0 ± 4 .6 a 150 .4 ~ 5 .2 0 

F 9.2 9.3 13.3 20.3 
p 0.0001 0.0001 0.0001 0 .0001 

Means within column• followed by the some lowor case letter do not 
JigniRcantly differ at P S 0.05 (Student.Newmon·Keul' s t81t). 
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0 to 100 kg [N)/ha in short and long rainy 
seasons, respectively, at Kibaha, and 1.4 and 
1 .6 times at Morogoro. Yield loss decreased 
with an increase in nitrogen application and 
the effect was stronger under high than low 
borer infestation levels (figure 4). The results 
show again the beneficial effect of nitrogen 
on the plants' ability to compensate for borer 
damage. 

60 r-------------------------~ 

22. Field surveys for yield loss 
assessments 

• 

0 

0 • 
Surveys were conducted to determine the o 25 50 
damage/loss caused by stemborers on maize kg !N]Ihe 

• 
0 

75 100 

in five districts. Site selection was based on the Figure 4. Regression of percentage of grain yield toss (Y) 

maturity of the crop. Sampling was conducted on different nitrogen dose applications !X). SR and LR 
at a minimum of 5 km interval depending on represent short and long rains season. • Kibaha SR: y . 

33.72(:t 3.37) (P"' 0 .004)•0 .35("' O.OS)X (I'= 0.020) Rl• 
the <JV<Ii lability of fields at maturity st<Jge. In 0.961; c Klbaha LR: y .. 27.28 (:t 1.15) (I'., 0.002)-0.lJ 
e<Jch sampled field, 20 plants were selected at !:~: o.o2) !P = 0.02), Rl .s 0.966; &Morogoro SR: Y = 1.04 
random. Information collected included plant '"' 1.47) !P = 0.554)-0-01 !:~: o.02HP = 0.730l, R2 = 0.073; 

height, stem diameter, stem borer densi~ies, ~6{f;~g~~5;~JY R~ 2 ~-~~i'" 0.56) (I' = O.OO:Il ·0.13 (:t 

tunnel length, number of holes, cob werght ' 
<tnd% cob damage. The general l inear model procedure (Proc GLM, SAS Institute 1993) was used 
to analyse differences of these variables between districts. Mean borer incidence was 17.7%. In 
all districts, C. parte/Ius and S. calamistis were the most common species accounting for 47.7 and 
23.3% respectively. Busseola fusca accounted for 29.0% of all stemborers and was found in two 
districts only (Hai at 70% and Arumeru at 33.3%). 

Larval densities of both B. fusca and C. parte/Ius varied significantly among districts, while those 
of 5. calamistis were not significantly different. Busseo/a fusca density was highest in Hai followed 
by Arumeru district, whi le no 8. fusciil larvae were recovered in Muheza and Moshi rural districts. 
Chilo parte/Ius larval density WilS highest in Muheza followed by Moshi rural and lowest in Hai 
district. Larval density of S. C;;Jiamistis was highest in Moshi rural, followed by Muheza, and 
lowest in Hai districts (Table 9). 

Tabl• 9. Oensitles of thr•• alemborer apeciea in four dilltic:h In Tonxonio 

So.samia 
Re9ion Oidri't N Buueola fusro Chilo portellua r;alam;~fiJ 

Arusho Arumaru 220 0.08 :t O.o3 b 0.05 :1; 0.03 b 0.04 :t 0.03 
Killmonioro Hoi 131 0.23 ± 0.03 a 0.11 :1; 0,03 b 0.01 :t 0.02 

Moshl rural 200 0.00 ± 0.00 b 0.23 :1; 0.05 0 0,02 ± 0.04 
Tango Muhezo 140 0.00 ± 0 .00 b 0,19 ± 0.03 0 0.07 ± 0.02 

P-volue <0.0001 <0.0001 0.1829 

Means within columns followed by !he some lowercoso Iauer do nol differ significonlly at P :!:< 0.05 
(SNKI. 

In all districts, damage variables followed the same trend as the total numbers of stemborer 
density. Cob weight varied significantly among districts and ranged between 109.4-144.8 glpl<~nt 
(P < 0.0001 ). Average losses were around 12.9%. 

23. Releases of Cotesia flavipes and Xanthopimpla stemmator 

Releases 

Releases of two exotic parasitoids Cotesia flavipes and/or Xan thopimpla stemmator were 
conducted in five regions (Table 1 0). 
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Monitoring surveys 

In April to June 2005 monitoring surveys were 
conducted in Tanga and Morogoro, Dodoma and 
Mara regions to determine the spread of Cocesia 

Tabl• I 0. Location of r•l•o .. alt•l and numb•r of Cat•sia 
Raviper and Xanthopimpla st.mmalor releos•d i11 Tanzania, 
Aprif~June 2004 

flavipes and in Arusha region to determine the Region Xonthopimpla slemmotor 
establ ishment of Xanthopimpla stemmator. -:-:M-or-o-go_r_o--~=-=o=-=o-.,0:-::0::-o----------
Parasitisation rates on Chilo parte/Ius by C Dodorna 200,000 

Cotesia Rovipes 

flavipes of 4.8 and 2.5 were recorded in Tanga Tango 200,000 
Moro 600,000 

and Coast regions, respectively. These results Aruaha 
indicate that C. flavipes is spreading although 
the population is low. The highest number of 

1000 
1000 
1000 
1000 

cocoons was collected from Dodoma (65), followed by Mara (3 1 ), and Arusha (1 A) regions. The 
lowest number of cocoons (1) was collected in Singida region. Parasitisation ranged from 0.6- 85% 
whereby the highest rate was recorded in Mara region (85'!/o) followed by Arusha (4 1.8'}~,). The 
lowest parasitisation (0.61 %) was recorded in Singida region. Parasitism rate of 30% for Dodoma 
was remarkable because releases had not been made there until the time of the survey. CotesiiJ 
llavipes must have spread from Mara region, where establishment was reported in the mid-1990s. 
Th~ high rates of par<~sitism in M<~ra region were expected since parasitoid populations have been 
building over time. To date no recoveries of X. stemmator have been made. 

Tanzania-Zanzibar 

Participating scientists: Z. Abdalla, V. Lada 

Donor: OGIS, The Netherlands 

Collaborator: Department o( Plan! Protection, Zanzibar 

24. Habitat managementlintercropping trial 

The trial was planted at Mt~honda Agricultural Station plantation area and lasted for three seasons 
(short-long- short rains) . The treatments were mail:e monocrop, maiie intercropped with cassava/ 
green gram, maize intercropped with cowpea and maize intercropped with groundnuts. 

During the short rt~ins of 2004, maize plants in the cropping system with cassava had significantly 
lower tunnel length, number of exit holes and damaged internodes than cropping systems without 
cassava (Tab le 1 1 ). 

During the long rains of 2004/05 maize with cowpea as companion crop tended to have less 
damage symptoms than the other treatments while maize in pure stands tended to have the 
highest (Table 12). However, again, the trends were not always that clear. 

During the short rains of 2005, differences between treatments were mostly not significant (Table 
13). As shown by other researchers, the effect of mixed cropping systems on pest numbers is 
variable if the crop to be protected is not planted after the compi!nion crops. 

Table 11. Pfa11tgrowth and damog• variables during th• ahort ro!ns of 2004 

Height Diameter Cob weight 
Damaged 
internodos Exit holes Tunnel Cob damage 

Maize Mono 116.3 ;t 3.1ab 2.0:!: 0,06 115.2 ± 6.9 1.29 ± 0.16 ob 1.80 ± 0.2 a 7.9 :!: 1.2 ob 7.1 t 1.60 ab 
Moin/cowpeo 126.-4 ± 3.0 0 2.2 ;t 0.06 118.1 ;t 6.8 1.70 :!: 0.16 0 l.84 ± 0.2 a 11 .8 :!: 1.2 a 8.4 ± 1.58 a 
Moiu/couova/gg 114.1 :t 3.1 b 2.1 t 0.06 107.5 ± 6.7 0.8~ :!: 0.15 b 1.03 t 0.2 b 5.0 i 1.2 b 8.6:!: 1.58 0 

Moiu/g. nut 125.6 :t 3.1 0 2.2 ± 0.06 132.2 :!: 6.8 1.47 ± O.i5 0 1.93 i 0.2 a 10.0 ;I; 1.2 a 6.6 ;t 1.57 b 
gg, gr88n gram. 
Means I± SE) in tho 1ame column followed by the 1ome i~Her ore not signiAcantly different (Studon!-Newmon·Keuls multiple 
comparison test, P < 0.05). 
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Table 12. Plant growth and damage variallleJ during the long rain1 of 2004/05 

Damaged 
Height Diameter Cob weight internode• Exit hol1n Tu~nel Cob damage 

Moit~ Mono 168.3:!: 5.8 2.3:!: 0.08 a 133.5:1:8.8 a 1.90:1: 0.20 g 2.30:1:0,20 0 13.2 ± 1.77 0 .C.35 ± 1.4 ob 
M~;~iz,/cowpea 157.3:!: 5.6 2.2 :1:0.1 gb 133.0 ;I; 8.6 Q 0.76 ;I; 0.20 b 0.95 ± 0.27 b 5.3 ± 1.73 b 1.23 ± 1.3 b 
Mgin/r;Q!$OVO/gg 150.7:!: 5.8 2.0:1:0.08 b 98.7:!: 8.9 b 1.72 :1: 0.02 1;1 1.70:!:0.28 ob 12.1 ±1.77CI 9.02 :1; 1.4 0 

Mgin/g. nvt 148.2:!: 5.7 2.0;1;0.08 Qb 1!0.3 ;I; 8.8 ob 1.~2 ;I; 0,02 Qb 1.-40 ±0.28 ab 9.1 ± 1.80 Clb 2.25 ± 1.-4 b 

gg, grnn erom. 
Meam (t SEJ in the same column fgllowed by the ~gme letter oro not ~ignir.~Cint!y d!ffer,nt (Student.Newmon·K•ul~ mul~ple 
campari5on te1t, P < 0.05). 

Tobie 13. Plant growth and damage variabl•s during tho thort 1'1:111\f of 2005 

Ogmaged 
Height Diameter Cob weight internode• Exit hole~ Tunnel 

Main Mong 135.6 ± -4.8 1.92 ± 0.11 Cl 130.0:!: 16.2 2.55 :!: 0.35 a 4.80:1:1.0 9.3 ;1: 2.1 
Main/,gwpaa 133.9 ± 4.8 1.37 ± 0.11 b 123.0 :1:16.2 2.32 ;I; 0.21 Q 4.60;1; 1.0 9.2 ;1;2.1 
Mai~ef,g~~v~;~/gg 132.2 ± 4.8 1.97 ± 0.11 a 145.0 :!:16.1 3.95 ;I; 0.35 b 5.80 ;I; 1.1 13.9 ;I; 2.1 
Maize/g. nul 128.5 :1; 4.8 1.64 ± 0.11 ab 136 . .( ± 15.0 3.76 ± 0.34 b 6.23 ;I; 1.0 11.7 ;t 2.1 
gg. green grgm, 
Means (± SEJ in the sgmo ,olvmn followed by the 5Cime letter Clre not 5ignilicantly different (Student•Newman­
Ke~uls multiple comparison te~t. P < 0.05). 

25. Surveys for invasive pest species amenable to classical biological control 

The spiralling whitefly 

The survey was conducted during the dry season in February- March 2005 on both Unguja and 
Pemb;;t Islands. Four and three f<~rming system zones of Unguja and Pemba, respectively, were 
surveyed. The main objec(ive was to determine the incidence of spiralling whitefly Aleurodicus 
dispersus Russel (Homoptera: Aleyrodidae) on the islands. Five villages were selected in each 
zone of Unguja and three villages on Pemba. Four fields were selected from e;;~ch village. 

A scoring system was used to assess the infestation level of spiralling whitefly. Five pl;;tnts were 
observed in each. field and four leaves on each plant were scored; two leaves from the upper 
<Jnd lower part of the plant were 
sampled, The score focused 
on adults, eggs and nymphs of 

Table 14. Mecma (:t SE} acore ol1piralling whiteRy by fgnning s)'lteril ..:one1 in 
Unguio ond Pemba 

spiralling wh-itefly. For adults the ------,N'"'o- .-g-:-f--A-v_o_r0_9_"· ____ %_o_r-eo----,.,%--ar-ea--
sc:ore was based on number of Zone plantl $'Ore for Qdult~ 'QV"~c;l by eggs covered by nymphi 
adults observed on the leaves (0 ""u-ng-u-ja___; _ ____________ :.......:::.:.._ ___ ....!....:.....,;__ 

"' none; 1 "' 1 to 1 0; 2 "' 11 to 2 

20; J "' lllore than 20 and 4 "' Ja 
1 

above 50) . For eggs and nymphs .t 

the percentage leaf area cove red 3b 
was scored ;;ts 0 "' none; 1 "' less .db 
than 25%; 2 = SO'X,; J "' between Pemba 
50- 75%; ;;tnd 4-more than 75% 1 
(Table 141. 2 

3 

.460 
601 
.419 
520 
380 
260 

0.615 ± 0,03 a 
0.606:!: 0.03 a 
0.591 ± 0.03 0 

0,.407;1; 0,03 b 
0.317 ;I; 0.03 b 
0.857:1: 0.04 a 

0.981 ;t 0.04 Q 

0.981 :1: 0,03 Q 

1.070 :1: 0,03 a 
0.830 ± 0.04 b 
0,800 ± 0.03 b 
1.388;!; 0.05 0 

0.500 ± 0.03 a 
0,.483 ;I; 0,03 Clb 
0.552 ;I; 0.02 a 
0.394 :!: 0.02 be 
0.313 :1: 0.03' 
0.98-4 ± 0.06 a 

220 0.518 ± 0.05 b 0.822 :1: 0.05 b O.A05 ;t 0.0-4 be 
279 0.39.1 ;I; 0,03 be 0.792 ± 0.0-4 b 0 .539 :!: 0.04 b 
240 0.375 :1: O.O.t be 0.583 ± 0.05 c 0 .454 ± 0.04 b' 
239 o.375 ± o.o5 b, o.aoa ± o.o5 b o.291 ± o.o3 c 

The crops studied were cassava _4.:..o __ _:1.:..3..:...9 _ _.:..0 . .:..2:.:.07..:...±::..:.:.0 . .:..0.:.6 .:..c _ _.:..0.::..7..:...35.:;..:.t ..;.o;.;;.0..;.6..;;b..:...c _.;;.o:...:.-4.:..6A..;....::±..;;O.;.:.o;.:5_:b:.:....c 
and some vegetable crops Mean.(± SEJ in th~ 5ame column Followed by InC! JQm!lletter ore nat ~ienificontly 

different (Student.Newmon-Keuls multiple ~ompgri~~;~n t~!t, P < 0.05), 
(capsicum, okra, egg plant and 
bitter egg plant). These were the 
most commonly found vegetable crops during the period. All the fields visited were infested by 
spiralling whitefly. Highest densities were observed o n capsicum followed by cass<Jv;J. 

A tot;;~ I of 2380 01nd 1376 plants were observed in Unguja and ·Pemba islands. Spiralling whitefly 
w<~s found in all farming system zones in both islands at different population levels. 
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26. Regional surveys for stemborers and parasiLoids 

Studies were conducted in Tobit 15. Stemborer denalty (mtont :t SE) and apedel COI'IIpotitlon (%) in 
the major maize and sorghum lonzlbarof2~1hortralnutaaon 
growing areas of Zanzibar. Twenty =-R.-g-=-io-n---:B-:-o-,o-,$---~c=-p-----s-c _ _____ c _o _ _ 

sites were randomly selected from c~e..;;n-:-tr-:oi:-----:-1-:-86-:--:-0-:-1 -:-8 ---:-t ~11_..;.-:-0-:-1---=-o-=----::-::----:o----. :1:. . :1: • .4 .59:!:0.10 .16tO.OA 
the regions where Cotesia flavipes (64.04 ± 4.26) (25.78 ;t 3 .7.51 (10.18 :1: 2.51) 
was released from 1999-2003, North 
i.e. Central, South, North and 
West. Study sites were farmers' south 
fields of approximately 0.5- 1.0 
ha and at least 5 km apart. Only w~•• 
farms where farmers did not 
apply pesticides were selected. F 

Surveys were conducted during p 

2.38 :1: 0 .24 

2.27 t 0.29 

2.1A t0.24 

2.88 

0.0353 

1..45 t 0.19 0.76 ± 0 ,16 
(66 .54 :1: .4.68) (26.11 :1: A.19} 

0.18 ± 0.05 
(7.35± 2.37) 

1..4.4 ± 0.25 0.68:1: 0.17 0.15:1: 0.06 
(65 .59 ± 6.05) (2.4,00 :1: 5 .21) (10.42± 3.93) 

1.26 ± 0.17 0.61 ! 0.13 
(65.83 ± .4.95) (25.67 :1: ..... 7) 

1.78 

0.1497 

0.48 

0.6951 

0.18:1:0.06 
(5.96± 1.93) 

0.08 

0.9683 
the long and short rains Seasons of -Cp-.-C-:-h-:-llo_p_o-rl-o-::-llu-s,-· S-c;-, S-e-so-m-io_•_c_o-:-lo-m-it-lis-; -C-o,-C-:-h-:-i/o_o_n-'c-ho- 1-co-ct-.e-1/u-s-. --

2004. Each field was divided into 
four quadrants. Fi fteen infested 
plants were removed from each 
quadrant. Forty pi<Jnts were 
selected randomly per field. The 
sampling w<ts done at the milking 
a11d hard dough stages. The 
number of stemborer larvae or 
pupae and species were recorded. 
A third sampling wi ll be carried 
out during the harvesting period. 
Percentage of ears damaged, ear 
weight without husk, shelled grain 

Table 16. l'arasitlun In diU.renl regiona. Percentc:111e 
of potculti$111 (%) i1 ahown in parenlheaea 

Cf.Cp 

Central 

31 /224 
(13.84) 

7/118 
(5.93) 

Norlh 

16/174 
(9.20) 

.d/91 
(A . .40) 

South 

14/117 
(12,00) 

4/55 
(7.3) 

Weal 

19/202 
(8.911 

2/98 
(2.0.4) 

Cf, Cote,io Rovipe•; Cp, Chilo parlellus; Cs, Cotesio 
•••omiae; Sc, Seaomia colamistis. 

weight per cob and number of borers per plant was recorded. Densi ti es and relative imrort<Jnce 
of individu;:~l borer species did not vary wi th region. The predominant species were Chilo parte/Ius 
(Cpl followed by Sesamia calamistis ($c) and C. orichalcociliel/us (Co) (Table 15). 

Parasitism of C. parcel/us by C. flavipes ranged between 8.9 and 13.8% while that of C. sesamiae 
on S. calamistis was less than 10% (Table 16). The number of para ~itised host and tot<~ I number of 
stemborers are presented in Table 16. 

27. The effecl of pesticides and nitrogen fertiliser on pests and Cotesia flavipes 

The effect of nitrogen levels of 
0, 60, 120 and 266 kgtha and 
insecticide treatment (Furadan) 
on population densities and 
parasitism of lepidopteran 
stemborers, <:1 nd maize yields 
were studied in Z3n:z:ibar 
during 2004/05 (Tables 17 and 
1 fl ). Chilo parcel/us dominated 
by J-fold over Sesamia 
calamisCis and 42-fold over 
Chilo orichalcocilielltJS (Table 
17). Stemborer density per 
plant and parasitism by Cotesia 
flavipes increased with nitrogen 
application level (Table 17). 
Percentage of bored internodes 
per plant caused by stemborer 

plan/ hPi:lllh 

Table 17. Borer denaity (mec:~n :t SE/klanl) c:~ccordlllg to ap•c:ie• at diU.renl N 
appliQatian ratea during the ahart and ong rolna 111 Zanzibar, during the 2004/05 
leGIOn 

Chilo Sv•omio 
Trootmont porlellus colomislis C. oriel!. Tolol no. borer 

Short ralna 
NO 1.0 t 0.2 b 0.37 ± 0.1 0.08 ± 0.0.4 1.5 :1: 0 .2' 
Nl 1.7 t 0.2 ab 0.58:1: 0.1 0.13:1:0.05 2 . .4 :t 0.3 b 
N2 3.0 ± 0 . .4 a 0.59 ± 0.1 0.11 :1:0,05 3.7 :1: 0 . .4 a 
N3 2.1 :1:0.3 ab 0.71 ± 0.2 0.07 ;t 0.03 3.0 :t 0.32 b 
F-vc:~lue 5.84 0.88 0,47 16.58 
p,value 0.0006 0.452 0.700 < .0001 

long rolns 
0.7 ± 0.1 b NO 0.10 :1: 0.03 0.01 :1:0.01 1.0 ±0.2 

N1 1.0 :1:0.1 ob 0.20:1: 0.08 0.01 :1:0.01 1.0 ± 0 .1 
N2 1.3 :1: 0.2 0 0.20:1: 0.05 0-02:1: 0.02 1..4 t 0.2 
N3 1.1 t 0.1 0 0.10 ± 0.04 0.04 ;1: 0 .0.4 1.2 :1: 0.1 
f-valvv 3.86 1.31 1.22 0.7A 
P-volue 0.009 0.271 0.302 0.527 

Meom (:t SE) in the aame column follow•d by the sam• l•lter ore nal signiliconlly 
different {Siudeni-Newman-Kouls multiple c;omparison tell, P < 0.05) . 
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Tab I• 18. Eff•d of diff•r•nl nitrog•n l•v•la on p•rc.nlag• parc:zaitlsrn of sternboNra Chilo porlllut, Seu11mia 
calamitfit and Chilo orlchaleociliellus by Cof•slo llovip•• and C. •••om/a• 

Pt:~ro~ltoid Ho~t NO Nl N2 N3 x' p 

Sharf roina 

Co. flovipes Ch. porte/Ius 3.33 9.61 5.38 7.17 3.69 0.30 
S. eolomisfis 0.00 2.80 2.8 0.00 5.63 0.13 
Ch. oricho/cociliallus 0.00 0,00 0.00 37.50 115.57 0.0001 

Co. sesamiae Ch . pcrlullus 0.00 1,44 0,83 0.30 2.79 0,43 
S. calamisfi; 0.00 1.40 2.8 4.7 6.15 0.10 
Ch. ori~hokociliellus 0.00 0.00 0.00 0.00 

Co. flovipes All borer 1pe~ies 2.3 7.5 3.6 6.1 9.29 0.026 

Co. sesomioe All borer 1pecie1 0.00 1.4 0.9 1.5 4.47 0.215 

Long roina 

Co. flovipes Ch. porlellus 5.82 6.76 6.60 5.66 0.19 0.98 
S. calomislis 0.00 3.22 4.54 21.42 36.69 0.0001 
Ch. orkholcociliullus 50.0 100,0 63.36 36.36 296.68 0.0001 

Co, sesomi<;>o ch. portal/us 0.90 0.00 0.90 1.25 2.78 0.43 
S. ,o/<;>mislis 10,0 0,00 18.18 0.00 43.87 0.0001 
Ch. orithoko,iliellus 50.0 100.0 9.00 0.00 .416.90 0,0001 

Co. Rovipcs All borer ~pede~ 6.0 7.8 10.6 9.5 2.42 0.489 

Co, Jlli$Qmraa All borer ~pede~ 2.6 1.2 2.3 1.11 1.55 0.672 

decreased with N levels during the short rains season. Pesticide application reduced densities 
of all stemborer species during the short rai ns se;;~son, when infestations were high. Mai~e yield 
increased 2 to 13 times with N level, compt~red to the zero treatment, but the effect was less 
pronounced in the protec ted plots. 

Uganda 

Participiltins scientist: S. Kyamanyw<1 

Donor: DCIS. The Netherlands 

Coll.1borator: T. Kauma-Malama 

28. Abundance o{ sternborers and their parasitoids 

The objective of this study was tu determine the incidence of stemborers t~nd par3sitisn1 levels 
with emph<tsis on the introduced braconid Cotesia flavipes Cameron. The surveys started in 2003 
were conducted in farmers ' fields in four t~groecological zones (AEZs) in 2004. Three surveys 
were carried out per season in 2004 ilt different maize growth stages, i.e. at the whorl, t<Jsselling 
and maturity stages. Forty plants were random ly sampled per field t~nd t1 tot<tl of 15- 2.5 fields per 
AEZ. Busseoi<J fusc:a Fuller (Noctuidae) and Chilo parrellus Swinhoe (Crambidae) were the most 
important stemborers recorded. Chilo p<~rtellus represented 77% of the stemborers in the Eastern 
AEZ while B. fusca was dominant (60- 79%) in the other AEZs. Infestation levels were found at 
16- 31% plants infested <t nd a borer density of 0.2-0.5 borers per pl;;~nt (Ti.lble 19). Telenomus 
busseo/af;' Gah;;m (Sceli onidae), the only eggparasitoid recovered was found to cause egg parasitism 
of up to 46''l'u on B. fusca . Several larvi.ll and pupal parasitoid species were recorded; however, 
the most cornmon were the larval braconid Cotesia sesamiae and the intr<)duced Cutesia flavlpes 
Cameron. Mean parasitism by the indigenous C ses<Jmiae ranged between 2.0 and 29.4% on 8. 
fusca while that on C p,wellu.s was found at 0- 13% (Table 20). Cotesi<J flavipes was recovered at 
most of the lociltions with a para si tism level of 0-JO.S 'Yo on C. p<~rtel/us. Results further indicated 
!hat the parasitoid has not attained equilibriLtm 5 years after its introduction but it is important 
1hat impact studies be conducted. 
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Table 19. Meon number of boren per plant (:1; Sl;) aClCOrdinglo apedtJ and infeated plant&(%) at !he reprocfudlve 
atoge of main in four agroecologieol zonea during the lint and aecond roiny seQsOna in 2004 

AEZ Total borers c. earle/Ius 8. fusee S. colomisfis % infested ~lanta 
first raina 2004 
faatern 0.19 :1; 0.01 b 0.12 ± 0.01 0.06± 0.01 b 0.00 29.9 ;t 2.7 a 
South ooatern 0.45 :1: 0.01 0 0 .14 ;I; 0.01 0.30± 0.01 a 0.01 :1: 0.00 31.2 ± 2.9 a 
dl I, 1797 I , 1797 1, 1797 l. 1797 1, 40 
F·volue 42.33 0 67.77 0 .86 0 .15 
P·valuo 0.0001 0.9617 0.0001 0.3527 0.6982 
Second rolna 2004 
Eastern 0 .53 :1; 0.02 0 0..42t 0.02 a 0.09± 0.01 ' 0.00 30..4 :i: 5.0 a 
L Albert Cresc.,nt 0 .26 ± 0.01 b 0.08 ± 0.01 be 0.18 ± 0.01 ob 0.00 20.5 ± 4.0 ob 
l. Victoria Creltent 0.33 :t 0 .01 b 0.05;1; 0.01 c 0.26:t 0.01 a 0.00 17.8 ;t 3.7 b 
South eastern 0.27 ± 0.01 b 0.10:!: 0 .01 b 0.16 ± 0.01 b 0.00 16.4 :t 2.2 b 
df 3 , 47!5 3, 4715 3, 4715 3, 4715 3, 70 
f.volue <12.11 117.26 10.50 1.21 2 .97 
P·value 0.0001 0.0001 0.0001 0.3031 0.0377 

For each season, moana within o tolumn followed by tha >amo letter ore not signiAcantly different at P $ 0.05 
(Student-NewmQn·Keul's test) . 

Table 20. Mean percentage par~uititm of Clrilo porlel/ua and 8uuriolo Fvaca by Coteria 
Rovip•• and C. •••omiae a crou agroecoiQgical zonea (Aii:l$) during 2004 

C/,ilo porf~/lus Busseola fu$Co 

AEZ• C. Rovipes C. sosomiae C. Rovipos C. sos12mioe 

First rain• 2004 
E12atorn 5.A ;t 2.9 o 0.0 :t 0.0 a 0.0 ± o.o Cl 16.7 ± 16.7 a 
South eastern 8 .2 ± 5.4 a 1.7 t 1.7 0 12.0 t 5 .4 a 5 .1 ::t 2.2 0 

df 1, 30 I, 30 1, 28 1.28 
F-value 1.02 0.59 0 .28 0.97 
P·voluc 0.8823 0.4366 0.61 92 0.3324 

Second roiM 2004 
Eastern 30.5 ± 4.1 0 4.1±2.7o 3.3 :1: 3 .3 0 29.4 :1:13.3 0 

South o~>alam 5.2 :1; 3.8 b 1.2 :1; 1.2 0 0 .0 ± 0.0 0 A.4:!: 3.1 b 
L. Albort Creacent 0.0 ;I; 0.0 b 0 .0 :1; 0,0 Cl 5.0 ± 3.3 a 7.5 :1; 5,3 b 
l. Vi,toria Crescent 0.9 ;I; 0.9 b 7.3 ;I; 5.6 a 1.3 ± 0.9 a 2.2 :1; l.lb 
df 3 , 39 3, 39 3, 46 3, 46 
F-volue 18.26 0.92 1.92 A.8.4 
P·value 0.0001 0.4379 0.1576 0.0052 

for each season, moana within o column followed by the same Iotter are not slgnlRc;Qntly 
different at P S 0.05 (Student-Newman•Koul's te•t). 

29. Stemborer abundance and diversity on selected grasses 

The objective of this study was to assess the infestation levels and diversity of lepidopteriln 
stemborers and their parasitoids on four selected wild grasses. Surveys were conducted in four 
agroecological zones during the dry season of 2004 (Jan-Feb) and wet season of 200.1 (May­
August). The grass species included Panicum maximum jacq., Pennisewm purpureum SchumL!ch., 
Pennisetum polystachion (l.) Schult. and Sorghum arundinaceum (Desv.) Stapf. The selection 
of grasses was bJsed on a preliminary survey of wild grasses in 2003 and work by lngrLlm in 
1958 who indicated that these grasses were major refuges for stemborers net~r cultivation. 
Stemborer incidence was low r<Jnging between 0.3 t~nd 10.8% with highest infest;;~tion levels 
on 5. arundinaceum. Li!rvt~l density was lower (0-0.07 borers/ tiller) compa red to the densities 
in cu ltivated cereals. Among the 13 spec ies identified, 8 were noctuids, 2 crambids, 1 pyra lid, 1 
plilgitanid and unidentified cossids (Table 211. The noctuids represented 64.3% of the totill number 
of larvae collected followed by crambids with 35 .3%. The economically important crambid Chilo 
parte/Ius Swinhoe (Crambidae) and the noctuid Busseola fusca Fuller (Noctuidae) were mainly 
found on S. arundfnaceum <Jnd were rare on the other three grass species. The other grass species 
were important host plants of stcmborers mainly confined to the wild such as IJusseola phaia 
Bowden (Noctuidae) and Manga melanodonta Fletcher (Noctuidae) on P. maximum and Sesamia 
penniseti on P. purpureum. IJusseola phaia was also a species on P. purpureum. The braconid 
larval parasitoids Cotesia spp. were common on C. partellus from S. arundinaceum and Sesamia 
spp. from P. purpureum. Severa l other parasitoids were recovered on the different wild grasses 
(Ti!ble 22). It was concluded that in Uganda, with the exception of S. arundinaceum, the other 
three wild g~asses play a minor role in the seasonal carry-over of C. parte/Ius and 8. Fusca. 
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Tobit 21. Stembarer apaciaa divanity 011 four ulactad grauas during 2()0.4 ond 
2005 In Ugondo 

Stemborer speciu P. max P. poly P. purp S, aruncl AEZ~ where found 

Noduldaa 
Buueofo fus~a 

fuller + + +++ En, LAC, LVC, Sen 
8usseofo phaio 

Bowden +++ + ++ ++ En, LAC, LVC, Sen 
Mango melonoclonta 

Fletcher +++ + + En, LAC, LVC, Sen 
P9Q1JQifiO sorrato 

Hampson 
Sqsamia calomisiis 

+ En 

Hampson ++ •• +++ En, LAC, LVC, Sen 
Se,omia ponnisr:ti 
Tom~ & Bowdon +++ En, LAC, LVC 

Sesomia poophoaa 
Toms & llowdon ++ + En, LVC 

Seu~mia •P· ++ + + En, LVC 

Crambidaa 
Chilo parl~llus 

Swinhoo + + + +++ En, LAC, LVC, Sen 
Chilo ~p . ++ En, LVC 

~"'lidoe 
demo soccharina 
Wol~or + LVC 

Could a a + LAC 

Plegalinoe + En 

P. mox, Panicum maximum; P. poly, Pennisetum polystochion; P. purp, Ponnisetum 
pvrpuroum ond S. arund, Sor9hvm arunclinacoum. 
·, stemboror specie• not r~cor ed from o host plant; +, not common; ++ common; 
.... + , vary common on ho1t plant; En, Eo1lorn; LAC, lake Albert Crescent; LVC, 
loke Victoria Crescent; Son, South eastern. 

T11ble 22. P<lrtulloid specie• of stemborers recovered on four wild gnme1 during 2004 and 2005 
in Ug11nda 

Host 
Parositod species Order: Family Host plont Host doge 

Celosia Ravip~s Cameron Hym: Broconidae S. oru1 P. purp Cp, 8, S larvae 

Cotesia sosamia~ Cameron Hym: Broconidoe S. oru, P. pvrp1 

P. poly, P. max Cp, 8f, 8, S larvae 

Broeon sp. Hym; Broconidoo P. mox Mongo sp. Lc;~rvae 

Doliehogenidoe sp. Hym: Braconidoo P. mox 8 Lorvae 

Sturmiopsis porasitica Dipiero: Tochinidge P. max Mango sp. ~ .... rvae 
Curran 

8rachymeria sp. Hymn: Choltididge S. oru Cp Pupa a 

Pecliobius furvus Gohon Hym: Eulophidgo S. oru Cp Pupae 

Oontiehasmios buuqo/oo Hym: lchneumonidC!o S. aru Cp Pupoe 
Heinrich 

Grambroides numblponnis Hym: lchneumonidC!!! S. aru iPupae 
Seyrig 

Unknown ~pedes Hymenoptera P. mox 8 larvae 

Aphanagmus lljietuis Hym; Corophronidae S. aru Celosia spp. Hyper 
Ferrier• 

Hym, Hymenoptera: S. oru, Sorghum orundinacoum; P. purp, Pennisetum purpuruom; P. poly, 
Pennisetum polydochion; P. max, Ponicum maximum; Cp, Chilo portellus; Bf, Suueolo fuHa; 8, 
8usseolo sp.; S, Sesomoo colamlstis; Hyper, Hyperpora5iloic;l, 

30. Oviposition preference and larval survival of Chilo partellus 

The oviposition preference and larval survival of Chilo parleflus on selected grasses were assessed 
with lhe t~im of elucidating their role as trap plants or refugia for stemborers. The grass species 
tested included Pan/cum maximum Jacq., Pennisecum purpureum Schumach., Pennisetum 
polyslachion (l.) Schult. and Sorghum arundinaceum (Desv.) Stapf. Cultivated sorghum was also 
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included in the study being one of the major 
cereals attacked by C. parte/Ius. Two-choice 
tests were used and one mated female was 

140r-------------------------------, 

120 

paired with one male in each test. Maize o 100 
was compared with one test plant at a time 'i; 
in cages of 0.5 x 1 x 1 m and one pair of g> so 
moths (female Jnd male) released per cage. '0 
To C~ssess larva l survival ten (1 0) first instar j 60 

larvae were introduced per ti ller or plant of ~ 40 
the potted plants in the screen house. The 
experiment was replicated six times. Plants 20 

were dissected at 7, 14, 21, 28, 35, 42 and 
49 days after infestation (OAI) Lu determine 
the number of larvae surviving and to record 
their weights. Resul ts showed that the number 

Plant hoats 
of eggs laid per C. parte/Ius female did not 
significantly va ry between m<Jize and each of 
the host plants tested in the two-choice tests 
(Figure 5). However, I<Jrval survival varied 
ucross host plants. Among the wild grasses 

Figure 5. M~an (± SE) number of Chilo paf(el/us eggs laid 
per female on maize, Sorghum bicolor and four selected 
wild grasses (Wi lcoxon test) 

tested 5. arundinaceum had the highest number of larvae surviving and was significantly different 
from that on maize except at 28 and 49 DAI (Figure 6). Panicum maximum, P. purpureum and 
P polystachion had significantly lower number of larvae surviving compared to the other test 
plants at all sampling dates after infestation. These results concur with the field observations 
where few C. parcel/us were recovered on these th ree wild grasses and S. iJrundinaceum was 
found to be the major wi ld host plant of Chilo parte/Ius. 
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Figure 6. Surviv;tl of Chilo p ,lllellus larvae on rnaize, Sorghum bicnlnr and four 
~elected wild grasses 

Zambia 

Participating scientists: A Sumani, P. Nkunika 

Donor : DC/5, The Nelhera/nds 

Collaborators: Moun£ Makulu Research Station, University of ZambiiJ 

3 7. Habitat management 

The objective of the study was to demonstrate the effect of intercropping sorghum and beans on 
the stemborer d<Jmage and yield of maize (see Table 23). 

• The treatments were: Maize pure stand (variety PANNAR 406); sorghum pure stand 
(variety 'Kuyuma'), maize surrounded by sorghum (sorghum border), maize surrounded 
by beans (beans border, variety 'Kabulangeti'), m<~ize/beans/sorghum intercropped. 
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• Plot size was 7.2 x 6 m (effective sample area 6.2 x 5 m). A RCBD with 4 replications was 
planted at 3 sites (Mount Makulu planted 2nd week December 2003, Sesheke planted 
3rd week January 2004 and Luangwa planted 4th week January 2004). All agronomic 
practices pertaining to the growing of maize were followed. 

• Data collected at harvest were: plant height, stem diameter, number of holes, tunnel 
length, cob weight, stemborer species and parasitoids rec;:overed. Data was subjected to 
A NOVA using JMP and mean separation using Tukey-Kramer HSD. Differences between 
treatments were not significant expect for sorghum which had the highest number of 
holes and em tunnel bored. As shown by other researchers intercropping maize with 
sorghum does not reduce borer infestations on either crop. 

Toblo 23. Plant growth ond damage variablea in mixed cropped main 

Stem Number of Numbvr 
Tr~ottnents diameter (em) internodes of holes 

Moi%e 14.7 ± 2.1 a 15.5 t 1.86 a 0.04 ± 0.25 a 
Moi%e/sorghum 15.0 ± 2.2 a 11.7 ;I; 1.56 0 0.1.d ;t 0.84 o 

Moize/ beons 15 .1 ± 2 .2 a 11.2 ± 1.31 a 0.06 ± 0.46 0 

Tunnel 
longlh (c:m) 

0.08 ;I; 0 . .50 
0,53 ;!; 1,10 0 

0.09 ;I; 0.56 0 

115.9 ;I; 49.3 0 

121.1 ;I; 45.1a 

110.5 ;1: 50.8 0 

Moi:~:ohorgh11m/beons 15.5 ± 1.8 o 11.1 ± 1.52 a 0.14 ± 0.4 7' a 0.63 t 1.97 o 118.1 t 43.3 o 

Means in o c;oiurnn followed by the some letter ore not signifl~ontly different at P < 0.05 (Tukey-te.t) . 

32. Establishment of parasitoids 

Colesia (lavipe.~ is now established in areas shown in Figure 7. Post-release surveys conducted 
to determine whether Xanchopimpla stemmator h<J~ become established have not resulted in any 
recoveries. 
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Figure 7. Sites of Coresiil flavipes recoveries in Zambia 
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Zimbabwe 

Participating scientists: P Chinwada, E. Zitsanga 

Donor: DGIS, The Nelheralnds 

Collaborators: Plant Protection Research Institute, University of Zimbabwe 

33. Suitabilily of different stemborer populations for the development of 
Cotesia flavipes and an assessment of its establishment in Zimbabwe 

Five populations of Chilo parte/Ius (Muzarabani, Sanyati, Musikavanhu, M<unina and Bushu) and 
one of 8. fuse,, (Harare) were tested for their suitability as hosts of Cotesia flavipes. Host suitability 
for the development of C. flavipes was assessed by hand-stinging stemborer larvae using naYve 
24-hour-old milled female parasitoids. The percentage of stung larvae that produced cocoons, 
parasitoid developmental time, 'Yo adult emergence, brood size and sex ratio, number of parasitoid 
larvae that exited the host but failed to pupate and the number of parasitoids that died inside cocoons 
were recorded. For the five C. parte/Ius populations, each data set was analysed as a completely 
r<~ndomised design (CRD) with five treatments (borer populations) and four replications. Data 
un percentages and counts were arcsine- and log (x + 1 )-transformed, respectively, before being 
subjected to ANOVA (Proc GLM, SAS Institute, 1990) followed by the Student-Newman-Keul's 
(SNK) multiple range test when the F-ratio was significant (P < 0.05). 

Succes!>fu l par<~sitoid development occurred only on C. parte/Ius but there were no significant 
differences (f = 0.53 , df:::: 4,15, P = 0.7151) in parasitism levels among the five populations. There 
was complete failure of parasitoid development on Busseola fusca due to egg encapsulation. 
Significantly less parasitoid adult progeny 113.0 adults and 85.4% emergence) were produced on 
Muzarabani C. parcel/us compared to the Sanyati, Musikavanhu, Mamina and Bushu populations 
(P < 0.05)]. Simi larly, the proportion of adult fema le parasitoicls produced on Muzarabani C. 
parcel/us was lowest (13.5%) compared to the other four populations where females comprised 
74 .0- 77.7% of the adults in each brood. 

The egg-larval period of C. flavipes was significantly shorter (F =- 3.64, df = 4,265, P = 0.0066) 
on MUi:arabani C. parcel/us than on any of the other four populalions. On Sanyati, Musikavanhu, 
Mamina and Bushu C. parcel/us, egg-larval development was completed in 12.2- 12.4 days wh ile 
on the Muzar<1bani population, the parasitoid took 11.7 days to emerge from host larvae. A 
simi lar result was obtained with pupal periods but in this case, development on Muzarabani C. 
parte/Ius (6.4 days) was signi ficantly longer (f = 2.70, df = 4,260, P = 0.0314) than on the other 
four populations (5.9-6.1 days). However, tota l egg-adu lt development did not differ among the 
five populations, ranging from 18.1 to 18.5 days. 

34. Field releases of Cotesia flavipes 

Unlike pre-2002 releases in which Cotesia flavipes was liberated either in cocoon form or as 
mated adults in cocoon form, in the 2004- 2005 season we also experimented with (In indirect 
parasitoid release method through the deliberate infestation of plants using pre-stung C. partdlus 
larvrtc. This technique was tried out at Sanyati, Coburn and Mamina (Table 24). It W<JS felt that 

plam health 

Table. 2..(. Cot••io tlovip•• r•l•a•• location• In Zimbabwe For 200..( and 2005 and approximate 
number of panultoldt llberoted per location 

loeatlon 

Lowveld (< 600 m) 
Ckisumbanje 

Middlev•ld (600-1200 m) 
Bushu 

Sanyoti 

Highv•ld (> 1200 m) 
Coburn Estoie 
Momino 

Approximate numbor of parositold Individuals released 

As adults 

40,000 (July 2004) 

40,000 (Jul 2004) 
20,000 (Aug 2004) 

10,000 (Doc 2004) 

1000 (Apr 2005) 

As eoeoon$ 

20,000 (Apr 2005) 

As pre·stung 
hast !orvoe 

103 (Dec 2004) 
82 (Feb 2005) 

25 (Feb 2005) 
15 (Feb 2005) 
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Tobie 25. Percentage ttemborer (Chilo part.l/ut, Setamia calami•li• 011d fluueo/a fuaca) larval paratitiam' reoorded in 2004 
and 2005 at d ifferent CoNtia Ravipe1 rel•o•e location• 

Dote of first Sampling Cotosia ColeiiO Colesia 
location releos• dote Borer 'P· N st!':somic& Rovip'u sp. 
Bu1hu 1.03.2001 5.02.2004 C. parlel/us 1321 0.1 (1) 3.5 (331 

30.07.2004 C. parlellus 32 0.0 0.0 
S. ~afomis fis 10 0.0 0.0 

2.09.2004 C. parfellui 60 0.0 0.0 
S. calomislis 2 0 .0 o.o 

13.01.2005 C. parlel/us 484 0.0 23.2 (59) 
8 . fusca 6 0 .0 0.0 

16.05 ,2005 C. porlel/u• 236 2.7 {3) 9 7.1 {8) 
S. colamislis ~ 0.0 0.0 

Muslkavonhu 22.07.1999 4.03 .2004 C. parlol/us 670 0.2 (1) 1.8 (9) 
S. talami•li• 3 0.0 0.0 

15.12.2004 C. harleffus 152 0 ,0 0.0 
8. UICO 5 0.0 0.0 
S. calomistis 1 0.0 0.0 

10.02 .2005 C. partellus 853 0.2 {1) 23.1 {107) 

Muxarabani 3.03 .2000 20.02.200.<1 C. portellus 1000 0.0 0.0 
27.01 .2005 C. p a rlelfus 284 0 ,0 3.0 {4) 

Chlsumba nje 23 .07.2004 23.07.20042 C. partelfus 48 0.0 7.5 {3) 
S. t ofamislis 6 0.0 0.0 

Sonyoti 13.12.2004 27.03.2004 C. parlollus 26 7.7 (21 
13. 12.200.d2 C. parteflus 647 0 .0 

S. tafamistis 8 0.0 
8 .G2.2005 C. portoiJus 72 8 .3 {6) 4.2 (J) 
18.05.2005 C. porlellus 321 0.0 0.0 

Mamina 9.02.2005 10.12.20047 C. /.ariel/us 289 2.2 (51 
8. usee 230 0.0 
S. calomislis 5 0.0 

9.02.20057 C. partellus 96 1.0 {1) 
6. fuw:~ 68 0 .0 0.09 

8 .04.2005 C. part.,lfus 133 30.8 !241 2.6 (21 
8. fusca 95 21.7 10 0.0 
S. caJamistis 11 0.0 0.0 

10nly modlvm and large·sind larvae were used in deiormining% parasitism (numbor ol pa rosilised larvae in parentheses) , 
7Pre·C. Rovipe1 rolcas" surveys. 

releasing C flavipes through pre-stung method was most effective <Js one would be assurP.d ol 
iniJia l habitat colonisation as inimical biolic and abiotic f<~ctors may kill parasitoids before finding 
a host. 

35. Surveys to determine Cotesia flavipes establishment 

To date, successful Cotesia fi<Jvipe5 establ ishment in Zimbabwe hils heen confirmed at Bushu, 
Musiknvanhu, Muzarabani ilnd C.hisumbanjc !Tilble 2S). Of the four lociltions, Chisumbnnje is I he 
on ly one ill which parasitokf recoveries were milde beiore actuil l releilses had been conducted. 
Recoveries <1! Chisumbanje mily he due to spread from Musik;~vnnhu l<~rrroxim;~tel~' 60 kml where 
releases were m<Jde in July 1 99CJ. At Bushu, confirmL~Iion of successful C. 17avipes establ ishmenl 
was first made on 5 February 2004 when cocoons were recovered from 33 C. pc1rtellus larvae 
(3 .5% parasitism). By l 3 January 2005, C. flavtpes p;~rasitism ill Bushu had risen to 21 .2"/u (59 
I<Jrvae parasitised). At Musikilvanhu, successful C. flavipe.~ estilblishment was first confirmed on 
4 March 2004 w hen cocoons were recovered from 9 C. parte/Ius larvae (l .R% parasitism). A 
huge jump in par<~sitism was recorded the following ye<~r on I 0 February 2005 when cocoons 
were recovered from 107 C. parte/Ius I<J rvae (23 .1 'Yo p;~r<Jsit ism) . At MuzarL!bani, none of the C. 
parte/Ius l arv<~e sampled in 2004 were parasi tisecl but on 27 Januilry 2005, C. flavipes cocoons 
were recovered from 4 larvae. At S<1ny<1 ti and Mamina, C. flavipes releases were first conducted 
on 13 December 2004 and 9 February 2005, respectively. In post-release surveys conducted 
during the same season, C. fli!vipe:; parasitism was 4.2% at Sanyati (8 February 200S) Lind 2.6'Yo 
(8 April 2005) at Mamina. 

36. Releases and post-release surveys of Xanthopimpla stemmator 

To date, Xanthopimpla .Hemmer tor hils been released <Jt only three sites in Zirn b<~bwe. However, 
no recoveries of the parasitoid have yet been recorded. 
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37. Interspecific compelilion between Xanthopimpla stemmator Thunberg 
and Dentichasmias busseolae Heinrich (Hymenoptera: lchneumonidae), 
pupal parasitoids of Chilo partellus (Lepidoptera: Crambidae) 

The ml!in objective of this MSc study was to investigate the impact of Xanthpimpla stemmator on 
the efficiency of indigenous pupal parasitoid, Oentichasmias busseolae. The specific objectives 
were to: (1) determine whether females of X. stemmator and D. busseol.1e would discriminate 
be1ween Chilo parcel/us pupae parasitised by the other species and those that are unparasitised, (2) 
investigate the effect of multiparasitism on X. stemmator 01nd on D. busseolae, and (3) determine 
the host searching eHiciency of X. stemmator and D. busseolae fema le parasitoids on different 
parts of the maize plant. This report is on the thi rd objective: To determine the host searching 
efficiency of X. stemmator and D. busseolae female parasitoids on different parts of the maize 
plllnt. The results indicated that the part of maize plant used had no significant effect on the time 
t;,ken by 0. busseolae to search for the host (Table 26). Simi larly, time taken by X. stemmator to 

Toblo 26. M•11n (:1: SE) for11ging lim• (aea.), ttm• to op•n •m window ( .. c.), and ttm• sp•nt lnaid• pupal 
chamb•r (••c.) for DenliduJSmlos buueoloe poroaitiaing Chilo port.llus pupae In different pam of a mal~• 
plant 

n Stem 

Foraging lime 30 131.23 :!: 20.74 
Time opening oxit window 30 257.33 t 56.60 
Time in&ide pupol chamber 30 94.37 t 22.98 

search for ll host in different paris of the mnize 
plant did not differ significantly. However, 
while 0. busseolae successfull y searched 
for and parasitised puplle in stems and cobs, 
parasitism of pup<Je in cobs by X. stemmator 
was negligible (Figure 8). Consequently, despi te 
the fact that studies on host discrimination and 
mu ltiparasitism indicated thllt both species 
do not discriminate between parasitised and 
unparasitised hosts, and thllt X. scemmator was 
competitively superior to 0. busseolc1e when 
time interva l between ovipositions was short, 
it was concluded that the two species could 
co-exist because they partly exploi t different 
ecologica l niches. 

plant health 

n Cob df l·voluo p 

30 117.40 ± 18.83 58 1.03 0 .3057 
30 120.77 :!:35.20 49 1.27 0.2097 
30 229.87 ±65.28 58 2.25 0 .02097 

100.----------------------------, 
90 - Cob 

'g so c::J Stem 
~ 70 
~ 60 
[50 
::: 40 
§' 30 
g. 

"/!. 20 
10 
0 '-Ts=m~-.______, 

Para&llold &psclss 

Figure a. Percent pupae successfully pM;,sitlscd by 
Xan thopimpla scemm,ltor and Demlc/lasmi<~S busseolae 
in different organs of the m;~lze pia" I (n • JO) 
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38. Host suitability and interspecific c-ompetition of the West African 
stemborer egg parasitoid Telenomus isis Polaszek (Hymenoptera : 
Sce/ionidae) in Kenya 

In East and Southern Africa (ESA), the noctuid stemborer Busseola Fusca (Fuller) and the exotic 
crambid Chilo partellus (Swinhoe) are the most important lepidopteran pests of cereal crops. In 
western Africa, the scelionid egg pilrilsitoids Telenomus busseolae Gilhan and Telenomus isis 
Polaszek are the most important biological control agents of noctuid stemborers such as Sesamla 
ca/amistis 1-i ampson and B. Fusca while in eastern Africa, egg parasi tism is low by comparison. In 
1997, International Centre of Insect Physiology and Ecology (icipe), jointly with the International 
Institute of Tropical Agriculture (liT A), initiated a study on control of B. Fusca in East and Southern 
Africa. In 2003, the West African species T. isis was imported and introduced into the icipe 
quarantine facili ty for t<~ rget and non-target species studies. Pre-release suitability studies indicate 
that West African T. isis would establish and could have an impact on stemborer populations 
in Kenya (Tables 27 and 28). Results showed that T. Isis would not affect the efficiency of the 
locally occurring strain of T. busseolae and other indigenous parasi toid species of noctuid eggs if 
released in e;:~stern Africa. 

Tabl• 27. Svlrob!llly (mean ± SE] of three Eaal African alemborer apec:iea 
in four holt ggel for Tel•nomiiJ ;,;, 

Buss~ oleo 

lv$'Q 

% Pgrg1ili1m 
Age I 66.7 ± 5.4 
Age 2 61.8 :!: 3.9 
Ago; 3 51.1 ± 4.0 
AgQ 4 53.3:!: 4.3 

%Emergence 
Age I 66.1 :t 4,6 "A 
Age 2 60.3 :1: 4.5 obAll 
Age 3 76.4 ± 4.5 bA 
Age A 71.3 ± 5.9 bA 

Sex ratio 
Age I o.6 t 0.1 
Age 2 0.7 ± 0 .1 
Age 3 0,7 ± 0.1 
Age 4 0.8 t 0.1 

Oevelopmenlgffime (dgy1) 
Age 1 21.1 ± 0.1 A 
Age 2 20.3 ± 0.4 A 
Age 3 20.7 :!: 0.3 
Ago; A 20.8 ± 0.2 A 

Specie~ 

Scuamia 
cafamistis 

63 .3 :t5.2 
61.0 ± 6.7 
55.1 ± 8.4 
54.9±4.3 

61.9 ± 6.4 B 
72.9 ±6 . .1 A 
82.6 H . .s 
73 .9 ±6.5 0 

0,7:1:0.1 
0.6 tO. I 
0 .6 ±0.1 
0.7 ±0.1 

21.3 t 0.5 "A 
19.3 t 0.3 obAll 
19.8 :!: 0.3 b 
19.2 ±0.3 bB 

Sesamia 
nonagrioidr:s 

70.7 :1; 4,7 c 
.!7.3 ;t 5.6 b 
56.7 ± 4 .0 b 
40.9 t 6.7 b 

87.1 ± 5 .0 oA 
86.9 ± 1.7 oB 
62.9 t 7.A b 
.!9.5 :1; 9.0 bll 

0.7±0.1 
0.7 t 0.1 
0.7:!: 0.1 
0.8:!: 0.1 

18.0:!: 0.3 cB 
18.0 ;1: 0.4 bB 
19.0 t 0.2 t; 
22 .0 :!: 0.2 t;C 

Mco<;Jns within c row followed by different capitol letters and meonJ wilhin 
o t;olurnn followed by diffe renrlower eo!e lett en ore !ignificontly different 
(Student-Nowrn<;Jn•KouiJ ~~~~t; P < 0.05). 

Tobie ;2{1. Developmentgffim•, pgrg1iti1m lev•l, total ofkprll'lg per female, aex ratio (megn :1: SE) for TelenomuJ ;,;, at 
diff•rent temperoturea and two relglive humidity regime1 on S•JQm/g ~/gm/stis 

Temperoture1 (•CJ 
Relative 
humidity 18 21 24 27 30 

Developmont<;JI time 40- 50% 56.0 ± 0.2 A 30.5 t o.6 a 2A.O ± 0.4 C 22.0 ± 0 .8 oC 15.3 ± 0.1 D 
(doy1) 70 - 80% 54.0 ± 0.1 A 27.0 ± 0 .6 B 23.7 t 0,6 8 18.2 :!: 0.3 bC 15.2:!: 0.2 D 

Parasitism (%) .10-50% 16.0 ± 0.3 27.0 :!: 0 .3 29.0 t 1,0 <;l 35.2 :!: 0 .6 0 22.2 :!: 0.9 
70-80% 16.0 ;t; 0.2 A 27.0:!: 0 .1 A 76.0 ::t 6.7 bll 48,8 :!: 5.8 bB 21.6:!: 0.6 A 

Total offspring 40-50% 10.9:!: 0.2 25.0:!: 0 .1 29.6 t 0.5 <;l 22.8 :!: 0 .3 0 10.5 ± 0 .6 
70-80% 15.0 t 0,2 A 23.0:!: 0 .1 A 60.8 :!: 5.5 bll 33.0 ± 5.7 bB 15.1 ± 0.9 A 

Sax tcllo I%] 40-50% o.a ;1; 0.1 0.8 :!: 0 .1 0.8 ;!; 0.1 0.6:!: 0.1 0 .8 :!:0.1 
70-80% 0.7;!; 0.1 0.6 ±0.1 0.7 :!: 0.1 0.7:!: 0.1 0.7 t 0 .1 

M!!Qm within o row followed by different c~;~pilol lotlori ond means within o column follow1d by diffetenl low,r t;Q!CI 
lelleri orQ signlneontly different ISiudent-Newmon-KeuiJ loil; P < 0.05]. 
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39. Multiparasitism by the pupal parasitoids, Xanthopimpla stemmator 
(Hymenoptera: lchneum.onidae) and Pediobius furvus (Hymenoptera: 
Eulophidae) on African cereal stemborer Chilo partellus (Lepidoptera: 
Crambidae) and Busseola fusca (Lepidoptera: Noctuidae) 

The outcome of multiparasitism by two pupal parasitoids, the exotic solitary lchneumonid 
Xanthopimpla stemmator and the indigenous gregarious eulophid Pediobius furvus was studied 
using the invasive crambid stemborer Chilo parte/Ius and the indigenous noctuid Busseola fvsca 
as hosts. Two parasitism sequences were chosen where X. stemmator oviposited before P. fvrvus 
('Xs-Pf') and vice versa ('Pf-Xs'). In addition, the effect of time between first and second parasitism 
on parasitoid emergence, development, sex ratio as the proportion of females, and number of 
offspring (i.e., 0, 3, 24 and 28 hours) was assessed. 

When parasitised by both species, the percentage of pupae producing only X. stemmator 
ranged between 50-100% and 68.4-95.0% with, respectively, C. parte/Ius and B. fusca as the 
host, versus 100 and 75%, respectively, when X. stemmator parasitised alone. For P. furvus the 
figures were 0- 5% and 0- 17.6%,, respectively, with C. partellvs and B. fusca, and 55 and 40%, 
respective ly, when parilsitising alone. Within an oviposition sequence, X. stemmator emergence 
was not affected by time interval between ovipositions, but at 24 and 48 hours with C. parte/Ius 
as the host, it was considerably higher in the Xs-Pf than Pf-Xs sequence, whi le with 8. fvsca the 
sequence had no effect. For P. furvus emergence, neither the sequence nor time interval had an 
effect and many treatments did not yield any emergence. Only six out of 16 treatments produced 
both parasitoids (0 and 3 hours with C. parte/Ius as the host, and 0 and 48 hours with B. fusca ) 
and the percentage of pupae producing both species was higher with C. partellvs than B. fusca 
as the host. 

In the 'Pf-Xs' sequence, the sex ratio of X. stemmatorwas positively related with the host pupa weight 
indicating that a higher proportion of fertilised eggs were laid in larger hosts. Developmental time 
of X. stemmator was positively correlated with time interval between parasitism and negatively 
related with sex ratio; thus, developmental time was longer for males and females. Sex ratio of P. 
furvus was negatively related to pupa l weight probably because of a higher number of progeny in 
larger pupae. In spite of its considerably smaller size, C. parte/Ius tended to be the super ior host 
for X. stemmator but not so for P. furvus. 

In general, X. stemmator outcompeted P. furvus irrespective of if it parasitised first or second, 
time interval between parasitism and host species. Further studies and especially on host {indlng 
capacity of the two parasitoid species are required to determine the competitiveness of the two 
species under field conditions. 

40. Location of stemborer pupae in various host plants and implications for 
the performance of natural enemies with emphasis on the pupal parasitoid 
Xanthopimpla stemmator (Hymenoptera: /chneumonidae) 

To predict host accessibility by the pupal parasitoid Xanthopimpla stemmator, four grass species 
(Sorghum bicolor, Pennisetum pvrpvreum, Sorghum versicolor and Zea mays) were sampled for 
stemborer pupae in Kwale, in the low altitudes of southern Kenya, i!nd in Trans-Nzoia, in the high 
alti tudes of western Kenya. The pupal position of Chilo orichalcociliellus (Strand), Chilo parte/Ius 
(Swinhoe), SesamiOJ calamistis (Hampson), Sesamia oriau/a (Tams and Bowden) and Busseola 
fusca (fu ller) in the plant were determined in reliltion to: (a) distance of pupae from edge of stem 
(depth), (b) distance between the moth-exit h~e and head of the pupa (location) and (c) length 
of tunnel from moth-exit hole to the base of the tunnel. Pupal depth for C. parte/Ius and pupill 
locution for C. parte/Ius and B. fvsca varied significantly in the different plant species tested, 
and pupae tended to be embedded deeper in cu ltivated than wild hosts (Table 29). On all host 
species, the borers were located at a depth less than 0.35 em. Most C. orichalcociliel/us and 
5. calamistis pupae were found pupating in ears of maize or upper part of the wild host stem. 
Sesamia orii;wla was only collected from lower plant parts and only In P. pvrpureum. For B. 
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fusca, tunnel length varied significantly between plant species and was longer in cultivated hosts. 
Xanthopimpla stemmator has an ovipositor length of about 0.52 em thus it is anticipated that the 
parasitoid cou ld easily reach and parasitise pupae in these host species. 

Table 29. Depth (a) and locotion (b) of pupa, and lunnell•nuth (<I) (;t SE) of teverol stem borer apeciea in wdd and 
cultivoted host plonll 

Borer species Rogi~;~11 z.,a may• Sorghum bicolor S. versicolor F-vatue df P-volue 
(o) Cl!ilo porlellus Kw~;~lo 0.2A t 0 .01 o 0.20 ± 0.01 b 0.19 ± 0.01 b 4.59 3 .528 0 .00.4 

C. oricl!olcoeilielluJ Kwale 0.20 ;I; 0.03 0.16 ;I; 0.01 po 1.11 uo 0.29 
Sasamio calamislis Kwole 0.20 t 0,03 0.20 ;I; 0.01 pa 0.04 1.34 0.85 
f-valuo 0 . .46 0.09 
df 2,337 2,2.41 
P-volue 0.63 0.91 
8. lu•co Trons-Nzoia 0.29 ;I; 0.2 0.27 ± 0.05 ho 0.45 1.39 0.51 

(b) C. portollu• Kwale 0.90 t 0.06 aB 0.70 ;I; 0.1 b 0.70± 0.04 b .4.33 3.528 0.005 
C. ori~holcocillollu• Kwole 1.10 t 0.2 A 1.20 ;I; 0.2 po 0.93 1.-40 0.340 
S. calamillis Kwola 1.30 ± 0.2 A 2.0 ;I; 0.0 pa 1.14 1.34 0.292 
F-value 9.19 3.50 
df 2,337 2,241 
P-value 0.0001 0.0619 
8. fusto Trons-Nzoia 1.6 :!: 0 .1 2.0 ;t 0,2 ho 6.71 2.1.41 0.002 

(c) C. parlellu• Kwole .4.10:!: 0.1 8 A,10 tO.l B 4.30± 0.3 1.11 3.528 0.346 
C. arichalcoeiliellus Kwalo 5.70 ± 0.4 A .4.90:!: 0 .7 A pa 0.49 uo 0.489 
S. c9lamlstis Kwale 4.20 t 0 .3 B 4.80 ± 0.0 A pa O.AO 1.3A 0.531 
f-valuo 7.2A 1.19 
df 2,337 2,241 
P-value 0.0009 0 .0351 
8. Fusco Trans·N~QiQ 5.60 ± 0.2 b 7.60:!: 0.6 a h~;~ 8.74 2.1.41 0.003 

Moans in th~ some row followed by the somo l~;~wor c~;~se leller(s) ore not significantly difforont, Mo~;~ns ir> the some c~;~lumn 
followed by the some upper cose leller(s) are not sig11iAcontly different (Bonferroni comparison lest, P <: 0 .05). pa, pupo 
absent; ha, host plant absent in the region. 

4 7. Biological control of cereal stemborers in Kenya: A cost-benefit approach 

Lepidopteran stcmborers are the key pests of maize in sub·S<Jharan Africa. In the lowland tropics, 
dry mid-altitude, dry transitional and the moist mid-altitude zones of Kenya, the invasive crambid 
Chilo parte/Ius causes up to 73%, yield loss. The icipe st<~rted a biological control IBCJ programme 
in 1991 to control stemborers in subsistence agriculture in Africa with emphasis on classical BC of 
C. parte/Ius. The project released the braconid larv<JI p<Jrasitoid Cotesia flavipes in 1993 in coasl<ll 
Kenya, where it got est<Jblished and spread to 
otheF regions. This study assesses the economic 
impact of the introduced parasiloid (Figure 9). 
Temporal data on percentage parasitism by 
the introduced par<Jsitoid and on stemborer 
density were collected between 1995 <Jnd 
2004. Socio-economic data was collected 
through administration of questionn<~ires to 
300 farmers. Economic impact of the project 
was calculated as the value of the yield loss 
abated by the p<Jrasitoid based on a model 
of expected stemborer density Jnd parasitism 
level. Average annual par<Jsitism increased 
linearly from the time of introduction to reach 
20% parasitism by 2004. The net reduction in 
total stem borer density over the last 1 0 years 

Year 

600 ] 
c: 
:!) 

8 
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Figure 9. Benefits and coSIS of lhc inlroduction of Cntesi.J 
f/avipt·s for the control of Chilo parto/lus ir1 Kenya 

was 33.7%, thus abating 47.3% of yield loss. The region will accumui<Jte a net present value of 
US$ 183 million in economic benefits in 20 years since release of the parasitoid . The benefit-cost 
ratio was estimated at 19:1 when farm gate prices were used, with an internal rate of return of 
41%, indicating a high return to investment. Introduction of other parasitoid species targeting the 
egg and pupal stages of the stemborer life cycle stages would be requ ired for biological control 
to push yield loss by stemborers to an insignificant level. 
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42. Stemborer abundance and egg parasitism in Kenya 

Field studies were carried out in 5 si tes: Taveta, Kiboko, Mbita (mid altitude area); Eldoret-Kitale 
transect and Wundanyi (highland altitude areas). Apart from Eldoret and Mbita where the surveys 
were carried out on a weekly basis for 3 months, other fields were visited once during the short 
<~nd long ra ins seasons. During the survey, pre-tasselling maize and sorghum plants were checked 
and any egg batches recovered were kept in individual via ls until the stemborer or parasitoids 
emergence. In Eldoret and Wundanyi, on ly Busseola fusca eggs were collected, w hile in Mbita 
both B. Fusca and Sesamia calamistis eggs were found w ith B. fusca as the dominant species. In 
Taveta and Kiboko, only 5. calamistis eggs were recorded. The field results show that there is a high 
variation in the number of egg batches <Jnd number of eggs per h<Jtch among the sites surveyed. 
Most of the infested plants had single egg masses with batch site fluctuating from 22 to 46 among 
the localities. Egg par<Jsitism varied between 2 and 50% (Table 10). The egg parasitoid species 
recovered are Telenomus busseolae, T. thestor, T. bini, Trichogramma bournieri, Trichogramma nr 
lutea , Trichogrammatoidea sp. and Tric:hogramma sp. 

T11bl• 30. M•11n1 :1: SE of number of main 11nd aorghum ptanh1 number of b11t~h11 per fi•td, number of botchea per 100 
pl11nb, number of egga per batch, perwnt~;~ge of egg paraJitl&m from Ave geogr11phic lacalton& In Keny11 

. 

Eldorel Wundanyi Tovelo Mbito Klboko 

No. ofplonl 962,4 ;t 21.9 1150.0 1! 127.5 111.1 .3 ;t 185.7 229.2 ± 30.7 2125.0 ± 61.5 

No. of batche~/fietd 17.4 ;t 3.8 18.5 ± 3.5 8.0:1: 3 .06 1.0 :t 0.3 0.4 ± 0.0 

No. of batches/100 plants 10.0:1: 0.2 15.0 ± 0.2 10.0± 0.7 0.7 ± 0.0 9.4 ± 1.1 

No. of egg~/batch 46.5 ;I; 1.0 31.8 ± 1.0 22.7:1: 1.0 46.7 ± 4.0 22.8 ± 1.5 

Egg parasitism {%) .4 .2 :1: 0.5 32.4 ± 1.9 49.2 ± 3.2 2.2 ± 1.3 45.9 ± 6.4 

43 . Studies on the host ra nge of West African races of Sturmiopsis parasitica 
and the outcome of interspecific competitior. with Cotesia sesamiae 

The stemborer Busseola fusca is a major cereal pest in the East African region while in West Africa 
it is of il1inor importance. O ne of the most common parasitoid species of stemborers in West Africa 
is the tachinid 5turmiopsis parasilica. High parasitism rates were found on 5esamia calamislis and 
Eldana saccharina. By contrast, the Zimbabwe race of the tachinid Sturmiopsis parasitica, while 
successfully parasitising the diapausing borer species of Busseola fusca, is encapsulated in the 
non-diapausing 5. c:alamistis ilnd E. saccharina. Thus, parasitoid populations crash to close to 
zero during the dry season, when B. fu.sca larvae are in diap01use. 

In the present study, the host range of West African races of 5. parasitica and the outcome of 
interspecific competition w ith Cotesia sesamiae with a view to releasing it against B. fusca in 
Kenya and Cameroon was assessed. Prel im i n <~ry results showed the parasitoid successfully 
parasitised the m;;~in borer species occurring in East ;;~nd Southern Africa. Using one planidial egg 
per borer larva, the rt~tes were 45, 23, 16 and 11 % for S. calamislis, E. sacc:harina, C. partellus 
and B. Fusca respectively, successfully parasit ised by the West Africt~n race of 5. parasitica . Host 
discrimination and interspecific competition studies are ongoing. 

44. Geographic variation in host acceptance and suitability of Cotesia 
sesamiae Cameron for Busseola fusca Fuller in Kenya 

In Kenya, the endoparasitoid Cotesia sesamiae Cameron (Hymenoptera: Braconid;;~e) exists as 
two biotypes that differ in their ability to paras itise the stemborer Busseola fusca (Lepidoptera : 
Noctuidae). Cotesia sesamiae from western Kenya completes development in B. fusca larvae, 
hence it is virulent. The coastal C. sesamiae biotype does not complete development and eggs 
that are oviposited get enc;;~psul;;~ted in 8. fusca larvae, and therefore it is avi rulent. It is not yet 
known if intermediate C. sesamiae populations ex ist between western and coasta l Keny;;~ . On the 
other hand, several B. fusca biotypes have been described recently and it is not clearly understood 
whether this host also contributes to variation in C. sesamiae parasitism. 
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The objective of this study was to examine B .• fusca acceptance and suitabi lity of different 
populations of C. sesamia e. An interaction matrix involving six 8. fusca populations and six 
C. sesamiae populations col lected from six regions in Kenya were used. These locations were 
Momb(lsa. Taita, Kitui, Meru, Kitale and Kisumu. All C. sesamiae were reared on hosts from 
which they were collected in the field. The 
acceptance study showed th;;~t the avirulent C. 
sesamii.le populations do not have an innate 
capabi lity to recognise 8. fusca while the 
virulent popu lations possess this trait. Of the 
I 35 avirulent C. sesarniae females tested, 94'Yo 
avoided ovipositing in 8. fusca l<lrvae wi thin 
the first 10 minutes of encounter. More than 
80% of the C. sesamiae females from eastern 
and coastal C. sesami<Je populations (Kitui, 
Taita, MombasaJ rejected £3. fusca while the 
western (Kitale, Meru) C. sesamiae females 
equillly accepted B. Fusca (Figure l 0). Sesamia 
calamistis was fairly acceptable (> 70%) to 
a ll C. sesamiae strains (Figure H)). A matrix 
of various suitability parameters for six C. 
sesamiae populations on their sympatric and 
al lopatric £3. fusca populations showed a clear 
East-West divi de in virulence. The western C. 
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Figure 10. Perccnt~ge of /3usseo/a fuse a and Sesam/.1 
ca/amlstis thilt~vcre dCCepted by two virulc~nl and three 
avirulent Cotes/if sesamiae populntlons in Kenya 

sesamiae populations all completed development in both the sympatric and allop(ltric ho~ts. Egg 
loads of the avirulent C. sesamiae femt~les from Tait(l and Mombasa were significantly higher than 
those of the virulent Kitale females (Table 31 ). Results from this study will (ICt 01s a guide rn the 
selection of the hest C. sesamiae strain that w ill be used for augmentative biologica l control of 
stemborers in sub-Sa haran Africa. 

Table 31. Mean (;t; SE) number of •vgs In ovarioa of Cotosia .. samia• femaloa from fin goographie 
loeotlona in Konya 

C. se5omiao 
loealion 

Mean number 
of eggs 

Tailo 

165±4.3a 
In = 55) 

Mombasa 

154 ± 4.5 o b 
(n • 521 

Moru 

152 t 4.3 ob 
(n • 53) 

Kiiui 

143 :!: 3.6 be 
(n =56) 

Kilole 

135±3.2e 
(n u 55} 

Moons wllhln the samo row followed by the sgmo leller a re nol significgnlly cliffom!nl o l P • 0.05 (Stuclonl• 
Newmon·Keul ' s lest). Numbor of C. sesomioe femoln dissected is shown in p Clronlhoses. 

45. Geographic variation in the developmental success of Cotesia sesarniae 
(Hymenoptera: Brac:onidae) on Busseola fusca Fuller (Lepidoptera: 
Noctuidae) in Kenya: Coevolutionary dynamics and role of polydnaviruses 

Parasitic microgastrine wasps have polydnaviruses (PDV) in the calyx ti ssues of thei r ovaries. 
The PDV are required for the successful parasitisJtion of their lepidopteran hosts. On rhe other 
ht~nd, parasitoids and their hosts must co-evolve and the genetic interactions in their respect ive 
communities must determine which of the two wins the co-evolutionary 'arms race'. In this 
study, the geographic variations in the successful development of Colesia Sf!S<Jmiae (Cameron) 
on £Jusseola Fusca (Fuller) in Kenya were studied in an interaction matrix using isofemale lines 
of C. sesamiae. The objectives were to est<tbl ish whether the abil ity of C. sesamiae to parasitise 
B. h1SGJ v;1ries between loca lities in Keny<J l!nd if the origin of variation is due to the host or the 
parasitoid as well as to analyse the evolutionary fe1ctors th t~t may have caused this V(l riation. The 
polydn01virus CrV f gene expressed in B. fusca larvae parasilised by avirulent and virulent C. 
sesamiae strains W(IS <tlso examined at the six-hour time point. 

Insects were collected from six geographic loca tions (from west to coast) of Kenya. These were 
Kisumu, Kitale, Meru, Kitui, Taita (lnd Mornbasa. Cotesia sesamiae were reared as isofcmale I ines 
for the bioassays. 
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Cotesia sesamiae from the six geographic locations were allowed to oviposit in 8. Fusca larvae 
from the sympatric and allopatric locations. Successful development was evident when cocoons 
formed and unsuccessful development when the parasitised B. Fusca larvae formed pupae. 
Results showed a pattern with a clear west-east divide with the three inland western populations 
(Kitale, Kisumu and Meru) completing development in 8. Fusca and emerged as adults (Table 
32). The eastern and coasta l populations did not develop on the larvae and eggs oviposited were 
encapsulated. Analysis on genetic variability and co-evolution showed that C. sesamiae has the 
ability to coevolve more than B. Fusca . Genetic variation (98%) is explained by the parasitoid 
loca lity. Host locality is responsible for 78% of the parasitoids' reproductive success, and 62% by 
interaction of both. This suggests l ittle potential for co-evolution between the two species, which 
depends on the species composition. Colesia sesamiae has potential to co-evolve in areas where 
B. fusca is the dominant species. 

Table 32. Matrix showing Colesio sesamia• thql succeulvlly developed in 6 populations of Suueola fv~cQ in 
Kenya. Figures ore per~entages of 8. Fusca l!>rvae that were sv~cenlvlly porasltised by C. sesam•a• from 6 
geogrophie populations. The number of F'Otasitoid isofemole lines tested per interadion, followed by the total 
number of females uaed is in parentheses 

C. sasamlae 

8. fv"a Klsumu Kit ole Meru Kitui Toita Mombosa 

Klsumu 100 (1,3) 89 (3,9) 89 (3,9) 0 (1,3) 0 (2,5) 

Kit ole 89 (3,9) 83 (4,12) 0 (2, 6) 0 (1 ,3) 0 (1 ,3) 

Meru 17 (2,6) 78 (3,9) 50 (4,12) 0 (3, 9) 0 (3,9) 0 (3,9) 
Kitul 67 (3,9) 100 (3,9) 0 (2, 6) 0 (2,6) 0 (2,6) 
Toito (low) 100 (2,6) 78 (3,9) 75 (4,12) 0 (3, 9) 0 (3,9) 0 (3,9) 
Toito (high) 100 (2, 6) 56 (3,9) 75 (4,12) 0 (3, 9) 0 (2,6) 0 (3, 9) 
Mombasa NA 

Busseola fusca larvae were parasitised by the virulent and avirulent C. sesamiae females. Sesamia 
calamislis was also parasitiscd and used as the positive control since it is permissive to both 
the virulent and avirulent strains. Haemolymph and fat body tissues were extracted from the 
larvae six hours post-parasitism. RNA was extr<J cted from the tissues and the reverse transcriptase 
pol ymer<Jse chain reaction (RT-PCR) carried out using protocol from the RETROscript instruction 
manual (Ambion). Results showed that the CrV1 gene is expressed in tissues parasitised by the 
vi rulent C. sesamiae but not the avirulent C. sesamiae (Figure 11 ). 

plant healrh 

2 3 4 6 6 7 8 9 10 11 12 13 

RT-PCR 

1 C. sesam/ae BV DNA Haemolymph samples 
2 Cs Kltale on Sc 
3 C~; Mombasa on Sc 
4 Cs Kitui on Bf 
5 Cs Mombasa on Bf 
6 Cs Mefu on Bf 
7 Cs Kltale on Bt 

Fat body samples 
8 Cs Kltale on Bf 
9 Cs Meru on Bl 

1.6 
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0.5 

1 0 Cs Mombasa on Sc 
11 Cs Mombasa on 81 
12 Cs Kitele on Sc 
13 Cs Kltui on Bl 

Figure 11 . CrV 1 gene expression on haemolymph and fat body tissue six hOUf$ post· 
parasitisallon. Cotesia sesami11e from Mew and Kitale are virulent while C. S!!Samiae from 
Kltul and Mombasa are ;~v irulent. (Cs, C. sesamiae; Rf, B. fusca; Sc, S. ca/amistis) 
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46. Predicting spatial patterns of lepidopteran cereal stemborers and their 
natural enemies under current and future climate scenarios in East and 
Southern Africa 

The management or both pests and natural enemies requires an understanding of the factors 
determining their distribution . Statistical models offer methods for formulating the species ht~bitat 
link and means for predicting where species should occur. This report describes an integrated 
approach to species habitat mapping in East and Southern Africa region using generalised 
regression analysis and spatial prediction (GRASP). The approach uses separate statistical models 
for each stemborer and parasitoid species to predict the species richness and abundance in 
each grid cel l in <1 geographic information system (GIS). Allocation of these grid cells to species 
composit ion allows 'hot.spots' of feasible areas for biocontrol to be defined. Exa mples of use of 
this information ror pest management <Jre presented. This report explores species habitat under 
different global cli111ate change scenarios. 

Figure 12. Sp;llial prediction of (al Chilo p<~rtelh.Js distrlbullon, (b) Bvsseola rusca distribution, (cl Cotesiil i1;1Vipes 
distribltlion and I d) Cotesia sesam/,1e distribU!ion under current climate conditions in eastern and southern Africil 
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47. The temporal correlation and spatial synchrony in the stemborer and 
parasitoid system of coastal Kenya with climate effects 

The temporal correlation and spatial synchrony of the exotic stemborer Chilo parte/Ius and the 
indigenous Sesamia calamistis and Chilo orichalcociliellus, the indigenous and introduced larval 
parasitoids Cotesia sesamiae and C. flavipes, respectively, was studied using 3-year data collected 
in coastal Kenya. An autoregressive model was used to study the effect of climatic stochasticity or 
population density-dependent factors on stemborer populations. It appeared that ra infall did have 
a direct impact on stemborers in the South Coast, and indirectly in the North Coast. Spatial non­
parametric correlation functions (SNCF) and cross-correlation functions (SNCCF) were applied for 
spatial synchrony analysis. The regional synchrony of C. parte/Ius and S. calamistis decreased and 
that of C. orichalcociliellus increased after 
the introduction of C. flavipes. The positive 
cross-correlation coefficient between 
stemborers and parasitoids suggests a 
synchrony between the pest and its 
natural enemy. 

Chilo parte/Ius was the dominant 
stemborer species in both the North 
and South Co<Jst. By 2005, the average 
season population density of C. parte/Ius 
in the North Coast was reduced to under 
0.5/plant (Figu re 13a). Densities of C. 
orichalcoci/iellus and 5. calamiscis also 
declined compared to 1998. Parasitism of C. 
flavipes had increased to about 30%, whi le 
parasitism of C. sesami<Je fluctuated with 
seasons; it was higher during the short than 
long rainy season. In the South Coast, C. 
parcel/us declined to 0.6/plant by 200.~ 
(Fi gure 13b). Den si ties of the other two 
indigenous stemborer species did not 
wtry much through the years. Par<~sitism 
of C. flavipes increased to about 20% during 
the short rainy season of 2004 and then 
dedined again in 2005. Parasitism of C. 
sesamiae was generally very low. 
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figure 13. Season:~! population dynamics of stemborcrs .1nd 
parasitism in (a) North and (b) South Coast of Kenya 

48. The effect of soil nitrogen and host plant species on the bionomics of 
Chi lo partellus and parasitism by Cotesia flavipes 

Studies on several cereal stemborcr species in Africa showed that soil nutrient levels, such as 
nitrogen, greatly influenced nutritional status of the plant and thereby the bionomics of the pest. It 
is hypothesised that plant nitrogen would also affect the third tropic level, namely the parasitoid. 
Lab and field trials were conducted to evaluate the effect of plant species (maize, sorghum), 
plant age (young, middle, old) and four different nitrogen fertilisation levels (N0-N3) on the 
bionomics of the invasive crambid Chilo parte/Ius .:~nd the performance of its br.:~c:onid larval 
parasitoid Cotesia flavipes. Plant nitrogen VMied significantly between NO and N1- N3, but the 
differences among the latter were not significant. Survivorship, intrinsic rates of increase and net­
reproductive rates of C. parcel/us followed the sarr.e trends: They were lowest with NO and similar 
among the other treatments (Figure 14). 

On maize only, mortality of C. parte/Ius and parasitism by C. flavipes tended to decrease with age 
of the plant while the percentage of borers reaching adulthood (i.e., pupation) increased. When 
comparing between host plants, sorghum yielded lower borer mortality and parasitism and higher 
pupation than maize. On both host plants, percent dry matter content of frass, which could affect 
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Fi11ure 14. Survlv.11 of Chiln p;rrtel/us lt~rvae on l'llJi ze (A) 
.1r1cl ~orghum (H) subjected to <lifferenl nitrogcrl fertilisation 
level~ (NO- N) ) 

ingress of the parasitoid into the borer tunnel, 
did not vary with nitrogen level. By contrast, it 
varied with age of the host plants: On maize, it 
was highest on young plants and on sorghum 
on old plants. Tunnels were shorter on young 
maize and sorghum plants; longer tunnels on 
older plants indicated compensatory feeding 
by the larva as a result of lower nutritive 
value of the food source. Consequently, larval 
weight was lower on older than younger 
plants. The level of nitrogen fertilisation had 
no effect on food conversion efficiency of C. 
parcel/us, expressed as larval weight gained 
;;~nd mg fresh weight of frass produced per em 
tunnel bored. N did not affect number of C. 
flavipes progeny while egg load of progeny 
increased significantly with nitrogen level, on 
both plant species (Table 33). Differences in 
egg load between sorghum and maize were 
mostly not significant. It com be concluded 
that (a) on depleted soils only, an increase in 
N via mulching, rott~tion with a leguminous 
crop or N fertilist~tion would increase survival 
of C. parte/Ius on both maize and sorghum; 
(b) an increase in Jcreage of maize ahd in 
application of nitrogen fertiliser in an area 
would also increase the parasiti sm of C. 
flavipes. 

Table 33. Effect of diff•111nt nitrogen fertiliiCition lev•l• (NO-N3) and plonl growth Jtog• of 
malxe and sorghum on egg lood of Colesia Ravip•• 

Plont oga 

Treolmenl Young Modium Old F p 

Main 
NO 137.1 :!: 4.0 cA 116.0 t 3 .5 bS 118.4 ± 15.6 b6 3.70 0 .041 
N1 149.5 t 4.4 b~ 129.5 t 8.9 bA 151.8 :!: 11.2 obA 1.37 0.270 
N2 178.0 ± 12.2 bA 150.8 :!: 5.3 oB 152.3 t 5 . .4 obB 3.81 0 .030 
N3 209.6:!: 4.6 oA 165.A t 6.2 oS 175.5 ± 6.9oll 6.53 0.004 
F 11.01 10.36 3.63 
df 3 3 3 
p <0.0001 <0.0001 0.021 

Sorghum 
No 125.6:!: 11.8 bA 127.8 t 8.0 bA 164.0 ± 0 .0 oA 0.98 0.400 
N1 140.8 t 10.1 obS 187.4 :1:13.7 oA 155.6:!: 7.4 oA 4.41 0.029 
N2 N/A 152.0 ± 7 . .d bA 125.6 ± 12.4 oA 3.73 0,076 
N3 163.5:!: 6.3 oA 153.0:!: 2.9 bA 125.2 t 9.7 aS S.8.d 0.009 
F .4.37 7,10 2.5 
df 2 3 3 
p 0 .023 0.001 0.109 

MeoM within o column followed by the sgmo lowercase letter ond within a row followed by 
the some upperco1o lot111r are not significantly diflaranl ol P :0 0.05 (SNK led) . 

The effect of maize, cultivated and wild sorghum and Napier grass on the survivorship and weight 
of pt~ri!sitised C. parte/Ius larvae and on the performance of its larva l parasitoid C. f/avipes were 
studied under laboratory conditions. Chilo parte/los larvae were fed on the different plants for 
7-8 days before being exposed to C. flavlpes for parasitisation, and were subsequently kept 
on the same plant until parasitoid emergence or death of the host larvae. Larv.al weight before 
parasitisation, larval survivorship, percent larvae producing cocoons or dying, sex ratio of C. 
flavipe.s progeny t~nd egg-load in virgin females were ilssessed in two experiments. In the first 
!Experimenl A), weight of C. parcelfus larvae offered to C. flavlpes was allowed to vary with host 
plant species in order to assess both the effect of weight and quality of larvae, as affected by the 
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host pli!nt, on the performance of the p<~rt~sitoid. In the second (Experiment B), larv<~e of similar 
weight i!Cross host pl<~nt species were selected to enable to separate the effect of weight from 
th<~t of quality of the larvae. In experiment A, mean weight of larvae successfully parasit ised was 
signific:<~ntly higher than tht~t of larvae failing to produce coc:oons, on the wi ld host plant species. 
The mean weight of larvae that produced cocoons was highest on sorghum and lowest on maize 
and Napier grass. In both experiments, the percentage of larvae producing cocoons and met~n 
progeny size were lower and I<Jrvae died faster on wild than c:ultivated host pl<:~nts (Table 34). 
Immature developmental time of C. flavipes was greatest in Napier grass in Experiment A, and 
on wild sorghum in Experiment B. The proportion of female progeny W<IS highest on maize and 
lowest on the two sorghum species in Experiment A, whereas in Experiment B the sex rt~tio was 
similar between the host plant species. Similarly, egg-loud of C. flavipes offspring was highest on 
maize and lowest on Napier grass in Experiment A, but it did not va ry significantly between host 
plants in Experiment B. It is suggested that in the coastal region of Kenya, perennial wild sorghum 
species are vi tal for the survival of C. f/;JVipes during the dry season, when superior plant hosts 
such as cultivated sorghum and maize are scarce. 

Te~ble 34. l'ere.ntage of C,ilo parl•l/u, forming cocoons, unpPICiined larval morte~lity and CoteJiCI 
Ravip•• adult •mergence on varlou, host diets 

Co~oon lormolion Mottolity Adult 9mergen~e 

A 8 A 8 A 8 

Zoo may• .12.7 Cl 38.1 a 57.3 0 60.3 Cl 97.1 a 91.7 a 

Sorghum hko/or 51.2 a 40.3 Q -48.8 a 53.7 a 81.8 a 96.3 1;1 

S. orundinacaum 16.7 b 13.6 b 83.3 b 86,.4 b 93.7 a 83 .3 0 

Penniselum arundingceutrt 6.5 b 28.3 ab 93.5 b 71.7 ab 87.5 c 69.2 b 

MeoM within a ~olumn followol;l by the aome lowor,ase letter ore not Jignificantly dlfferonl (SNK 
test, P < 0.05). 

49. The biology and ecology of Mussidia spp. and associated nawra/ enemies 
in Kenya 

The maize ear-borer Mu£sidia nigrivenella is one of the most important pests of mai~e in West 
Africa causing yield losses ranging between 5 and 25% in the field and 10% during storage. In 
addition,, it also predisposes maize to pre-harvest and post-harvest infestations by storage beetles, 
infection by Aspergillus flavvs and subsequent aflatoxin contamination. Mussidia nigrivenella has 
never been reported as a pest of crops in East Africa though it was found on wild host plants. The 
aim of the current study was to determine the diversity of Mussidia species, associa ted host plants 
and natural enemies in Kenya. Field surveys which involved collection of fruits and light trapping 
were carried out in the lowlands and mid-altitude regions of Kenya . In addition, Canavalia spp.-a 
known host of M. nlgrtvenel/a in West Africa-was planted at the Kenyan coast to trap the'insect. 
Mussidia spp. has been collected from the Eastern lowlands and at the Kenyan coast. Mussidia 
spp. were found on Canava/la ensiformes, Kigelia africana, Adansonia digita ta, Ahe/ia quanzensis 
and Canavalia carthartlca. The species recovered from the first three hosts is likely to be Mussidia 
fiorii while the species recovered from Canavali<J spp. is very likely M. nigrivenella and from the 
remaining hosts M. fiorii. Mussidia spp. recovered from K. africana is being successfully reared 
on artificial diet at icipe. 

The specimens are identified by Matthias Nuss from the State Museum of Zoology, Dresden, 
Germany, who is also undertaking a revision of the Mussidia genus. 
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BIOLOGICAL CONTROL OF THE LARGER GRAIN BORER PROSTEPHANUS TRUNCATUS IN 
KENYA 

50. GeneUc diversity ofTeretrius nigrescens Lewis predator of the larger grain 
borer Prostephanus truncatus Horn 

ParticipaUng scientists and student: D. Masigiil, F. Sr:hulthess, /. van den Berg1
, D. 

Bersvinson2 

Donor: Kirkhouse Trust, UK 

Collaborators: KARl, CIMMYT, Kenya; 1University of Northwest, South Africa and 2CIMMYT, 
Mexico 

The larger grain borer, Prostephanus truncatus (Horn); is an exotic invasive post-harvest pest 
introduced into Africa from Meso-America in the 1970s and 1980s. It hils now spread to over 
17 countries. It causes severe damage to stored maize and c;:~ssava, the most important staple 
food crops in the continent. In Kenya, P. truncatus has recently sprea,d into the bre<Jdbasket 

1
highland regions of Kenya, threatening the overall maize production in the country. Since the pest 
exists <JS on-far!Tl and as wild populations, sustainable control needs to t<~rget both environments. 
Biologic;:~! control using the predator Teretrius nigresc:ens has shown sustainable success and 
cost eff~ctiveness in hot-humid but not cool and hot-dry climates in West Africa. This project, 
therefore, aims at investigating the population genetic structure and climate limitations of different 
populations of the predator recovered from varied agroecological z;ones in Mexico and Costa 
Rica. It also seeks to develop molecular markers for the identification of the strains <~nd their 
crosses to facilitate monitoring of the performance of the different strains in biologic~! control. 

Preserved samples from six populations of T. nigrescens have been obtained for molecular 
studies. A local population of the predator has been similarly acquired and is being reared in the 
laboratory. Surveys for the pest (larger grain borer) and its predator (T. nigrescens) recovered the 
pest but not the predator from semi-arid forested areas of Eastern Kenya. 

The use of RAPD-PCR and amplification of mitochondrial DNA markers in assessing diversity 
are ongoing. PCR·RFLP of a 1300 bp region of the mitochondrial Cytochrome Oxidase subunit 
I (mtCOI) gene has revealed some differences between the Benin population (originally Costa 
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HinP1 Rsa1 

Figure 16 (a) Amplilh:ation ot HUU and 7&0 bp fragments of COl gene ilnd (b) re51r!l:t!on prooucts 
of rhe 1300bp fragment djgested with HinFl and RSa1 showing differences between Benin and other 
popul<11ions !RS;~l) 
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Rica) and the other populations (originally Mexico), but not an 850pb fragment (Figures 1 5 ;~nd 
16). We are therefore sequencing whole COl gene to assess the population structure and to 
develop a diagnostic tool. 

57. Isolation and evaluation of local isolates of Bacillus thuringiensis against 
the larger grain borer Prostephanus truncatus, a postharvest storage pest 

Participating scientist: N. K. Maniania 

Assisted by: E. 0. Ouna, R. Rotich 

Donors: icipe core fund donors and USAID 
Collaborators: KARl, Kenyatta University 

Microorganisms (bacteria, fungi, viruses, nematodes or protozoa) cause diseases in arthropod 
populations in nature and thereby contribute to natural regulation of pest populations. 
Crmsequently, the Arthropod Pathology Unit (APU) is engaged in research into these pathogens 
to develop them as microbial insecticides or biopestiddes. 

The larger grain borer (LGB), Pmscephanus tnmcalus, is currently the most destructive pest of 
farm-stored maize, Zea mays, and cassava, Manihoc esculenca, in Africa. In Kenya, yield losses 
due to LGB have been estimated to KShs 8.4 billion (approx. US$ 100 million) <:~nnually. The 
attack of grains by LGB constitutes the point of entry of mould, thus resulting in production 
of aflatoxins produced by the fungus 1\spergi//us fi<Jvus. Cases of acute ;;~fi<Jtoxicosis have been 
reported in Kenya where people have died after consuming aflatoxin-contaminated maize Af~ins. 
Chemical control strategies have been implemented with considerable success by large-scale 
farmers but to a lesser extent by sma ll fa rmers who practice subsistence f<Jrming. The histerid 
predator Terelrius nigrefo.cens w;;~s introduced into Africa from South America and has established 
in some countries. However, this strain of predator appears to be more effective in humid zones 
than hot-dry areas or cool highl;;~nds. In the present study, the usc of the entomopathogenic 
bacterium Bacillus lhuringiensis (Bt) as potential biological control agent of LGB is investigated. 
8<Jcillus thuringiensis isolates pathogenic to coleopterans are not common and belong to the 
subspecies tenebriosis, donegani and san diego. An effective Bt isolate could also be utilised as a 
source of genes for introduction into maize LGB-resistant crop. 

Isolation of Bacillus thuringicnsis 

Samples from soils, grains and insects collected within Kenya yielded 68 Bt isolates out of the 320 
samples screened. Out of these, 85.3% were from grains, 11.8% from soil and 2.9% from insects. 
Grain is, therefore, ;;~ good source for isolation of B. thuringiensis. 

Toxicity of isolates of Bacillus thuringiensis to Prostephanus truncatus 

Mortality in the controls was 3.3%, 30 days after treatment. Mortality caused by Bt isolates in 
adult P. lruncacus varied between the isolates with Bt isolate 41 recording the highest morta lity 
of 53.3%, 7 days <Ifter treatment and 85.0%, 30 d<~ys after treatment. Bacillus thuringiensis var. 
lenebrio, standard reference isolate, caused mortality of 37%. The letha l time mortality (LT50) 

values were only c;~lculated for some of Bt. They ranged from 6.6 days to 7.4 days and did not 
differ significantly. The LT50 for the stand;;~rd reference was 15 d;~ys . 

Future outlook 

The present phase of the project 'Biological Control of Cereal Stemborers in East and Southern 
Africa (SBCNET)' wi ll end in December 2006, but the work is not over yet. In coastal Kenya, 
where the Cotesia flavipes was fi rst released, it took nearly five years to see a significant impact 
on pe'st popul~tions. Eight years later, parasitism rates are still increasing and pest popu lations 
decreasing indicating that the system is not yet in equilibrium. In many countries, the parasitoid 
was released relatively recently, thus it is too early for determining its impact. In addition, the 
pupal p<~rasitoid Xanchopimpla slemm<Jtor has been released in some but not all countries. As 
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it attacks a different I ife stage it should complement the activity of C. flavipes. Furthermore, we 
will get several shipments of the tachinid Sturmiopsis inferens in 2006. In Asia, this is a common 
parasitoid of Chilo and Sesamia spp. As for every parasitoid species, non-target species effects wi ll 
have to be studied before releasing it in Africa. 

In the future, increasing emphasis will be put on the redistribution BC approach (expansion of 
the geographic range of indigenous parasitoid species or races of them). The West African egg 
parasitoid Telenomus isis wil l he rele;~sed against Busseo/a Fusca in Kenya in 2006. Simil arly, 
Kenyan races of Cotes-ia sesamiae will be introduced into Cameroon in 2006. Intensive survey 
work has shown that in Cameroon C. sesamiae is very rare and only found on 'wild' borer 
species inhabiting grasses. Likewise, Sturmiopsis par<Jsit/ca, which is the most important larval 
parasitoid of Sesamia calamistis and Eldana saccharina in West Africa, is completely absent in 
Cameroon. In addition, X. slemmator wil l be introduced into western Africa as a new association 
candidate-to be tested on indigenous borer species. Experiments at icipe have already shown that 
it successfully parasitised the indigenous 5. calamistis, B. fusca and £. saccharina. 

Survey work in Kenya showed that the speed of action and efficiency of C. flavipes varied w ith 
ecoregion and loca tion. It is suspected that the degree of habitat fragmentation and abundance 
and quality of wild habit;;~ts, which m;~y affect the performance of parasitoids both negatively or 
positively depending on their co-evolutionary history, may play a major role. Thus, in future classical 
BC programmes, more emphasis w ill be put on the role of wi ld habitats in the establishment and 
efficacy cJf ;;~ n introduced natural enemy. The present project already started monitoring several 
other invasive species amenable to classical BC, such as the larger grain borer and the spira lling 
whitefly. In addi tion, there are 9 other invasive species, which have been declared as key pests of 
staple and cash crops by the col laborators in the twelve countries in ESA. 

Major thrust in the future wil l be on the control of post-harvest pests and mycotoxin-producing 
fungi. LGB has spread over most of East and Southern Africa including the highlands, which often 
are the food basket in a country. icipe is planning to introduce races of the predator T. nigrescens 
Jdapted to different climates from the laboratories of CIMMYT in Mexico. To date, the Mexican 
authorities have not granted an export permit. Meanwhile, a PhD student is developing molecular 
biology tools to allow for identification of the di fferent races which is a requirement for release 
and fol low-up studies. Contomination of grain by aflatoxin produced by Aspergillus flavus has 
often been shown to be related to pre· and post-harvest damage of grain by insects. Hence, the 
programme is developing a holistic programme, which involves farmers' planting, harvesting and 
storage practices, and control of insects and fungi, to reduce toxin levels in grain . 

Output 

journal articles 

Chinwada P., Overholt W. A., Omwega C. 0. ~nd Mueke J_ M. (2004) Biology of Sturmiopsis 
parasitica (Oiptera: Tachinidae) and suitability of three cereal stem borers (Lepidoptera: 
Crambidae, Noctuidae) for i ts development. Annals of the Entomological Society of America 
97, 153-160. 

Cetu E.. Overholt W. A. and Kairu E. (2004) Comparative studies on the influence of relative 
humidity and temperature on life table parameters of two populations of Cotesia flavipes 
(Hymenoptera : Braconidae). Biocontrol Science and Technology 14, 595- 605. . 

Cicau C. W., Ngi-Song A./., Overholt W. A. and Otieno S. A. (2005) Acceptance and suitability 
of four lepidopteran stemborers for the development of the pupal parasitoid Xanehopimpla 
stemmator (Hymenoptera: lch neumonidae). Biocontrol Science and Technology 15, 585-
600. 

Gohole L. 5., Overholt W A , Kh<Jn Z. and Vet L. E. M. (2005) Close-range host searching behavior 
of the stemborer parasitoids Cotesia sesamiae and Denlichasmias busseolae: Influence of a 
non-host plant Melinis minutiflor<J. Journal of Insect Behavior 18, 149-1 67. 

Gounou S. and Schulthess F. (2004) Spatial distribution of lepidopterous stem borers on indigenous 
host plants in West Africa and its implications for sampling schemes. African Entomology 12, 
171-178. 

36 IJ@@JO icipe biennial sr;ienlific; report 2004-2005 



Jiang N. and Schulthess F. (2005) The effect of nitrogen fertilizer application to maize and sorghum 
on the b ionomics of Chilo partellus (Lepidoptera: Crambidae) and performance of its larval 
parasitoid Cotesia flavipes (Hymenoptera: Braconidae). Bulletin of Entomological Research 
95, 495-504. 

Jiang N ., Setamou M., Ngi-Song A. J. and Omwega C. 0. (2004) Performance of Cotesia flavipes 
(Hymenoptera: Braconidae) in parasitizing Chilo parte/Ius (Lepidoptera: Crambidae) as 
affected by temperOJture and host stage. Biological Control31 , 155-164. 

Kalyebi A., Overholt W A., Schulthess f., M ueke ). M., Hassan S. A. ;md Sithani.lntham S. (2005) 
Functional response of six indigenous trichograrnmatid egg parasitoids (Hymenoptera: 
Trichogrammatidae) in Kenya: Influence of temperature and relative humidity. Biological 
Control 32, 164- 171 . 

Kanya J. 1., Ngi·Song A. J. , Setamou M., Overholt W, Ochora ). and Osir E. 0. (2004) Diversity 
of o:~lternative hosts of maize stemborers in Trans·Nzoia district of Kenyn. Environmental 
Biosafety Research 3, 159- 168. 

Midega C. A. 0., Ogol C. K. P. 0 . and Overholt W. A. (2004) Effect of agroecosystem diversity on 
natural enemies of maize stemborers in c:oastal Kenya. International Journal ofTropicaltnsect 
Science 24, 280-286. 

Midega C. A. 0., Ogol C. K. P. 0. and Overholt W. A. (2005) Life tables, key factor analysis 
and density relations of natural populations of the spotted maize stemborer, Chilo partellus 
(Lepidoptera: Crambidae), under different cropping systems at the Kenyan coast. International 
Journal of Tropical Insect Science 25, 86-95. 

M uturi J. J,, Ngi-Song A./., Schulthess F., Mueke J. M . and Setamou M. (2005) Location of stem borer 
pupae in various host plants and implications for the performance of natural enemies w ith 
emphasis on the pupal parasitoid Xanthopimpla stemmator (Hymenoptera : lchneumonidae). 
International Jovrnal of Tropical Insect Science 25, 12-18. 

NgumbiE. N ., Ngi·Song A/., Njagi E. N. M., Torto R., Wadhams L. )., Birkett M.A., Pickett j. A., 
Overhol t W. A. and Torto B. (2005) Responses of the stem borer larval endoparasitoid Cotesia 
flavipes (Hymenoptera: Braconidae) to plant derived synomones: Laboratory and field cage 
experiments. Biocontrol Science and Technology 15, 271- 279. 

Niyibigira E. 1., Overholt IN. A. and Stouthamer R. (2004a) Cotesia flavipes Cameron and 
Cotes/a sesamiae (Cameron) (Hymenoptera: Braconidae) do not exhibit complementary sex 
determination: Evidence from field populations. Applied Entomology and Zoology 39, 705-
715 . 

Niyibigira E. I., Overholt W A. and Stouthamer R. (2004b) Colesia flavipes Cameron (Hymenoptera: 
Braconidae) does not exhibit complementary sex determination (ii) Evidence from laboratory 
experiments. Appl ied Enwmology and Zoology 39, 717- 725. 

Setamou M., Jiang N . and Schulthess F. (2005) Effect of the host plant on the survivorship of 
parasitized Chilo parte/Ius Swinhoe (Lepidoptera: Crambidae) larvae and performance of its 
larval parasitoid Cotesia flavipes Cameron (Hymenoptera: Braconidae). Biological Control 
32, 183-190. 

Capacity building 

PhD students 
M. Wale (Ethiopia) Ecosystems of the Amhara state, Ethiopi<'l. Kenyatta Un iversity, Nairobi 

(ongoing). 
T. K. M<1tama (Uganda) Role of wi ld host plants in stemborer population dynamics and their 

parasitoids in Uganda. Kenyatta University, Nairobi (ongoing). 
C. Gitau (Kenya) Characterisation of polydnaviruses of the stemborer parasitoid Cotes/a flavipes 

and their relation for host suitabil i ty. Kenyatta University, Nairobi (completed 2005). 
B. Y. Anani (Togo) Host suitability and interspecific competition of the West African stemborer egg 

par01sitoid Telenomus isis Polaszek (Hymenoptera: Scel ionidae). Kenyatta University, Nairobi 
(ongoing). 

A. K. Kipkoech (Kenya) The economics of biological control of cereal stemborers in Kenya. Moi 
University, Eldoret (ongoing). 

D. Cugala (Mozambique) Impact assessment of natural enemies on stemborers populations and 
maize yield. Kenyatta University, Nairobi (ongoing). 
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B. A. Omondi (Kenya) Ecology and population genetic structure of strains of Teretrivs nigrescens 
(Coleoptera: Histeridae), predator of Proscephanus tnmc;;W.Js (Coleoptera: Bostrichidae). 
North West University, RSA (ongoing). 

B. Muli (Kenya) Biology and ecology of Mussidia spp. and a5sociated natural enemies in Kenya. 
North We5t University, RSA (ongoing). 

S. Gounou (Benin) The performance of new and old association natural enemies on West African 
cerea l stemborer species. H;mnovcr University, Germany (ongoing). 

MSc students 
A.lilahun (Ethiopia) Assessment of species diversity and parasitism of parasitoids of mai:~:e 01nd sorghum 

stemborers in the Central Rift Valley of Ethiopia. Alemaya University (completed 2005). 
A. Tamiru (Ethiopii!) Study on the biology and some ecologial a5pects of Chilo parte/Ius (Swinhoe) 

(Lepidoptera: Crambidae) in relation to its geographical expansion. Addis Ababa University 
(completed 2005). 

G. Kaigani (Uganda) Abundance of egg p01rasitoids of maize stemborers and their distibution in 
Central Uganda. Makerere University, K<tmpilla (ongoing). 

M. N. Moonga (Zilmbi;;~) Population studies of Xanthopimpla stemmator and Cotesi<J flavipes, 
niltural enemies of the spotted stemborer, Chilo parte/Ius in Zambia . University of Zilmbia 
(ongoing). 

J. J. Muturi (Kenya) Efficacy of Xanclwpimpla stemmacor against selected lepidopteran pests and 
its interaction with pupal endoparasitoid Pediobius furvus in graminaceous plants in Kenya. 
Kenyatta University, Nairobi (completed 2004). 

S. Nyamutukwa (Zimbabwe) Suitability of different populations of maize stemborer species for the 
development of the par<Jsitoid Scurmiopsis parasitica in Zimbabwe. University of Zimbabwe 
(completed in 2005l. 

B. Muli (Krmya) Interspecific competition between Xanthopimpla stemm;Jtor Thunberg and 
Demich<Jsmi;;s busseolae Heinrich (Hymenopter<J: lchneumonidae), pupal p<Jrasitoids 
of C::hilo parte/Ius (Lepidoptera: Crambidae). jomo Kenyatta University of Agriculture <1nd 
Technology, Kenya (completed 2005). 

K. Mushore (Zimbabwe) Suitability of different populations of stemborer species for the 
Clevelopment of Cocesi<J f/;;JVipes and an assessment of its establ ishment in Zimbabwe. 
University of Zimbabwe (completed 2005) . 

E. 0. R. Okoth (Kenya) The bionomics of the egg par;;~sitoid Telenomvs busseo/ae (G<Jhan) 
(Hymenoptera: Scelionidae) on Busseo/a fusca Fuller and Sesamia c:alamistis H<Jmpson 
(Lepidopler<t: Noc:tuidae) in Kenya. Kenyatta University, Nairobi (completed 2005). 

V. Mgoo (Tanzania) Effect of nitrogen on maize yield, stemborer damage and parasitism by Cotesia 
J'lavipes. Sokoine University, Tanzania (tompleted 2005). 

0. M. Obonyo (Kenya) Performance of Cotesia flavipes (Hymenoptera: Braconidae) on stemborer 
species found on cereal crops and wild grasses. jomo Kenyatta University of Agriculture and 
Technology (completed 2005). 

A. 1. Ali (United Republic of T<Jnz<Jni<~) Effecl of nitrogenous fertilizer on recovery of C. flavipes 
on stemborers in bnzibar. Keny<~tt<J University, N<1irobi (ongoing) . 

N. Rashid (United Republic of Tanzania) Egg par01sitoids of stemborers in Zilnzib<Jr. Sokoine 
University, Tanzania (ongoing). 

l. A. Rasamizafy (Madagascar) Assessment of the composition and distribution of lepidopter;;~n 
maize stemborers as well as their natural enemies in Madagascar. University of Antananarivo 
(comp leted in 2005). 

H. J. T. Andrianaivo (Madag<~scar) Impact of noctuid stemborers on maize yields in the Plateau 
region of Madagascar. University of Antananarivo (completed in 2005). 

J. E. Rakotonirin-. (Madag;;~scar) Advantages of cultural practices in controll ing 111aize stemborers. 
University of Antananarivo (completed 2005). 

D. M. 0. Wanyama (Kenya) The effect of Bt toxins on firnes~ of C. parte/Ius and X. stemm<Jtor. 
University of Nairobi (completed 2004). 

Y. Tembo (Malawi) The impact of stem borers on yield o( maize using exclusion experiments in the 
Shire valley. University of Malawi (ongoing). 

N.wN, Akongnwi (Cameroon) Effect of two grain legumes and tephrosia cover crop rotation with 
maize on lepidopterous borers attack and yield of maize in the mid <tltitude of Cameroon. 
University of Buea, C01meroon (ongoing). 
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A. Abang (Cameroon) Effect of various chemical nitrogen and phosphorus combinations on 
lcpidopterous borer pests and yield of maize in the high altitude of Cameroon. University of 
Dschang, Cameroon (ongoing). 

0 . Omucheru (Kenya) Host range studies of Srurmiopsis parasitica (Curran) (Diptera; Tachinidae) 
and interspecific competition with Cotesia sesamiae (Cameron) (Hymenoptera : Braconidae). 
Kenyatta University. Kenya (ongoing). 

J. Wamaitha (Kenya) lsoi;Jtion and evaluation of local isolates of Bacillus thuringiensis against the 
larger grain borer Proslephanus truncatus, a post harvest storage pest. Kenyatta University, 
Kenya (submitted). (Based at Arthropod Pathology Unit.) 
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HABITAT MANAGEMENT STRATEGIES FOR CONTROL OF STEMBORERS AND 
STRIGA WEED IN CEREAL-BASED FARMING SYSTEMS 

Background, approach and objectives 

Maize and sorghum ;;~re the principal food and cash crops for millions of the poorest peopl~ in the 
predominantly mixed crop- livestock farming systems of eastern and southern Africa . Stemborers 
I Chilo parte/Ius (Swinhoe) (Lepidoptert~: Crt~mbidae) . and Busseo/a fusca Fuller (Lepidoptera: 
Noctuidae)) and striga weeds I(Striga hermonchica and Striga asiatica (Scrophulariaceae)) are the 
two major biotic constraints to increased maize and sorghum production in eastern Africa. 

At least four species of sternborers infest maize and sorghum crops in the region, causing reported 
yield losses of 20-40%, of the potential output. Stemborers are difficult to control, largely because 
of the cryptic and nocturnal habits of the adult moths and the protection provided by the stern of the 
host crop for immature stages. The main method of stemborer control, which is recommended to 
farmers by the governments' ministries of agriculture in the region, is the use of chemical pesticides. 
However, this is uneconomical and impractical for milny resource-poor small.scale farmers. 

Parasitic weeds in the genus Strfga threaten the lives of over 100 million people in Africa and infest 
4on;., of arable land in the s;:~vanna region, causing an estimated annua l loss of $7 to $13 billion. 
Infestations by Striga spp. have resulted in the abandonment of some arable land by farmers in 
Africa. The problem is more widespread and serious in areas where both soil fertility and ra infa ll <Ire 
low. Unfortunately, subsistence farmers in the region must engage themselves in weeding out striga, 
which is a time·consuming and labour·intensive activity, mainly delegated to women and chi ldren. 
Recommended control methods to reduce striga Infestation include heavy applications of nitrogen 
fertiliser, crop rotation, usc of tr;:~p crops and chemicals to stimulate suicidal seed germination, 
hoeing and h<Jnd pulling, herbicide applica tion and the use of resist<Jnt or toler<.Jnt crop v3rieties. 
Effectiveness of <lll these methods, including the most widely practised-hoe weeding- is seriously 
limited by the reluct;mce of farmers to Jccept them, (or both biologica l and socioeconomic 
reasons. 

The third constraint, poor soil fertility, has also been identified by farmers as a major limiting factor 
to cereal production. It results from a poor inherent fertility status together with high population 
pressure and poor m;:~nagement practices. Due to the low inherent fertility status of the soils in the 
target region, their low btlffering c;ap<'lcity and the inability of sma ll-scale farmers to invest in soil 
fertility management, soils are degrading rapidly and <Jre hardly able to sustain acceptable maize 
yields. Nand P <tre the major limiting nutrients. Lack of adequate soil management also negatively 
affects the soil org<~ n i c m<ttter pool that is responsible for a series of production and environmental 
service functions essenti~ l ior sustainable crop production in a healthy environment. The use of 
inorganic fert il iser lo .supply plant nutrients by resource-poor farmers is limited. Although many 
soil fertility restoration technologies such <IS cere<JI- Iegume rotations, biomass transfers, farmyard 
manure, tree-fallowing ~nd green manure cover crops exist that can redress this situation, their 
potential for use is greatly influenced by the land size, capital and labour constrain ts. Striga has 
been known to cause large losses in m<~izc yields on N limited soils of eastern Africa. In western 
Kenya and eastern Uganda, w idespread P deficiency limits maize yields on high P-fixing soils. 
Under these conditions, the maize crop responds to moderate applications of P fertiliser when 
striga weed population is low. However, this response w<Js found to be negligible under high striga 
infestation and it was concluded that small additions of P fertilisers are not effective under high 
striga occurrence. It is therefore, recommended that P fertilisation must be combined wi th effective 
and sustainable striga control, or else resource-poor farmers would require very high P fertilisation 
to sustain maize yield increases. 

Therefore, reducing the yie ld losses caused by stemborers and striga and by improving soil 
fertility through improved management strategies cou ld significantly increase maize and sorghum 
production, resulting in better nutrition and purchasing power for many producers of these crops. 
A sustainable solution to these problems ca n only be provided by a single platform technology that 
simultaneously addresses these major constraints. . 
With funding from the Gatsby Charitable Foundation, icipe and collaborative partners have 
developed alternative str<Jtegie~ for stemborer and striga management using technologies appropriate 
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to resource-poor farmers which helVe shown a high adoption r<~te by farmers and potential ior 
spontaneous technology tri\nsfer w ithin farming communities. This has resulrwJ in significant 
impact on food security by increased farm productivity in the region. (See 2002-2n03 iojJe Annuril 
SciC'ntific Report.) 

The R&D work, undertilkcn as a jo int collilboriltive effort with KARl, the Ministry o t' AgricultUI'e 
(Kenya) and Rothamsted Research in UK, is based on novel strategies th<Jt combin~ a ·push-pull ' 
tactic lor controlling stembnrers on one hand, <Jnd an in situ suppression and el imin;1tion of striga 
on the other, in m;,ize-based farming systems. The 'push-pull' l<lctic involves trapping sten1borers 
on highly L~ltrcJct<Hlt trap pl<~nts (pull ) while drivi ng them away from the maize cmp using repellf'nt 
intercrops (push). The striga control tactic on the other h;,nd is based on the use oj in!ercrops thar 
;,cl through ;, combin<Hion o( mechanisms, including seeds that (;,i l to develop and Clllach onto 
the host. These strategies undertake a holistic approach to understanding and utilising t:hemic:i!l 
ecology and ;,grobiodiversity for ste111borer and slrigil management. Tiwse plants also ir11prove soil 
r'crtility b>' fixing nitrogen. 

Plants that h<Jve been identified as effective in 'push-pull' tactics include Napier grass (Penniserum 
purpurcumJ, Sudan grass (Sorglwm vulgare sudanense), mol<~sses grass (Melillis minvlii7Vrc1), 
silverleaf desmodium (Desmodium uncinawm) and grecnleai desmodium (Desmudium intorwm). 
N;1pier gr;,ss and Sudan grass have shown potenli<JI for use as trap pl«nts, whereas molasses grass 
;,nd silverleaf desmodium repel ovipositing stemborer moths. Molasses grass, when intercroppcd 
with maize. not only reduced infestat ion on the m;,ize crop by stemhorer moths, but also increased 
stcrnhorer IXHasitism by ;, natural enemy, Cotesia sesamiau. In addi tion, desrnndium, when 
intercmppPd w ith maize, suppresses and eliminates striga. Tht!se plants are of economic impnrtnnce 
to i;,rmcrs in eastern Afric:;, iiS livestock fodder and have shown great potential in stcrnborer and 
striga management In fanner participatory on-f<1rn1 trials. These innovations h<~ve found ready 
Lieceptunc:c ilmong the sm<JII -scn le and medium-scale farmers in E;~st Africa. The adoption o f the 
'push-pull' technology in high population density <Jrcas around the Lake Victoriil region is very 
high and consisted of more than 3500 farmers in 15 districts in the region by the end nf 2005 
(see Figures 1 and 2). Similarl y, more than 600 f<~rmers in 3 districts in central Keny;~ h<~ve ,1lso 
adopted the techriology where KARl scientists are implementing a Farm Africa-funded project on 
this technology. 

The major objective of this programme is to reduce poverty by improving the livelihood of resource­
poor iarmers through incrensed production of cereal crops, fodder plonts ann mi lk. 

Participating scientists: Z. R. Khan, 1\. 1-/assanali, C. 1\. 0. Miclc•ga 

Visiting scientist (BCED): M. K. Tsanuu 

Assisted by: N. Dibogo, D. Nyagol, G. Genga, A Ndiege, S. Mokaya, N. Otieno, S. lvma, and 
E. Nyandat, B. 0. K. Wanyama (BCED) 

Donors: Catsby Charitable Foundation, UK; DFID; Farm Africa, crnd the Rockefeller FovndaUon 
rBCED) 

Collaborators: Rothamsted Research, Harpenden (UK}; Kenya Agricvlwral Research Institute, 
Ministry of Agriculture and Rural Development; Ministry of Livt•stock and Fisheries Dc=velopment 
(Kenya); National Agriculwra/ Research Organisation (Uganda); Ministry of Agriwlwre and 
Food Security (Tanzania); Sasakawa Global 2000 (Ethiopia); Heifer International; CIMMYT; 
CII \T· TSBF; /LRI; University of Nairobi and Egerton University, Kenya (BCED} 

Col1.1borating department: Behavioural and Chemical Ecology Department 

Work in progress 

7. On-farm management of stem borer and striga infestation for increasing 
maize yield 

The habitat management strategies based on the 'push-pull ' and striga suppression-elimination 
tactics, conducted in 15 districts in Kenya have helped more than 3500 participating farmers 
(Figure 2) to increase their maize yields by an average of 20% in areas where on ly stemborers are 
present and by more than 50% in areas where both stemborers and striga are problems (Table 1 ). 
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LAKE VICTORIA 
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- 1997 

- 2000 

-2001 
E2oo2 
~2009 
-2004 

- 2005 

Figure 1. Dls!rlcts in which !he 'push·pull' technology has been adopted 
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Figure 2. Adoption of lhe push-pulllec:hnology in Kenya, 1997-2005 
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Tobit 1. Cornparilon of stemborer and atriqa infeatalion, ond yitld of maixe crop In 'p~ull' and 
(lonlrol maixe flelda in varioua dialricb af Kanya In 2004 ond 2005 

Stemborer Strlyo infeslo~on 
No. infestation (%1 (Sirigo/ 00 mal%e plonbl Yield (1/haJ 

Push•pull 
Distrld form era Push-pull Control Push-pull Cantral Push·pull Control 

2004 
Trons-Nxoia 650 6.8 19.0'' 5 ,.4 4 .1' 
Subo 430 7.8 22.7'' 37.6 266.A" 2.9 1.6" 
Kisii 180 5.6 16.3 ' . 2.4 4 1.5'• 2.6 2 .0' 
Ro~huonyo 170 4.7 18.0'' 121.5 408.9". 3 .7 1,9 '. 
Bungoma 160 5.8 19.6" A.O 150.6" 4.8 2.1'. 
Busic 175 4.2 10.3 " 26.3 462.7'. 4 .1 1.9 " 
Yihiga 125 1.0 2.1" 52.5 393.3" 5.3 3.1'' 
Mi9ori 40 15.7 31.0" 230.9 1526.4" 4 . .4 2.7'. 
Homo Boy 30 12.6 15.5 ns 56.1 125.2 ' 3.0 1.6' 
Butere/Mumlas 25 4.3 13.5'. 79.2 486.8" 4.7 2.7'. 
Sioyo 35 1.6 4.2" 76.7 875.9" 4.0 2.3'' 
Kurio 45 5.6 16.3'' 1.5 22.6' 2.6 2.0' 

2005 
Trons-N:z:oio 1065 6,2 18.9'' 5.7 .4 ,1 " 
Sub a ABO 3.6 20.5" 8.9 190.5'. 3.8 1.6'. 
Kisii 230 3 .3 10.2" 3.4 U .9' 4.4 3 .7 '' 
Raehuonya 215 0 .0 v· 14.0 283.9' . 3.8 1.4'. 
Bungomo 211 5.6 14.3" 11.2 176.6" 4.5 2.8'' 
llusio 230 5.1 15.2 ' . 90.0 477.5'. 5 .6 2.7" 
Vihigo 230 7.1 17.2 .. 87.9 602 . .4" 4.5 2.6" 
Migarl 85 5.3 28.0'. 59.8 516.4'. 3.6 1.7" 
Homo Bay 7j 4 . .4 11.7'* 74.2 257.3" 4.3 2.2' ' 
Slayo 100 3.0 9.5" 90.8 494~4·. 3.1 1.7'. 
To so 25 5 .1 12.6" 420.1 1384.3 •• 3.8 1.1' . 
Butare/ Mumlos 165 6.2 31.3 •• 150.1 620.3'' 5.6 2.5'" 
Bondo 25 8.3 1.4,0'. 261.0 610.1'' i.7 0 ,9 ' 
Kurio 135 .4 .1 30.9 .. 6,4 21<11.5'' 4 .2 1.7'" 
Nyondo 25 1.2 8.1'' 105.9 432.0'' .. 
- No strigo In Trons•Nzoio district. 
"Na horvesl, crop foiluro due to drought. 
'Differon~o significant (P < 0.05); .. differonco significant (P < 0.01); ns, no! significant. 

2. Development of habitat management strategies for sorghum 

The Project is developing strategies for control of stemhorcrs and striga weed for sorghum farmers. 
(See 2002-2003 icipe Annual Scientific Report.) This lechnology wil l be particularly applicable 
for the arid and semi-arid regions where striga intensily has resulted in the abandonment of 
tlrt~b le land by farmers. Higher crop yields and improved liveslock production for sorghum and 
millet producing farmers would support many rural households under existing socioeconomic 
Clnd agroecological condit ions and thus, there would be less pressure for human migration to 
environments designated for protection. 

On-station antl'on-farm trials were continued dtJring .2004 and 2005 to evaluate effect-iveness 
of greenleaf desmodium, Desmodium intortum, in controll ing stemborers and striga weed when 
intercropped with sorghum. Desmorlium intortum is a drought tolerant species and can fil very 
well wi th sorghum and millet. There were highly significant reductions in both S. hermonthica 
emergence and the proportion of stemborer-d;Hnaged plants in the intercrop compared to the 
monocrop in both trials during mosl of the period. Moreover. grain yields were significantly 
higher in the former in bolh lrials. These results demonstrate that intercropping sorghum w ith D. 
intortum offers an effective control of both pests, leading to higher grain yields (Tables 2 and 3). 

3. Use of food legumes for the management of striga in maize and sorghum 
crops 

We continued to evaluate different food legumes for use in management of striga in maize and 
sorghum crops. Several food legumes were intercropped with maize or sorghum in on-station 
trials, and data on striga emergence and grain yields were collected (Table 4). lntercropping 
maize or sorghum with desmodium resulted i,n significantly lower striga infestation and enhanced 
grain yields than any of the five legumes tested. 
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Table 2. Uao of greenleaf deamodlum, D•umoai11m intorlum, for managamQnt of tlrigo weecl 
and alemborer• in torghum, orwtotlon trio!. ot ici~bita, 2~-200.5 

No. of alrigo/ 
Cropping Stemborar 8.4 aorghum Yield 
seoson Trootment damogo (%) plonta (t/ho) 

2004 Long Rains Sorghum monocrop 19.6 269.5 1.9 
Sorghum with 0 . inlorlum 11 ,9 ' o.o·· 2.7'. 

2004 Short Roim Sorghum monocrop 9.2 130.1 3 .2 
Sorghum with 0 . inlorlum 5.5ns 0.2'' 5.7" 

2005 Long Rains Sorghum monocrop 2.9 532 .2 2.9 
Sorghum with D. iulorlum 1.9' 1•• 4,6' ' 

2005 Short Rains Sorghum monocrop 9,5 4 11.7 1,9 
Sorghum with D. inlorlum 2 . .s • • 0.4" 2.9'' 

• Dilleron'o aignir.cont (P < 0.05); • • difference signiRconl (I' <; 0 .01); ns not slgnlr.conl, 

Tobia 3. U$o of greenleof deamodium, Otttmaclium Table A. U1e of food legumea for the management of atemborerJ 
intorlum, for monogement of alrigo weed in aorghum, and strfgo in main and torghum crop•, long toint, 2005 
on-form trial• in Rochuonyo Oiatrict, Kenya, 2005 

No. of strfgo/ 
Stemborer 84 sorghum 

Treatment damage(%) plants 

Sorghum 
monocrop 11.8 349,0 

Sorghum with 
D. inlorlum 2.7'. 78.8" 

• Dilfcrancc 1ignir.cont (P < 0 .05); • • differente 
aignir.cont (P < O.Ot), 

Yiold 
(t/ho) 

2.2 

3.2' 

4. Evaluation of 'push-pull' 
technology by participating 
and non-participating farmers 

We unrlertook <lll extensive study nn 
perception of 900 'push-pul l' participating 
farmers and l)()Q visiting farmers in 1 5 
districts in Kenya nn lhe technology. 

Treatment 

Main 
Maize + Desmoclium uncinatum 
Maiz:e + Crotolorio o'hroleu(a 
Moize + Groon gram (Vigno rodiala) 
Mcizo + Groundnut (Arotl.is l.ypogooo} 
Maize + Cowpea (Vfgno unguicu/oto} 
Maize • beans {P!Josoolus vvlgaris) 
Maiz:e monocrop 

Sorghum 

Mean striga 
counts/ 54 Yield 

plonts (t/ho) 

1.2 c 
57,7 b 
63.2 ab 
80.2 ob 

132.0 ob 
149.0 ob 
307,0 0 

5.9 D 

3 ,4 b 
2.8 be 
2.5 be 
2.3 c 
2.3 c 
2.3 c 

Sorghum+ Do1modi11m undnalum 1.5 c 4,6 a 
Sorghum+ Crololario ochrol~uco 69.3 b 3,7 b 
Sorghum + Green gram 272.5 ab 2.7 c 
Sorghum + Groundnut 34 1.5 ab 2.7 c 
Sorghum + Cowpea 306.3 ob 3.0 be 
Sorghum+ beaM 41 0,8 ob 3.0 be 
Sorghum monocrop 1124.3 o 3.3 be 

For each crop (molu or sorghum) mean1 within o column followed 
by differentlettor1 ore significantly d ifferent (P < 0.05). 

Participating f<trmers r.1ted lfwir own 'push-pull ' fields i.lS compared to their own practice in 
controlling stemhorr.rs and striga, and incrc<~sing soil fertil ity and maize grain yields. The visiting 
farmers compared the 'push-pull ' striltegy wi th control plots during field days organised in each 
district. The perlormilnce nf the technologies Wi.lS rated on a scale of 1-4, where 1 was the least and 
4 the best perinrming. 

The key crileriJ which fil rmers considered in evalut~ting the push-pull technology were reduced 
stemborer d<:~m<Jge, reduced striga weed, increased maize grain yields and ability of the technology 
to improve soil ferliliry (T.1ble 51. Across the districts and all the criteria, there were significai1t 
differences in the periormance rating between t.he push-pull technology and the farmers' practices, 
except for reduced stemborcr rating in Migori, Nyando and Rachuonyo districts as evaluated by 
participating f;:~rmers. Another exception wt~s on striga rating in Bondo and Nyando districts, and 
tt !so on soil ferti li ty rating t~nd increased mai:~e grain yields in Bondo district by participating 
farmers. In both participating and non-participating groups the highest score was on reduced 
striga count followed by stemborer control. In addition, mean scores for increased m<tize yields 
and abi l ity of the technology 10 improve soil fertility were all <tbove 3.0 (Table 5). 

5. Sources of information regarding 'push-pull' and reasons for its adoption 
by farmers 

Nine-hundred farmers in 15 districts were interviewed on how they obtained information about 
the 'push-pull' technology and the reasons for adopting it. Farmers in most of the district5, who 
adopted the technology more than three years ago learnt about it from field days, fa rmer teachers 
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Tobie 5. Rating of 'puah-pull' technology 01 compared lc;~ forman' own proc:lic:e1 by portiapating !!nd vi1iling fanner• in 
different dl1tricti c;~f wellem K.nyo, June 2005 

Roling by practising former$ Roling by visiting formers 

Reduced Roduced Increased lncr@osod Reduced Reduced lncreo1ed lncroo1ed 
Dbtrid Technology 11emboror migo soil lorlility yield stemboror slrlgo soil fertility yield 

Bungomo pp 3.3 3.5 3.4 3.9 3.7 3.6 3 .4 4.0 
FP 2.7". 2.8'. 2.8 • • 3.1'. 2.2'. 1.5 .. 2 .o·· 1.8'. 

Su.sla pp 3.5 3.3 3.2 3.8 3.3 3.5 3 .2 3.9 
fP 2.7". 2.6" 3.1nl 2.7'. 2.2'. 2.o·• 2.s·· 2.5" 

Buiorc/Mumioa pp 3.3 3.1 3,1 3.5 4.0 3.9 3.3 3 .9 
FP 2.7". 2.1" 2.0'. 2.4'. 1.4 .. 1.6 •• 1.4 •• 1.1" 

Homo Boy pp 3.1 3.2 J.d 3.5 3.7 3.9 3.6 3.9 
FP 1.7'. 1.5'. 1.9" 2.1'" 1.9' . 1.7'. 2.0'. 2.0'. 

Kisli pp 3.3 2.8 3.0 3.4 3.8 3 .9 3 ,3 4.0 
~p 2.9' 2,4ns 2.6'. 2.9' 3.1' 2.6'' 2.8" 3.3'. 

Kurio pp 3.4 3.3 3 .5 4.0 3.7 3.5 3.5 4,0 
fP 2.3 •• :to· · 2,1" 2.2' . 1.9'' 2.2h 2.1"' 2.o·• 

Migori pp 3.4 3.3 3.3 4.0 3.9 3.8 3.4 4.0 
FP 3.0ns 2.o·· 2.1 •• 2,.d'. 2.2 •• 1.3'' 1.9'. 1.8 •• 

Rochuonyo pp 3.0 3.0 2.9 3 .1 3.8 3.7 3.2 4.0 
FP 2.7' 2.2" 2.3" 2.6' 2.1'. 1.6" 2.5' 1.7'. 

Sioyo pp 3.6 3.5 3.3 3.7 3.5 3.5 3.5 4,0 
FP 2.4·. 2.2" 1.8" 2.7'. 2.5'. 2.2' . 1,9" 1.6" 

Subo pp 3.5 3.8 3.2 3.6 .++ .++ -++ .++ 
FP 2.7'. 2.4'. 2.3'. 2.7' . .++ .++ .++ .++ 

Vihigo pp 3.7 3.8 3.6 4.0 3.7 3.8 3.6 J ,O 
fP 1.8" 2.3" 2.1'. 1.9 •• 1.8 .. 2.3" 2.1'. 1.9" 

Troru .N~:oio pp 3,7 3.3 4.0 3.7 3.3 4.0 
FP 1.6 •• 1,7" 1.6" 1.6'. 1.7' . 1.6 .. 

Bondo' pp 3.0 1.8 2.6 2,2 3 .3 3.4 3.1 4 .. 0 
FP 2.8ns l.5ns 2.0' 2.1 ns 2.3" 1.9" 2.2' . 1.5' ' 

Nyc;~ndo· pp 2..4 1.9 2.8 2.4 3.5 3.9 3.4 3.8 
FP 2.3n$ 1.8ns 2.1" 1.8ns I .4'' 1.8" 1.8'' 1.6'' 

To1o· pp 3.7 2.9 3.2 3.6 3.8 3 .7 3.5 4,0 
fP 2 . .i" 1.5" 2.1 •• 1.7'. 2.1'. 1.7" 1.7 '" 1.3'* 

l!oting scala of 1-4, where 1 i1 the Ieos! performing ond 4 i1 ihe best performing technology. 
PP, Push·pulllochnology; FP, former's own practice; 'New dillricls wharo formers odoptod the push·pulllechnology in the long 
toins seolon of 2005; ~ , no 11rigo In Trons N%olo; .++, roling nol done; •. dllfarcmca 1igniAconl {P < 0.05); • • , differenco 
>ignillcont {P < 0.01 ); n1, diflerenco not significant (P > 0.05) . 

and earlier adopters, whereas the majority of farmers in the three new districts (Bondo, Nyando 
and Tcso) learnt about it mainly from a national radio programme 'Tembea na Majira' (Figure 
3). More than 80% of the farmers • 
in Butere/Mumias, Homa Bay, 
Migori , Suba and Vihiga districts 
indica ted striga control as the 
main reason for adopting the 
technology, whereas majority 
of the farmers in Trans-Nzoia 
district <~dopted it for stemborer 
control (Figure 4). Increased farm 
productivity was <J iso reported as 
another reason for adopting the 
technology by about 25% of the 
farmers in Bondo, Bungoma, Kisii , 
Kurla, Siaya and Teso districts 
(Figure 4). Soil improvement <~s 
the primary re<~son for adopting 
the technology appeared low. 
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figure J . Sources o f imormatiun on the 'push-pull ' tcchnnlogy and 
proportions of farmers who <1cces~erl ther11 before adopting 'push-pull ' 
in diff!;!rent districts 
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6. Farmers' perception of 
benefi ts realised following 
adop tion of the 'push-pull' 
technology 

Majority of farmers in-. 9 out of 
10 districts (except Trans-Nzoia) 
reported c1 reduction/decrease in 
striga lnfest<Jtion on their farm after 
adopting the 'push-pull ' technology 
(Figure 5). About 80°/c, of the farmers 
in Tmns-N zoia, Homa Bay, Kisii and 
Suba districts, <Jnd more than 50% of 
those in Bungoma, Butere/Mumias, 
Migori and Teso districts reported 
reduced stemborer infestation <Jfter 
adopting the technology. Over 80'Yo 
of the f;:mners in Busi ll district, and 
over 50% in Bungomll, Mignri, Suba 
and Tcso reported an improvement in 
soil fert i lity in the 'push-pull ' plots as 
il resu lt of reduced soi l eros1nn and 
incrc(lscrl nitrogen fixlltion. Increase 
in milizc ;md fodder production w<1S 
re11nr1cd by majority of farmers in all 
the 1 o districts following adoption of 
1 he tC!chnology, whcre::~s more than 
5(l'Y,, oi thH farmers in Kisii , Suba 
and Tr<1 ns-Nzoi.1 districts reported an 
increase in milk production due to 
increased fodder product ion (figure 
5). 

7. Fa rm ers' perception 
about labour issues on 
adoption of the 'push-pull' 
technology 

Labour has been an important 
constraint in the adoption of new 
technologies. A study was undertaken 
in 14 districts of Kenya on fa rmers' 
perception on labour changes 
following (ldoption of the 'push-pull' 
technology. In a lithe districts in Kenya, 
94- 1 00% of new adopters reported 
an incre;;~se in labour requirement 
during the first year of est;;~ bli shment 
of the technology as compared to their 
own practice. liowever, 88- 1 00% of 
'push-pull' practising farmers reported 
<~ decrease in labour requi rement 
in subsequent years in the 'push­
pull' plots as compared to thei r own 
practice !Figure 6). Farmers in Butere/ 
Mumias, M igori, Siayil, Nyando and 

4& 

• St•ig~ control 0 Increased farm productlvliy 
OlD Soil improvement CJ SlcmbOrcr eon trot 

0 

0 

0 

0 

2 0 

0 

Dl&trlct& 

Figure 4. Reasons given by fMtllCrs for ;~ clopting the ·push-pull' 
technology in different distriCIS 
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Bondo districts reported that labour increase in the first year was mainly due to planting of the 3 
crops (maize, Napier grass <Jnd desmodium) at the same time (Figure 6). Increase in labour in the 
first year in Suba, Bungoma, Busia and Homa Bay districts was mainly attributed to hand weeding 
of young desmodium plants, whereas, farmers in Kisii and Teso districts found land prepar01 tion 
and marking of the field for establishment of the technology as being the most labour intensive. 
The decrease in labour in subsequent years in established 'push-pull' plots was mainly due to 
reduced weedi ng, reduced striga uprooting, reduced fodder fending and reduced labour on land 
preparation (Figure 6). 

8. Economics of the 'push-pull' technology 

A formal cost- benefit an<Jiysis covering six districts in Kenya (Bungoma, Busia, Kisii, Suba, Trans­
Nzoia t~nd Vihiga), measured fa rmers' income, expenditure, use of inputs and l01bour. Ten farmers 
were fol lowed from the time they adopted the 'push-pull' technology, and the parameters compared 
between the push-pull and their conventional cropping system (maize monocrop). Data comprised 
total variable costs, TVC (labour and non-labour costs), total revenues, TRV (arising from sales 
of farm produce) and gross benefits (TRV-TVO. The results showed that TVC were significantly 
higher in 'push-pull' tht~n in traditional maize monocrop plots. However, total gross revenue and 
gross benefits were also significantly higher with the 'push-pull' technology than wi th the milizc 
monocrop system, with the benefits outweighing the costs by an aver<Jge of US$ 530 in the 'push­
pull' system but only US$ 140 in the maize monocrop system (Table 6). 

Tobie 6. Economica of 'putlo.pull' tlt~;~lell}' 01 compared to mol%e mo~o~rop (control) in aix dltitlcti in wealem 
Kenya, 1998-200.4 

T otol l~;~b~;~ur Total voricbla Total grou Grou benefits 
costs ($/ ho) eosts (S/ho) revenue (S/hc) (S/ho) 

Dlstrlet Push-Pull Control Push-Pull Control Push-Pull Control Push-Pull Control 

Trcns•N:o:oio o 223 128* 493 374. 1290 62e·· 797 254 •• 
Subo b 167 134. 278 250. 679 329 .. 401 79 •• 
Bungomo c 247 222m 331 3oo• 867 41s·· 536 115" . 
Busi~;~.: 222 118* 321 243. 862 41 a •• 541 175 •• 
Kilil c 184 140. 246 210. 733 334 •• .167 134 •• 
Vihigo c 227 128 . 359 331" 423 1as·· 426 92 •• 

o, b, c represent data averages for 7, 4 ond 3 years respeetlvoly. 
•Oillerence significant (P < 0.05); • •difference signlflccnt (P < 0.01 ); ns, difference not signiAecnt, 

9. 'Push·pu/1' and striga seed depletion 
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A long-term study at the icipe field station at 
Mbita Point demonstrated a sharp decline in 
striga seed count in the 'push-pull' plots over 
6 years (Figure 7). In another long-term trial, a 
compMison of maize-desmodium intercrops 
wi th maize monocrop and maize-cowpea 
intercrop showed signi ficant incre01ses in the 
striga seed counts in the soi l in the m01ize 
rnonocrop and maize-cowpe<~ intercrop, but 
signi ficant decreases in the maize-desmodium 
intercrops (Figure 8). Figure 7. Effect of a lont::-term push·pu ll field l rl~l on slrigJ 

seed density in the soil at icipe·Mbil,l , western Kenya 

7 0. Enhancing biodiversity through the 'push-pull' technology 

Biodiversity in agroecosystems has greatly been reduced in the last decades as a result of 
intensification of cereal agricu ltural systems, while empirica l data show that agroecosystems with 
an enhanced overall b iodiversity have relatively fewer pest problems. As a result of this observation 
it h01s often been stated that enhancement of biodiversity within agroecosystems can greatly 
contribute to the development of sust<~int~ble crop protection systems, with a reduced rel iance on 
pesticides. Biodiversity has an intricate role in the functioning ofnatura l and agricultur01l ecosystems 
since it performs a variety of ecological services thereby mediating processes such as genetic 
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Table 7. Mean (;t sl:) number of apid•n coplurod por 
plot In Kenya (lambw• and Homo Boy) and South Afri"' 
(Pot~h•ktroom), 200.4 

Ken yo Saulh Afrlco 

Treoimonl LCJmbwe Homo lloy Potehehlroom 

Moi:re 
monocrop 196.5 55.5 19.7 

' Pu~h-pull' 
•r~~~tn 266.2' • IOJ .o•· 48 .7 ' 

·Difference •ignifkont (P < 0.05); • 'difference •ignlr.cunl 
(P < 0.01) . 

introgression, natural pest control, nutrient 
cycling and decomposition. F<Jrming 
pr<~ctices that conserve such biodiversity ilS 

ground fauna and pests' natural enemies may 
be a priictical t~lternative to manage pests in 
agricultural systems. Our results from Kenya 
and South Africa, using spiders (Araneae) as 
an indicator group, indicate that the 'push­
pull' strategy is associated with an overal l 
enhancement of ground-dwelling arthropod 
abundance (Table 7). 

71. 'Push-pull' technology and /R 
maize 

In collaboration with CIMMYT, TSBF and 
national partners, demonstrations with best­
bet technologies for the control of striga and 
stemhorers, and enhancement of soil fertility 
were continued in 2005 in both the long 
rainy season (M;;m:h to july) and the short 
r<~ iny season (September to January) in Kenya 
and Uganda. (See 2002- 2003 icipe Annual 
Scientific Report.) Components of these 
best-bets were cropping systems (maize 
intercropped with stemborer moth-repellent 
Desmodium l'push'l with stemborer moth­
attractant Napier grass ['pull'] planted 
around the field !'push-pull' system), 
continuous maize and rotiltions with grt~in 
lsoybei!n] ,Jnrl herbaceous [Crotolarial 
legumes). Their effect on suppression of 
striga and stemborers and soil fertility 
improvement were compared using two 
ma ize vMierics (lmidnzolinone-resistant IIRI 
and an improved commercial variety) under 
two ferliliser levels (no fertiliser and medium 
fertiliser). Stemborer ddmage to maize vt~ried 
substantially between locations <1nd seasons 
and the 'push-pull' technology was observed 
to suppress stemborer damage (Figures 9 <~nd 
1 0). The push pull technology consistent ly 
supp1·essed striga emergence in both seasons 
(Figures 11 and 12). Fertiliser applict~tion 
did not show sign ificant reductions in either 

stemborer or striga infestations. Striga seed count before and after six cropping seasons showed 
that the 'push-pull' system and Crotoi<Jria rotation were the only systems where there was a 
decrease in striga seed popul;;~tion while all the other cropping systems resulted in seed density 
increases (Figure 1 3). 

Farmers' perceptions and evaluation of 'l>ush-pu/1', IR maize and crop rotation 

tn collaboration w ith CIMMYT and KARl, a total of 142 farmers in Sinya ;md Vihiga districts of 
western Kenya ev01 lu;;~ted these trials using striga and stemborer control, soi l fertility enhancement, 
grain yield, labour saving, crop vigour, fodder supply, soil erosion reduction and overall crop 
performance as the main criteria. They scored each treatment for each criterion, and an overall 
score of the treatment, using a scale of 1 (very poor) to 5 (very good). Using ordinal regression 
ana lysis, a short model was estimated as Yj = f(Xjl, where Y is overt~ II farmer evt~luation score from 
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Figure 9. Effect of cropping systems by fertiliser, or lack 
of. on plant damage by stemborers in Busla District, 
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Figure l 0. Effect of cropping systems by district on 
plant damage by stemborers during the long and short 
rainy sl!ason of 2005 in western Kenya 
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Figure 12. Effect of cropping systems by variery on 
striga emergence during the long and short ri!iny 
seasons of 2005 in Busia Oistricr, Uganda 
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Figure 13. Percentage change in striga seed population In 
the soil afw 6 cropping seasons with different management 
options in western Kenya 

1- 5 of treatment Xj. Results showed that treatments were significantly different, with the 'push­
pull' trials being generally more preferred (Table 8) than the other technologies. 

The estimated 15 coefficients are log-odds ratios compared to the last entry, here the maize 
monocrop of local variety without fertiliser application. For example, the estimate 1.99 is an 
exponent and its antilog yields the number of times (7.3) that treatment 1 ('push-pu ll' with IR­
maize and fertiliser) is more preferred compared to treatment 16 (local maize monocrop with 
no fertiliser application). Overall, the 'push-pull' treatments were generally the most preferred, 
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4 .4 to 7.3 times. The preference of maize-soybean and maize- crotolaria rotations ranged · 
between 1.8 and 5.4 times and 3 <1nd 3.3 times respectively. However, when split, treatments 
were rated signi fic.=~ntly different in the two districts. Farmers in Siaya generally rated the 'push- · 
pul l' combin<~tions higher than those in Vihiga, who rated m<~ ize-l egume rotations higher. The 
monocr<Jp was rated the lowest in both districts. These results show an overall preference of the 
'push-pull' combinations over the other technologies. Further studies are needed over a range of 
socioeconomic si tuatio11s and agroecolngical zones to validate these findings. 

Tobl• 8. Appr•cialian of technologies In g.-neral and by d!Jtrict, thort rain• 2005 

Campo nentJ of trootmonl E~l imale& o f odds rolio 

Main Both d lslrlds Standard Crou effeet 
Treotmuni Techrlology variety Fertiliser ($horl modol) error Vlhiga of Sloyo 

I Push•pull IR ye s 1.99 ''' 0 .218 0.73 .. 3.oo·· • 
2 IR no 1.54''' 0.216 0 .53' 2 . .12' •• 
3 locr;rl yo• 1..48"* 0.216 0.68" 2 .00**' 
4 local no 1.63'" 0.216 0.64'' 2.60"* ' 

s Molze -~oybean IR yos 1.69' •• 0.218 1.04 •• 1.60**. 
6 IR no 0.66''' 0.215 0.11 1.13'" 
7 l ocal yes 1.11'" 0.216 1.29" •• .0.48 
8 local no 0.56"" 0.215 t .68"' ·2.81'" 

9 Moizo- Crolo/oricr tR yes 1.16 • •• 0.217 1,91"' -1.91'" 
10 IR no 1.19 ' •• 0.216 0.95"' 0.57 ' 
11 loGo I yo• 1.10" * 0.21 6 2.11'" -2.3s··· 
12 local no 1,17"' 0 .216 0.95••• 0.47 

13 Monocrop IR yo• 0.08 0 .215 -0,02 -0.08 
t4 tR no 0 .05 0.214 .0.23 0 .32 
15 l oco I yes 0 .53 ' ' 0.215 1.11' *" . J.6o• .. 
16 lo, ol flO 0 0 -0.35 

log like lihood 1115.8 431.54 
z' 246.02 234.49 

'• • significa nt at I%, ' • •i9nlflcon1 ol 5%, • significant a t tO%. 

12. Benefits of incorporating the Bt-l echnology Into the 'push-pull' strategy 

Trr~ nsgenic (Bt-maize) maize cultivars have been developed to control cereal stemborers. These 
have a foreign gene from Bacillus thuringiensis (81), a bacterium that produces insectic idal 
crystalline protein? during sporulation, incorporated into the DNA of maize making it toxic to 
some species of lepirlopteran pests that feed on it. The usefulness of the cultivars may be cut short 
should th~ target pests develop res istance to them. Our studies have indicated that the 'push-pull' 
strategy signiiicantly reduces stemborer infestations in the main crop. Any tactic tht~t <~ppreciably 
reduces the number of individuals of the target pest gelling exposed to the Bt-toxin is desirable 
in an integrated resist<J nce management 30r------ -----------, 
~trategy. Our studies in South Africa show that 
Incorporating push-pu ll into the Bt-technology 
signi ficantly reduces infestation of the maize 
b)• the stemhorers (Figure 14), signi ficant ly 
enhances predator populations (Figure 15) <Jnd 

11:1 Egg batches 
CJ Prcoalion rates 

Troatmvnh1 

Figure 14. Me;m number ol Chilo purtdlus egg t)atches 
;mrl •y,, Cllg predation r~res per p lo t a t Potchcfstrourn, 
South Africa, lU04 
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undor monoerop Ulldor IT\Or'loerop 
PUSh•PUII push-pull 

Treatments 
Figure 15. Mean numbN ol Sll!mborer egg pred~tors per 
r lol in Potchefstroom, South Alricil l 004 
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their efficacy on C. parte/Ius eggs (Figure 14}. Our studies indicate a potential role of the system 
becoming a component in Bt-resistance management for the pest. Further studies are needed to 
elucidate the socioeconomics of the system compared with 'push-pull' based on non-Bt ma ize. 

13. Ability of the 'push-pull' stra tegy to sustain its benefits in a different 
environment 

The 'push-pull ' system is expanding in East Africa and trials are also ongoing in South Africa 
fol lowing an extensive survey of wild hosts of stemborers and studies on colonisation, growth 
and survival of stemborers· in indigenous grasses in the country. Studies conducted in Kenya 
have consistently shown the system's effectiveness in controll ing the pests and enh<Jncing grain 
yields. It was thus desirable to assess whether the strategy would offer similar levels of benefits 
in a different environment. This is important as the pest management mechanisms of the 'push­
pull' strategy may vary regionally/locally because herbivore assemblages may differ as wel l as 
chilracteristics of the plants. We therefore carried out a step-wise assessment of the impact of 
th is system on maize stemborer colonisation, crop damage and yield in the dominant maize 
production systems of Kenya and South Africa. Results established that C. partellvs and B. fusca 
were the main stemborer species at all sites, with the former being relative ly more abundant 
in Kenya while the latter was relatively more abundant in South Africa. The numbers of egg 
batches of both species were significilntly higher in the maize monocrop than the 'push-pull' 
systems in both countries. The incidence of the larvae and pupae (combined for both species) was 
significantly higher in maize monocrop than 'push-pull' systems in both countries (Table 9). There 
was significantly more plant damage (number of entry/exit holes per plot, the percentage number 
of plants w ith leaf damage and plants w ith broken stems} caused by stemborer l<trval feeding in 
the rn;~ize monocrop than in the 'push-pull' plots in both countries (Table 1 0}. 

Table 9. Average (± SEJ number of stembaNr egg botche1 
and larvae and pupae per plot In l(.tnya (Lambwe and Homo 
Bay) and Solllh Afrlea (Potchehtroom), 200A 

Kenya South Alrlc:a 

Stemboror 
life stage Lambwe 

Homo 
Boy Patch•lstroom 

Chi/a parlellus Monocrap 2Z1 19,4 16.5 
egg botches/ Push-pull 11.2** 7.9"" 4.2·· 
plot 

Buuoa/a lusca Manoc;rop 20.2 16.6 19.0 
ogg br;~t~hes/ Pulh-pull 8.1·· s.~· · 5.2 .. 
plot 

LorvCle Clnd Monocrop 54.7 37.2 39.7 
pupae/plot Push-pull 20.1** 20.8" 16.2*' 

• Difference 1ignilicont (P < 0.05); • • difference slgnlflcant (P 
<0.01). 

Table 10. Mean (:t SEJ mal.ze plant dama11• levels per 
plot in Kenya (Lambwe and Homo Bay) and South Africa 
(Potchehtraam)1 200A 

Keoya South Africa 
Damage Homo 
parameter Lambwe Bay Pat~hofstroom 

% plc'"ls with Monocrop 32.9 26.7 44.3 
foliar damage Pu1h·pull 12.t •• 5.8 .. 11 ,1 • • 

% dead plant1 Manocrap 3.9 4.0 1,4 
Push-pull 1.2** 1.o· • 1.2n• 

Stembarer entry/ Monaerop 15.5 14.6 14.'9 
exit holes Push·pull 8.1*" 6]•• 8.9· 

% plants with Monocrop 4.7 4.2 3.6 
broken stems Push-pull o.8"* 0.9 · · t.s· 

• Difference significant (P < 0.05); • *difference •igniflcant IP 
< 0.01 ); ns, difference not •igniAcont. 

7 4. Eleclrophysiological responses of stem borers to the vola tiles from wild and 
cultivated host plants 

Volati les released by two cultivated hosts, sorghum and maize (Sorghum bicolor and Zea mar.st 
and two wi ld grass hosts (Pennisetum purpurevm and Hyparrhenia tamba), were collected by 
air entrainment. Electrophysiologically active components in these samples were located by 
coupled gas chromatography-electroantennography (GC-EAG) and the active peaks identified by 
gas chromatography-mass spectrometry and co-injection with authentic standards. A total of 4 1 
compounds were identified from the four plant species, all of which, as well as two unidenti fied 
compounds, elicited an electrophysiological response from one or both of the stemborers. The 
compounds included a number of greenleaf vol;;~ti l es and other aliphatic aldehydes, ketones and 
esters, mono- and sesquiterpenoids 11nd some aromatic compounds (Figure 16). 

EAG studies with ;;~uthentic samples, conducted at two discriminating doses for ;;~II compounds, 
and dose-response curves for 14 of the most highly EAG-active compounds, showed significant 
differences in relative responses between species. The compounds which elicited large responses in 
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both species of moth included linillool, 
acetophenone and 4-allylaniso le, 
while a number of compounds such 
as the al iphatic aldehydes octanal, 
nonanal and decttnal elicited a large 
response in Busseo/a fuscil. but a 
significantly smaller response in Chilo 
pilrtellus (Table 11 ). Furthermore, 
the wild hosts produced signi ficantly 
higher levels of physiologically active 
compounds, overall , compared with 
either nr the cultivated hosts. This study 
provides insights into poss ible host 
location kairomones used by these 
two species of slemborers <Jnd into 
the di fferential attraction/oviposition 
between cultiva ted and wild hosts 
observed in the fie ld. In particular, it 
provides some essential scienti fic input 
required for SltStil inilbi l ity of the 'push­
pu II' strategy. 

15. Mechanisms of 
striga suppression by 
Desmodium uncinatum 

II has been demonstr<~ted that a 
combination c)f two allelochr:Jmicals 
(germination sti mulant and post­
germrnJtron radicle inh ibition) is 
responsible for continua l el imination 
of striga seeds observed in maize­
Desmodium in t.rrrc: rops. (See 2002-
2003 icipe Annual Scientific Report.) 
Riot~~s<"~ys of different chromatographic 
fractions of adsorbent-trapped 
collections of Desmodium root 
exudates had indicated that different 
sets of constituents <~re associated with 
the two activities and that the most 
potent radicle inhibitors are located 
in the polar region of the complex 
exudate blend. 

Folk)w-up efforts to isolate active 
allelochemica ls from the root 
exudates of Desmodium led to 
the characterisation of three novel 
structurally related isoflavanoids of 
medium polarity, one w ith uncyclised 
and the other two with cycl ised 
(furanoid) isopropeny lmoiety in ring A. 
The two with isoproprenylfur<JnO rings 
were active, one as a st riga germination 
stimulant (I) <Jnd the other (II), with one 
of the phenoxy OH group methylated, 
as a moderate radicle inhibi tor of the 
germinated seeds. In addition, <1 polar 
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Table I I. Quonllliu (ng) of EAG-<Jctive componenllln Hle volatll••' from holt plant. of the atemboren Chilo pvf'ftllut and 
8usseo/o Fusca 

Compound 

Green leof volatllea and other aliphatic compound& 
1 (E)·2·p~nltnal 
4 h~xonal 
5 ( E)·2-hexenal 
6 (Z)-3-hexen-I -ol 
7 3-methylbutyl oceloto 
8 pentyl ocelolo 
13 6-mothyl-5-hepten-2-ona 
14 ocianol 
16 (Z)-3-hexen· l ·yl ocvtoto 
17 hexyl ocelot~ 
25 nononol 
3.4 doconal 

Aromatic compound& 
3 toluene 
I 0 benzaldehyde 
12 propylbenzeno 
18 phenylacatolc;lohydo 
21 ocelophanano 
23 methyl b~nzoole 
28 2-othylbenzaldehyde 
29 3-eihylbenzoldehyde 
30 4-ethylbenzoldehyde 
31 naphthalene 
32 methyl ;olicylote 
33 4-ollylani,ole 
35 indole 
36 .4-ethylocetophonono 
37 eugenol 

Terpenoids 
11 u•pinene' 
15 myrcono 
19 1 ,6-cineale 
:20 limonene' 
22 (E)-ocimene 
24 n·lerpinolene 
26 llnalaol' 
27 {E)ui,S-dimothyl-1,3,7-nonatriene 
38 H•copoono' 
39 f\-caryaphyllene' 
40 bergamotene' 
41 IEl-fl-farneseno 
42 u·humulono 
43 ( f,f )-4, 8,12-trimethyl· 1,3,7, 11 ·1ridocoletraene 

Unknowna 
2 K1- 743 
9 Kl - 911 

Total volotilea 

Ponnisafum 

purpurovm 
(N •5) 

0.2 ;I; 0 .1 
5.0 Jt 5.0 
4.7:!: 3.8 

12.3 :!: 11.3 
0.4 :1: 0.2 
0.4 ± 0.4 
2.4 t 1.1 
3.4 :!: 2.0 

120.0 ± 117.0 
1.6 :!: 0 ,8 
4.5 ;t 3.6 
8.7 ;t 7.2 

0.4 :!: 0.3 
0.3 :!: 0.3 
1.2 ± 0.8 
1.7 :1: 1.3 
3.0 :!: 1.8 
0.9 :!: 0.5 

nd 
2.0 :1: 0 .9 
0.1 ± 0.1 
0 .8 :1: 0 .6 
3.2 ± 2.1 
0.1 :1: 0 .1 

27.1 :1:20.7 
3.5 ± 1.9 
0 .6 ± 0.2 

1.8 :1: 1.1 
0.7 :1: 0.7 

nd 
1.4 :1: 0.7 
0.6 :1: 0 .3 

nd 
1.5 :!: 0 .9 

55.3 :!: 19.1 
0 . .4 :1: 0 . .4 

21.5 ±1.4.1 
0 .9 :1:. 0.8 
0 .3 t 0.3 
\.3 :!: 0 .9 
3.0 :!: 0.5 

0.5 :1: 0 .1 
nd 

294.8 

Nyporrhenlo Sorghum 
Iomba bico/or 
(N • 3) (N a .4) 

0.5:!: 0.1 0 . .4:!: 0.2 
1.3:!: 0 . .4 0.9:!: 0.1 
0.9 ;I; 0.5 0.3 :1: 0 .1 
3.3 :1: 3 .0 1,7 ;I; 0 . .4 
1.9 ± 1.0 O.d :!: 0.1 
0.5:!: 0.3 0.3:!: 0.2 
3 .9 ;I; 2.3 1.2 :!: 0 .7 

14.7:!: 10.2 2.0 ;t 1.1 
23 .1 :!: 8.6 3.3 :!: 1.5 

3.4:!: 2.0 1.3 :!: 0.6 
9.4 :1: 6.7 5.4 :!: 3.5 
8.0 ;I; 6.8 7.7:!: 5.8 

0.7 :1; 0.1 2.0 :1: 0.6 
3.5 :1: 1.9 0.1 ;I; 0.1 
3.6 t 3.1 0,4 ;I; 0.2 

11 .9:!: 6.1 0.2 ;I; 0.1 
1.1 :!: 1.1 0.3 ;I; 0.3 
3.3 :!: 2.0 1.0 :1: 0.5 
0.3 :!: 0.3 nd 
3.2 :!: 1.8 4.4:!: 2.9 
0.5 :!: 0 .5 0.6:!: 0.2 
2.9 :1: 2.2 0.8 ;I; 0 .4 

12.3 :!: 8.3 0.8 ;I; 0 . .4 
0 . .4 :!: 0.2 0.2:!: 0 .2 
1.6 :!: 0 .8 0.2 :!: 0.2 
1.3 :1: 0.7 nd 
0,3 :1: 0 .3 0.3 :!: 0 .3 

1.8 t 1.3 0.3 :!: 0 .2 
2 .2 :!: 1.9 0.3 ;I; 0 ,1 
1.8:!: 1.3 ~d 
4.1 :!: 2.3 2.7 ;I; 1.6 
1.7:!: 1.3 nd 
0.1 :!: 0.1 nd 

1.4.2 :!: 9 ,8 2.0:!: 0.9 
21.0 t10.8 39.6 ±11 .6 

1.1 t 1.0 0.7 :!: 0 . .4 
5.7 :!: 2.7 19,5 ;I; 6.3 
0.3 :!: 0.1 2.3 :!: 0.6 
1.3 :1: 0 ,1 .4.4 :!: 1.5 
0.5 :1: 0 .3 0.8 :1: 0 .3 

141 .5 :1: 5.7 0.8:!: 0.1 

0 .3 :1: 0.1 0.2 :1: 0 .1 
1.6 :!: i.O 0.3 :1: 0 .2 

186.5 103 . .4 

'Compound numbers rofor to the order in which they were elut•d from an HP-1 GC column. 
' The optical isomers of tht5o compounda were not choraderiaod. 

Zeo 
may$ 

(N • 2) 

nc;l 
0.3 ;I; 0.3 
1.2 ;I; 0.2 
1.3 :1:0.4 
0 .8 :!: 0.0 

nd 
1.2 :1; 0,5 

5 .8 ;I; 2.3 
1.3 :!: 0.7 
2.2 :!: 0.1 

<0.1 
<0.1 

1.7 ;I; 0.4 
0.7 ;I; 0. 1 
2.7 :1: 0.6 
1,1 :!: 0.4 
3.2 :!: 3.2 
0,9 :!: 0.5 

nd 
0.3 :!: 0.3 
6.9 :!: 6.9 

nd 
10.5 t10.5 

nd 
2.7 :!: 2.7 
2 .3 :!: 2.3 

nd 

5 .1 :!: 0.1 
1.8 :!: 1.8 
1.5 :!: 0.2 
2.0 :1: 0.7 
6.2 ;I; 1.4 

nd 
0 .6 :!: 0 .1 
2 .9 :!: 2.1 
1.4 ±1.4 

0 .4 :1:0.4 
0.4 ;I; 0.2 
0.2 ;I; 0.2 

nd · 
1.35:!: 1.35 

nd 
nd 

70.3 

Samples wero colloctod for 10- 12 h (atarting from the 4th hour of the photophaae). 
The amounts of volatile• ore tntimatea based on the total aroo under ihe reported peaks compared with the peak area of 
tha internol 1tandard (100 ng), 
nd, below the detection limit! of 0.05 ng. 

pnst-germint~tion inhibitor was isolated and shown to be a di-glycosyl flavone (Ill). These resu lts 
suggested rcl.:ttively strict structural requirements for striga germination and its post-germint~tion 
inhibition, respectively. (See 2002-2003 icipe Annual Scientific Report.) 

The focus during the last two years has been on comprehensive isolation and characterisation 
of candidate allelochemicals from Desmodlum root extracts t~nd evaluation of their bioactivities 
individually .:tnd in blends. Identification of active constituents of these fractions and if they 
act additively or synergistically would provide a useful basis of 01ssessing the biotechnological 
potential of Desmodium genornics and ~he possible course such a venture could take. 
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The effect of the bulk organic extracts of 
Desmodium roots on Striga was compared 
w ith that of the aqueous root exudates. The 
polor MeOH extract, like the aqueous root 
exudates, was found to exhibi t low striga 
germination stimulation activities but 
high post-germination inhibi tion. Acetone 
extract was found to be reliltively ilctivc 
both as a germination stimulant and a post· 
germination radicle inhibitor, whereas the 
dichloromethane extract exhibi ted striga 
germination stimulation activ ities but did 
not inhibit the post-germination growth 
of strig<~ (Figures 17 and 18). The resu lts 
confirmed the previously observed pattern, 
with germination stimulation associated 
largely with the less polar extr«cts and 
post-germination inhibition w ith the more 
polar region . 

Fractionation of the CH~CI2 extract of 
D. uncinatum roots (vacuum liquid 
chroma togr«phy on sili c:LJ gel and eluting 
w ith hexi!ne·acetone mixtures w ith 
increasing proportion of acetone) yielded 
iour fractions (A, 8, C and D). Fractions 
A, B, C and D were eluted with 1 OO'Yo 
n-hcxllne; 5°/r, acetone-hexane; 20% 
clCCtonc-hexane and 50- 1 OO'Yo acetone­
hcx!l nc respectively. These fractions were 
tested for germination stimulation of S. 
lwrmonthicil seeds (Table 12). 

Fractionat ion of the acetone root cxtr<Jct 
hy D. uncinatum by vacuum liquid 
chromatography on C-18 reverse phase 
si l ica,· y ielded fractions ACFl to ACFS 
by eluting w ith 50% MeOH/Hp, 75% 
McOH/Hp, 90% MeOH/Hp , 100% 
MeOH and 1 00% acetone, respectively. 
The fractions were tested for their effects on 
germination and post-germination growth 
of 5. hermonthica (Tables 13 and 14). 

<= 40 
0 

13o 
E 
~ 20 
~ 10 

•100ppm 
D10ppm 
t;;::l1 ppm 
E!!l GFI-24, 5 ppm 

0~~~~~~~~~~--~-L~_.~ 
CH2CI2 Acetone Aqueous GR-24 
extract eX1rect exudate 

0. uncinatum root extracts 
figure 17. Germin~tion response of Scrigil hermonchica 
seeds to DL"smudlum unclnacum root extracts at v<~rying 
concE!nlrations (values arc means ± SE, n • 1 U) 

80,----------------------------. 

0 

·20 

Aqueous MeOH Acetone 
exudate extract extract 

•100ppm 
CJ10ppm 
D1ppm 

0 . uncinatum root extracts 

Figure 18. Radicle growth inhibition of germinilted 
Strig:J hcrmonilllca seeds exposed to the root extrJcts of 
De~modium uncinatum at varying concentratiCJns (v~lucs 
ilre means : SE, n = 1 0) 

Table 12. Germinllfion reaponae of Striga hermontltica aeeda 
to Froetian$ of CH,CI1 exlrad of Oe1modium uncinafvm rooh ol 
varying conc•ntrotions 

Fraction 

A 
8 
c 
D 
GR-24, 5 ppm 

Percentage mean germlno~on (± SE), n • 10 

100 ppm 10 ppm~ 

0.63 (0.63) d 0,4 (0.2.4) d 
46.23 (1.88) be 42.61 (1 .25) c 
57.64 (3.98) ab 50.22 (2.82) be 
67.80 (3.65) a 53.83 (4.30) be 

50.17 (4.66) be 

Meana with lhe aome letter oro not slgnlfleontly different (P :> 0.05, 
Tukey·~ studentised range t85t). 

Table 13. Germination roaponse of Slriga llermonthica a .. dato hdiona of acetone extroc::t of P.unodium 
un<:inafvm roots at varying QOMentrotion• 
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Treotmeni 

ACF1 
ACF2 
ACF3 
ACF.! 
ACF5 
GR-24, 5 ppm 

100 ppm 

29.58 ( 1.85) cd 
46,66 (3.99) 0 

3A . .!2 (3.56) be 
0.00 (0.00) f 
A.13 (1 .53)1 

Percentage mean germination (± SE), n • 16 

10 ppm 1 ppm 

1.78 11 .20) 1 o.oo (o.oo) r 
40.88 (3 .03) ob 33.25 (3.3.4) bed 
22.99 (2 .64) de 23.47 (2.99) cd<;o 

2.46 1 1.92) r o.37 (0.371 f 
2.79 ( 1.02) f 0.00 (0.00) f 

16.97 (2 . .19) • 

Me om with the same letter o r• n<;>l signlfleantly different (P :> 0.05, Tukey' s studentised rong• !•$!). 
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Table 14. Raclld• growth inhibition of gert~~lnCit.d Striga ltermonlfli= aeeda 
exposed to frodiont of acetone llldrod of Oeom<xlivm vncinolvm rooh at 
varying conc.ntnmont 

·'·' 
Concentroti~n Rc;~di~l• length (mm) Percentage radicle 

Trec;~tmenl (ppm) (n- 16) length reduo:tion 

ACF l 100 0.20 (0.01) e 72.60 
10 0.27 (0.02) e 63.01 
1 0.36 (0.03) de 50.68 

ACF2 100 0.31 (0.03) 8 57.53 
10 0.58 (0.03) abc 21.23 
I 0.76 (0.03} Qb .J .42 

ACF3 100 0.38 (0.03} ~d· 47.95 
10 0.56 (0.03} b~d 23.97 
1 0.71 (0.05) ab 2.74 

ACFA 100 0.67 (0.05) ab 8.22 
10 0.75 (0.06) ab -2.05 
1 0.7.4 (0.05) ab .0.68 

ACF5 100 0.73 (0.04} ab 0.68 
10 0.77 (0.04) 0 .4.79 
1 0.76 (0.06} Qb -3.42 

GR-2.4 5 0.73 (0.06) ab 0.00 

Meanl with the sc;~me latter oro nol1ignificantly different (P S 0.05, Tukoy's 
itudonllscd rc;~ngo lest) . 
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-·"". X~ H OH I 
OH /-. OH 
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VI 
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X COOH 0 

VIII 
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,. 

Fractionation of fractions from CH1CI1 extract on silica gel column chromatography followed 
by further purification on a semi-preparative HPLC on Ultrasphere C-18 column yielded four 
new isoflavonoids (IV- VII), which were characterised by 20-NMR and n1ass spectroscopy, 
together with known abietane diterpenes, 7-oxo-1 5-hydroxydehydroabietic acid (VIII) and 7-
hydroxycalli trisic acid (IX). 
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ctt~ q;tOH 
X XI 

The most polar ACF1 fraction has been the major focus of sub-fractionation cycles involving 
semi-preparative HPLC (using C-4 reverse-ph<~se column). A series of partially purified isolates 
have been obtained. Isolation of pure components from these has been a major ch<JIIenge. 
Currently, we are using analytical C-4 reverse phase column to isolate pure compounds. So far, 
two compounds (X and Xll have been isolated and characterised, and are being assayed. 

Two structural vari<tnts have so far been shown to be associated with post-germination activities: 
a moderately polar 0-methylated isoflavanone (II) and a polar diglycosyl flavone (Ill). In all 
probability the most active ACF1 fraction of acetone extract also contains a series of glycosylated 
flavones or isoflavanones. The minor difference in their polarity has made their separation a very 
chnllenging task. We are currently deploying a combination of semi-preparative and analytical 
1-IPLC using C-4 bonded silica columns to build up enough stock of target compounds for spectral 
<1na lysis and bioassays. 

7 6. Commercial production of Desmodium seed 

The Western Seed Company Limited in Kitale, Kenya in collaboration with icipe and its partners 
is undertaking a major drive for commercial seed production through smallholder farmers and 
local community groups. Farmers and communities were asked to select participating farmers 
.1nd groups interested in income generation through seed production to become contract seed 
producers for the seed company. A planning workshop, attended by farmers' representatives, 
frontline extension staff and area chiefs was organised by Western Seed Company in collaboration 
with icipe, Rothamsted Reseilrch and KARl to lay down strategies for implementing the project. 
In-depth training to participating farmers from each location in cultivation of silverleaf, D. 
uncinatum, and greenleaf, D. intortum, and processing of seed materials was offered. 

In the second year of the commercialisation of the seed project (2004), the seed company provided 
250 g seed to each. of 600 trained farmers in two districts of Kenya (Bungoma and Trans-Nzoia) for 
planting. The Western Seed Company guaranteed it would purchase the desmodium seed from 
the 6'00 contract farmers. The company cleaned the seed, checked germination and viabi lity, and 
properly p;:tcked it. In 2005 Western Seed produced 3 tonnes of high quality desmodium seed. 
The company will continue purchasing desmodium seed from the contract farmers and cleaning 
and packing them for sale at an affordable price. 

The seed company also checks germination viability of the seeds from tirne to time. Depending 
on demand, the seed company will expand the number of participating farmers. The Kenya Plant 
Health Inspectorate Service (KEPHIS) is responsible for quality control of the seed and planting 
m01terial. Rothamsted ana lyses the airborne volatiles of these plants from selected samples from 
lime to time using GC and GC-MS to establish that the quality of the product is maintained in 
terms of 01ppropriate production of semiochemicals. Behavioural studies with stemborer females 
and par<Jsitoids are also being conducted to ensure that the plants continue to produce volatile 
chemica ls to repel stemborers, and that there is no genetic drift in seeds multiplied by farmers. 
Simil;,rly, quality control of the striga-inhibiting effects of desmodium seed samples are being 
undertaken by lcipe. 

During the last five years two other pathways for propagation of desmodium have emerged: 
vegetative prop<~gation among smallholder farmers and community-based seed production 
initiatives. These could evolve into important mechanisms for horizontal diffusion of the 'push­
pull' technologies among resource-limited farming communi ties. 
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Fqture outlook 

The habitat management 'push-pull' project is quite unique in the W<lY that it has developed from 
the basic science to technology transfer, to farmer take-up, and spontaneous technology transfer 
between farmers. Although the experience to date has been restricted to maize-based farming 
systems and on-station sorghum-based farming systems, we believe that the general approach 
is applicable to a much wider r<Jnge of pest problems, in a variety of crops (such as millet) and 
will be a model for other researchers in their efforts to minimise pest-induced yield losses in an 
economically and environmentally sustainable manner. 

111e 'push-pull' approach described here is now expanding into Kenya, Uganda and Tanzania. In 
Kenya, a farmer teacher programme has been initiated, where each trained farmer has to teach 
5 new farmers each year. Sasabwa Global 2000, an international NCO, is helping to expand 
the 'push-pull ' programme in Ethiopia. A pilot programme had been initiated in southern Africa, 
addressing stemborer control in the arid 01nd serni-;;~rid areas of the Northern Province of South 
Africa. Each region has, in addition to varying climate conditions and use of alternative cultivars, 
<tnd some differences in crops that must be taken into <~ccount, gained considerable experience 
in this aspect by the pilot studies in various countries. However, wherever these appro<Jches ;~re 
developed for the specific needs of local farming practices and communities, it is essential that 
the scientific basis of the modified systems should be completely elucidated, otherwise there 
might be a drift from effectiveness to justifiable dissatisf<Jction on the part of the practising f;~rmers. 
Every efforl wi ll be: m;~de to ensure that technology transfer follows the incorporation of these 
practices into other regions of Africa . 

The 'push-pull' project is cxp01nding in eastern Africa via smallholder farmers. 1-lowever, the major 
constraint to widespread technology transfer has been availability of desmodium seed. Several 
pathw<tys have emerged including involvement of a priv<Jte seed company, community-based 
seed production, and veget<:~tive prop;:~g;;~tion among farmers adopting 'push-pull' technologies. 
The rci<Jtive merits of these pathways in stimulating <Jutonomous diffusion of the technologi~s 
need to be ana lysed and comp;~rerf. In <~dditinn, the role of different reinforcing interventions such 
as mass medii!, information bulletins, field days, farmer teachers, farmer field schools etc. need 
to he eva luated and the most cost-effective ones identi fied. The rela tionship between household 
socioeconomic status and land-I<Jbour r;;~ti o in different districts, and the performance of different 
diffusion mechanisms needs to be clarified. 

Sever<~l new science-led maize production and protection technologies (IR maize, Bt rnaize and 
QP maize) have been developed by other research institutes, the effectiveness and sust;~inability 
of which need to be compared with 'push-pull' str<Jtegies over a longer time scale. Questions· 
relating to potential integration of these technologies or their complementarities h<Jve b~en r;~ised 
and need to be ev<tluated in continued collaboration with other centres. Demonstrations of the 
relative productivity of integrated approaches ;~nd their socioe.conomics, including possibility 
of forward linkages, will be an important objective of the future project as well as collaborative 
undert;;~kings with other institutions. 

For long-term sustainability of the 'push-pull' system and its placement on a strong scientific 
foundation, there is a need lo: (i) develop tools for CJUality control of the performance of the 'push' 
und 'pull' cornponents, (i i) enhance understanding of soil nutrient dynamics in long.term 'push­
pull' fields, and (i ii) study and 5olve emerging problems of a previously unrecognised pe~t (a 
pollen beetle attacking desmodium) and a disease of the comp<mion crops (phytoplasma disease 
of N<Jpier grass). Studies in these arcus will be undertaken and tools that emerge will be optimi~ed 
and incorporated into the 'push-pull' dissemination activities. 

Output 

journal articles 

Cohole L. 5., Overholt W A., Khan Z. R. and Vet L. E. M. (2005) Close-range host searching 
behavior of the stemborer parasitoids Colesiil sesamiae and Denlichasmias busseolae: 
Influence of a non-host plant Me.linis minutiflora. Journal of Insect Behavior 18, 149-169. 
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Midega C. A. 0., Khan z. R., Van den Berg J. and Ogol C. K. P. 0. (2005) Habitat management 
and its impact on maize stemborer colonization and crop damage levels in Kenya and South 
Africa. African Entomology 13, 333-340. 

Mohamed M. H., Khan Z. R., Overholt W A. and Elizabeth D. K. {2004) Behaviour and biology of 
Chilo parte/Ius (Lepidoptera: Pyralidae) on maize and wild gramineous plant~. lnternalional 
Journal of Tropical Insect Science 24, 287- 297. 

Book chapter 

Khan Z. R. and Pickett). A. (2004) The 'push-pull' strategy for stem borer management: A case study 
in exploiting biodiversity and chemical ecology, pp. 155- 164. In Ecological Engineering for 
Pest Management: Adv;mces in Habitat Manipulation for Arthropods (Edited by G. M. Gurr, 
S. D. Wratten and M.A. Altieri). CSIRO, Australia and CAB International, UK. 

Research proposal 

Promotion and dissemination of integrated pest and soil fertility management strategies to 
combat Striga, stemborers and declining soil fertility in the Lake Victoria basin (2005-2006). 
Funded. 

Capacity building 

PhD students 
C. Midega (Kenya) Impact of a habitat management system and Bt-maize on stemborer natural 

enemies and biodiversity of ground-dwelling arthropods and soil fauna in Africa. Kenyatta 
University, Kenya (completed). 

E. Njuguna (Kenya) Push-pull technology for the control of stcmborers in the Lake Victoria region: 
rlidden impacts on the farming systems. University of Nairobi, Kenya (ongoing). 

l. Lebesa (Lesotho) Towards development of traps for the control of blister beetles on desmodium: 
Studies on volatile profiles of the host plant and pests, and their influence on beetle behaviour. 
University of Pretoria, South Africa (ongoing). 

S. Guchu (Kenya) Studies on Desmodivm species for the a llelocherni~als involved in Striga 
suppression. University of Nairobi, Kenya (ongoing). (Based at Behavioura l and Chemical 
Ecology Department.) 

MSc student 
S. R. Kiambi (Kenya) Comparison of biologica l effects and chemistry of soybean and desmodium 

root exudates on Scrigc hermonchica. Egerton University, Kenya (completed 2004, Behavioural 
and Chemical Ecology Department). 

Impact 

56 

• Over 3500 'push-pull' farmers have at least doubled their maize yields and increased 
milk production by SO%. 

• Fodder production by 3000 'push-pull' farmers contributes in production of 1.5 million 
litres of milk annua lly. 

• More than 600 smal lscale farmers produce desmodium seed for income generation and 
are linked to a private seed company. 

• Extra income from 'pu~h -pull ' fields has helped at least 500 farmers to send one child to 
a secondary school. 

• By the end of 2009 at least 15,000 farmers will benefit from the 'push-pull' strategy. 
• At least 3 tonnes of certified desrnodium seed will be produced annually by 1000 

smallscale farmers. 
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B. Horticultural Crops Pests 
EXPANDING BIOLOGICAL CONTROL OF THE DIAMONDBACK MoTH, PLUTELLA 
XYLOSTELLA L. IN EAST AND SoUTHERN AFRICA 

Background, approach and objectives 

Among the most important vegetables for home consumption <Jnd local markets in East and 
Southern Africa are cruci fers . However, they play a very different role in different countries. In 
East Africa, c<:~bhagc, Brassica oleracea var. capitata (L.) Alef. ([3rassicaceae) and especially kales 
('sukuma wiki'), B. olf:!rac:ea var. <Jcephala (L.) have a dominant pli!ce in the national diet of Kenyans. 
Ethiopian kale is part of almost every metJI in Ethiopia and Mozambican kale (' tronchuda'), B. 
oleracea vilr. costa/a, is an important smallholder subsistence crop in Mozambique and Zimbabwe. 
Cabbi!ge, e<:Juliflower <Jnd brocco li are grown predominantly for urban markets in all countries of 
East Africa; limited amounts of the latter two and Brus~els sprouts are also exported to Europe. 

A ll these crops are attacked by the di<Jmondback moth (DBM), Plutella xylostella (L.) (Lep.: 
Plutellidael, the most injurious insect pest of crucifers worldwide. The pest has developed 
resistance to a wide ri1nge of synthetic insecticides including Bacillus thuringiensis (l3t) based 
products ;.md other biopestic:ides. To rectify the si tuation, countries in Southeast Asi<J developed 
and implemented biocontrol-based IPM strategies, which h<we proved successful. In contrast, 
research towards the control of DBM in Africa is rare considering the size of the continent. 
An ilni11ysis of pi<Jnt protection research on crucifers in n(ltional research institutions of East 
ilnd Southern Africa, conducted during 1980-1995, clearly showed that emphasis hi1S been on 
pesticide screening. In ilddition, in many countries horticulturi11 research is generally under­
funded and the number of qu;;dified'st<Jff assigned to vegetable reseilrch, and particul;,rly to plant 
protection, is low. Therefore, regional cooperation and networking is imperative to n1ake optimal 
use of <JVCJilable manpower and finances. Such collaborative efforts to implement biological 
control of di<Jmondback moth in East and Southern Africil h<Jve been ongoing since 1 CJ94 <Jnd in 
2000, icipe embarked on a research pro ject towards biological control of the diamondback moth. 
The project IJid the scientific bilsis for a successful implementation of hiologic<JI control through 
surveys in the four project wuntries: Ethiopiil , Kenya, Tanzania and Uganda. The HJrveys yielded 
information about the seriousness of the DRM problem and the locally available niltUri11 enemies 
i1nd their prev<J ience. In general, the DBM problem WilS rilted as serious mainly in commcrcii11 
c<Jbb<Jge production while subsistence vegetable crops like kales (Brassica olcmcea vnr. ilc:ephala 
and Ethiopian kale Brassica c:arinat,l l. ) were less (lffected. The indigenous natur<JI enemy .faLJrlil 
was very scarce (7 species). compared to South Afric<J (33 spec ies) or Romania (2 7 species) ilnd 
the prev<Jience was genera lly low with the exception of some <Jreas of Ethiopia. As n consequence 
of these results, the decision was taken to import <Jn exotic par<Jsitoid known from earlier 
biocontrol efforts in Asi<J, Diadegma semiclausum (1-lellen) (Hyrnenopteri1: lchncumonidae), n 
larvJI parasitoid adapted to tempcro1te highland growing condi tions. As leary cabb<Jge (k<J ie) is an 
important subsistence crop in lowland semi-arid conditions, <Jnothcr p<Jrasitoid, Colt!Sia plutellae 
(Kurdjumov) <Hymenoptera: Braconidae), was studied for three years in cooper<Jtion with the 
Plant Protection Research Institute of South Africa and eventua lly also imported to Kcnyil. The 
iormer was released in Kenya and Tanzania in pilot sites in 2001 and i ts establishment and imp<Jct 
studied. Cotesia plutellae was released in Uganda for the first time in late 2003. 

Pe~rticipating scientists: 8. Lohr, D. MitMfer, A Rossbach 

Assisted by: G. Gichini, N . Mwikya, F. Nyamu, I. Macharia 

Donors: German Federal Mini.srry of economic Cooperation and Development with two 
grants through the German Agency of Technical Cooper<:Jtion 

Collaborators: KENYA: Kenya Agricultural Research Institute, National Biological Control 
Centre, Muguga, Dr Charles Kariuki, Mr john Obiero; District Agricultural Office, Tclila 
T.111e1a District, Mr Paul Onano, Mr Shadrack Juma; Ministry of Agriculture and Rural 
Development, Division Horticulture Officers and Frontline Extension Workers In South 
Kinangop, Kieni East, Kieni West, Kikuyu <:Jnd Limuru Divisions. TANZANIA : Ministry 
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of Agriculwre and food Security, Plant Healrh Services, Kibaha Biocontrol Centre, Mr 
Oscar Mfug'ale, Mr William Riwa (!PM Coordinator), Ms Salome Munisl (Plant Protection 
Coordinator, Northern Zone), Mr Livin Mahoo (Horticultural Office'i Lushoto). 
UGANDA: National Agriculwral Research Organisation, Namulonge Agriculture and 
Animal Research Institute, Bincontrol Unit, Dr James Ogwang, Ms Florence Nagawa. 
FRANCE: Centre Nacional de Recherche Scienlifique, CNRS Laboratoire Populations 
Genet/que er Evolution, Cif sur Yvette, Mrs Claudia Rinc6n. GERMANY: University of 
1-iannover: lnstitut fOr Pflanzenkrankheiten und Pflanzenschutz, Prof. H. -M. Pohling; 
Betriebswirtschaftliche Fakultat, Prof. Hermann Waibel; University of Cdltingen: lnst. 
fOr Pflanzenpathologie und Pflanzenschutz, Prof. Stefan Vidal, Andrea Rossbach (Visiting 
Scientist); Max Planck lnslitut fiir Chemische Okologie, lena, Prof. David Heckel. THE 
NETHERlANDS: University of Amsterdam, Prof. Peter Roessin!Jh. SYRIA: University of 
Aleppo, Prof Radw<1n Yakli, Dr Walid /draw. CHIN!\: World Vegetable Centre, DrS. 
Srinivasan 

Work in progress 

Kenya 

7. Diadegrna semiclausum establishment and impact 

The parasitoid established well in all pilot release areas, even though only very low numbers (5 
release fields, 25 females/field) were releilsed. Monitoring of the biological impact of Diadegma 
semiclausum on DBM populations and indigenous para-sitoids wt~s continued at the two pi lo t 
sites in Kenyil throughout the ye<J r (2004/5). Diamondback moth populations have continued 
to decline <~nd the diamondback moth damilgc hils declined so much thilt many farmers have 
stopped spr<~ying <~gainst 013M. Parasitism hils pilssed 60% level at Nyathunil (the area where D. 
semiclausum h<~d difficulties in getting established) as well and conti nues to be high in the Taita 
I-I ills. Cage exclusion studies conducted in 2004/S at the two pilot release sites ilbout half a ye<~r 
;:~ncl one year ~fter release showed the increase in mOrtillity caused by the introduced parasitoid 
(Tables 1 and 2). In season-long field collect ions it cou ld t~ l so be shown that the introduced 
parasitoid outcompeted the indigenous species while it brought DBM populations down (Tables 
J and 4). 
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Tobit 1- Mortality facton of diamondback moth (P/utello xyloatel/a} larvae a~d pupa• in cog• exelution experiment• 
tevtn ond twelve month• alter the ,..leate of an exo~e para1itaid. Werugha, Wundanyi Oiviaion, CoaJt Province of 
Kenya 

larvae p~r plonl % morlollty due to 

Ex~lu1ioo Oiaclr>gmo Oomyzus Nal 
treolmenl lnfesled Recovored %survival somiclav$Vm sokolowskli Oisoo1o idenlified 

Seven month• after releote 
Caged and 

glued 60 30.8:!: 3.8 a 85.2 ± 1.3 a 3.8:!: 1.5 b 0.8 ± 0.8 0 4.2 :1: 2 .5 bo 6.0±1 .2a 

Cr;~ged only 60 28.0 ± .4 .5 Q 90.3:!: 3.7 0 3 .2 ± 1 . .4 b 0.7:1: 0.7 0 0.8:!: 0 .8 b 5.0 ±2.3 0 

Glued only 60 2.4.5:!: 2.6 0 61 ,5:!: 2.3 b 18.0:!: 2.0 0 3.9;t;2.6o 10.2± 3.9 0 5.8 ;t; 2.3 a 

Control 60 29.0 ;t; 2.7 a 60.2±8.1 b 16.5 ;t; S.t a 6.7:!: 2.0 0 6.7± 0.9 ba 10.0 ±.4.8 0 

T-lve montha after r.itGM 

Co~ed ond 
9 ued 60 35.0 ± 1.1 0 90.1 :!:2.5 a Ob Oa .4.9± 1.2 a 2.1 :1:2.1 0 

Caged only 60 27.5 ± 5 .0 ba 88.0 ;1:5,2 a 2.3:!: 2.3 b Oo 4.9:!:3.20 .4.9 ;1;2.1 0 

Glued only 60 17.0;!; 3.0 b 25 . .4 :!:.4 . .4 b 65.0;!; 2.2 a Oa 6.2;!; 2.5 0 3 . .4 ±2.0 0 

Conlrol 60 17.3:!: 0 .9 b 26.2:1:3.8 b 5.4.3 ± 7.1 a Oo 12.5:!: 6.0 0 7.1 :!:2.6 0 

Means wilhin the lame column followod by the 1ame leHer ore nol signifkontly dillerenl al P < 0.05, Srudenl· 
NewmQn·Keull tell far comparison of meom. 
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Table 2. Mortality focto,. of diamondback moth (Piul.llct ~tylodello1 larvae and pupae In ®ge exclution experiment. 
seven and twelv• montha ofter the releaae of an exo~o paraaitoid. Tharvni, Limuru Oiviaion, Central Province of 
Kenya 

larvae por plant 
% mort~;~lity due to 

Ex~lu1ion Oiodegmo Oomy:tus Not 
treatment lnfostod Recoverod ~~ ~urvivol iemidouitlm aokolowskii Disease idomtified 

Seven monlhi aft•r releaae 

Caged ar>d 
glued 60 JJ.O ± 2.9 a 89.2 ±2.4 a Ob Oo 2.0!!:1 .2 0 8.7± 2.2 o 

Caged only 60 32.0:!: 3.2 0 80.2 ±4.8 0 Ob Oo 5.9!!: 2.8 0 13.9 ±4.8 0 

Gluod only 60 31.3 :1: 2.9 0 78.1 :!: 2.2 0 8.0:1: 1.6 a Oa 3 .8 :!: 1.8 0 10.1 :1: 2.0 0 

Control 60 29.5:!: 0.9 0 76.9 :!: 6 .9 Q 9.2 :1: 2.7 a Oo 6.1 !!: 2.3 0 7.8 :1:3. 1 0 

Tw•lve montha aFter releaae 

C~;~god and 
glued 60 32.0 ± 3.5 ba 95 .3 :1:0.8 0 1.1±1.1b Oa 1.3 :!: 0 .8 0 2.3 t 1.6 0 

Caged only 60 42.3 ± 4.5 a 95 .1 :1: 1,7 a Ob Oo 1.8 :1: 0 ,6 0 3.2:!: 1.5 0 

Glued only 60 24.0:1: A.B b 77.8 ;I; 4.8 b 18.1 :1: .l ,d o Oa 2 .6:1; 1.7 0 1.5!!: 1.5 0 

Control 60 2.!.3 :1: 1.7 b 77.0 1; 2.0 b 16.0 :t J .d 0 Oo 2.1 :1: 1.2 0 4.9:!: 2..4 a 

Mea ns within the some column followed by tho aome letter o;Jre not signi~contly different ol P < 0.05, Student. 
Newmon•Kovls test lor comporiaon of means, 

lobi• 3. Che~ngea In diamondback moth paraaitoid guild ~ompoalt!on of fleld-collected larvae aeven and twelve 
monlha after the reloaae of an exotic porasitoid. Wervgha, Wundanyi Oiviaion, Cooat Province, C•nlral Province of 
Kenya 

Jor>u~;~ry-April 2003 April-July 2003 

No. % % of total No. % %of total 
collected omergence parasitism collected emerge nco porasitism 

Plutello xylo•lel/o lorvoe/pupoe 1103 577 
P/ulo/1{1 xylostello adult emerged 533 48.3 276 47.8 
Di•oased/unidentifivd 163 1.4 ,8 22 3 .8 
Porositised 407 36.9 279 48.4 

Poroaitoid spedea 

Ooodegmo semoc/QOJSUill 351 31 ,8:!: 1.9 D 86.2 276 .47.8 ± 1.9 a 98 .9 
Oiodegmo mollipl/o 5 0 .5 :1:0.2 ~ 1.2 0 0.0:1:0 b o.o 
Oomyzus sokolowskii 35 3.2 :1:0.9 b 8.6 3 0.5 ± 0.7 b 1.1 
Aponl11les 1pp. 5 0.5 :t 0 .2c 1.2 0 O.O t 0.0 b 0.0 
Brochymeric spp. d O.A:!: 0 .4 ~ 1.0 0 O.O t 0 .0 b 0.0 
ltopler lis spp. 7 0.6 t 0.2 c 1.7 0 0.0 ± 0 .0 b 0.0 

Moom within the aome column f~;~llowed by a common le tter oro nolaignlllcontly different at P c 0.05, Student-Newman-
Kovls test for comparison of moona. 

Table .C. Changea In diomondback moth poroaltold guild composition of lielckolleeted larvae teven ond twelve monllu 
after the releaae of an exotic paroaitoid. Tharunl, Limuru Dlvla1on, Centre! ProvinQtl of ic:e11yo 

Jonuory-Aprii 2003 April-July 2003 

No. "'o o/o aftotol No. % % of total 
collected occurrenc:o parasitism calleeted oeeurrence poroli1iam 

Plut~flo xyloslel/o larvae/pup~;~e 1202 1034 
Plutello xylo1lel/a adult emerged 850 70.7 768 74.2 
Diseasod/vnideniiAed 103 8.6 27 2.6 
Poro1itiaed 2.49 20,7 239 23.1 

Poroaitoid aped•• 

Diodegmo s~miclous11m 27 2.2 ;I; 0.5 b 10.8 232 22.4 t 1.7a 97.1 
Oiod~gma mollipl/o 12 1.0 :t 0 .3 cd 4.8 4 0.4:!: 0.4 b 1.7 
Oomyzus sokolowskii 168 14.0 :1:0.3 0 67.5 0 Ob 0 
Aponlof11s 1pp. 22 1.8 :1: 0 .4 cb 8.8 0 Ob 0 
Brochymerio app. 20 1.7 :1: 0 .6 cb 8.0 3 0.3 ;I; 0.4 b 1.3 
ltoplaclis 1pp. 0 Od 0 0 Ob 0 

Means within 1he some column followed by a common Ioilar ore n~;~t 1ignificantly difforenl at P < 0.05, Siudent•Newmon• 
Keuls toal for comparison of means. 
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Rearing and releilse operiltions in Kenya were h<mded over to KARl at the beginning of 2004 and 
several releases of c:omhined (>5000) parasitoids hilve so far been milde. Releases concentrated 
in western Kenya and the Rift Valley areas in Central Kenya were left until late 2005 when data 
collection for impact assessment had been finalised. Rearing and release operations for Diadegma 
semic/ausum in Kenya, entirely managed by KARl, were terminated at the end of the year as all 
areas suitable for the pilrasitoirl h<Jd been covered. The first monitoring survey was conducted by 
the KARl team. OiCJdegma semiclausum was found everywhere ilnd DBM populations were under 
good control. Preparations were made to shift the rearing activities at KARl to produce Cotesia 
plutellae. 

Tanzania 

A monitoring survey was conducted in the 0. scmiciCJttsum release area at llikidinga, Tanzania. 
Parasitism incre<Jsed from an initial <1 0 to 36% in late 2003 and 58% in December 2004. The 
d<Jmage has decreased substantially in the area where farmers were educated about the release 
operations and about how to deal with their pest problems in the presence of the biocontrol 
agent. The survey :~I so showed, however, that farmers in neighbouring areas, where the p<~rasitoid 
had immigrated through n(lllJrill dispersal, continued to spray heavily and their whole crop was 
destroyed nevertheless. This shows that fanner education is very important and has to be given 
more attention. The llikiding« experience W<JS used to plan and execute the ToT in Tanzania, and 
this proved very useful to the tr<Jiner 01nd the course pi!rticipants. 

Cameroon 

Upon invi tation of the Cameroonian-German Pl:~nt Protection Project, icipe team member A. 
Rossbach went ior three weeks to Cameroon to help the Plant Protection Service in a survey 
to assess the Dl3M problem and the chances to expand the work done in Kenya to the benefit 
of Cameroon. The survey showed " similar picture to the one observed in East Africa: Cabb<~ge 
production mainl y in mid-<~ltitude ,1reas and regular use of pesticides (Table 5). In the higher 
areas, D. mollipla was the prevalent parasitoid and parasitism was similarly low as in East Africa. 
In low-lying nreas, the most common parasitoid was Oomyzus sokolowskii, also at levels that 
could not exert economic control of the pest (Table 6). It was agreed that a technician would be 
sent from Cameroon to icipe to learn rearing of DBM and parasitoids. An introduction and rele;~se 
programme would then be implemented by the Cameroonian national programme, if necess<~ry 
with b<~ck-up from Nairobi. 

Tobie 5. Site chorocleristica and c:obboge growing practices of three cabbage growing areaJ In Cameroon 

Gro"'ing 
or eo 

D1~hang 

Babadlau 

Sonia 

Area d1otaderbties Production prodices 

Altitude Temp. Rainfall Cabbage Pe$ticido 
(m) ("C) (mm) variety used 

1470-1600 20.5- 21 ,0 !34-30.4 Gr"n Coronet, Cypermethrine. 
Ompholox lloproturan 

1625- 1850 111.5- !9.5 154-160 Green Coronel CyperMelhrine, 
Dlmethaale 

1820-1980 18.3-19.1 329-423 Globemaaler, Alphomethrin;;, 
Tropi~ol Cypormothrine 

Table 6. Diamondback moth population and porallitold• In thre• cobbag• gtowing 
oreaa In Can1eroon 

Growing OBM/ Oom~vs 
area Plant •okolowakii 

Oschong 1.3 68 (547) 

Bobadjou 2.6 96 ll06) 

Santo 1.2 25 (0) 

Number of porositoids coll"ted 

Oiodegmo Unidentified 
molliplo l~hneumonidoe 

18 1 

87 0 

25 0 

% overall 
poro11tiun 

13.6 

18.1 

14.1 

Application 
frequency 

Bi-monthly 
Monthly 

Weekly 
Weo~ly 

Bi·weekly 
&i-weekly 
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Uganda 

In Ugandn. the spread of D. semiclausum was assessed in the 
Kahille rcleClse area about 18 months after the release was 
mnde. Di<1degma sen~iclausvm is well established and has 
spread all over the cabbage growing area in Kabale District. 
However, farmer awareness about the natural enemy and its 
potential was not sufficient to convince the farmers to stop 
spr;;~ying. A refresher course was therefore planned for the 
local extension staff. 

2. Complementary parasitoids introduced, 
studied and released in pilot areas 

When introducing biological control agents, the broadest 
genetic base possible is recommend~d by biological control 
workers as the best guarantee for success. In light of this, 
multiple introduct ions of the same species of different 
proveniences seem to be the best recipe. Our investigations 
show that this can actunlly be a roadm<~p to failure. In the 
c.1se of Cotesia plutellae, ~ever<tl introductions have been 
listed as failures. Upon close exnmination, many of these 
f<~ilu res might he attributed to reproductive incompatibility 
of the strains selected for introduction or of the introduced 
strain with <Jn already present one. 

The Project introduced two biotypes of C. plutellae with 
the intention to have a broad genetic base for the releases. 
Fortunately, we performed some preliminary tests on 
compatibility between the biotypes and we found almost 
complete reproductive incomp<ttibility. With the aim of 
gaining better understanding to manage introductions 
of C. plutellae, the reproductive compatibi lity between w 

five populations native from different geographic areas- .i 
including our two biotypes-were examined. This was done 1! 

by Claudia Rinc6n ~t the Cemre Nacional de Recherche 1 
Scientifique in France with Project sl.lpport. Morphological J 
(antennae and body length and antennae/body ratio) 
(Table 7) and two molecular characters (sequence of a { 
Cyt B fragment and infection status by Wolbachia) were .g 
investigated for their potential to predict the reproductive .!. 

compatibility between populations. Results from three ~ 
o:Jreas (morphology, DNA sequences and infection status J 
by Wo/bachia) were eva luated co llectively in <t generalised '1i 
linear model of reproductive compatibility. The study led to 1 
the conclusion that these five C. pluteii<Je populations form j 
two partially to highly incompatible aggregates (Table 8), 
which are morphologically and molecularly distinguishable. 
Morphometric divergences, molecular distances (Cyt B), :i 
<~nd infection status by Wolbachia are all good predictors of 1 
compatibility. i 

~ .., 
·j 
~ 

'""" 
~ 

::1: 

After this discovery, the C. plutellae culture from Taiwan was 
discontinued and the culture of the South African biotype was 
tr;Jnsferred to a screenhouse on the icipe campus. Rearing 
the SA biotype had been very difficult in the laboratory but 
the transfer to the screenhouse solved this problem with 

" immedi<Jte effect: The wasps do much better in these quasi· 
n<Jtural conditions than in the cage. ~ 
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Pre-release studies were initiated in two 
semi-arid pilot Me<Js. One site is <~long 
Athi River, about 30 km southeast, 

Table 8. Reprodudlve compatibility <1f live p<!pulationa of Cotesio 
plutel/oe, parosltold of tht diamondback moth 

the other one about 50 km northe<Jst 
of Ni'lirobi. Both areas concentrate 
on Jhe production of le<Jfy c<Jbbage 
('sukuma wiki'), the former along a 
river on bi<Jck cotton soi l, the latter 
in nn irrigation scheme with sandy 
lo<Jm soil. Observations were initiated 

Cron 

SA·B 
SA.M 
SA.R 
SA-T 
8-SA 
a.a in May (Athi River) and June 2004 

(Yiltta) and one ye<~r of observ<Jiions B-M 
were completed before a release was B-R 

M-SA 
M-B 
M-M 

made. The information gathered thus B-T 
ft:~r indicates a very different situation 
from the highlands. Local parasitoids 
<1re se<~son<~l ly abund<1nt (up to 60% 
parasitism) but nevertheless unable 
to keep DBM populations below the 
damage threshold. A release of C. 
pluteJ/ae was made in both areas in 
May/June :.2005 and resulted in initia l 

M-R 
M-T 
R-SA 

T-SA 

T-M 

Compatibility 
rate 1•1 

0.5 
0.4 
0.1 
0.4 
0.3 

0 
0.6 

0,9 
0 
0.9 
0 
0.3 
0.3 
0.3 
0.1 
0.9 
0.2 
0.7 
0.1 
0.6 

Number 
of wasp> 
produced 

6.20± 1.55 
5.10±2.13 

Overall 
SIIX rQtiQ 

(proportion 
f~rnolo~) 

0.3.4 ±0.38 
0.23 ±0.38 

Sex ratio of 
compatible 

couples 

0 .66 ±0.24 
0 .58 t0 . .41 

4.50t 1.96 0.09 ±0.28 0.89 
4.40t 1.35 0.27 :!: 0.37 0.65 t 0.28 
7,20t 1.62 0.19 :!:0.35 0.65 :t0.32 
7.90t3.49 0.49:1:0.17 0 . .49 :t0.17 
6.30:t 1.77 0 
6.60t2.07 0.36± 0 . .40 0 ,61 t 0.33 
6.40 :t 1.07 0.41 :!: 0.20 0.41 :t 0.20 
6.20t 1.14 
5.90i 1.60 
7.40t 1.90 
5.10 f 1.91 
5.60± 1.51 
5 .10 ± 1.91 
.4.30± 1.57 
5.90:!: 1.37 
5.80 ± 1.69 
5 .30t 1.83 
5.20:t 1..4 
4.30t 1.7 
5.60± 1.96 

0.63 :!:0.28 
0 

0.5 :t0.33 
0 

0.69 t 0 .19 

0 .55 :t0.29 

0.20 t 0.37 0.68 ± 0.33 
0 .85±0.15 
0 .54 ±0.24 

0.5 
0 .62 :!:0.28 
0 .7 1 t0.06 
0 ,82 t 0.22 

establishment; however, towJrds the R·T 

end of 2005, recoveries declined. 
Diadf:!gma semiclausum has invaded T-B 

the release <~rea through natural 
expansion of its r<~ ngc and seems r.R 
to be one of the reasons preventing lntro-group~1" 
establishment of c. p/utellae. lnter-groups1

'
1 

0.73:1:0.25 6.05 ± 1.09 

0.25 ±0,42 
0.16 ;1;0.29 
0.05 ±0.16 
0.55 ±0.33 
0.19 ±0.30 
0.58 ± 0 . .43 
0.05 :!:0.16 
0.32 ±0.39 
0 . .42±0.15 
0.14 ±0.12 

0.5 
0.55 :!:0.36 
0.59 ±0.11 
0 .68 ±0.13 

In Uganda, the spread of C. plutellae 
was assessed in the Wakiso rele<~se 
ilrea about 1 B months after the release 
was made. The parasitoid w<Js found 
in nil fields inspected and has spread 
widely from the release area. The 

Glm P.voluo 
0.19 :t0.17 

3.576e-16 
5 . .48:!:0.87 

0.055 7.019e.30 0.022 

Origin of poro~it<1id~ : SA: South Africa; 8: Benin; M: Mortiniq uo; R: 
Reunion; T: Toiwon. SA-& rofer5 to crou between Soutk Africa oncl Benin. 
In oil c:rouo~, tho fir5l letter repreaents the mather and th~ Jecond the 
father. Value~ are means ± SE. (a) Proportion of couplos producing 
female progeny, (b) crosses within intorbrooding groupa, (c) crosses 
between lnterbreedil;g groups. 

furthest recovery from a release point was 68 km. In some fields, 100% of the collected DBM 
samples were parasitised and the DBM populations were very low in all surveyed fields. 

3. Economic impact assessment 

Project activities commenced in March 2005. To assess the ex post economic impact of the 
biological control of the diamondback moth in cabbage in Kenya and assess factors that contrihutc 
to the success of the biologica l control str<Jtegy, surveys were carried out for two cabb<Jge crops: 
the c:rop planted during the hot season (October 2004- February 2005) and the crop planted during 
the rainy season (March 2005-Ju ly 2005i in Keny<~, Central Province, and Tanzani<J, Northern 
Zone. The research project 
applies the ex post facto study 
design, i.e. surveys were 
carried out in <m~as, where the 

Table 9. Somplo 1ize of cabbage fonnera par11df.ating in the econ<~mic Impact 
of.loumont tludy of diamondback moth biocontro 1 by tubloootion and country 

October- March-
biological control agents had Country District Division Fobruary July 
been released ('with'= W), as ~--~~ooo:o---::--.,..-,,..------,1:-:3-=-0---,:1.,.30::----w-

Release 
dolus 

well as in <Jreils where it had ~:~~: ~~=~clarua ~~eu~~E~~angop 64 64 W/o 
not been released ('without' "' Kenya Nyeri Klenl West 70 70 W 
W/o) (T;~ble 9). These surveys K~nyo Kiombu Kikuyu 30 17 W 

included cabbage production ~;~::nio ~~=~0~~ Lirnuru 1 ~b 1 !~ W~o 
data and direct heillth effects of Tanz:onla Arusha 180 180 w 
pesticides. Total 673 637 

W, with; W/o, without. 
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Data analysis wi ll be carried out in two steps. First, propensity score matching wi ll be used to 
select a sub sample from the 'with biological control' group that matches the 'without biological 
control' group. In a second step stochastic efficiency frontiers estimation wil l be carried out. 

4. Biocontrol-compatible management methods for other important pests 

The studies on occurrence and host suitability of wild crucifers (PhD project of Mrs Ruth Gathu) are 
continuing. Six wild species, some from the highlands (Rorippa sp., R. cryptantha, R. nudivscula, 
Raphanus raphanistrum L.), one from the lowlands (Rorippa micrantha), and one that occurs in 
both areas (Erucastrum arabicum) were investigated. All were found to attract egg-laying females 
and were suitable for DBM development. A li fe·table analysis showed that the intrinsic rate of 
increase as well as the net reproductive rate of DBM on E. arabicum and R. cryptantha was higher 
than on the cultivated cabbage and kale. 

The suitability of the same species for both exotic parasitoids (0. semiclausvm and C. plutellae) 
was also investigated. Both parasitoids c;m complete development in DBM reared on any of these 
host plants. There is some effect on developmental time, longevity and reproductive potential of 
both parasitoid species; however, par<~sitoid development is in general not much affected by the 
host plants studied. 

5. Exploration for heat-tolerant pupal parasitoids 

During a visit to Romania in September 2005, the basis was laid for a cooperative research activity 
with the A. I. Cuza University (AICU) of lasi. The aim is to evaluate the changes in the pa.rasitoid 
guild with advancing temperature <Jnd thus find he<Jt-tolerant parasitoids for introduction· and 
release in Southeast Asia. It was agreed to develop a joint work plan nnc:e a student of AICU h<Jd 
been identified and start work in the 2006 season. 

6. Technology transfer and training programme 

A planning meeting with all project partners was held at icipe headquarters in June 2005. All 
worki ng groups presented their findings (France, Kenya, South Africa, Syria, Tanzania, Ugand<~) 
and a way forward was charted. 1-iighest priority was given to releases of D. semiclausum in all 
Project countries, followed by the continuation of studies on and release of C. plutellae. The 
possible introduction to E<~st Africa of a third p¥<lsitoid species was discussed and all national 
programmes expressed interest. The species, Diadromus co/laris, cou ld be sourced from South 
Africa. 

A proposal was submitted to BEAF for funding of a postdoctoral fellowship in <~gricultural 
economics. The request was approved and Dr Dagmar Mithofer of the Universi ty of Ha,nnover 
was selected and sta rted work in Mi!rch 2005. The postdoctoral research project 'Economic 
impact assessment of biologica l control of the diamondback moth in crucifers in East Africa' 
directly contributes to output 3. The aim of this activity is to ex post assess the economic impact of 
the DBM biocontrol and identify fnc:tors that are related to the success of the biocontrol project. 
Surveys were carried out in Central Province, Kenya and Northern Zone, Tanzania. Due to 
budgetary and other constrnints, Ug<Jnda and Ethiopia, were dropped from this activi ty. Detai led 
information on activities related to this project can be found in a scp<~rate progress report (project 
number: 03.78640.4-001.00, contract number: 81 074619). (See following report.) 

Output 

Journal articles 

Macha ria 1., LOhr B. and De Groote H. (2005) Assessing the potential impact of biological control 
of Plutella xyloscella (diamondback moth) in cabbage production in Kenya. Crop Protection 
24, 981-989. 

Rossbach A., LOhr B. and Vida l S. (2005) General ism versus specialism: Responses of Diadegma 
mollipla (Holmgren) and Oiadegma semiclausum (Hellen) to the host shift of the diamondback 
moth (Piutefla xylostella L.) to peas./ouma/ oflnsecc Behaviour 18, 491-503. 
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Wagener B., Reineke A., LOhr 8. and Zebitz C. P. W. (2004) A PCR-based approach to distinguish 
important Diadegma species (Hymenoptera: lchneumonidae) associated with diamondback 
moth, Plutellil xyloste/la (Lepidoptera: Plutel lidae). Bulletin of Entomological Research 94, 
465-471. 

Book chapters 

LOhr B. and Kfir R. (2004) Diamondback moth, Plutella xylostel/a (L.) in Africa: A review with 
emphasis on biological control, pp. 71 - 84. In Proceedings of an International Symposium on 
Improving Bioconcrol of Plutella xylostella. 21-24 October 2002, Montpellier, France (Edited 
by A. Kirk and D. Bordat). CIRAD, Montpellier. 

Conferences attended 

Proceedings of the XV International Pl~nt Protection Congress, 10- 15 May 2004, Beij ing, China. 
Attended by: I. Macharia, 8, LOhr and H. deGroote. 

International Congress of Entomology, 16-21 August 2004, Brisbane, Australia. Attended by B. 
Lohr, R. G<1thu and C. Momanyi. 

International Symposium of Biological Control of Arthropods, 12-16 September 2005, Davos, 
Switzerland. Attended by B. Nyambo and B. Lohr. 

Capacity building 

PhD students 
B. Wagener (Germany) Molecular systematics of selected Diadegma species (Hymenopter<~ : 

lchneumonidae, Campopleginae) important in biological control. University of Hohenheim, · 
Germany (defence scheduled for 29 September 2006). 

A.. Rossbach (Germany) Influence of the host shift of the diamondback moth, Plute/la xylostella 
L., to peas on its associated parasitoids. University of Gottingen, Germany (PhD scheduled 
for 2006). 

R. Gathu (Kenya) Role of wild crucifers in management of diamondback moth, Plutella xylostella 
L. (Lepidoptera: Plutellidae) and its natural enemies in Kenya. University of Hannover, 
Germany (ongoing). 

MSc students 
C. Momanyi (Kenya) Biological impact assessment of an introduced exotic parasitoid Diadegma 

semiclausum (Hel len) on Plutel/a xylostella (l.) and its local natural enemies in Kenya. )omo 
Kenyatta University of Agriculture and Technology, Kenya (completed). 

R. Nofemela (South Africa) Studies on parasitoids of the diamondback moth, Plutella xylostella 
(L.) (Lepidoptera: Plutellidae), in South Africa. Rhodes University, South Africa (completed). 

I. Macharia (Kenya) Ex-ante economic impact assessment of classical biological control of 
diamondback moth in cabbage production by use of exotic parasitoid Diadegma semiclausum 
(Hellen). )omo Kenyatta University of Agriculture and Technology, Kenya (completed). 

1(. Olwasi (Kenya) Egg-laying behaviour, life-table statistics and parasitism of diamondback moth 
IP/vtella xylostella (L.), Lepidoptera: Plutellidae) on commercial crucifer cultivars in Kenya. 
Egerton University, Kenya (ongoing). 

K. Kastrup (Denmark) Field mortality studies of diamondback moth larvae and pupae in semi-arid 
conditions of Kenya. Royal Veterinary and Agricultural University, Copenhagen (completed). 

Impact 

The Project can already now be termed an outstanding success, as indicated in the economic 
impact assessment conducte9 by Ibrahim Macharia. The impact of both parasitoids on DBM 
populalions_in Kenya, Uganda and Tanzania is much higher than the Project team could have 
expected at the outset. The impact could be augmented considerably if the parasitoids can also be 
released in other countries that did not participate in the Project activities like Cameroon, Malawi 
and Mozambique and if an import permit would be granted by the government of Ethiopia. 
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EcoNoMIC IMPACT AssEssMENT As A DECISION-MAKING TooL FOR 
RESOURCE ALLocATION IN HoRTICULTURAL RESEARCH IN EAsT AFRICA 

Background, approach and objectives 

The horticulture industry is currently the third most important foreign exchange et~rner after tea 
ilnd tourism in Kenya. It is the fastest growing agricultural sub-sector and contributes 23% of gross 
domestic product (GOP) (CBS, 2003). The World Bank estimated that the export horticultural 
industry provided jobs to 2 million people in Kenya (Dolan, 2001) and a single export crop­
French bean- provides half a million people with their main source of income (Swanberg, 1995). 
A recent study of the relevance of export veget;;~b le production to poverty alleviation in Kenya 
showed a signific<:mt positive impact of the industry on producers and the workforce employed in 
the sector (McCulloch and Ota, 2002). In addition to income-generation, vegetables are vital for 
the supply of vitamins and other micronutrients to consumers. The positive role vegetables can 
plt~y in overcoming micronutrient deficiencies is well-documented (Bellin and Leitzmann, 1995). 
Women farmers play an important role in vegetable production . In a survey of five m<Jjor French 
bean growing areas, 17 to 40% of the growers were women (Anyango <Jnd Nabwile, 1995). In 
another study comprising beans, tomato and cabbage growers, Michalik (1994) found 21.5% of 
the farmers to be women. 

Sma llholders produce an estimate of SO% of export production (Jaffee, 2003). However, only 
6% of the volume of Kenyan fresh fruit and vegetables (FFV) horticultural production targets 
the export market; 94% is consumed domestically INyoro et al., 2004, based on Ministry of 
Agriculture (MoA) datal. The export market is served by a few large-scale own company farms, 
an increasing number of contracted commercial horticultural farms and a declining but still 
significant number of contracted smallholder farms (Dijkstra and Magori, 1995). Independent 
smallholders produce the bulk of the vegetables and fruits for domestic markets. Domestically 
consumed FFV increasingly reach the consumer via supermarket chains (5% of the FFV) while 
kiosks and open markets hold the major share of purchases, i.e. 35 and 56% respectively. The 
export sector is facing increasingly more stringent food safety standards and the formal domestic 
retail sector seems to follow the same trend (Nyoro et al., 2004). 

This gener<:JIIy positive development is put in jeop<:Jrdy by at least two developments. First, 
the increased intensity both in locil l market production and even more so in export-oriented 
systems; has led to a chemical spiral with rising production costs and decreasing productivity. 
This is associated with a high ri sk to human health, especially for farm labourers, many of them 
women and children, and environmental pollution. Second, the European Union, Kenya's major 
export market, has enacted legislation on maximum pesticide residue limits that endangers the 
continu;~tion of small-scale farmer participntion in the export production as exporters are inclined 
to shift production to larger producers to reduce their risk of non-compliance to new regulations. 
This was exacerbated by the introduction of private, non-legal industry standards like EurepGAP, 
which require extensive documentation and certification, thereby increasing production costs. 
The maximum residue limits are enforced since 1st January 2005. 

Research at icipe has demonstrated that alternative methods of pest management exist, which 
are more environmentally benign and less harmful to producers and at the same time generating 
horticultural products thatilre saferforconsumers. However, policies that could fac i litate a diffusion 
of these methods have not been put in place, so far, perhaps because policy makers are uncertain 
about the economic and social benefits of such chilnges. Therefore, a comprehensive study on 
the expected impact of environmentally benign and less hazardous crop and pest management 
technologies will provide the necessary information basis for identifying further research 
needs, for the prioritisation of icipe's horticulturill research portfolio and for developing policy 
recommendations that can induce change towards more sustainable horticultural production and 
marketing systems in eastern Africa. The objectives of the project are to: (1) analyse the status of 
current production practices, (2) assess the impact of sustainable technologies and farmer training 
and (3) evaluate the policy regimes and their impact on sustainable horticultural production. 
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Participating scientist: D. MitMfer 

Assisted by: E. Nang' ole 

Donors: German Federal Ministry of Economic Cooperation and Development through the 
German Agency of Technical Cooperation 

Collaborators: KENYA : Ministry of Agriculture and Rural Development, Horticulture Division; 
division horticulture officers and frontline extension workers. GERMANY: University of 
Hannover, Faculty of Economics and Business Administration 

Work in progress 

Project activities commenced in March 2005. Informal introductory meetings were held with all 
stakeholders of the Kenyan horticulture sector. These included public, e.g. Ministry of Agriculture, 
Horticultural Crops Development Authority (HCDA), FAO, GTZ and private institutions, e.g. Fresh 
Produce Exporters Association (FPEAKl, certification bodies, selected exporters as well as~ NGOs 
like the Horticulture Development Centre. 

With support of the extension officers of the Ministry of Agriculture and Rural Development, a 
survey to determine the number of smallholders in export production was conducted in nine 
districts of Central and Eastern Province (Nyeri , Kirinyag;~, Thika, Maragu;:~ and Murang'a districts 
in Central Province and Meru Central, Machakos, Makueni, Meru North districts in Eastern 
Province). This census provided information on the number of EurepGAP certified 01nd non­
o:ntified small export producers linked to an exporter, non.certified small export producers,linked 
to middlemen or producing independently and finally, as the control group, an estimate of the 
number of producers growing for the domestic market. . ' 
Two studies on the economic impact of EurepGAP standards on smallholder and medium- to 
large-sca le producers commented in September 2005. The smallholder study is based on a 
random sample of 540 farmers in 5 districts (Nyeri, Kiriny<~ga, Murang'a, Makueni 01nd Meru 
Central districts). The study will assess the economic impact of EurepGAP standards on farm 
performance and factors associated with adoption of standards~ Finally, it will assess the impact 
of production standards on pesticide use and farmers' health. The study of medium- to large-scale 
producers is based on case studies of 30 producers who are linked to a variety of exporters~ It 
assesses the impact of certification on medium- to large-scale production and also compares it to 
the certified sma llholders. First results of these studies 01re expected by the end of 2006 . 

The second objective will be to evaluate the impact of training on perform01nce of smallholders in 
horticulture as well as the changing needs in horticulture. A PhD student in Agricultural Economics 
sponsored by icipe's ARPPIS programme will carry out further research (starts in September 2006). 
Related to objective one and two, another PhD research project will commence at the end of 
2006 to ana lyse the negative external effects of Kenyan horticulture. 
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Nyoro ). K., Ariga ). and Komo I. (2004) Kenyan Case Study on Fresh Products, Vegetables and 
Dairy Products. Re-governing Markets Phase I. Draft Report. Tegemeo Institute of Agricu ltural 
Policy and Development. Nairobi, Kenya. 

Swanberg K. !1995) The Kenyan green revolution . Horticultural Trade Journa/3, 3-5. 

Output 

Conferences attended 

International Research on Food Security, Natural Resource Management and Rural Development 
(Tropent<Jg 2005) conference on "The Global Food & Product Chain Dynamics, Innovations, 
Conflicts, Str<Jtegies" held at the University of Hohenheim, Stuttgart-Hohenheim, 11-13 
October, 2005. Attended by: D. Mithofer. 

Research proposals 

Improving biodiversity conservation in the horticul tural farming systems in Eastern Africa. 
Submitted to GEF (October 2005). 

Capacity building 

PhD student 
S. Asfaw (Ethiopi<~) Economic impact of food safety standards on sm<JIIholder fresh export 

produce in Kenya: Linking contract farming, farmer health and rural poverty. Development 
and Agricultur<JI Economics, Faculty of Economics <Jnd Business Administration, University 
of Hannover, Germany (ongoing). 

MScstudent 
K. Mausch (Germany) Impact of EurepGAP standards in Kenya: Comparing smallholders to 

large-scale producers. Development and Agricultural Economic:si Faculty of Economics and 
Business Administration, University of Hannover, Germ<Jny (ongoing). 
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DEVELOPMENT OF ENVIRONMENTALLY fRIENDLY MANAGEMENT METHODS 
FOR RED SPIDER MITES IN SMALLHOLDER ToMATO PRoDUCTION SYsTEMs IN 
EAsT AND SouTHERN AFRICA 

Background; approach and objectives 

Tom;;~to is one of the most important vegetables in East and Southern Africa yet yields in smallholder 
production systems <Jre filr below the crop's potentiill. The red spider mite (RSM) Tetranychus 
evansi Baker & Pritch;;~rd is probably of American origin and was accidentally introduced to 
Aftica in the IJte 1970s. It WilS first recorded in Zimbabwe in 1979 and has spread northwards 
reaching Zambia Jt Jround 19fl5 and Malawi 1990. In 2001 it was found in Kenya and in 2002 
it was recorded from SomaliJ. It is now also present in severt~ l countries in central ;;~nd western 
Africa (Congo, Senega l, Niger, The GJmbia). Tetranychus evansi is currently the most serious pest 
of tomatoes in East and Southern AfricJ. Since it is an introduced species, most indigenous natural 
enemies do not feed on it. This leads to rapid population build-up mainly in the dry season, 
frequently leading to total crop loss. Current control practices involve regular <lpplications of 
synthetic acaricides with long pre-harvest intervals, which result in pesticide cant;;~mination of 
producers, the produce and the environment. In addition, these pesticide treatments are o ften 
not effective since the spraying techniques used by African smallholders are inadequate for the 
control of spider mites. 

The project aims to develop an integrated pest m;;~nagement (IPM) strategy for RSM in East and 
Southern Afrie<1 focusing on classical biological control, host plant resistance, acaricide resistance 
management, improved crop management and improved pesticide application techniques. 

Since T. evan,si is probably of South Amcric;an origin, su rveys for n<Jturil l enemies have been 
conducted in areas of Brazil and Argentina that ilre climatically similar to the major tomato 
production areas of Kenyil <1nd Zimbabwe. Predators found are tested for their suitabil ity for 
introduction into Africa and the predatory mite Phytosciulus longipes Evans hils been imported 
into Kenya, where it is currently kept at icipe's quarantine facilities awaiting a release permit from 
the Kenyan authori t ies. 

Resistance mechanisms in RSM resistant tomato accessions have been investigated and breeding 
programmes started to introduce the resistance into commercial varieties. 

Commonly used acaricides were tested wi th T. evansi strains from major tomato producing areas 
of Zimbabwe and Kenya to establish the resistance status of the populations. The results are used 
for recommendations to farmers and in training programmes on pruning and staking of tomatoes 
and proper pesticide application. 
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Participating scientists: M. Knapp, A. Hassanali, N. K. Manlania 
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Work in progress 

BIOLOGICAL CONTROL OF TETRANYCHUS EVANS/ 

1. Exploration for biocontrol agents for T. evansi in South America 

Surveys for predators of Tetranychus evansi on solanaceous plants were carried out in Braz:il and 
Argentina to determine prospective species for the control of the pest in Africa. Surveys were 
carried out in areas identified as climatically simi lar to regions in Africa where T. evansi has been 
reported as a pest and where prospective natural enemies may be introduced. 

Northeast and southeast Brazil. A total of 56,445 mites and insects were found in 330 samples 
collected from 20 different species of soli!naceous plants. Tetranychus evansi was found in only 
three samples, on Solanum americanum Mill. and Lycopersicon esculentt.Jm Mill. A total of 5023 
specimens of predatory mites, of at least 44 species, and 494 specimens of acarophagous insects, 
of at least three species were collected. The predominant predatory mites were (in decreasing 
order): Phytoseius guianensis Deleon, Pronematus ubiquitus (McGregor), Asca sp., Paraphytoselus 
orienta/is (Narayanan, Ka ur & Ghai), Phytoseius woodburyii Deleon, Amblyselus compositus 
Denmark & Muma, Homeopronematus <~,nconai (Baker), Neoparaphytoseius sooretamus (EI­
Banhawy), Cunaxoides sp., Typhlodromus paraevectus Moraes & McMurtry, Typhlodromalus 
peregrlnus (Muma) and Phytoseius cismontanus Deleon. However, no predatory mites were 
found in association with T. ev<Jnsi. Among the insects, although not the most abundant, Stethorus 
tridens Gordon seemed to be most promising, as it was found associated with T. evansi. in all 
samples in which the latter was found. Feltiella sp. was the most abundant acarophagous insect 
found, but it was never found associated wi th the pest. 

Central-western Brazil. In central-western Brazil, 4496 mites were collected, 3964 belonging to 
the famil y Tetranychidae and 471 belonging to the family Phytoseiidae. More than 70 different 
plant species were examined, 16 of them from the family Solanaceae. Euseius citrifolius Denmark 
& Muma and E. concordis (Chant) were the phytoseiids most frequently collected, both of them 
were found in association with T. evansi on tomatoes and 5. amerlcanum, the on ly plants where 
T. evans/ was encountered. Neoseiulus ideaus Denmark & Muma, Proprioseiopsls mexicanus 
(Garman), P. ovatus (Garman) and Typhlodromal us aripo Deleon were also fou nd together with 
T. evansi.' 

Southern and southeast Brazil. In southern and southeast Brazil, 34,357 tetranychids and 1425 
phytoseiids were collected from 22 different species of Sol<maceae. Phytoseius gui,1nensls and 
Calendromus annectens Deleon were the most common predatory mites but they were not 
associated with T. evansi. Euseius ho (Deleon), E. inouei (Ehara & Moreas), Neoseiulus calif6rnicus 
(McGregor), N . ideaus, Phytoseiulus fragariae Denmark & Schicha and P. longipes were found in 
association with T. evans/. 

Northern Argentina. Tetranychus evansi was found much more frequently and in higher numbers 
in Argentina than in Brazi l. Euseius caseariae Deleon was the most frequently collected phytoseiid 
mite; however, N. californicus was the most abundant one. This species as well as E. citrifolius, 
E. concordis, Neoseiulus tunus (Deleon), N. ide;ws, P. fragariae and Proprioseiopsis cannaensis 
(Muma) were collected together with T. evans/. 

Phycoseiulus longipes, P. fragariae and 5. tridens were selected for further investigations to 
determine their suitability as classical biologica l agents. 

Life tables of Phytosieulus longipes feeding on Tetranychus evansi at four different 
temperatures 

The development and reproduction of the P. longipes population collected at Uruguaiana, Rio 
Grande do Su i, was investigated at 15, 20, 25 and 30°C with T. evansi as prey. The duration of the 
immature phase ranged from 3.1 to 15.4 days, at 30 and 15 oc, respectively. The lower thermal 
threshold for immature development was calculated as 12.0°C. Immature survival was high at all 
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tested temperatures (minimum of 88% 
at 30 °(). The intrinsic rate of increase 
(r,,,) of P. longipes ranged from 0.091 to 
0.416 females/female/day, at 15 and 30 
0
(, respectively (Table 1 ). These values 

suggest that P.longipes is able to develop 
at a wide range of temperatures feeding 
on T. evansi and has the potential to 
control T. evansi populations. 

Tabl• 1. D•mographlc pararnet.n of ~Hiu/e~;/onglpea population 
fMdlng on Tefra~ua om~nal at four ttmf*GIIIm 

D•mogrophic parameters 
Temperoture ( • C) R. T >.. Dl rA 

15 9.74 26.44 1.09 8.05 0.091 
20 10.01 18,65 1.13 5.61 0.123 
25 13.88 12.92 1.23 3 . .40 0,293 
30 13.84 8.17 t.38 2.15 0,4t6 

Prey preference of Phytosieulus longipes 

The biology of P. longipes, 
was studied in the laboratory 
at 25 ± 1.0 ae, 83 ± 12% RH 

Tobie 2. Mean dally oYipoiltion rate ond aurvivonh1p of Phyios•lu/ullongipea on 
different food.avrott ot 25 :1: 1.0 •c, 83 :1: 12% RH ond12/12 h photoperiod 

Survivonhip (%)' 

and 12/12 h photoperiod with Food source Egg1/female/doy Doy 4 Ooy 8 Doy 11 
four different food sources, ------~------....;... ___ ____: ___ ....;...~ 

i.e. pollen of Typha sp. and Tetranycl.us avomi 3.4 ± 0.1 a 100.0 a 95.0 a 
Ricinus communis and the r. urlicoa 3.5 t 0.1 a 100.0 a 100.0 a 

80.0 0 

85.0 a 

0.0 b 
d 

· Ti h Typha sp. 0.01 :1: 0.1 b 15.0 b 10.0 b 
spi er rnttes etranyc US evansi Ridnus communis 0.01 :1: 0.1 b 5.0 b 0.0 b 0.0 b 
and T. urticae Koch. Immature 
develoP,ment was similar on the 
two spider mite species. When 
offered pollen none of the mites 
survived the deutonymphal 

Mean1 Followed by the same loll•rs in the 1ome column do not diller stoH1ti~ally 
(Studen~Newmon.Kauls lost, P < 0.05). 
·ooys ahar the beginning of the ob1ervotions. 

stage. Oviposition and survival were also similar and very high with both spider mite species 
while oviposition Wil5 almost zero and a ll mites were dead after 11 days on the pollen diet (Table 
2). 

When given the choice between T. evansi and T. urticae the predators were found in higher 
proportions on leaflets infested with T. evans/ than with T. urticae. On the former leaflets, they 

· also laid more eggs (Figures 1 and 2). 
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Figure 1. Number of Phylose/u/us lonsipes found on 
tomato leaflets infested with Tetranychus evans/ or T. 
urticae. (A) P. long/pes reared on T. f!Vansi, (Bl P. long/pes 
reared on T. urtlcae. 'Indicates significant differences 
(Jc,l, p < 0.05). 
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Figure 2. Number of eggs laid by Phytoselulus longipes 
on tomato leaflets infested with Tetranychus evans/ or T. 
urric:ae. (Al P. long/pes reared on i. evans/, (B) P. /ongipcs 
reared on T. urtlcae. 'Indicates significant differences 
<x1, p < 0.05). 
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Development and population increase of Phytoseilus fragariae feeding an Tetranyc::hus evansi or 
T. urticae at four different temperatures 

The development and population increase of P. fragariae feeding on Tetranychus evansi or T. 
vrticae was investigated ilt 15, 20, 25 and 30°C. At all temperiltures, development was sl ightly 
quicker on T. urlicae than on T. evansi. Survival of the immature phase was 7.3% or higher when 
P. fragariae was reared on T. evansi and 92% or higher when it was reared on T. urtic:ae. At all 
temperatures, the intrinsic rate of increilse (rml was 2 to 3 times higher on T. urlicae th<Jn on T. 
evansi (Table 3). Compared tor m reported for other species in the genus Phytoseiulu!>, the intrinsic 
rate of increase WiJS low when prey wasT. evansi and comparable to other studies w hen pray was 
T. urticae. The results suggest thilt the predLJtor could be effective in the control of '( urtica(', but 
probt~bl y not eHective in the control ofT. evansi. 

Tobie 3. Life tabl• porometera af Phyto•eiulua ftttgotloe on TetrtJnychus •vonti and T. urlicoe at four different 
temperature• 

Tom perature I 'C) 

15 20 25 30 

Porametor; r. ~vonsi T. urlica<> T. ~vanti T. urli~I;J~ T. ~vans; T. urlic~:J& T.qvoMi T. urlica& 

Ro 2 .30 22.04 2.92 33.73 3.45 16.29 3.59 28.13 
T 35.12 39.62 21,06 27,12 15.82 15.80 13.35 12.54 
r~ 0 .024 0.078 0 .051 0.130 0.078 0.177 0 .096 0.266 
). 1.024 1.081 1.052 1.139 1.081 1.193 1.100 1.305 
lD 29. 16 8.88 13.62 5.3..1 8.86 3.92 7.24 2.61 

Biology of the acarophagous ladybird beetle Stethorus ltidens .feeding on T. cvansi 

The biology of S. tridens feeding on T. evansi wLJs studied in the laboratory. The number of prey 
consun1ed by S. lridens increased with the lnrval instars and the total number consumed during 
the developmental time wils 184.1 T. evansi nymphs. The daily r:onsumption was 41.3 and 67.8 
(or adult mLJies and femLJies, respectively. Slethorus tridens successfully developed to ildulthood 
(rom 20 to 30°C but fai led at 15 and 35"C. The meLJn development;~! time from egg to adult was 
between 23.8 days at 20°( and 12.1 d<~ys at 30°( (Table 4). At '27°C, the sex ratio w<1s 1.17 
(em<~ les for I male and the mean preoviposition, oviposition and postoviposition periods were 
1 0.3. J 1 .2 and 30.2 days, respectively. The oviposition r<1te was 4.0 cggslfemale/dily with il female 
longevity of 71.6 days and an intrinsic rate of natural increase (r01 ) of 0. l 011 femillas/femille/clay. 

Table A, Mean developmental Hme (doya :1: SE) of Slethorua lritlens ot six conalanltomperoturea 

Temporolure I • C) 

Stage 15 20 24 27 30 35 

Egg 16,3 ± 2.03 a 5.9 ~ 0.14 b .s .O ± O.OA c 3.9 t 0 .08 c 3.0 ;1;0,03 d 3.0±0.00 d 

lnstar 1 3 .9±0.11o 2.2 ± 0 .12 b 2.2t0.13b 1.9;1;0.07 be 1.0 ± 0.01 c 

lnslor 2 2.2 ± 0.10 0 2.0 ± 0 .15 ob 1.8t0.11b 1.1 ;I; 0.03 c 

ln,tar 3 2.6 :1: 0.11 a 2.4 ~ 0 .141;> 2.0± 0 .1.4 b 1.1 ;1;0.05 c 

lnslor 4 .4,3:1: 0.09 0 3.1 ~ 0. 13 b 3.1 ;j; 0 .15 b 2 .3 ±0.07 c 

Pupa 5.0 ± 0,03 0 4.0 ± 0.06 b 3.5 ;j; 0.16 c 2 .8±0.07 d 

Toto I 23.8 t 0.24 a 17,.4 ± 0.22 b 16.2 ± 0.22 c 12.1 :1:0.16 d 

Means followod by tne same IaUer in the same row ore nat signiRcantly difforenl (Studer;t·Newmon.Kauls test, 5%). 
- , no baot!es olive. 

The functional and numerical response of 5. tridens on T. evansi was studied at 25°C, 70 ± 
l 0% RH and 12/12 h photoperiod. Newly emerged adult female 5. lridens were obtained 
from a stock colony for the tests, conducted at the following prey densities: 5, 20, 40, 
60, 80 and 100 T. evansi nymphs per arena (S cml ). The number of prey consumed was 
evaluated every 24 hours, when dead mites were replaced. Adult ovipositing S. tridens 
females showed functional response type II. The maximum prey consumption was 32 
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T. evansi nymphs at the density of 1 00 prey per beetle. At the density of five T. evansi, predation 
was 100%, suggesiing that the density available was lower than the consumption potential of 
the predator. At the density of 20 prey, predation ranged from 68 to 87% and decreased to 30"/o 
at prey density of 1 00 prey. 5tethorr.Js tridens did not lay eggs at the density of five T. evansi per 
predator; some oviposition was observed at the density of 20 prey specimens per arena. The 
mean fecundity was 11 .5, 20.8, 30.4, 25.2 Clnd 30.7 eggs per female at prey densities of 20, 40, 
60, 80 t~nd 100, respectively. 

2. Suitability ofTetranychus evansi as. prey for the predatory mites Asca sp., 
Paraphytoseius orientalis, Phytoseius guianensis, Phytoseius cismontanus 
and Pronematus ubiquitus 

The survivt~l and fecundity 
of five of the most 
common predatory mites 
found on Solanaceae in 

Table 5, Ovipo1iHon rate• of five diHerent predatory mil•• E.d Tetranydws evan1i1 

Act~lop• lycoporaici and/or pollen 

Ovipo1ition (eggs/~/doy) :t SE 

A . lycopenici 
northeast Brazil: Asca sp., Predotor ,pecies T. evan,; A. ly~openici +pollen 
P.1raphytoseius oriencalis, -As-ca-,p-. ..;._ __ 0-.0-t-O-.O- O- b-C--0-.-'1 t:._.;0.~03-oC--0-.1-t.:._0_.0_4_a_C __ O.-O-:!:-O-.O-O-b-C 

Pollen 

Phytnseius guianensis, P. 
cismontam.Js De Leon and 
Pronemaws ubiquftus on 
four different food sources 
IT. evMiSi; pollen of Ricinus 
communis L., Aculops 
lyc:opersici (Massee) 
<~nd combination of A. 
lyc.:opersici + pollen) were 
studied in the laboratory. 

Pronemofus 

ubiquitu' 

Phytos~ius 
guion&nsis 

P. cismonlo11us 

Poraphylas<Jiul 
ori<>ntolil 

0 .0± 0 .00 cC 

0.' ± 0.03 b.o\8 

0 .2 t 0.04 bA 

0!11; 0.04 cB 

0.8± 0.09 g8 

0.7:!: 0 .07 aB 

O.lt 0.05 oB 

1.8;1; 0.07 oA 

0.7± 0.15 g8 

0.5± 0.08 oB 

O.lt 0.08 o8 

2.0± 0.12 oA 

0.3 t0.04 bB 

0.6±0.06 oA 

0,6 :!:0.06 oA 

0.7 t0.09 bA 

Mogn' followed by tho $Om& upper case Iotter in the some column or lowar cole leller 
in the some row oro not 'igniflcanlly differenl (Studeni•Nowmon-Keuls lest gf 5"/o). 

The oviposition of all predatory mites was very low to zero on T. evan.~i and significantly lower 
thnn on the other diets (Table 5). With the exception of P. guianensis and P. cismontanus that 
showed the s<Jme survival rates on all diets, the survival of the predatory mites was significantly 
lower on T. evansi. It was concluded that these predatory mites are not suitable as biocontrol 
agents for T. evansi. 

3. Population dynamics ofTerranychus evansi and associated arthropods at 
Recife-Brazil 

The population dynamics of Tetran ychus evansi, other phytophagous mites and their antagonists 
was studied in iln experimental field at Recife on 5. americanum ilnd L. esculentum (tomato). 
Tetranychus evansi and A lycopersicf were the most common phytophagous mites recorded on 
both plant species. The population of T. evansi was significt~ntly higher on S. americanum whi le 
1\. lycopersici was significantly more common on tomato. Both phytophagous mite populations 
were decimated by fung<JI epizootics during the rainy season. Tetranychus evansi was attacked by 
Neozygites floridana Weiser & Muma while A. lycopersici was attacked by Hirsutella thompsonii 
Fisher. The infection rate and population drop in T. evansi was higher on 5. americanum than 
tomato. The fungus quickly decimated the red spider mite population Clnd kept it at low levels for 
1.5 and 2 months on 5. americanum and tomato, respectively. 5tethorus tridens and H . anconai 
were the most common predators encountered. Stethorus tridens was found associated to T. 
evansi throughout the experiment and was significantly more numerous on 5. americanum. In 
most cases, the predator population increased as pest population increased without controlling 
the pest. However, on S. americanum, in some cases, the increases and decreases in 5. tridens 
populations coincided with inverse trend in pest populations (Figure 3). Homeopronematus 
anconal was more related to A. lycopersici. Other predators were recorded but rather rare: the 
predatory mites Amblysefus aerialis (Muma), A tamatavensis Blommers, E. concord is, lphyseioides 
zulvagai Denmark & Muma, P. cannaensis and Asca sp. and the acarophagous insects Scolothrips 
sexmaculatus (Pergande), Feltiella sp. and 0/igota sp. 
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Figure 3. FluctuJtion of the mosl common .11thropod species collected on 
Snhm11m amerlcanum from May 2004 to June 2005 ill Recife. ·Number 
of Tetr,Myclw~ evansi killed by Neozygires floridana. RS, rainy scason; 
DS, dry scason 

4. Preliminary investigations on the mite pathogen Neozygites floridana 

Neozygites floridana was reported <Js a pathogen of T. ev01nsi over 20 years ago in a .semi-arid 
region of northea~t Br<r:zil. In 2004, isolates of this pathogen were collected in northeast (Recife­
Pernambuco) and southern (Piracicaba-Sao Paulo) Brazil, indic<~ting that epizootics occur over 
a broad range of climates. Epi.zootics of this pathogen wiped out populations of T. evansi in 
Recife (see 'above) and in PiracicabOJ the prevalence of the pathogen v<~ried throughout the 
year but infection was detected in almost oil samples taken from April to December 2004. 
Pathogenecity assays against T. evansi and T. urticae were conducted by transferring .:rdult females 
of each mile ~pecies to leaf discs cont;:rining sporulated ct~davers with a ht~lo of conidia of each 
fungal isolate. All isolt~tes caused some degree of infectivity to both species. Howev-er, there 
was a gre<rt variation in mortality and mummification caused by these isolates indicating some 
degree of host specificity. One isol<~te collected from T. evans/ was highly virulent <rnd only 
caused mummification of T. evans/. After 10 days, this isolate caused 61% infection arid 41% 
mummification of T. evans/. Most mites died and mummified 4 to 6 d<rys post-infection. Isolates 
causing high mummification in a short period of time would be more likely to cause epizootics 
and to establish in a new environment. Therefore, an isolate with these attributes would be the 
best candidate for introduction to Africa. 

5. Introduction of biological control agents 

Phytoseiulus long/pes from Brazil was introduced into Kenya in September 2005 and is currently 
kept <It icipe's quarantine facilities awaiting a release permit from the Government of Kenya. 

6. Effects of host plants on the life history of the predator Neoseiulus 
californicus with the prey Tetranychus evansi 

The predatory mite N. californlcus was found on bean plants infested with T. evansi in Naivasha, 
Kenya in 2004 whereas on tomato no predatory mites were ever found associated with the 
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spider mite in extensive surveys in East ·and 
Southern Africa. The influence of the host plant 
of I evans/ on the performance of N. californlcus 
w<Js investigated in the laboratory. Spider mites 
reared on beans or tomatoes were offered to N. 
califomicus on either bean or tomato leaves or 
in a sm01ll cage. In all cases N. californicus laid 
more eggs when fed T. evansi reared on beans 
than on I evans/ reared on tomatoes (T<~ble 6). 

Tabi• 6. Ovipolition rvt-.fmttan :t SE), sampl• lin and ..x 
ratio !Hr combination of Neo~•iu/u1 ea/ifami1:111 

Pr11y ond JVbJtrote EggJ/femole/doy Sex rotlo 

Tomfvonsi1 on lomoto 0.66 ± 0.29 62.90 
Tomfvonsi on beon 1:21 ± 0.47 60.98 
Tomfvonsi in oog• 1.10 ± 0.64 73.50 
lleonEvonsi' on tomato 1.33 ± 0.50 65.87 
BeanEvonsi on b•an 1.83 .:!: 0.48 74.51 
BeanEvonsi in egg• 1.52:!: 0.63 69.84 
1T11tronychus evan.si r•or•d an tom~;~ta. 

The predatory mite successfully completed its 'T. evonJi reared an beam. 

development feeding on both preys. However, 
the development from egg to adult was longer when spider mites from tomatoes were offered as 
prey. These results show that' the host plant has a significant influence on the performance of the 
predator. 

7. Diversity of Phytoseiidae in Kenya and Zimbabwe 

Surveys to collect Phytoseiidae have been conducted in all major agroecological ~ones of Kenya 
to evil lu;~te the diversity and distribution of predatory mites in the country. The identification is 
currently ongoing. In Zimbabwe, the major objective was to find Phytoseiulus longipes since 
this species was originally described from Harare. It was, however, never found during previous 
surveys in tomato fields and also not recovered during the surveys conducted in 2005. A str<~in 
from southern Africa had been evilluilted as biocontrol agent for T. evans/ in California in the 
1980s but proved to be ineffective. Therefore, a comparison of the morphology, biology and 
genetic diversity of the southern African and Brazilian strains of this species could provide insight 
in the reasons of their differing prey preference. 

HOST PLANT RESISTANCE IN TOMATO 

Resist<~nt varieties are an environmentally friendly and in general a cost-effective way of reducing 
pest damage, rendering them a most desirable tool for resource-poor smallholder agriculture. 
Resistance comes with the seed and needs little or no extra cost to make it work. 

8. Selection of tomato genotypes with high acyl sugar content based on 
colorimetric analysis 

An assily was conducted for the determination of acyl-sugars on tomato plants of a segregating 
population at University of Lavras, Brazil. Plants with high acyl sugar content were selected for 
later use in assays to determine resistance to T. evansi. Acyl-sugars are present in exudates of type 
IVglandular trichomes of Lycopersicon penne/lii, conferring a high degree of resistance to many 
arthropod pests, including whiteflies, tomato pinworm and mites. With the colorimetric method 
developed at University of Lavras the selection of tom01to plants can be done based on acyl-sugar 
levels, facilitating breeding programmes for resistance to pests. The assay was set up using a total 
of 500 potted plants: 400 plants of the F2RC3 population of the crossing between L. escu!entum 
'TOM-584' and L. pennellii 'LA-716', 50 control plants with high acyl-sugar content (L. pennellii 
'LA-716') and 50 control plants with low acyl-sugar content (L. esculentum 'TOM-584'). Based on 
the evaluation, 32 plants with high and 29 plants with low acyl-sugar contents of the segregating 
population, 5 'LA-716' plants and 6 'TOM-584' plants were selected for resistance bioassays 
along with the high acyl-sugilr (HiAS) accession 'LA-716' and the st;mdard low-acyl-sugar (LoAS) 
'TOM-584', for their level of resistance to T. evansi, by thumbtack assay. Distances travelled by 
the mites on the leaf surf01ce were significantly larger in 'TOM-584' than in 'LA-716', indicating 
the high level of mite repellence of the latter genotype. Clones from high acyl-sugar. (HiAS) 
pl;;~nts behaved similarly to 'LA-716', wherea~ clones from low acyl ~sugar (LoAS) plants behaved 
similarly to 'TOM-584' (Table 7). Distances travelled by the mites were significantly longer in 
LoAS than in HiAS clones. 
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Tobl• 7. Av•rag• dlttonc• trov•ll•d by l•rnc:d• T•fronychu1 evanai on the turfoc• of tomato genotype a 
oft•r 20, 40 and 60 fnin 

Conlraat estimate 

Conlraat Distance after 20 min Distance after .40 min 

' LA-716' va.'TOM-58.4' -5.36667 '' -5.80000 •• 
'lA-716' vs HIAS clonea -1.08695 na -1.01301 M$ 

' TOM-58.4' vs loAS clonea 0.62542 na 0 . .42.d70 na 
HiAS vs loAS .J.65.d 15 '' • .4 .36212 •• 

• 'Significant (P < 0.01 , Shldont's /-lest). 

Distance oft.,, 60 min 

-5.77083 •• 
-0.98887 na 
0.01399 ns 

-.4.7679 •• 

9. Chemical composition and activity of volatile compounds and essential 
oils in tomato accessions against Tetranychus evansi 

The chemical composition 
of volatile compounds and 

Tobie 8. Relativ• abundance (%) of compounda in the euentlal oila of different 
tomato accouions 

MM MG lh 122 J 19 LO essential oi ls of seven tomato Compound 
accessions was analysed and -

2
_-u....;nd-e-ca_n_o-na--- --- --------------

their activity against T evansi 2-Dodecanono 

lp 

12.3 7.1 2.4 0.3 

tested in ol(actometcrtests. The 2-Tridecanono 
ilCCcssions tested comprised 2-Pentodecanone 

o( (ive accessions of cultiva ted 2-oeconono 

tomato, L. esculenwm; the 3-Methyl-2-bulonone 

susceptible variety Money Jl-Phellandrona 

Maker (MM) and Marglobe f~Coryaphyllene 
(MG). JKUAT 22/202183 b-Eiemqno 

()22), JKUAT 19 (Jl 9) and (3-Eiem~no 
LO 3279 (LO), which had a-Humulono 

shown resistance to T evansi. b-Cadinone 

The resistant accessions L Terpinoleno 

hirsutum PI 134417 (Lh) a-Pinene 

3.3 

0.6 

0.3 

2 .1 

0 . .4 

0.6 

0.1 

0.1 

0.06 

0 .6 
.d8.5 

1.6 2.4 

0.04 

O.O.i 0.01 

2.0 

0.8 2 .9 

6.9 

2.2 0.1 

15.4 0 .8 

1.3 0.1 

0 . .4 0 .3 

L1 27.1 39.6 12.6 
2.5 1.9 1..4 

0 .06 
0 .03 0.02 O.Od 0.03 
2..4 2 .1 3 .1 

19 .8 5 • .4 2 .7 I 17.'8 

5 .4 0 .1 2 .8 0.7 
1.2 0.2 1.0 
4 .9 l..d 3 .0 0.1 

0 .1 0.7 0.03 
0 .6 0.4 
O.D2 .4 .9 

7 . .4 and L. peruvianum LA 2135 ~Pinene 
~-------------------------------------------(Lp) were also investig<lled. The identincolion of compounds WO$ b0$8d on integlolion of peaks in tho GC-MS 

2-Tridecanone was found total ian ~hromotogrorn. 

in very high quantities in L. 
hirsutum 01nd is known to 
he toxic to spider mites. Other rniJjor 

vul<1tile compounds detectrd include 2· iiiiiiiiiiiiii~~~~J undecanone <~ nd J-methyl-2-butilnone. 
LO' 

2· Tridecananone, (3-caryophyllene, a 
-humulene and 2-undecanone were 
the major compounds detected in the 
essential oi ls (Table 8). 

In nl factometer tests T. f:!Vansi 
significantly preferred the susceptible 
accession Money Maker to Marglobe, 
PI 134417, LA 2135 and LO 3279 
(Figure 4). 

Spider mite response to essential oi l 
treated cotton balls was significanrly 
lower than to untreated cotton balls 
in accessions PI 134417, LA 2185, LO 
3279 and JKUAT 22/202183. 

J19 

J22' 

MG' 

100 
%response 

Figure 4. Perccnt<tge response of atlult female Tc•tranychu$ 
ev,lns/ io the susceptible accession Money MJkcr and the tesl 
;~ccessions_ "lndic.Jtcs sl~;nifican t differences (xl, P < 0.05) 

1 Q_ Role of trichomes in the resistance of tomato to Tetranychus evansi 

The accessions mentioned above plus the commercial tomato variety Rio Grande (RG) were 
investigated for differences in trichome types and numbers and their relationship to mite resistance . 
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The density of trichome types I, IV, V and VI on the abaxial leaf surface was significantly different 
between the accessions tested (Table 9). Type VII trichomes were not present in all accessions. 
Both wild tomato accessions had very high densities of type IV trichomes, which have been 
reported to play a major role in the resistance of L. hirsutum to arthropods. 

Tobit 9, Dtllsily of diffeNnt lrlchDmtlyp•s on tht obcudolsutfoo. of ltc1Wa of diff.,.nt tomato -uiona 

Trichome type 

Acce"ion I! Ill IV v VI 

MM 0.2 :t 0 .24 b 0.0 :t 0.00 a 0.0 ± 0.00 d 0.0 ± 0.00 b 15.1 ;t 1.39 a .C.O :t 0 .6.5 bo 
MG 1.0 :t 0.45 b 0 .0 :t 0.00 a 0.0 ± 0.00 0 0] ± 0.52 c 5 .6 :t 1.13 bo 3.3 :t: 0.7A bo 
lh 1.7 ;I; 0.56 b 0.2 ;I; 0 .2.C 0 0.0 t 0.00 0 12.3 ! 1.92 b 1.2 ±0.49 c .5.2 ;t 1.22 bo 
J22 0.2 ;I; 0.241 b 0.0 ;I; 0.00 0 0.0 ;I; 0.00 0 0.0! 0.00 c 16.6 ± 1.33 a o.o ;I; 0.00 c 
J19 0.5 ;I; 0.33 b 0.0 ± 0 .00 0 0.2 ;I; 0.2.C 0 0.0 :t 0.00 c 9.2 :t: 1.28 bo 3,8 ;t 0.82 a 
lp 2.6 ;I; 0.64 0 0 .0 ;I; 0.00 0 0.0 :t 0.00 0 11.3 t 1.39 a 0.0 ±0.00 c 1..4 ;t 0.53 be 

lO 0.2 ;I; 0.2.d b 0 .7 ;I; 0.40 0 0.0 t 0.00 0 1.2 t 0.49 c 3.6 ±0.7A b V t 0.6 bo 
RG 0,0 ;I; 0.00 b 0.2 ;I; 0.24 0 0.0 ;I; 0.00 0 0.0 t 0 .00 c 22.3 ± 1.51 0 A.O ;t 0.88 ba 

Means fallowed by the aome letter in the aome row do not differ Uotbtlcolly (Stud•nt•Newmon-Keula leal, P < 0.051. 

There were significant differences in oviposition and survival ofT. evansi between the accessions, 
and a signific;mt negative correlation between type IV trichome density and oviposition. Survival 
was negatively correlated to type I trichome density and positively correlated to type V trichome 
density. 

7 1. Resistance tests in the field 

Accessions of cultivated tomato that had shown resistance in preliminary laboratory experiments 
were planted in the field together with the susceptible check Money Maker and the resistant 
check Lycopersicon hirsutum. The plants were left for natural infestation with T. evansi and scored 
for mite dam;;~ge six times at weekly intervals after the first infestation had been detected. Mite 
damage was significantly lower than in the susceptible check and significantly higher than in 
the resistant accessions in most varieties tested; however, differences within the test accession 
were small ilnd none of the L. esculentum accessions can be regarded as resistant under field 
conditions. 

IMPROVED CROP MANAGEMENT STUDIES 

7 2. Development of tomato hybrids (Lycopersicon esculentum x Lycopersicon 
hirsutum f. glabratum) resistant to Tetranychus evansi 

Interspecific crosses between Lycopersicon hirsutum f. glabratum accession LA 2204 and the 
tomato variety 'Money Maker' were initiated and their resistance to Tetranychus evansi evaluated. 
The F,, F2, BC1 and BC2 generations were developed with 'Money Maker' as the recurrent female 
parent, while LA 2204 was the initial pollen donor. Trichome types that were identified on the 
abaxial and adaxial surfaces of both parent tomato plants and F,, F2, BC1 and BC2 generations 
included types I. Ill, IV, V, VI and VII. Type II trichomes were absent on parents and the F,, F~, 
BC, and BCl generations. Type IV trichomes were absent on 'Money Maker', while type V were 
ab~ent on accession LA 2204. The F1, f 2, BC, and BCl 
generations possessed both type IV and V trichomes. Table 10. ~ and loft8nity of Tetranycltua 

ft'Vnli ftmolea on aix tomato nn.t 
Type IV glandular trichomes were predominant 
on accession LA 2204, while non-glandular type fomoto line Eggs/ lemal• Long•vity (doya) 
V trichomes were predominant on variety 'Money ~------".;;._----1-3 • .;;.1_ .. _;1_;.0_;6_;a'--'-

'Money Maker' 57.9 ± .4.A6 o .., 
Maker' and the F, f 2, BC, and BC~ generations. LA 2204 o.o-4 t 0 .02 d 4.5 t 0.23 d 

Egg hatchability and immature survival were lowest 
in accession LA 2204, highest in 'Money Maker' and 
intermediate on F1, F2, BC, and BC2 generations. The 
same trends were observed in fecundity and adult 
survival (Table 1 0). 
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F, 10.5 

FJ S.-4 
BC, 26.5 
B~ 26 . .C 

± 1.9A c 
:t 0 .9 .. c 
±2.25 b 
:1:2.32 b 

8.7 t 0.43 be 
6 .9 ;t 0.38 cd 
9.2 ;t 0 .49 be 
9 . .4 t 0.419 be 

':":M-eo_n_s_w~lth;-· 7th-. -,o-m-e-:le-:11:-e-r n-o:-to:-11:-on- w:-:lth-:--in columns 

ore noi aignlAconriy dilf•renl (Tukey test, P < 0.05). 
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Repellence studies using thumbt01ck bioassay demonstrated that leaves of LJccessinn LA 2204 and 
F,, F2, BC, and BC2 generations were more repel lent to T. t!vansi than those of 'Money Maker'. 
Greenhouse bioassays showed that popult~tion densities were significantly higher on 'Money 
Maker' than on F,, F~, BC, and BC2 gener()tions and accession LA 2204 18 days .:~ftcr infestation. 
Multiple regression and correlation analyses demonstrated that there is a significant rcl<~tionship 
between the behaviour of mites and trichomes. G landular trichomes type IV may hP. responsible 
for the high level of resistance in accession LA 2204 to T. evansi. 

INTEGRATED MANAGEMENT OF TETRANYCHUS EVANS/ 

13. SusceptibiliLy ofT. evansi to frequenl'ly used acaricides 

Farmers frequently compll!in that acaricide treiltments to control Tt!tranychus evausi arc not 
efficient. To investigate if this is C<lused by resistance of the pest to the products used or due tn 
other factors, e.g. poor application techn iques, the most commonly used ac<Jricides in Keny<~ 
;;md Zimbabwe were tested in the laboratory on r. evansi strilins from the most important tomato 
growing areas in both countries tn establish their efficiency in controlling the mites. Most 
ac;Jricides c<Jused high mortality in most populations tested. However, the most frequently used 
prnduct, Dirncthoate, performed poorly with adult female mort<llity ranging from 7.5 to 45.B'X, in 
Kenya and 7.9 to 38. 1% in Z imbilbwe. Dimethoate should therefore not be used for the control 
of T. evansi. These results confirm observations that control fililure in many cases is caused by 
inadequate application techniques. The project has shown earl ier that pruning and st<~ki ng of 
tomntoes in connection w ith carefu l application of effective aca ricides ciln greatly imprnye spider 
mite control. 

14. Train ing of trainers and farmers in tomato /PM in Zimbabwe 

A trai ning of trainers (ToT) course for 20 extension service staff in Zimbabwe was conducted 
in October 2004. The extensionists were trained in tomato IPM and methods to tr<~in farmers. 
One of the trainees conducted a pi lot season-long farmers' field school (FFS) in tomato IPM 
,,t Chinamhora, nea r Harare with backstopping by the coordinator of the project activities in 
Zimbabwe. Further training activities have been postponed until Jfter the release of Phytoseiu/u$ 
longipes as a biocontrol agent to include the biocontrol in the training programme. 

SUSCEPTIBILITY OF DIFFERENT LIFE STAGES OF TETRANYCHUS EVANS/ TO THE 
ENTOMOPATHOGENIC FUNGI BEAUVERIA BASS/ANA AND METARHIZIUM ANISOPLIAE 
AND THE EFFECTS OF INFECTION ON FECUNDITY AND EGG FERTILITY 

The susceptibility of various developmental stages of Tetr;;mychus evansi Bilker & Pritchard (eggs. 
larvae, protonymphs, deutonymphs and adu lts) to the entomopathogenic fungi Metarhi;tium 
cllliSupliae (Metschnikoff) Sorokin and Beauveria hassiana (Balsamo) Vuillernin W(lS evaluated by 
the Arthropod Ptlthology Unit (APU) under I() bora tory conditions. Three concentrations (J.O x 1 O'·, 
1.0 x 107 and 1.0 x 1 0" conidia/mil of both fungi were used for each stage. The effect of funga l 
infection on fecundity and egg fertili ty was also investigated using both fungal species. 

7 5. Effect of fungal infection of 
deutonymphs on fecundity and 
egg fertility 

Female mites in the controls laid more eggs than 
those derived from fungus-treateddeutonymphs 
(F;; 84.3; df = 2, 12; P = 0.0001 ); but there was 
no significa nt difference between the number 
of eggs laid by mites in 8. bassiana-treated and 
M. anisopliae-treated lots (Figure 5) . More eggs 
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Figure 5 . Effect of fungal infection by Beauveria bcl$5ion.1 
and Metarhizium anisopllae on the fecundity of female 
Totrarlychus evansi at :<16 :1: 2 °C 
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were la id the first day by fungus-treated female mites while the peak was reached the second 
and the third days in the control treatments. Females treated with M. anisopliae stopped laying 
eggs after three days (figure 5). The percentt~ge egg fertility was 93.0 ± 3.6, 91.0 ± 3.7 and 90.0 
± 4.3, in control, B. bassiana and M. anisopliae treatments, respectively, and was not significantly 
riifferent (f = 0.13; df = 2, 12; P"' 0.8805). 

76. Effect of fungal infection on egg 
hatchability 

There was a significant difference in egg 
hatchability between controls t~nd fungus­
treated eggs at all the concentrations used (f = 
146.4; df = 6,28; P "' 0.001) (Figure 6). All the 
eggs in the controls hatched. Eggs that did not 
hatch were mycosed. The level of reduction in 
egg hatchability was similar with both fungal 
isolates at the same concentrations. However, 
the reduction was significilntly higher at 1.0 x 
1 Q1 and 1 .0 x 1 0" conidia/ml than at the lowest 
concentration oi 3.0 x 1 0" conidia/ml (Figure 6). 

100 

l&O 

:S'so :a .. 
.t:. 40 

~ 20 

a a • B. bass/arta 
t:J M. an/sopliatJ 

3 X 108 1J< 107 
Concentration (conldlal/rnl) 

Figure 6. Egg hatchability of Tetmnychus evansi 6 days 
post-treatment at 26 :t: z•c with d ifferent concentrations of 
8eauverla bass/ana and Mer11rhizium anisopllae. Columns 
bearing the same letter a re not significantly different 
(Student· Newman-Keuls t!!st, P • 0.05) 

7 7. Effect of fungal infection on the motile stages ofTetranychus evansi 

Control mortality for larvae, protonymphs, cfeutonymphs and adults wt~s 5, 3, 4 t~nd 2':1.,, 
respectively, 7 clays post-inoculation. There W<tS a significant difference in mortality ~unong the 
different developmental stages at all the concentrations with both fungal isolates; a. bassiana: 
.3 .o x 1 o" (F = 12 .s; df .. 3. 16; P- o.ooo2J; 1 .ox 107 (F = 16.1; df = 3, 16; r = o.r>001 J; 1.0 x 1 o" 
(f "' 120.3; eli = l, 16; P- 0.0001); M . anisop/iae: 3.0 X 1 or. (f"" 15.9; df "' 3,16; P = 0.0001); 
1.0 x 1 O' (F = nA; df = 3, 16; P"' 0.0001 ); 1.0 x 1 0" (f = 33.9; df"' 3,16; P "' 0.0001) (Table 
11 ). Generally. mortality increased with the age of miles with adults being the most susceptible 
to fungal infection (Tt~ble 11 ). l"i owever, the differences between deutonymphs and adults were 
not significant in some cases. At all the concentrations, both fungal isolates caused significant 
mortality as compared to the controls: larvae (f = 30.7; df = 6,28; P c 0.0001 ); protonyrnphs (F"' 
77.3; df = 1),28; P = 0.0001 ); deutonymphs (F"' 81.4; df- 6,28; P = 0.0001 ); adults (F = 1 03.5; df 
= 6,28; P = 0.0001 ) !Table 11 ). Within each developmental stage of T. evansi, mortality caused by 
B. bassiana t~nd M. anisupliae was dose·dependant with the highest mortality recorded with the 
highest concentration (Table 11 ). There was significant difference between the concentrations of 
both fungal isolt~tes (Table 11 ). 

Table 11 , SIIJ(41pliblllly of different d.velopm•ntolstagas of Telronychu• evonslto 8edl/Verid bauiano and 
M•ktrltirium oni1op/io•. Mortality at 7 day• pol.,;nF.eliol'! ot 26 .t: 2 • C 

Con~entrc~on 
Develcpmontcl stages (% mort~lity :t SE) 

tJolote (Conidio/ml) Larvae Protonymph D~utonymph Ad11lt 

a. bosslano 3.0 X 101 20.0 ± 2.7 cA 22.0 ;t; 2,0 dA 41.0 :t 3.7 cB 33.0 :1; 2.0 ~8 
1.0 X 10' 33.0:t 2.0 bA 35.0 :t 1.6 cA 58.0 ± 3.4 bB 57.0 :!: 5.1 bl\ 
1.0 lt 101 AB.Ot 2.5 oA 51.0 :t 1.9 bA 78,0 :t 2.0 oB 93 .0 :t 1.2 oC 

M. oni•oplioo 3,0 X 106 22.0 ;1: 2.5 cA 30.0 ± 2.7 cdB 35.0 :t 1.6 cB 44.0 :t 1.9 cC 
1.0 X 10' 33.0± 2.5 bA 56.0 ± 3.7 bB 56.0 :t 1.9 bB 64.o ± 2.4 be 
1.0 X 101 43.0 :t 3.4 obA 75.0 ;t 2,7 oB 82.0 ± 2 .5 oB 93.0 ± 2.5 oC 

Control 0 5 .0 ± 1.6 dA 3.0 :1; 1.2 cA 4.0 ± 1.9 dA 2.0 ± 1.2 dA 

Means within column& beorln9 the stune lower coJe letter gnd within rows bearing the JOrtle 11ppor case letter 
ore not significantly different ISt11doni·N~wmon·KeuiJ leJI, P • 0.051. 

The results of this study show th~t B. bassiana isolate GPK and M . anisopllae isolate icipe 78 are 
able to cause significant mortality in eggs and motile stages of T evansi with eggs and adults 
being the most susceptible stages. In addition, fungal infection reduced oviposition of females. 
These characteristics make B. bassiana and M. anisopliae very promising control agents for T. 
evansi. However, before they are used as part of an IPM approach, their compatibility with other 
biocontrol agents such as beneficial insects and pesticides used in the system has to be tested. 
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Output 

Journal articles 

FiaiJoe K. K. M., de Moraes G. J. and Gondim M. G. C. Jr (2004) A new genus and a new species 
of phytoseiid mite (Acilri: Phytoseiid<:~e) from northeastern Br<:~zil. Zoolaxa 5(}9, 1- 4. 

Furtado 1. P., Kreiter S., de MnrileS G. J., Tixicr M .-S., Flechtmann C. H. W. and Knapp M. (2004) 
120051 Plant mites (Acari) from northeastern Brazil, with descriptions of two new species of 
the family Phytoseiidae (Mesostigmata). Acarologia XLV, 131-143. 

Kithusi r.. G., Knapp M., Shibairo S. 1., Nderilll ). H. and Njoroge K. (2004) Effects of four 
niopesticides on the spider mite Tetranychus evansi Baker and Ptitch<:~rd in the laboratory. 
Phytophaga XIV, 549-556. 

Rosa A. A., Gondim M.G. C. Jr., Fiabue K. K. M., de Moraes G. J. ond Knapp M. (200S) (Scientific 
Note) Predatory mites associated with Tetranychus evansi Baker & Pritchard (Ac;;~ri : 
Tetranychidae) on native solanaceous plants of coastal Pernambuco State, Brazil. Neolropical 
Entomology 34, 689- 692. 

Wekesa V. W , Maniania N. K., Knapp M . ;;~ nd 13oga H. I. (2005) Pathogenicity of 8eauveri,1 bassiana 
and Metarhizium anisopliae to the tobacco spider mite Tetranychus evansi. Experimental and 
Applied Acarology 36, 41-50. 

Book chapter 

J-ll:!rren H. R., Schulthess F. and Knapp M. (2005) Towards zero pesticide use in. tropical 
agroecosystcms, pp. 135-1 46. In The Pesticide Detox (Edited by J. Pretty). Earthsc;:~n 
Publications Ltd, London. 

Abstracls published 

Briuo E. P. j ., da Silva F. R., Fiaboe K. K. M Gondim M . G. C. Jr., de Moraes G. J., Delalibcra I. 
ilnd Knapp M. (2005) Population dynamics of predators <Jssociated with Tetranychus evansi 
Bilker & Pritchard (Ac;:1ri: Tetranychidae) in solanaceous plants in Recife. 9" Simp6sio de 
Controle Biologico (SICONBIOLJ. Recife 15 a 1 q maio 2005, p. 169. 

Knapp M., Sarr /., Baumgartner/. and Ogol C. k . P. 0. (2004) Sp;:~tial and tempornl dynt~mics 
of Tetranychus urlic;ae in small sca le tomato fields in Kenya. Third Afric<:~n Acarology 
Symposium, Cairo, Egypt, 11 -25 );:1nuary 2004, p. 44. 

Kithusi G. G. and Knapp M. (2004) Effects of four biopcsticides on the spider mite Tetr.1nychus 
evansi Baker and Pritchard in the lt~boratory. 5th Symposium of the European Association of 
Ac<:~rologists Berlin, 26-:W July, 2004, p. 43. 

Murungi L. k., Knapp M. , Hassanali !\., Agong S. G. and Masinde P. W. (2004) The activi tY of leaf­
emitted volatile compounds and essential oils in tomiltO accessions against the tobacco spider 
mite Tetranychus evansi Baker and Pritchard. Fourth Workshop on Sustainable Horticulture 
in the Tropics. Moi University, Eldoret, Kenya, 24- 27 November 2004, pp. 20- 21. 

Nav<1jas M., Wagener B. and Knapp M . (2004) Molecular diagnosis of species as a signific<~nt tool 
for biodiversity studies: Examples of the discrimination of Tetranychus evansi and the closely 
rel<tted species T. urticae. Third Afric:an Acarology Symposium, Cairo, Egypt, 11-25 Janu;;Jr)' 
2004, p. 34. 

Saunyama I. G. M., Kw;;~r<:~mba ). R. and Knapp M. (2005) Toxicity of Amitraz, Dimethoate 
and Malathion to the spider mite Tetranychus evans/ Baker & Pritchard and the beneficitJI 
arthropods Phytoseiulus persimills Athias-Henriot, Hippodamia variegata (Goeze) and 
Oiaeretiella rapae (Mcintosh). gn Simp6sio de Controle Biologico (SICONBIOL), Recife 15 a 
19 maio 2005, p. 17S. 

Wosula E. N., Agong S. G. and Knapp M. (2005) Development of tomato hybrids (Lycopersicon 
esculentum x Lycopersicon hirsutum) resistant to tobacco spider mite (Tetranychus evansi). 
Fifth Workshop on Sustainable Horticultural Production in the Tropics, 23 to 26 November 
2005. Agricultural Resources Centre, Egerton University, Njoro, Kenya, p. 5. 
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Reports 

Knapp M.: Development of environmentally friendly management methods for red spider mites 
in Slll<Iil-holder tomato production systems in E01st ;'lnd Southern Africa. Annual Report. 
Subrn itted to Deutsche Gesellschaft fOr Technische Zusammenarbeit (GTZ). March 2004. 

Knapp M.~ Development of environmentally friendly management methods for red spider mites 
in small-holder tomato production systems in East and Southern Africa. Annual Report. 
Submilled to Deutsche Gesellschaft furTechnische Zusammenarbeit (GTZ). March 2005. 

Conlerences attended 

CJ" Simp6sio de Controle Biol6gico (SICONBIOL), 1.5 a 19 May 2005, Recife. Attended b>r: I. G. 
M. Saunyama, M. Knapp, E. P. ). Britto, F. R. da Silva, K. K. M . Fiaboe, M . G. C. Gondim Jr. 
nnd G. J. de Moraes. 

XX Congresso Brasileiro de Entomologia, 5-10 September 2004, Gramado. Attended by: K. K. M. 
Fii!boe, M. G. C. Gondim Jr, I. P. Furtado and G. ]. de Moraes. 

Firth Symposium of the European Association of Acarologists, 26-30 July 2004, Berlin. Attended 
by: G. G. Kithusi and M. Knapp. 

Third African Acarology Symposium, 11 - 25 january 2004, Cairo, Egypt. Attended by: M. Navajas 
and M . Knapp. 

Workshops attended 

Fourth Workshop on Sustainable Horticulture in the Tropics. 24- 27 November 2004, Moi 
University, Eldoret, Keny;;L Attended by: L. K. Murungi, S. G. Agong and P. W. Masinde. 

Fifth Workshop on Susta inable Horticultural Production in the Tropics, 2J to 26 November 2005, 
Agricultural Resources Centre, Egerton University, Njoro, Kenya. Attended by: E. N. Wosula, · 
S. G. Agong. 

Research proposals 

Classic<~ I biological control of the red spider mite (RSM), Telranychus evansi, in tomato and other 
import;Jnt vegetables in East and Southern Africa OFAD). 

IPM of vegewble crops in Et~st t~nd Southern Afric<l, with emphasis on biological control of the 
inv;~sive red spider mite, Tetranychus evans/, and other pest miles in tomatoes. (Submitted to 
IPM-CRSP by Dr A. E. Hajek, Cornell UniYersity). 

Assessment of the biodiversity of tetr<~nychid mites in E<~stAfrica using conventional and molecul;~r 
taxonomic methods (ARPPIS). 

Integration of classical biological control of the tomato red spider mite, Tetranyclws evansi, into 
tomato IPM in East and Southern Africa. Proposal for <1 Plt~nning <1nd Pt~rtnering Grant !PPG) 
developed in collaboration between Cornell University, University of Sao Paulo (ESALQ) and 
iclpe. (Submitted to IPM-CRSP by Dr A. E. Hajek, Cornell University). 

The potential of p01thogenic fungi in the control of economic;JIIy important spider mite species. 
(AR PPIS, together with Dr N. K. Mariania). 

Consu/tancies undertaken 

Training course on Plant P.arasitic Mites for Dudutech Kenya, December 2004. 

Capacity building 

PhD students 
D. B. Mugisho (Democratic Republic of Congo) The potential of pathogenic fungi in the control of 

economically important spider mite species Tetranychus urticae Koch and Tetranychus ev;~nsi 
Baker & Pritchard. (ARPPIS, JKUAT, Kenya) (ongoing). (Based at the Arthropod Pathology 
Unit.) 
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F. J. Toroitich (Kenya) Assessment of the biodiversity of tetranychid mites in East Africa usi ng 
conventional and moleculartaxonomic methods. (ARPPIS, Northwest University, Potchefstrom 
Campus, South AfricCI) (ongoing). 

I. G. M . Saunyama (ZimbCJbwe) The bio-ecology and control of red spider mites, Tetranyclws 
evansi, Pritchard & B;~ ker (Acari: TetrC~nychidae) on tomatoes in Zimb<Jbwe (ARPPIS, 
University of Zimbobwe) (ongoing). 

1<. K. M. Fiaboe (Togo) Studies of potentiol predators of tomato red spider mite Tetranychus evansi 
(Boker & Pritchard) in Brazil for possible introduction ;~s biocontrol agents in Africa (ARPPIS, 
Kenyatt;~ University, Kenya) (thesis submitted). 

I. P. Furtado (BrCJ zil) Selection of natural enemies for the biologic<ll control of Tetranychus evc1nsi 
Baker & Pritchard (AC<lri : TetranychidCJe) in Africa (DRIP, ENSA Montpellier) (completed). 

MSc students 
J. M. Machini (Kenya) Eva luation of a new acaricide ("Oberon") in the control of red spider mites 

(Tetr<Jnychus evansi) on tomatoes (Lycopersicon esculenwm) and its effect on the predator 
Phytoseiulus persimilis (Un iversi ty of Nairobi) (MSc awarded in 2005). 

G. G. l<ithusi (Kenya) Ev;~l uation of biopeticides in contro l of red spider mites (Tetranychus evansi) 
on tomatoes (Lycopersicon e.sculentum) (University of Nairobi) (MSc awarded in 200S). 

L. 1<. Murungi (Keny<~) Evaluating the activity of leaf-emitted volatile compounds in tomt~ to 
accessions t~gainst the tobacco spider mite TelriJnychus eviJnsi Baker CJnd Pritchard. (JKUAT, 
Kenya) (MSc awarded in 2005). 

G. K. Onyambu (Kenya) Studies of the role of non-volatile phytochemica ls in the resistance of 
tomatoes (Lycopersie::on esculentum Mill.) tu tobacco spider mite Tetranyclws evansi Baker 
and Pritchard. (JKUAT, Kenya) (MSc: awarded in 2005). 

M. Koller (~ustri;:~ ) Morphologica l and physiologic<~ l effects ol the host plant on the l ife history of 
the predator Neoseiulus ciJ/ifomicus (Acari: Phytoseiidae) w ith the prey Tctranychus evansi 
(Acari: Tetranyc:hidae). BOKU, Vienn<~ (writing her thesis). 

F. J. Toroitich (Kenya) Resistance status of tobacco spider mite (Tetranychus evansi) to currently 
recommended acaricides on tomatoes. (University of NC~irobi). 

M . Ferrero (France) Life tables of the predatory mite Phytoseiulus /ongipes feeding on Tetranychus 
c=vansi at four temperatures (ENSA-Montpellier) (MSc awt~rded in 2005). 

V. W. Wekesa (Kenya) Ev<~lut~ tion of pathogenic fungi Beauveria bassiana and Melarhizium 
<Jnisopliae for the control of tobacco spider mite, Tetranyclws evansi Baker ~~ Pritchard 
(Acarina: Tetranyc:hidae). )omo Kenyatta University of Agriculture and Technology. Kenya 
(completed). (BLlsed at the Arthropod Pa thology Unit.) 

Impact 

• Phytoseiulus longipes, the most promising cLlndidate for clt~ssical biological control of T. 
evansi discovered in Brazil, has been imported into KenyLl but is still under qu~rantine 
awaiting a release permit. 

• High acyl-sugar content hybrids between L. escu/entum and L. pennellil resistant to T. evansi 
have been developed. Agronomic properties of these hybrids are very similar to cultiva ted 
tomatoes and offer the possibility to develop a resistant commercial tomt~to variety. 
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AFRICAN FRUIT FLY INITIATIVE (AFF/) 

Background, approach and objectives 

World trade in tropical fruits is expanding rapidly and there is a tremendous potentia l for many 
African countries to become major producers and exporters of fruits and vegetables. Genera lly, 
production of tropica l fru its pl;~ys <J n important role in achieving food security both· at household 
and nationa l levels, and offers increased opportunity for trade and employment, ;~swell ;~s serving as 
a major source of income and foreign exchange. Loca lly grown fruits such as mango is particularly 
gaining recognition as a major source of vitamins and other important nutrients. Smallholder 
f;:~rmers common ly grow this fruit across Africil both for home use to improve nutrition, and for the 
much needed cash income in domestic and export markets. Promotion of consumption of fruits 
h01s been included in national nutrition programmes of many African cou ntries. This is leading to 
increased changes in dietary patterns, resulting in increased domestic demands ;~nd consumption 
of fruits. Additionally, the demand for qu;~lity tropic01l fruits in the EU, the M iddle East, North 
America and Japan is growing rapidly. The above factors, combined with increasing globalisation 
of tr<Jde, have created new and lucr;~tive production and trade opportunities in Africa. However, 
a complex of indigenous and exotic fruit flies threatens production ;~ nd export of fruits from 
Africa. Aside from causing extensive di rect damage to fruits in the field, infestation by fru it flies 
also restricts the free trade and export of fru its to lucrative m;~rkets abroad. The fragmented n;:~ture 
of fruit cultivation, vast reservoirs of host plants and poor quarantine sellings make the African 
climate a suitable environment for development and survival of several damaging fru it f l ies. The 
succ~ss of the horticu ltural industry in Africa whether it is for the rapidly expanding domestic 
market or for export of fruits, is heavily dependent on sound frui t f ly management. The African 
Fruit Fly Init iative (AFFI) using mango as a model crop is ;~ddressing these problems through 
the development of an IPM package for m<~nagement of the complex of fruit flies. The package 
includes applic<Jtion of food bait, combined wi th soil inoculation of the entomopathogenic 
fungus, Metilrhizium anisopliae, targeting the immature stages in the soil tpupariating larvilc and 
puparia) as the primary IPM components supplemented w ith orchard sanitation and conservation 
of natur;~l enemies. 

The programme is also building capacity of young Africans by training at both the PhD and 
MSc levels in areas reli'!ted to fruit fly management and tra ining of extension and quarantine 
personnel as members o( national fruit fly teams and mobile fruit fly schools in ;:~II the participating 
countries. 

Work in progress 

7. Large-sca le survey to delimit the area covered by Bacrrocera invadens in 
East Africa 

Participating scientists: S. Ekesi, M . K. Billah, S. A. Lux 

Assisted by: P. W Nderltu 

Donors: FAO 

Collaborators: KENYA: Kenya Plant Health Inspectorate Service. TANZANIA : Agricultural 
Reseilrr:h Institute, Mikochenf, Dares Salaam, Tanzania; Plant Protection Division, Ministry 
of Agriculture and Food Security, Zanzibar, Tanzania. UGANDA: Kawandil Agriculwral 
ReseilrCh Institute, Kampala1 Uganda; Ministry of Agriculwre, Animal Industry and 
Fisheries, Entebbe, Uganda 

Collaborating support unit: Biosystematics support unit 

Under the FAO-TCP project on Surveillance ;~nd Man;1gement of Bactrocera invadens, a large· 
scale survey was ini tiated in Kenya, Ta nza nia (Moinland and Zanzibar) and Uganda with the aim 
of determining the extent of spread of the pest. All materia l collected in these surveys were sent 
to the BSU for identification. Surveys were conducted along pre-determined nationwide transects 
that were drawn, discussed and agreed upon by members of the project from the participating 
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countries. In Kenya, 3 transects were chosen covering 1152 km and 74 Lynfield traps baited 
with methyl eugenol (ME) deployed. In Tanzania Mainland, 2 tr;;~nsects were used covering 
2514 km with 108 traps. In Uganda, 2 transects were chosen covering 1802 km w ith 1'08 traps 
deployed while in Zanzibar 2 transects were used with 59 Lynfield traps. The results of delimiting 
surveys conducted in all the countries revealed the presence of the pest in most of the places 
where trapping was made. It suggests that the known distribution of B. invadens broadly extends 
beyond the three countries, and can be described as trans-African within the equatorial helt. In a 
few localities, the pest was not detected or occurred in low numbers and additional studies are 
underway to confirm if such areas could be considered pest free or areas of low prevalence. Traps 
also captured non-target insects mainly lacewings which are important predators, and highlights 
the need for careful deployment of ME trt~ps over a large scale especially, in ecologically sensitive 
aret~s. AFFI was appointed in this project by the FAO to provide technical co-ordination, specimen 
identification and general technical backstopping. 

2. Fruit fly survey in Ghana 

Background 

As above, this survey looked for B. invadens in Ghana. 

Participating scientist: M. K. Billah 

Donor: /FAD, FAO 

Collaborators: Crop Science Department, University of Chana; Plant Protection and 
Regulatory Services Directorate, Ghana 

Work in progress 

A survey wt~s conducted across 3 of the 10 regions (Eastern, Greater-Accra and Volta) using 
Lynfield traps baited with a mixture of 4 parts methyl eugenol (ME) as an attr;~ctant and 1 part 
technical grade malathion (EC 50"/o a.i.) as a killing agent. The invasive fruit fly species, Bactrocera 
invadens was detected in all 3 regions. Given the fact that the pest is of prime quaranti ne concern, 
the local District OHice of the Ministry of Agriculture, Akropong (where the pest was first detected) 
and the Zoology Department of the University of Ghana were subsequently informed. A follow· 
up meeting was arranged with the National Headquarters of the Plant Protection and Regulatory 
Services Directorate (PPRSD) in Pokuase, Accra where the Director and the resident entomologist 
were officially informed of the survey findings. Voucher specimens of the pest are deposited in 
all three institutions and the Crop Science Department of the University of Ghani! . Cop ies of the 
only publication available at the time (Lux et al., 2003; Insect Science and Its Application, pp. 
355-361) and a simplified fruit fly identification key prepared by Dr Billah were also donated to 
the PPRSD Head Office. A journal article on B. lnvadens in Ghana is in preparation . 

3. Host range, life history and demographic parameters of Bactrocera invadens 

Participating scientists: S. Ekesi, I. Rwomushana 

Assisted by: P. W. Nderltu 

Donors: /FAD, DAAD 

Collaborators: Agricultural Research Institute, Mikocheni, Dar es Salaam, Tanzania; Plant 
Protection Division, Ministry of Agriculture and Food Security, Zanzibar, Tanzania 

Bactrocera invadens belongs to the Bactrocera dorsalis complex, which is known to be highly 
polyphagous infesting a wide range of fruits, vegetables and w ild plant species. However, because 
of the novelty status of 8. invadens, very little is known with regard to its host range. Many 
African countries are major producers of several fruits and vegetables with export targeting large 
markets in the EU and the Middle East. A major requirement by countries importing fruits and 
vegetables is a declaration by exporting countries of the host plants of insect pests considered as 
quarantine pests to allow for postharvest management recommendations. Having been described 
as a devastating quarantine pest by the lnterAfrican Phytosanitary Council, the need to document 
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the host plants of _this important quarantine pest becomes crucial. Also given the growing 
import;:~nce of B. invadens, farmers need to make informed decisions about mixed plantation 
practices to avoid growing crops that harbour large numbers of fruit flies. Currently, over 6907 
fruits have been collected from 105 plant species and 43 families, including cultivated 01nd wild 
host plants in Kenya, Tanzania and Ugilnda. Bactrocera invadens has been reared from mango 
Mangifera indica L. (An<~rcadiaceae), lemon orange Cilrus limon (Burm<Jn f.) (Rut<Jce<Je), tomato 
Lycopersicon e~culentum Miller (Solanaceae), b<m;;ma Musa sp., (MusCtceae), guava Psidium 
gvajava L. (Myrtaceae), marula Sclerocarya birrea H. (Anarcadiaceae), cust<Jrd apple Annona 
muricata L. (Annonaceae), avocado Persea americana M. (Lauraceae), tropical almond Terminalia 
carappa L. (Combretaceae), l.andolphia sp. ~nd Ficus sp. Survey activities are continuing. Among 
the infested plant species, the highest level of pupari<J from cultivated plants was recorded from 
llli'J:ngo followed by banana, while on wild hosts, Terminalia catappa (tropical almond) and 
Sc/erocarya birrea (marula) are the major plant species. 

Since mango -is the primary cultivated host plant of the insect, we carried out a field infestation 
study for mango across various localities in Kenya to ascertain the level of damage on the crop 
from january 2004 to December 2005 . Ripe and, occasionally, unripe fruits were sampled from 
the tree and the ground (as 'windfalls'). A mixture of mango varieties were sampled but the most 
common varieties encountered were Apple, Kent, Ngowe and Boribo. At most of the locations, 
and espedall~' 11t low elevations, B. lnvadens frequently shared the same fruit with the indigenous 
fruit fly species Ceratitis cosyra but often occurred in higher numbers than C. cosyra indicating 
that competitive displacement 
oi the indigenous species Table I. Aueument of l•v•l of mango lnfta!Qilo~ by Bo:~droc•rtJ lnyqJ.n, <lnd 
may ·be in progress. The level C•ralili• co•yrcr at dirlwr•ntloocmon• in Ktnyo 

of infestation by both fruit 
flies varied with the location; No. of % of Fruits Bottrotaro Can:ati~s 
ranging from J to 97.2% Provint• Lototi~;~n fruits Infested invadenJ eotyra 1 

flies per kg of fruits, with B. C•ntrgf 
invadens dominating in rnost Central 
loca lilies (Table 1 ). Th~re was a Central 
significant inverse relationship C~;~o•t 
between number 9f flies per C~;~gst 
kg of fruits and elevation at Coast 

Eo1tarn 
which fruits were collected, Eastern 
suggesting. that B. invadens 
may be . a predominantly 
lowlan6 resident pest. Data 
obtained from Tanzani<~ 11nd 
Ug<Jnda are being processed. 

Eost•rn 
l!ih Valley 
w.,t.ro 

l<igrnbv 
Komiti 
Murango 
Motlndl 

Kitui 
Embu 
Moru 
Nguruman 
KiJUI!lV 

65 
113 
56 
92 
55 
51 
32 

104 
133 
121 
36 

3,1 

7.1 
19.2 
56.5 
61.8 
74.5 
25.3 
23.8 
11.5 
76.3 
13.9 

2 
1 
2 

803 
303 

1056 
15 
14 
16 

624 
10 

3 
5 

11 
10 
31 

175 
41 

5 
2 

30 
9 

No. of 
nies/kg 

A.5 
3.0 
3.5 

46.9 
28,6 
97.2 
21.0 
3.9 
3.0 

21.3 
4.8 

On artificial diet, development of B. invadens immatures lasted 25 days; egg incubation requ ired 
1.2 days, larvae 11.1 days and puparia- adult development time was 12.4 days. About 55% of 
eggs developed to the adult stage. Life expectancy at pupal eclosion w<Js 75.1 days in females 
and 86.4 days in males. Aver<~ge net fecundity and net fertility was 794,6 eggs and 608.1 eggs, 
respectively, while average d<~ily oviposition was 18.2 eggs. Daily population increase was 11% 
and mean generation time was 31 days. This information is useful in developing mass rearing 
techniques, predicting populatiop increases and development of management approaches. 

4. Mass rearing of Bactrocera invadens and several Ceratitis species 

Participating-scientist: S. Ekesi 

Assisted by: P. W Nderlcu, }. M Kiilu, M. Wanyonyi, C. Muholo 

Donors: IA EA, /FAD 

Collaborators: International Atomic Energy Agency, Vienna, Austria 

For studie~ on the biology, use of attractants and pathogens for management of the complex of 
fruit flies, a regu!ar supply of good qual ity specimens of pre-determined reproductive stages and 
age is necessilry. Ap<~rt from Ceratitis capitata, which has been reared for decades in different 
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parts of the world with great success only C. rosa has been successful ly reared on a much smaller 
scale in Sout.h Africa. Relit~ble methods for rearing lt~rge numbers of Bactrocera invadens and the 
several Ceratitis are needed. Under an IAEA funded project, methods for laboratory rearing of B. 
invadens and 5 Ceratitis species were evaluated. 

Stock cultures of 8. invadens and C. cosyra were obtained from mango fruits and eva luation of 
two adult diets (waste brewer's yeast and enlymatic yeast hydrolysate) showed that pupal harvests 
in flies maintained on enzymatic yeast hydrolysate were significantly higher in 8. invadens, C. 
cosyra. C. f<Jscivenrris and C. rosa compared with brewer's yeast. However, on C. anonae, no 
significant difference was detected in pupal harvest between the two diets, indicating the need to 
exploit chet~p locally available raw materials for rearing these flies. 

Evt~luation of different devices for oviposition revealed that 8. invadens readily accepted artificial 
diet for oviposition and the number of puparia harvested from artificia l diet balls did not differ 
significantly from whole mango fruits (Table 2). Ceratitis cosyra, however, never accepted artificial 
diet as source of oviposition (Table 2) and flies 
01re stil l being reared on whole mango fru its. Life 
history lr<Jits and demographic parameters of C. 

Tablt 2. Mtah pupal hcrwat from dlfferwnt ovipoaltlon 
d•vice1 uMd for ladro~ro lnwden• and C.NJfffls eoayra 

cosyra are being generated on whole mango Oviposition device c. cowrc 
fruits. Development of lmmatures on mango - - - ------------ ­
lasted almost 30 days and approximately 42% Mango 33•6 = 1.7 a 167·0 = 11.5 a 

of eggs reached adult stage. Current average Banana 6.2 "' 1.6 b .4 1..4 :!: 1.3 b 

daily oviposition stands at 10.2 eggs w ith Parafilm boll with 
0.0 :!: 0.0 c 176.4 :!: 4.1 0 percentage hatch rate of 68%. Other biological 

and population parameters will be calculated as 
soon as the experiment is completed. 

MGanl within c column followed by the aame letter do not 
differ 1ignificantly by Tu~ey (HSO) tnt (P • 0.05). 

The standard diet used for mass rearing of fruit flies that has been used worldwide since well 
over 30 years is a wheatbran-based artificial diet developed at the USDA-ARS Pacific Basin 
Agricul tur<JI Research Centre in Honolulu. The possibi lity of replacing Torula yeast (contained in 
the standard) wi th waste brewer's yeast was assessed. Quality parameters measured did not differ 
signific<Jntly from the standard diet when Torula yeast was replaced with 8% brewer's yeast (Table 
3), indicating th<~t <1 cheap alternative to the expensive imported ye<~st could be found in brewer's 
yeast in mass rea ring of B. inv<Jdens. Additional studies aimed at substituting wheat in the diet 
w ith carrot powder are also underway. 

Table 3 . EH•.:t of dlff.r.,nt diet• on pupcl rwcov.ry, p\ipal weight, cdult emergence, Alet end er;g hcmh 
afladroce~ /nvvdena 

% Brewen yeali/diet 
Standord 

Parameter~ 0 4 8 PBARC diet 

Pupal recov•ry (%) 45.7 ± 2.3 b 74.3 :1: 1.3 c 85.2 ;t; 6 .2 a 76.3 ± 2.2 a 
Pupal wt/100 (g) 0.75 ± 0.02 c 1.01 :1: 0.42 b 1.12 ;I; 0.03 g 1.14 ± 0.05 g 

Adult emerg•nc• (%) 33.5 ± 8.1 c 56.8 :1: 2.2 b 78..4 ± 1.3 Q 72 .2 ± 5.3 a 
Flier(%) 24.4 :1: 2.4 c .45.6 :t 3.2 b 82.4 ± 7.5 c 80.4 :!: 2.6 a 
Egg hatch (%) 20.4 ;I; 3.3 c 5.4.5 ± 1.5 b 87.3 :1: 3.5 b 88.1 :t 2.2 b 

M•ana wilhin a row followed by the aame letter do not diller si9n iAc9n~y by Tuhy (HSD) hut (P • 0.05). 

5. Development of food baits 

Participating scientist: 5. Ekesi 

Assisted by: P. W. Nderitu, P A. Oreng 
Donors: I FA 0 

Experiments are continuing with refinement and formulation of the locally-developed bait 
from waste brewer's yeast. Attr<Jction and feeding propensity of protein-fed and protein-starved 
Oactrocera invadens to the refined bait have been tested in laboriltory and field cage conditions. 
The locally-developed bait was compared with Nulure, Corn steep l iquor, Torula yeast and w;~ter. 
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Generally, all protein baits were attractive to B. invadens, and protein-starved flies responded 
more to bait than protein-fed flies (Table 4). The local bait and Torula yeast were more attractive 
to B. invadens compared to the other baits in protein-starved flies (Table 4). However, in protein­
fed flies, Torult~ yeast out-performed the other treatments in terms of attraction to the bait (Table 
4). In terms of feeding, both physiological states of flies were observed to feed more on the local 
bait than on the Torula yeast (Table 4). This cage experiment is now being evaluated under field 
conditions to ;mess the possibility of utilising the baits for field suppression. 

Tobl• 4. Attn:rdion and ft•ding rosponM of diff.r•"! food h11its to lladrac.ra 
invad•n• in A•ld cog•• 

Fly phy5iotogkol 5fote/ Poromelen 
boil lrealmenl1 No. ot!roclion Foe ding lima Is) Rasidoncr: timr: Is) 

Prol•i"'Jtcn-v•d 
lo~ol boil 8.93 ;I; 1.81 0 99.7 ;I; 20,8 0 225.3 ± 56.1 ob 
Corn 11eep liquor 4.33 :1: 0.91 b 79.3 ;I; 15.7 0 338.5 ;I; 49,4 <;I 

Nulure 2.87 ;I; 0.48 b 51.0 ;I; 5.5 Q 160.1 ;I; 60.5 ob 
Torula yeast 6.67 ± 0.74 II 12.2 ± 1.9 b 164.3 :!: 70.1 b 
Wotor 1.53 ± 0.39 e 7.5 ± 1.6 e 168.8 ± 72.5 b 
ProJ-$!11-fed 
local bait 1.27 ± 0.32 b 47.7 ± 11.9 0 361.9 ± 69.6 a 
Corn st<:>ep liquor 0.40 ± 0.16 c 10.6 ± 3.0 b 477.9 ± 49.5 0 

Nulure 0.40;!: 0.19' 27.6 ;I; 7.5 ob 454.9 ;I; 58.1 <;I 

Torul11 yeast 10.47 ± 2.25 0 12.3 :!: 2.9 b 286.6 ti 73.8 0 

Water 0.13 ± 0.09 c 16.9 ± 4.3 ob 469.5 ± 67.5 0 

Means within a column followed by the 1ome leiter do not differ 1igniflconlly by 
Tuke)' IHSD)test IP • 0.05). 

6 . Development of fungal pathogen 

Participating scientist and students; E. A. Oun<J, }. C. Awino, 5. Ekesi 

Assisted by: E. F Mlato 

Donors: /FAD 

Screening activities for more virulent isolates of entomopathogenic fungi to Bacuocera invadens 
have continued wi th identification of two new isolates nan1ely M ew.rhizium anisopliae isolates 
ic:ipe 41 and 95, which have 
proven to be highly pathogenic to Tobl. S. Pathog•nic:ily' of diff.r•nt i•olot•• of •nlomopathog•nic Fungi to 
pupariating larvae. In lt~bort~tory puporiolinglorvo• ond odulll of Bcrcfroc.n:r invacl•n• 
studies, these isolates were found to 
redu<':e emergence of B. invadens to Fungol 1pecie' 
11 and 8'¥o, respectively from the soil 
(Table 5) compared with l 0 and 30% Metorhi;(ium oni,op/ioe 
reduction achieved with previously M~tgrhi;(ium anisoplioe 
identified isol<ttes, M. i)nisopli<Je Matarhi;,;ium anisopliaa 
ir.;ipe 1 R and 20. Adult flies have also Mr:tarhizium anisopllao 
been observed tO be very susceptible Melarhizium anisop/iao 

Motarl,izium onisopliae 
to fung• al pathogen. Out of 11 

Motorhizlum anisoplfoa 
isoi.Jtes tested, 8 isolates were highly Metarniz.ium anisap/iae 
pathogenic to the insects (Table 5). Melarhizium onisap/iae 

8&ouveria bossion11 
Beouverio brangniarlii 
Control 

18 
20 
.11 
43 
53 

58 
62 
95 

285 
284 
288 

larval biaauoy Adult bioassay 
% emerge :t SE % mortality ± SE 

9.5 ;1: 5.0 d 
30.1 ;I; 5 . .! ~ 
11.1 ;I; 1,4 d 

36.6:1: 8.7 cb 
59.0 ± 9.3 0 

79.3 ± 4.7 b 
26.9 ± 8.5 e 
8.1:1: l.Bd 

46.8 ± 5.0 b 
44.4%10.7 b 
42.9:!: 10.6 b 
92.2 ± 6.4 a 

45.5:!: 7.0 b 
100o 

A4.0 ;t; 5.1 b 
98.4 ;I; 1.1 0 

90.7 ;I; 5 .9 a 

94,0;!; 4,0 a 
98,0 :f; 2.0 0 

47.9 ±12.8 b 
100!1 
100!1 
100!1 

2.4 ± 0.6 c 

However, among all the isolates, only 
icipe 20 and 62 exert significant level 
of virulence on both stages of the 
insect. The ideal isolate would be the 
one that <tttacks all st<tges of fruit flies 
r.1ther than strict specificity to one 

Mean' within a column followed by lh• lomel•tter do not diff•r signifi~:onlly 
by Tukey (HSD) test (P • 0.05) . 

developmental stage. There is, however, the need to test for the effect of biotic and abiotic factors 
on the pathogenicity of the isolates to 8. invadens and persistence both in the soil and on baiting 
stations. 
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Unlike other fruit fly species from the Ceratitis group which are poorly adapted to survivi ng on 
local Vil rieties of mango such <IS Boribo <Jnd Ngowc, B. invadens seems to be wble to survive very 
well on different variet ies of mangoes. Host pl<~nt varieties can, however, olter the susceptibi lity 
of insects to entomopathogens by either increasing or decreasing their mortality w hen the insects 
feed on the host plants. We eva luated the effect of 3 mango v<Jrieties (Apple, Boriho and Ngowe) 
on the pathogenicity of isolate icipe 20 when the insect fed on the 3 varieties. On varieties Boribo 
and Ngowe, preliminary resuhs indicated that emergence of 8. invadens was reduced to 40 and 
SO%, respectively compared with 32% on Apple. Although experiments are ongoing with other 
virulent isolates, the current results suggest that mango variety may influence efficacy of fungus. 

7. Evaluation of indigenous natural enemies against Bactrocera invadens and 
survey for natural enemies in its aboriginal home of Sri Lanka 

Participating scientists: 5. Mohamed, S. Ekesi, S. A. Lux 

Assisted by: M. Wanyonyi, P. W. Nderitu 

Donors: /FAD 

Shortly after Bactrocera invadens was detected in Kenya, attempts were m;1de to identify native 
parasitoid species that can attack the pest to establish the existence of new associ<Jt ion w ith the 
invader. Two Psyttali<J species and one Teuastichus species were tested (all of which were l;;~rval­
pupal parasitoids). The ~ccepta nce of this pest by the two Psyctalia species w<Js low ilnd their 
eggs were encapsulated in the larv;,e of B. inv<Jdens, indicating thilt these indigenous natural 
enemies cannot be used for classical biologica l control of the pest. In the case of Tetrastichus 
giffardli, B. invadens readily accepted the parasitoid but majority of the parasitoid eggs. were ll lso 
encapsulated and none of the few individu<Jis ofT. giffardii progeny that escaped enc<~ps'ulation 
was able to complete development to aqult st<~ge . This suggests that, in addition to the very 
destructive nature of B. invadens, it also has a potential to act as an ecological sink for some 
of the indigenous parasitoid fauna such as T. giffardii and may cause their extinction. With 
Consultancy funds obt;;~i ned from FAO, in July 2005, an exploratory <Jctivity for natural enemies of 
8. invadens in its presumed aboriginal home of Sri L<Jnka was initiated jointly with liT A. Contilcts 
were established with the Director Genera l of the Dep<Jrtment of Agriculture, Horticultural Crop 
Research ;,nd Development Institute (HORDI), Per<1deniya, Sri Lank<J and an icipe scientist was 
posted to the institute. 

Differf'!nt species of fruits were collected at low elevation areas of the country where Bactroceril 
species is predominant. Three braconid parasitoids were detected from Bactrucera species 
t~ttacki ng mango, guava, avocado 01nd tropical almond. Parasitism rates were quite low in all 
fruits, but efforts were made to rear 2 species of Psyttalia (originating from m;;~ngo) and one 
Diachasmirnorpha sp. (originating from snake gourd). The former parasitoids unfortunately yielded 
only males while larvae exposed to the latter species produced only flies as eggs of the p<Jrasitoid 
were encapsulated by the fruit fly. 

Erforts to obtain both live and dead fruit flies and parasitoids from Sri Lanka suffered a setback ;;~s 
i t was discovered that the government of Sri Lanka does not permi t export of dead and l ive insects 
from that country. However, following intense negotiations a few dead insects that have to be 
returned to Sri L<1nka after completion of the studies were approved for taxonomic studies. icipe is 
currently negotiating with the government of Sri Lanka to allow for shipment of live insects from 
the country. PI<Jns are also underway to import an egg parasitoid (Fopius arlsanus) and a larv<JI 
parasitoid (Oiachasmimorpha longicaudata) (Braconidae: Opiinae) from H01waii for testing and 
possible release against 8. invadens. 

8. Studies on the morphological and genetic diversity of the new invasive 
fruit fly species Bactrocera invadens in Africa 

Participating scientists and student: M. K. 811/ah, D. M<Jsiga, 5. Ekesi, F. M . Khamis 

Assisted by: }. Gllau 

Donor: /FAD 
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Collaborator: fv!- De Meyer, Royal Museum of Centr<JI Africa, Tervuren, Belgium 

Collaborating department; Molecular Biology and Biotechnology Department 

Collaborating support unit: Biosysuamacics Svpport Unit 

A new invasive fruit fly was first detected in Kenya in March 2003. It was found ~imultaneously 
in wild fruit collected near Mombasa and in mangoes purchased in Nairobi. It was clearly a 
member of the Bactrocera genus and turned out to be a new species, Bactrocera invadens. It has 
since turned up in many locations in Africa and is potentially a serious pest. Understanding its 
taxonomy is a priority and this study is a contribution to this end . 

Ba'ctrocera invadens has been observed to exhibit different thoracic colourations. These colour 
foqns have been found in all loca lities and countries where it has been collected. It is not 
known whether or not the colour forms from different loca l it ies and countries are the same. 
Morphometric measurements on a total of 973 permanent slides of body parts of Bactrocera 
invadens (prepared in the BSU lab) are already underway in Tervuren, Belgium, using the lab 
facilities of our coii<Jborator (Dr Marc De Meyer). They include 388 slides from 4 localities in 
Kenya, 167 slides from 2 localities in Uganda, 183 slides from 2 localities in Tilnzania Mainland, 
137 slides from 2 localities in Zanzibar, 38 slides from 1 locality in Ghana and 60 slides from 2 
localities in Sri Lanka (the aboriginal home of the inv<Jsive pest). Additionally, alcohol-preserved 
specimens of some closely related Bactrocera species including B. zonata, 8. kandiensis, B. 
cucurbitae and B. oleae h;;~ve been taken along to be used for interspecific comparison. Data has 
also been generated from 8559 specimens of 8. invadens sorted into the four m<1in morphotypes 
from different localities in R countries. DNA samples of the four main morphotypes of B. inv<Jdens 
h01ve' been extracted and purified for preliminary sequencing. 

9. On-farm technology evaluation and demonstration of AFFIIPM package 

Participating scientists: S. Ekesi, M K. Billah 
Assisted by: P. W. Nderitu, E. F. Ml,lto, P. A. Oreng 

Donors: /FAD 

Collaborators : Ministry of Agriculture and Rural Development, Malindi, Kenya; Kenya Prison 
Services; Embu mango growers 

Field experiments were initiated during the 2004 to 2005 mango season to demonstrate the 
efficacy of the IPM package composed of baiting stations and pathogens in Kenya. The trials were 
conducted at two large mango orchards in M01lindi (Co<Jst Province), e<~ch me<Jsuring 20 ha, and 
in a m<~ngo orchard (of the same size) in Kamiti Prison, Nairobi. In all locations, the experimental 
set up consisted of a combin<~tion of bait application on the trunk <1nd fungal inoculation of the 
soil as one treatment plus untreated control plots. Treatments efficacy was monitored by counting 
the number of fruit flies caught on each plot during the season using Nulure and by the actual 
fruit infestation at the h01rvest time. Results from these field experiments conducted <!t two farms 
indicated potential of using the IPM package for suppression of the Ceratitis group (C. cosyra, C. 
fasciventris, C. rosa, C. capiC<JCa) of fruit flies occurring in Kamiti. In this locality, application of the 
package reduced fruit fly population by 69% and fruit infestation occurred at the rate of B puparia 
per kg mango <JS <~g<~inst 53 puparia per kg mango in untreated control. However, at M01lindi 
where the studies targeted B. invadens, application of the bait and fungus only achieved 51% 
reduction due to farmer interference with the experiment through pesticide application. Also 
the locally developed bait, when applied to certain tree barks such as pawpaw which farmers 
intercrop with m<~ngo and which is a major host pl;:~nt of fruit flies, was found to be phytotoxic to 
the plant and this requires further studies on refinement and formulation. 

During the November/December 2005 mango season, the locally developed bait was replaced 
with commercial food bait consisting of either GF-120 (Success) or Nulure/insecticide in field 
evaluation and demonstration trials. Trials were initiated on a 12 ha mango orchard in M01lindi 
(Coast Province) targeting mainly 8. invadens, and on similar size orchards in Embu (Eastern 
Province) targeting 01 complex of fruit flies (Bactrocera invc.dens, C cosyra, C. f<Jsciventris, C. 
rosa and C. capitata). At Malindi, experimental set-up consisted of: (1 J weekly application of 
bait spray (Nulure/Spinosad) on 1 m 2 on the canopy of e<Jch tree <~lone, (2) fungal inoculation of 
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--B&il <:~nd fungus 
-·-o-·- Bait alone I 
-Fungus alone :}, 

- o -- Coolrol __ J-·--r' \l ! 
the soi l t~lone at fruit set as one tret~tment, 
(3) a combination of weekly bait spray on 1 
m! of the canopy and fungal inoculation of 
the soil as one treatment and (4) untreated 
control plots. At Embu, treatments consisted 
oL(l) 01 combination of weekly bait spray 
(GF-120) on 1 m1 of the canopy and fungal 
inoculation of the soil as one trct~tment 
and (2) untreated control plots. Efficiency 
of treatments was monitored by number of 
fruit flies caught on each plot using Nulure 
during the season and by the actuill fruit 

I. d' c"> d? c~ d? c~ c'> cc, c'> c? infestation at ht~rvest time. At Ma m 1, ,,. ,,. , ._. ,, . ,,. ,'!..· ,<J..· , '!..· ,'!..· 
applic<Jtion of the b<Jit alone, fungus alone c'· c<o· ,'>· '~-'!..· i!'' c<:o· ..._'!!· 'l..c· re-· 
and a combination of the bait and fungus Sampling dates 

reduced fruit fly population by 58, 64 and Figure 1. Effect of field appli~ation of bt~it (Nulure/Spinos,,d) 
79%, respectively, rel;;~tive to the control and Metarl1izium .1nlsupliae on the clenslly of flactmccra 
(Figure 1 ). Mean fruit infesliltion was 34% in~adt•ns on mango nt M~l.indi . Arrov: indic<1tes. dnrc of first 
it) the b;;~it alone, 46% in the fungus alone, ball spr;~y. Fungo~ wils applred ill the onset of frurt set 

1 O'Yo in the combination of the bait and fungus and 73% in untrell ted control plots. Data from the 
second location at Embu are still being processed. 

A lthough the fungal pathogens have demonstrated potential to reduce fruit fly popui<Jtions in 
mango agroecosystems, a comprehensive assessment of their impact on non-target arthropods 
is essential before their widespread use. Following soil inoculation of the orchards at Malindi, 
post application invertebrates moving across plots were collected d~i ly for 10 days in pitf~IHraps 
ilnd evaluated in the laboratory for lhe presence of fungal infection. Of the 2145 invertehr<~tes 
collected in tre<Jted plots in the pitfall traps, only 0.42% were infected with Metarhizium 
anisopliae. Although, the experiment will be repeated for another season, the results suggest that 
application of M. an/sopliae in mango orchard is unlikely to adversely affect the invertebr<~te 
arthropod popu lation . Non-target data for experiments at Embu are being processed. 

Output 

Journal articles 

' Billah M. K., Kimani-Njogu S., Overholt W. A., Wharton R. A., Wi lson D. D. and Cobblah M. 
A. (2005) The effect of host larvae on three Psyttaliil species (Hymenoptera: Braconid<te), 
parasitoids of fruit-infesting flies (Diptero: Tephritidae). lncernatlonil l Journal ofTropicallnsecr 
Science 25, 16!3- 175. 

Copeland R. 5., Okeka W., Freidberg A., Merz B., White I. M., de Meyer M. and Luke Q. (2005) 
Frui t flies (Diptera: Tephritidae) of Kakamega forest, Kenya. Journal of East African Nacural 
History 94, 247-278. 

Oimbl 5., Maniania N. K., Lux 5. 1\. and Mueke ). M. (2004) Effect of constant temperatures 
on germin<ttion, radi<JI growth and vi rulence of Metarhi:lium anisopliae to three species of 
African tephritid fruit flies. [)/oControl49, 83-94. 

Ekesi 5., Maniania N. K., Mohamed 5. A and Lux 5. A. (2005) Effect of soi l application of different 
formulations of Metarhizivm anisopliae on African tephritid fruit flies and their associated 
endoparasitoids. Biological Control35, 83-91. 

Field manual 

Trt~ining materials from the workshop were put together culminating in the production of a field 
guide on fruit flies. This was mainly sponsored by the FAO. 

Workshops attended 

Fourth Research Coordination Meeting on "Development of improved attractants and their 
integration into fruit fly SIT management programmes" and International Conference on 
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Area-wide Control of Insect Pests: Integrating Sterile Insect and Related Nuclear and Other 
Techniques, 4-13 May 2005. Vienna, Austria. Attended by: S. Ekesi and S. A. Lux. 

Training courses held 

FAO Regional Planning Workshop for Country Coordin<~tors c.l the National Surveys Undertaken 
tc) Determine Distribution of the Invasive Bac;trocera Fruit Fly in East Africa. 25-27 February 
2004, icipe, Nairobi, Keny<'!. 

FAO Technical Training Workshop for Leaders of the National Survey Teams (Trainers). 15-19 
MC~rch 2004, ic;ipe, Nairobi, Kenya. 

FAO Regional Training Course on Pest Risk Analysis of Fruit Flies. 11-15 July 2005, icipe, Nairobi, 
Kenya. 

FAO Regional Training Course on Fruit Fly Taxonomy. 18- 22 july 2005, icipe, Nairobi, Kenya . 
FAO Workshop to Review Progress of the Project on Surveillance and Management of Baclrocera 

invadens in East AfricLJ. 10- 12 October 2005, icipe, Nairobi, Kenya. 
AFFJ-511 International Group Training Course on Fruit Fly Management <~nd Training Le<Jders of 

Nation<~l Fruit Fly Teams for AFFI's Mobile Fruit Fly School . 17-28 October 2005, icipe, 
N<drobi, KenyLJ. 

AFFI Mobile Fruit Fly School (MFFS). 28-30 December 2005, Kib<~h<J , Tanzania. 

Capacity building 

Trair:~ing of national fruit fly teams (NffT) and mobile fruit fly school (MFFS) 
In November 2004, during the 2nd AFFI meeting, national fruit fly teams were estt~blished. In some 
countries like Uganda, NFFT is operating under rhe leadership of PhD scientists earlier tr01ined 
by AFFI. The let~ders were provided hands-on training on fruit fly survey methods, handling of 
.Jtlrt~ c t;~nts, basic taxonomy and application of the IPM package for fruit fly suppression. AI the 
Jrd AFFI pl<1nning workshop organised jointly with an lnternatl'onal Group Training Course on 
Fruit fly Man.Jgement, the training was reviewed and teaching and training curricula for mobile 
fruit fly school (MFFS) activities were drafted and agreed upon. 

The first MFFS LJCtivity was conducted in Tanzania at Kibaha from 28-30 December 2005 and 
.1ttracted over 52 participants drawn from 22 districts covering most of the mango producing 
ul'<ltiS of the country. In Tanzania, over 502 posters on fruit flies and their management options 
were distributed to growers during the various training <Jctivities. 

The BSU was actively involved (in serving as the host training lab) in the creation <Jnd training of 
national fruit fly tet~ms (NFFT) in the East African region. 

Dr Billah also p<~rtidp;~ted in the review and drafting of a teaching and training curriculum, which 
was adapted by AFFI participating countries for use in the creation and te<Jching in their mobile 
fruit fly school (MFFS). 

Taxonomic training 
As part of the prep<~r<~tion towo;~rds the exploratory trip to Sri Lanka (the aboriginal home of 
Bactrocera invadens) for parasitoids (natural enemies), Dr Sam ira Mohamed was taken through a 
2-week intensive taxonomic tr<tining exercise on fruit flies and their parasitoids (june 2005). 

Dr B. Selvaraj of Sun Agro Company, India, who was also going on a similar exploratory trip to 
India t~s a complementary part to the Sri LLJnkan exploration, also received taxonomic training 
and hands-on exercises on trap setting (using methyl eugenol), insect collection, preparation and 
shipment of insects for identific<Jtion Uune 2005) . 

Oserian Development Company staff-Mr Herbert Masinde received a 2-week intensive training 
course on insect identification, with special emphasis on thrips identification (September 2005). 

Two Sudanese MSc students (Suliman Abdalla Ali and Abdigadir Abdalla) received training in 
basic fruit fly taxonomy and identification and introduction to the SAS software programme (SAS 
Institute, 2001) for statistical analyses (March 2005). 
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A Belgian PhD student, Ms Nathalie Erbout, from the Ghent University and in collaboration with 
the Royal Museum for Centr;~l Africa (MRAC) in Tervuren, Belgium visited the AFFI project on an 
8-week sampling visit and received an intensive taxonomic training exercise on African fruit flies 
to t~id her in her sampling (May 2005). 

ARPPIS training 
A Basic Tt~xonomy and System<~tics Course for ARPPIS MSc and PhD scholars w<Js held at ic:ipe, 
Nairobi in September 2005. 

PhD students 
I. Rwomushana (Uganda) Bioecology of the new invasive Bactrocera invadens (Diptera: 

Tephritidae) and its interaction with indigenous fruit fly species. Kenyatta University, Nairobi 
(ongoing). 

F. M. Khamis (Kenya) Studies on the morphological and genetic diversity of the new invasive fruit 
fly species Bactrocera invadens in Afric<J. Kenyatta University, Nairobi (ongoing). 

MSc students 
E. A. Ouna (Kenya) Entomop<~thogenicity of hyphomycetes fungi to the new invasive fruit fly 

species Bactrocera invadens and their potential for biological control on mango. Kenyatta 
University, Nairobi (ongoing). 

J. C. Awino (Kenya) Evaluation of the susceptibility of Baccrocera invadens to entomopathogenic 
fungi when reared on three varieties of mango. Kenyatta University, Nairobi (ongoing). 

Impact 

The BSU (together with AFFI), has helped train plant/port inspectors in Kenya, Uganda, Tanzania 
<~nd Zanzibar on taxonomy and identification of fruit flies, leading to increased vigilance at the 
ports oi entry in these countries and improved chances of early detection of invasive pests. 
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TECHNOLOGY TRANSFER AND TRAINING 

I. Development of private sector service providers for the horticultural 
industry in Kenya ·· ' 

Background, approach and objective 

$m;"~llholdcr p<~rticipation in the Kenyan horticullwe export industry is threatened by alack of efficient 
exu:nsion services. To ensure continued particip;1tion of smallholder producers in the sub-sector, a 
pilot study phase was conducted between April 2003 and March 2005 by the Technology Tr<111sfer 
Un it, to est.:1blish private service ·provider~ for advice, input supply anrl plant protection through 
h.111ds-on tr<~ining that Gtn prepare and ensure that farmers comply with new rules and regulations. 
The course involved a multi insti tutional <:~nd multidisc iplinary team approi!ch in dose collaboration 
with the Keny<~n fresh horticu ltu ra l produce export sub sector and sm~ ll scale outgrowers' farmer 
groups. The private service rroviders and farmers were trained in integrated pest management, 
which is a strategy to reduce pe~ticide usage anc:f improve produce quality, food s<tfety, human and 
environmental health. The tra ining created awareness and facilitated some nutgrowers groups to 
comply with EU market requirements. Ftfteen private service providers graduated from the training. 
These <:~re ei th~r· self-employed or working w ith fresh produce export companies to prep<~re small­
scale producers for EurcpGAP certification. 

Lessons le;:~rned in the pilot were used as a basis for the formulation, fine-tuning and implement,1tion 
of ~n extension phase from April to December 2005. The emphasis in the extension phase w<ts nn 
strengthening farmer group organisation, man<tgernent <~nd setting up qLiali ty management systems 
that meet EurepGAP standard; and capacitating small and medium export companies tn cnmpl)' with 
the EurepGAP requirements. A six-months hands-on sanciwich tra ining that combined a re~identin l 
and field attachrner1t course w<~s org,1nised and implemented from May to December 2005. 

P,lfficipating scientists: B. Nyamho, 1\. 1\ , Seif. 1\. M. Varela 

Assisted by: /. Maundu 

Donor: Departmenr for International Development, United Kingdom 

Collaborators: NRI, Univcrsiry of Cn:enwich,· horticultural fresh produce exporl companies 
/lnduFarm (K) Ltd, East African Cruwers Ltd, Kenya Horticulture Exporters Ltd. Greenlands 
Awopruducers Ltd, Myner txrorters l.trl. Ukulima East Africa Ltd. Fresh/ink Ltd, Frigoken 
and ADHEK Ltd)/: NGOs /Business Services Markel Development Project-Kenya, Pr1n 
Kenya, TechnuServe·Kenya/; outgrowers farmers' groups in Central and Eastern provinces 
of Kenya 

Work in progress 

The pilot phase, April 2003 to March 2005 was a learning phase for the project implementers, the 
beneficiaries and the development agency. 

Awareness about the effects of the supply chain requirements, e.g. EurepGAP, EU MRLs and 
access to the export markets by smallscale producers, for a wide range of stakeholders ilt national 
and internat ional policy levels was created. Some st01ndard setters and donor agencies began to 
recognise the fact that smallscale producers are at risk of being excluded from the export m<~rkets 
due to stringent food requirements. 

As a result some policy changes were initiated in early 2005: 
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• EurepGAP made some commitments to assist Kenya develop ' l<enyaGAP' benchmarkcd 
on the EurepGAP standard, to make the standard user fr iendly for Kenyan growers. This 
initiative was tilken up by FPEAK w ith funding from BSMDP. 

• For the first time Kenya was allowed to nominate a representative to the EurepGAP 
committee. 

• DFID pledged to co-finance the field-testing of the 'EurepGAP Sma llho lder Quality 
Manual' in collaboration with GTZ. This w ill be a starting point for Kenya to create own 
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quality manual by adopting contents according to local production situation with a view 
to preparing farmers for EurepGAP certification . 
Some fresh produce export companies started to invest in the development of outgrower 
farmers groups in preparation for EurepGAP certification . 

At producer level, farmers were informed about the EurepGAP standard. Nineteen f<~rmer outgrower 
groups, each with 1 S- 30 members, participated in the training, and were therefore the direct 
beneficiaries of the course. These were the role models for other growers in terms of EurepGAP and 
the EU MRLs requirements. By the end of 2004, the majority of the groups were in the process of 
implementing some of the requirements. 

The emphasis during the extension phase, April-December 2005, was on .strengthening farmer 
group organis<~tion, management and setting up quality management systems that meet EurepGAP 
standard; and capacitating small and medium export companies to comply with th~ EurepGAP 
requirements. 

Based on the ~xperience gained in the p i lot phase, the training curriculum was critically reviewed 
and fine-tuned. EurepGAP-certified smallscale outgrower groups developed during the pilot phase 
were identified and integr<Jted in the extension period, thus saving on resources and time. 

A six months hands-on sandwich training that combined a residential and field attachment course 
was organised and implemented from May to December 2005. The course contents emphasised 
extension communication skills and working with farmers' groups, small business m<~nagement, 
good agricultural practices (I PM, safe and effective use of pesticides, pre- and post-harvest hygiene), 
HACCP, EurepGAP requirements and internal auditing) . 

• 
Out of 14 participants, ten (10) completed the course successfully. Fourteen farmers' groups in 
Kirinyilga, Naru Moru, and Karatina, in Central Province of Kenya, participated in the training and 
these were the immediate beneficiaries of the course in terms of the EU MRLs and EurepGAP 
protocol. These will also serve as role models for other growers. · 

2. Maragua ridge organic mango pilot project 

Background, approach and objectives 

The Maragw;~ Ridge Organic Mango Group, (with 50 members), of Mar<~gua District, Central 
Province, Kenya, approached icipe Technology Transfer Unit for training in mango IPM through 
Kenya Institute of Organic Farming (KIOF) in August 2002 . Increased pest pr;essure and consequently 
spraying costs, reduced production and income from mango production prompted this. Mango is 
a major cilsh crop for the farmers in the area. The group was trying to convert to organic farming 
but it was becoming difficult due to the pest pressure and market quality demands, and as a 
result, farmers were spr3ying heavi ly using broad-spectrum pesticides. 

In response to the request, an ex-ante baseline study on knowledge, practice and market access 
was organised and conducted in January- May 2003. The results of the study were used to plan a 
season long hands-on farmer field school (FFS) IPM training course for the growers. 

The project was designed and implemented with the following specific objectives: (1) to train 
the Maragua Ridge group members in mango IPM and quality market requirements; (2) to raise 
awareness about current market qual ity needs among the growers and (3) to develop a n\'go 
IPM training module for smallscale mango growers in East Africa. 

The module integrated icipe's fru it fly baiting technology with other IPM components developed 
by other research institutions. The initiative addressed key constraints to production (major pests 
and agronomic) and market access. 

To improve marketing and market access, the group was given a two-day course in costing and 
pricing of produce, after which they were introduced to potential buyers. 
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Participating scientists: 8. Nyambo, A. M. Varela, A. A. Seif 

Assisted by: C. /. Catam<J, }. M<)undu 

Donors: Biovision FoundiJtion of Switzerland 

Collaborators: The Kenya Institute of Organic Farming, Ministry of Agriculture and Rural 
Development (Horticulture Division, Extension Depi1rtment) and Kenya Catsby Trust 

Work in progress 

The Mango FFS was conducted from June 2003 to March 2004. A total of 15 nominated group 
members completed the course successfully. These are now role models and master trainers for the 
other members of the group. Furthermore, a total of 30 nominated group members participated in 
the· costing and pricing training course. These were expected to train the other group members. 

An intermediate impact study of the training on farmer knowledge and practice will be conducted 
in March 2006, two years after the end of the FFS. 

A mango IPM/ICM training module and manual, that integrates a holistic approach to quality 
mango production, was developed and printed for wider use within East Africa among small and 
medium mango growers. 

A first hand experience on how to conduct a season long hands-on integrated mango production 
f<Jrmer field school (FFS) was gained by the FFS facilitators. Most successful farmer field schools 
in Africa, and even in Asia where the approach was conceived, have been on annual crops (with 
crop cycle of 3-4 months) thus providing continuous disturbance to the production system. In 
contrast, tree crops provide a more stable environment for the co.existence of pests and their 
potential natural enemies and are therefore more challenging. 

The module, manual and FFS approach were tested in Malindi, Kenya North Coast, from january 
to December 2005. The idea was to field test the handbook and training format under a different 
production system (1) to collect additional information to update the handbook for wider use 
and (2) to impart IPM knowledge and practices to the smallscale mnngo growers along the Kenya 
coast. A total of 13 mango growers participated in the FFS. 

The mango production system in Malindi, which is typica l of the East African coastal mango 
zone, is basically a mango-cashewnut-coconut based system, in big contrast to the highland 
areas (Maragua District), where mangoes are grown in cereal/legume based systems. The mango 
pest complex and management strategies along the coastal belt are likely to be different because 
the associated tree crops share common pest problems with mango. 

3. Monitoring and evaluation (M&E) plan to assess farmer learning 

Participating scientist: A. Pala Okeyo 

Donors: icipe core fund donors, Rockefeller Foundation 

Collaborators: Maseno University, Beyond Hunger Forum 

During june 2004 to June 2005, the Social Sciences Department participated in a monitoring and 
evaluation (M&El team exercise funded by the Rockefeller Foundation under its Food Security 
Theme to assess farmer learning as a basis for addressing poverty reduction among rural farming 
communities in Africa. The project is being implemented across differing ecological zones and 
culturally diverse communities in four districts (Siaya, Kakamega, Bungoma, Butere/Mumias) in 
western Kenya by four NGO grantees. 

ic:ipe Social Sciences Department staff and an independent organisational learning expert have 
collaborated in implementing the M&E plan to monitor progress and identify successes and 
constraints in strategy implementation. A long-term impact assessment tool is also being put In 
place to provide longitudinal assessment of the process over a longer period. lclpe's participation 
focused on two areas of learning: first, the issue of farmers and farmer learning. The premise is that 
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ft~rmers' behaviour and response to technology will change according to condi tions, situation, 
opportunit ies for learning, effectiveness of technology delivery, m<1rket access and improved 
financial resources. The second issue deals with farmers' and collect ive behaviou r, namely fhat 
farmers need to be organised to gain improved access to markets and technology, including better 
access to inputs including new technology; bulking of outputs/storage and associt~ted arbitrage 
opporwnities; improved ac:cess to price informt~tion; improved access to credit; iJnd improved 
transport. 'CereiJI banks' are being piloted as the primary collect ive organisation for improved 
market and technology access. 

Output 

Donor reports 

Project monitoring report 1 (I April to 30 September 2004) submitted 19 October 2004. 
PPR1 (1 October to 31 December 2004) submitted 20 January 2005. 
PCSS 4 March 2005. 
Nyambo ll, Kinoti R., Kiriga J, and Maundu J. (2004) Awilreness campaign for export horticulture 

producers and outgrower groups to comply with EurepGAP protocol: Knowledge and attitude 
baseline study 1 2-17 July 2004. icipe-13SMDP C<)ntract Number H-SP-0:'1. 

Machari<J 1., Akivaga F. and Ndenga E. (2004) Aw<Jreness campaign for export horticulture producers 
and outgrower group~ to comply w ith EurepGAP protocol: Mid-term evaluation of the radio 
awareness prugri:lmmc, 20-26 September 2004. icipe·BSMDP contract Number 11-SP-03 . 

Anonymous (2004) Awaren~ss campi!ign for export horticulture producers ilnd outgrower groups 
to comply with EurepGAP standard: Ri!dio magazine themes, December 2004. icipt'·B?MDP 
contract Number 1-'1-SP-03. 

Anonymous (200.15a) Awareness c~mpt~ign for export horticulture producers i!nd outgrnwer groups 
to comply w ith EurepGAP sti!ndard l)uly- November 20041: Fini!l report submitted to BSMDP, 
February 2005. icipe-13SMDP contract Number H-SP-03. 

Anonymous (2005bl Development of Private Sector Service Providers for the Horticu ltural Industry 
in Kenya: Crop Protection Programme (CPP) R 82Y7(ZA 0569) Fint~l Report, M<~rch 2005. 

Pi!ct-Ken)'a (2005<~) Privilte sector service providers for the horticulturi!l industry in Kenya: 
Org;mizational capaci ty needs for smallholder horticulturt~l farmer groups in Naro-M oru, 
Katatina and Kirinyaga, April 2005. Pact-Kenya in collaboration wi th icipe, under the CPP/ 
RSMDP projects funded by DFID. 

Pact-Keny~ (2005b) Private sector service providers for the horticultur<~l industry in Kenya: Tr;dning 
of Tri!iners and Le;;~dersh ip and Governance Training Workshop Report, May 2005. Pilei­
Kenya in collaboration wi th icipe, under the CPP/BSMDP projects funded by DFID. 

Pac:t-Kenya (200.1c) Private sector service providers for the hort icu ltural industry in Kenyil: ADHEK 
Exporters Ltd Organizational Capacity Development Needs Assessment. Fint~l Report, May 
2005. Pact-Kenyil in collaboration with icipe, under the CPP/BSMDP projects funded by 
DFID. 

Pilct-Kenya (2005d) Private sector service providers for the horticultural industry in Kenya: A 
report on technic;;~ I support, mentoring and progress review of the PSSP trainees, September 
2005. Pa ct-Kenya in collaboration with icipe, under the CPP/BSMDP projects funded by 
DFID. 

Pact-Kenya (2005e) Private sector service providers for the horticultural industry in Kenya: A report 
on 3rd technical support, mentoring, and i!Ssessment visit of the PSSP trainees November­
December 2005. Pact-Kenya in collaboration with icipe, under the CPP/BSMDP projects 
funded by DFID. 

Mukhongo H. (2005a) icipe crop protection programme, 1-forticulture private service providers' 
development-ii. Business skills training activity report 1, July 2005. 

Mukhongo H. (2005b) icipe crop protection programme, Horticulture private service providers' 
development-ii. Business skills tro ining activity report 2, October 2005. 

Mukhongo H. (2005c) icipe crop protection progrilmme, Horticulture private service providers' 
development- ii. Business skills train ing activity report 3, October 2005. 

Mukhongo H. (2005dl iclpe crop protection programme, Horticulture private service providers' 
developrnent- ii. Business skills training activity report 4, December 2005. 

Maundu ). (2005a) Report on technical support offered to private service providers on the HACCP 
subject from 29 August- 2 September 2005. 
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Maundu J. (2005b) Report on technical support offered to private service providers on the HACCP 
subject from 28 November-1 December 2005. 

Scif A. A. (2005) CPP Phase two on training private sector service providers in export horticultural 
industry in Kenya. Horticulture sub-division icipe. 

V;:~rcltl A. M . and Seif A. A. (2005<~) Report on follow-up t~nd back-stopping on IPM to service 
provider trainees on attachment to f01rmers groups t~ssodated to selected exporters. 29 
August- 2 September 2005. 

Vilrela A. M. <~nd Seif A. A. (2005b) Report on follow-up and back-stopping on IPM to service 
provider trainees attached to fa rmers groups associated to selected exporters. 28 November-
1 December 2005. 

/PM manuals 

Vao~/a 1\. M . and Seif A. A. (2005) A Guide to /PM in Mango Production in Kenya. First edition. 
icipe Science Press, Nairobi. ISBN 92 9064 167 3. 

Nyambn B. (2005) Training Format for /PM in Mango Production in East Africa. icipe Science 
Press, Nairobi. ISBN 92 9064 171 6. 

Conferences attended 

AAB Centennial Conference "Advances in Applied Biology: Providing New Opportunities for 
Consumers and Producers in the 21st Century". 15- 17 December 2004, St Ct~therine's 
G:ollege, Oxford, UK. Attended by: B. Nyambo. 

UK Food Stt~ndt~rds, 12 December 2004, London, UK. Attended by: B. Nyambo. 
Workshop on ''Effective communication between agricultural research, extension and farmer" , 

18- 22 October 2004, Balzano, Italy. Attended by: B. Nyt~mbo. 

Research proposals 

In rcponse to the UK Department for International Development (DFID) Crop Protection Progrilrnme 
!CPP) C<1 ll, Ciltegory C, tin applict~tion for a nine months extension for the Development of Privt~te 
Sector Service Providers for the Horticultural Industry in Kenya was made. The applicat ion wvs 
f,wour.1bly reviewed ;;md approved for funding. The extension phase was funded under the Crop 
Protection Programme with miltching funds from the Business Services Market Development Project 
(BSMDP)-Kenya. 

Impact 

Awareness about the effects of the supply chain requirements e.g. EurepGAP. EU MRLs and access 
to the export m<:~rkets by smallscale producers, for a wide range of stakeholders at nation01l ;:~nd 
international policy level was created. Some standard setters ilnd donor agencies have began to 
recognise the fact that smilllscale producers are at risk of being excluded from the export mt~rkcts 
due to stringent food quality requirements, and are addressing key issues to facilitate continued 
pilrtidpiltion of the smallsca le farmers in the sub-sector. 

The overall quality of vegetables on the domestic market has improved, which is il spill-over from 
the export market initiative. 

Many small-scale outgrower farmer groups have been EurepGAP certified, proof that with good 
facilitation and technical support through an efficient extension system, smilllsc<~le ft~rmers can 
participate and benefit from the sub-sector. 
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C. Locusts and Migratory Pests 
DEVELOPMENT OF SEMIOCHEMICALS..8ASED MANAGEMENT STRATEGIES FOR 
THE DESERT LOCUST, 5CHISTOCERCA GREGARIA (FoRSKAL) 

Background1 approach and objectives 

Gregarisai ion-the ~bility of an insect to trilnsform reversibly between two extreme phi!ses 
(solitaria and gregaria)- is centra l to the biology anri pest status of the desert locust and other 
locusts ilnd aggregating/migratory insect pests. The goal of icipe's locust scmiochemicals rese<~rch 
has been twoiolci: 

• To explore the usc of the Insect's own communication signals to manipulilte the process 
of gregarisation for control purposes; and 

• To deve lop <J n understanding of gregarisation to assemble the components of a prevent ive 
intervention strategy. 

The project initially stilrted with behavioural and physiological studies rel<1ting to three important 
charr~cteris t ics oi gregarious locusts, i.e. cohesive beh<Jviour, synchronous rnatur<:~tion, communal 
oviposition <~nd chJracteris.1tion of their mediating pheromone systems. One oi the most interesting 
results oi this rh<~sc of tiH! study w:ls the finding that different pheromone blends medillte the 
t~ggregation behaviour of nymphal and Jdull stages. Exposure oi nymphs to the adull b lend, 
or vice versa, resu lted in <1 loss of ilggregation behaviour. Phcny lt~ceto nilrile (PAN), the m<.ljnr 
component of the <~ dult pheromone, el icits ;:m Immediate .mestmcnl of the marching h.ch<~viour 
of hopper bands. Affected incfivicluJis become disoriented, hype1.1ctive, feed less nnd graclual ly 
solitilrisc. The stressed insects become susceptib le to cnhilnced pred;"~tion and other mort<~lily 
iaclors. 

P.utic:ipating scientists: 1\. 1/assanali, tv/. 0. Uashir, P. C. N. NjJgi. Y. 'lakao 

Assisted by: Abdul Rahim W. 13ashir, 1-faidar H . korena 

Donors: l·ood and Agrkulture Organization of the United Nations/Emf'rgency Prevention 
Sysrcm, Italy; United St<Jtes Agency ior International Development/Assistance for 
Emergency Locust/Grasshopper 1\batl:!menl, USA; International Fund for Awicultural 
Df'velnpmlf'nt; Swedish International Developmenl Coop!:!ration Agency; Afric;an 
Development Bank through tvliniscere de I'Agriculwre de I'E/evagl:! et dE• Ia Peche, 
Madagascar 

Colhtborators: Plant Protection Directurate. Sudan; Minislrl:! de I'AgrictJ/turl:!, Madagascar; 
Malagasy Research Centre, Madagascar; Centre pour Ia Lutle Antiacridienne, Mauritilnia; 
Desert Locust Control Organisalion for Eastern Africa, Nairobi; US Department of 
Agriculture-1\gricultural Research Service, USA; Japan Society for the Promotion of 
Science, japan; japan lntemalional Research Centre fur Agricultural Sciences, Japan; 
Plant Protection Dirl:!clora te, Sudan; University of Nairobi, K!:!nya; Kenyatta Universicy. 
Nairobi, Kenya; jomo Kenyatca University nf Agriculture and Technology; Egerton 
UniversiC)t, Njoro, Kenya; ACRf-IYMET. Nigl:!r; Swedi.sh University of AgriculwraiSciences, 
Sweden; Departml:!nt of Plant Protection, Sudan; FAO-EMPRES, 5/DA/SAREC; Projet de 
Lulie Preventive Anliacridienne, Madagascar (Madagascar migratory Incus!) 

Work in progress 

7. The science underlying cross-stage pheromonal effects of the desert locust 

The physiological b~si s of the behaviour of gregarious nymphs exposed to the major component of 
the t~du lt pheromone, phenylacetronitri le (PAN), has been elucid <Jted in two sets of experiments. 
Exposure of crowd-reared hoppers to PAN vapour was shown to substantively reduce their 
electrophysiological responses to their own aggregation pheromone (Figure 1) and to <1 plant 
component. Thus, the hoppers in a crowded state receive two conflicting sets of signals. They are 
physiologically In the gregarious phase and continue to experience mechanical and chemotacti le 
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stimulation normally associated 
with the gregarious phase. 
However, this is not accompanied 
by significant olfactory contact 
between individua ls, which 
is equivalent to their physical l 
isolation associated with 

~ 
solitarisation. This accounts w 

for their abnormal behaviour 
including cessation of marching, 
random movements, enhanced 
ct~nniballsm and reduced 
feeding. It is also _reflected in 
their haemocyte levels (Table 
1) and enhanced sensi tivity to 

STD I 20 so 100 

160.0 

conuo1 
STD2 

2~6.0 

pesticides (icipe Annua l Scientific Figure 1. EAGs to nymphal pheromone blend (NPR, tJS) ;~frer 6 h exposure 
Report 2002-200), pp. 8.9-90). to the major component of rhe adulr pheromone (PAN) 
Further studies on the behaviour 
of crowd-reared hoppers with 
i.'lmputated i)ntenna are expected to confirm the role of olfaction in triggering the remarkable 
ch<1in of behaviour of hopper bands exposed to PAN. 

2. 

lohle 1. Effect of expoaing 5th inalar, crowd-reared (gregarlouJ)nymphl to phenylac.tonittil• (PAN) on 
hoemocyte count& 

Doy 2 3 4 5 

Granulocyte& (xlO') 
1.55:!: 0.1 b l..S i 0.1 b 1.16 :!: 0.1 b Control 1.5 :!: 0.1 0 1.6 i O.I.S o 

Exposed 1.6:!: 0.1 0 2.39 i 0 .1 0 1..4 :!: 0.13 0 1.7 :!: 0.1 a 1.34:!: 0.1 0 

Ploamotocytea (xlO') 
Control 2.4:!: 0.11 a 2.1 :!: 0.1 a 2.3 :!: 0 .13 b 1,9 i 0.12 b 1.9 :!: 0.13 b 
Exposed 2.6:!: 0.12 a 2.4 :!: 0.1 0 1.6 i 0,15 0 2 . .4 i 0.13 a 2.3 :!: 0.12 a 

Coagulocyte1 (x 1 a-') 
Control 7.A i 0.2 o 9.1 :1: 0.3 b 9.89:!: 0.3 a 9.11 :!: 0.3 0 7.1 :!: 0.3 Q 

ExpQ$Od 7.5 :1: 0.3 g 1o.9 :1: 0.2 a 11.0 :!: 0.2 a 8.8 :!: 0.1 0 6.9 i 0.2 0 

Cross-stage pheromonal effects validated 

During 2004, the occurrence of large hopper infestations at Aeit, about 70 km north of Port Sud;m, 
and in 2005 at Sofia, 380 km north of Sudan, provided a first opportunity to undertake large-scille 
field trials on field hopper populations since 1998. The 2004 trial was undertaken largely under 
the auspices of the FAO-EMPRES/CR funds. These studies laid down the groundwork for the 2005 
trials, which were undertaken with substantial incrementa l input from IFAD TAG R714 Jcipe 
(Environmental-friendly pheromonal Management of the Desert Locust: Technology Validation 
and Transfer) project funds and logis tica l and other support from Plant Protection Department of 
Sudan. 

Infestations at Aeit 

The infestation at one area of Aeit (designated as Aeit 1) was a large sea (-40 km long x 10 km 
wide) of nymphs (-350/m21 of mixed instars (2nd to 5th) continually marching in one direction 
with a lot of cross-mixing of hoppers between different locations. The target area for each 
treatment was one hectare. Immediately after each treatment, replicate collections of treated 
hoppers comprising 318-861 nymphs from differef')t locations were placed in cages for further 
observations. At another location of Aeit (designated as Aeit 2), large non-marching groups were 
located in wadies in a series of small (20-25 m wide) Khors. On-site observations of treated bands 
(ranging from 1-3 hectares, depending upon the size of the distinct band groups) was possible. 
The effects of the following treatments were compared: 
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• recommended dose (500 ml/ha) of Marshal with 1/4 of this plus/minus PAN. 
• recommended dose of Marshal with 1/8 of this plus/minus PAN. 
• recommended dose (50 ml/ha) of Green Muscle with 1/4 of this plus/minus PAN. 
• recommended dose of Green Muscle with 1 /R of this plus/minus PAN. 

Figures 2 and 3 illustr<Jte typical results obtained. Bands that were exposed to PAN and fractional 
doses oi Green Muscle or Marshal g<JVe levels of control comparable to the recommended doses 
of these pesticides and confirm the ability of PAN to enhance the susceptibil ity (sensitivity) of 
gregarious desert locust hoppers to the pesticides. 

Sofia trials 

- GM recommended dO$e 
- -<>- - GM 12.5 glha 
• • o4 • • GM 12.5 glha +PAN 

Days after treatment 

Figure 2. Surviv~l rate (bars) and control efficiency (plots) of DL nymphs after treatment 
with different doses of Green Muscle (GM) and PAN (1 0 ml/ha) (Aiet are~ 2) 

nmo alter traatmant (houre) 

Figure 3. Survival rate (b~rs) and control efficiency (plots) of 0~ nymphs after treatmcr1t 
with different doses or M arshal and PAN (10 ml/ha) (Aiet area 2) 

During J;muary ilnd February 2005, a total infestation of over 4000 ha was loca ted Jt Aclr-e.em 
(Wadi el Daeeb) (N21 °38'38 .1 "; E 36°07'47 .2") area, at Sofia, 350- 185 km north of Port Sudan. 
The total area th<It w<ts treated w ith PAN with/without fractiona l doses of Green Muscle or Marsh<tl 
was 11 00 ha as follows: 

• PAN alone (1 00 ha) 
• PAN + 1/4 recommended dose of GM ( 1 00 ha) 
• PAN + 1/4 recommended dose of MMsh<tl (1 00 + 1 SO ha) 
• PAN + 1/2 recommended close of Marshc:li (200 + 1 SO + 300 ha) 

The first three treatments were made when nymphs were predominantly in their lt~te 3rd instars 
with some 2nd and 4th imt<Jrs. The last treatment w<Js made when the nymphs were in their late 
4th inst<Jr. Because of the slow ;~ction of PAN with/without Green Muscle, the first two could not 
be repeated (for fear by locust control personnel that f ledglings might occur prior to substantial 
mortality). 

PAN-alone treatment Fragmentation of the band was evident by day 3 after treatment .Jnd by day 
6, the band had largely fragmented and distributed somewhat randomly between the ava ilable 
bushes. Of the bushes sampled, there were clear signs of cannibalism (remains of c<J nnibalised 
nymphs) by day 3. The proportion of sampled bushes with remains of cann iba lised .nymphs 
increased on day 6 and 9 before dropping by day 12. Figures 4a and b give mean " umbers t~nd 
percentages of remaining nymphs (using this different method of sampling), which indicate that 
more tht~n 85% level of control wt~s achieved by day 12. 
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Figure 4b. Mean number and percent11ge of DL nymphs per bush before and <1fter 
tre.,tment with PAN 

PAN + Cr<,>en Musc:le treatment. Figure Sa gives mean mortality of exposed nymphs that were 
collected from the field and kept in cages in the camp. Mortality of the nymphs was evident by 
dily 6, and by day 10 most nymphs were dead. Figure Sb gives the mean number of dead nymphs 
in the treated field. As in PAN-alone treatment, there was an indication of disappearance of a 
large proportion of dead individuals through cannib<:~lism and also by scavengery (by rodents and 
birds present). All sampling procedures provided evidence of complete control of treated hoppers 
in 12 days when 1/4 of recommended dose of Green Muscle is used with PAN. 

PAN + Marshal treatments. Figure 6a gives the average number of nymphs with pre-mortal ity 
symptoms (convulsion, hopping sideways) observed under s01mpled bushes during the 24-hr 
period following treatments with Marsha l (normal dose) 01nd Marshal (fractional doses) with PAN. 
Figure 6b gives the percentage mortality in sampled bushes over the period. Initial mortality due 
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Figure Sa. Meiln percentage mortality of D L nymphs coll~ct~d from the field 
after treatment with PAN and 1/4 of the recommended dose of Green Muscle 
kepl in cages 
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Figure Sb. Mean percent dead of DL nymphs per 50 x 50 em area before and after 
treatment with PAN mixed with t /4 of the recommended dose of Creen Muscle 
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Houra after treatment 
Figure 6a. Pre-mortality symptoms In nymphs treated with PAN mixed with 
fractional doses of Man;hal based on number per bush 
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Hours after treatment 
Figure 6b. l~erccnlilRC morl:liily of DL nymphs trc:ued with PAN mixed with 
frilclional doses of MMshal based on number livmg or clt:tld per bush 

to PAN with 1/4 MOJrshal was lower compared to normal dose of Marshal and l 12 dose of Milrshal 
with PAN. However, the 1/4 dose caught up with the others by the 12th hour (no significant 
difference). 

3. Mechanism of gregarisation 

A better understanding of the mechanisms that underlie phase change in a solitarious locust 
population is an import;:mt prerequisite for the development of a quantitative gregarisation model 
,1nd for predicting locust outbreaks. In our field and laboratory studies, we identified two sets of 
processes that are involved in the development of a gregarious population: 

(i) clustering processes at dimin ishing spatial scales, which bring dispersed locusts together 
and which. in patchy micro-environment with concentration of plants preferred for 
oviposition and feeding by solitarious locusts, facilitate crowding and result in the shifl 
to the gregarious phase and formation of pheromone emitting nuclei of gregarising 
locusts; 

(ii) recruitment processes resulting from the positive responses of solitarious indivi,eluals to 
the pheromones of gregarising groups, which promote horizontal spread of gregarious 
traits across the populations. 

A detailed quantitative understanding of the relation between habitat attributes (host/non-host/ 
shelter plants, distribution pattern and densities) and solitary locust densities, and rate and 
degree of phase shift is expected to provide a basis for developing a simulation model for locust 
gregarisation and assessment of probability of outbreak. Two complementary sets of studies are 
needed to address the goat:. 

(a) Area-wide aerial and ground surveys in successive breeding seasons in the Red Sea 
area (and other important locust outbreak areas in West Africa, such as Mauritania) to 
document the plant community structures associated with solitarious populations and, 
particularly, distribution of plants preferred by solitarious individuals for egg laying, 
feeding and shelter, and the phase status of locust populations at different densities and 
spatial distribution; 

(b) Semi-field controlled arena studies involving selected desert plant compositions and 
densities with different numbers of introduced solitarious locusts designed to monitor the 
rate and extent of gregarisation. 

During 2004-2005, USAID/AELGA funded an exploratory project to study the relation between 
nymphal and host plant density in field arenas at the icipe field station in Port Sudan. Gravid 
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solitarious females ·were allowed 
to lay 1, 2 or 3 egg pods in different 
<Jrenas with different plant cover 
(1 0, 25 and 50%). The plants 
used were either millet or annual 
1-feliotropium spp. (made up of 
H. ovalifofium and H. arabiensis), 
previously shown to be auractive 
to adult solitarious females for egg 
laying and for feeding by nymphal 
stages. The behavioural phase 
status of the nymphs (1st instar: 
day 1-4/5, 2nd insta r: d<~y 6·-
10/11, Jrd instar: day 12- 17118) 
in different experimental set-ups 
was monitored by aggregation/ 
dispersion assays. Table 2 illustrates 
the results obtained. 

Tablo 2. Pay of (I) significant thlft of bohavlour; and (Ill O!ltOI of eolouration 
~hang• of nymphs In dlfforonl H•liotrr;oplvm plant c:onAgurotlon•/covor or 
difforonl nymphol denJitlos 

Doy of Jhift of phon1 indi~olon 

Pion I Gr~goriQ• 

configurotion/ ~over Aggrago~Qn DQrk 1pottod ~oloured 
and loculi denaily behoviour nymph1 nymphs 

Plant c:ovar: 50% 
Nymphdrom 1 pod 18' 20 
Nymphs from 2 pods 14. 16 
N~mphs from 3 pods 12. 16 

Plant cover: 25% 
Nymph$ from 1 pod 16' 20 
Nymph1 from 2 pod~ 12 ' 16 
Nympha from 3 pod1 !0'. 12 16 

Plont c:over. 10,-. 
Nymph1 from I pod 12" 16 
Nymph1 from 2 pod1 a·· 12 16 
Nymphs from 3 pod1 6" a 12 

' Siali1licolly 1ignifi~onl ol P < 0.05, .. ,ignif!c~mt gl P < 0.01 , compared with 
Poisson distribution. 

Greg<Jrisation thus occurs faster the lower the plant density and the higher the locust nymphal 
density. Since the presence of other plants that solitary hoppers encounter in the field may 
modify their behaviour and intra-specific encounters, the following series of follow-up stlJdies 
are planned: 

• Hfects of different kinds of plants often associated with preferred host pl<mts (Heliotropium 
spp.), roosting plants and plants that ;;~ppear to be actively avoided by solitary nymphs, in 
different proportions rei<Jtive to preferred host plants (the former may be equivt~l ent to il 

higher host plant density; the latter an active 'push' effect); 
• Constru ction of field arena chambers on selected sites in the field with blends of 

f-feliotropium spp. (or ecophysiological eqlJivalents) and more diverse desert plant 
composition during favou rt~ble wet~ther, introduction of ovipositing females, monitoring 
phase changes at different nymphal densities and comparison with results obtained from 
m;;~ni pula ted plant densities; and 

• Use of the results obtained above to guide area-w ide aerial and ground surveys of key 
gregarisation and outbreak hotspots in successive seasons to develop a probability 
simulation model based on two key parameters--plant composition and density, and 
so litary locust numbers- to predict the genesis of gregarious populations. 

4. New initiatives 

Similar work has been initi<Jted on the aggregation pheromones of the Mal<~g<~sy migratory locust 
Locusta migrawria capito (Saussure, 1884). Two PhD students w i ll characterise the nymphal and 
adult locust pheromones and evaluate their cross-stage effects to determine whether these have 
similar effects as those found in the desert locust, Schistocerca gregaria (Forsk.). 

Output 

journal articles 

Hass;mJii A.. Bashir M. 0 ., Njagi P G. N. and Sidi Ould £_ (2005) Desert locust gregarization: A 
conceptual kinetic modeL journal of Orthoptera Research 14, 223- 226. 

Hassanali A., Nfaei P G. and Bashlr M. (2005) Chemical ecology of locusts and related acridids. 
Annual Review of Entomology 50, 223- 245. 

Shi W. P. and Njagi P. G. N . (2004) Disruption of aggregation behaviour of oriental migratory 
locusts (Locusra migracoria manilensis) infected with Nosema locuscae. Journal of Applied 
Entomology 12 8, 414-418. 
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Conferences attended 

The 2.J1p, N<!ti~nal PM Conference on "Toward Preventive and Bio-rational Desert Locust Control" 
held at the University of Gezira, 6-9 December 2004, Wad Medani, Sudan. Attended by: 
Sidi Ould E., M. Bashir and A. Hammali. 

The 9th International Conference of the Orthopterists' Society, 14-19 August 2005, Canmore, 
Canada. Attended by: A. Hassanali, M. Bashir, P. Njagi, Sidi Ould Ely and C. Kane. 

Control of Locust and Grasshoppers Stakeholders Workshop on "Use of Biopesticides for Control 
of Locusts and Grasshoppers", 1 0- 11 October 2005, Dakar, Senegal. Attended by: A. 
Hassanali. 

Stakeholders' Workshop on Use of Biopesticides for Control of Locusts and Grasshoppers, 10- 11 
October 2005, Dakar, Senegal. Attended by: A. Hassanali. 

Research proposals 

Tnwilrd preventive and environmentally-friendly management of the desert locust. Funded by 
Swedish lntern~tional Development Cooperation Agency (SIDA). 

Aspects of chemical ecology t~nd pathology of Madagascar migratory locust. Proposal developed 
in cnl lt~bort~tion wi th Ministerc de I' Agriculture, M adagascar. Funded by African Development 
B<Jnk. ,.».; 

(tJ 
Capacity building 

PhD students 
S. 0. Ely (Mauritania) Reproductive behaviour of the solitarious desert locust, Schistocerca 

gregaria (Forskal) in relation to chemical attributes of desert pi<Jnts. University of Khartoum, 
Sudan (completed in 2004). 

C. M. H. Kane (Maurit<tnia) Cross-stage physiological effects of desert locust, Schislocerca gregaria 
!lggregation pheromones on their behaviour and susceptibility to control agents. Kenyatta 
University, Kenya (completed in 2005). 

MScstudent 
F. Musieba (Kenya) Effector Metarhiziumanisopliaeand its complementation with phenylacetonitrile 

pheromone on reproductive potential <~nd mortality of gregarious nymphs (completed 
200Sl. 

Impact 

The adult pheromone component (PAN) has been registered in Sudan following a successful 
registration trial and the Plant Protection Department are planning to incorporate it with fractional 
doses of bio- or chemo-pesticldes in future locust control. In collaboration with FAO, plans 
are underway to expose other nation<JI locust control organisations to the pheromone-based 
technology. 
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D. Root and Tuber Crops Pests 

PATHOGENICITY OF BEAUVERIA BASSIANA AND METARHIZIUM ANISOPLIAE TO 
SweET PoTATO WEEVtt CYLAS PUNcrJCOLLIS 

Background 

Sweet potato weevil (SPW J. Cyfas pvncticollis, is a major constraint to sweet potato production in 
East Africa as feeding adults cause numerous small holes on sweet potato tubers. Effective non­
chemical control measures are needed for this pest to reduce harmful side effects of pesticides on 
public health and the environment. Although entomopathogenic fungi of the genera Beauveria 
and Metarhizium have been isolated from the SPW, no attempt has been made to use them 
to control this pest. The present study by the Arthropod Pathology Unit (APU) investigates the 
p<~thogenicity of different isolates of B. bassiana and M anisopliae to adult C. puncticollis in the 
laboratory, and the effect of fungal infection on feeding and reproduction potential. 

Participating scientist: N. K. Maniania 

Assisted by: E. 0. Ouna, R. Rolich 

Donors: icipe core fund donors, Rockefeller Foundation 

Collaborators: KARl, University of Nairobi, KenyiJ 

Work in progress 

7. Pathogenicity of Metarhizium anisopliae and Beauveria bassi ana to Cylas 
puncticollis 

Mortality in the controls was 16.7%. At standard concentration of 1.0 X 107 conidia/rnl, both fungal 
species were pathogenic to adult C. puncticoffis. Mortality varied between 62.5 01nd 89.2% with M . 
anisopfiae and between 77.5 ;md 84.2% with B. bassiana (Table 1 ). There was, however, significant 
difference between the isolates (f"' 23.3; df "' 12,5; P < 0.0001). Oe01d insects showed signs of 
mycosis on the surface of the cadavers (Figure 1 ). The LT~11 values ranged from 9.7 to 18.9 days for 
M. anisopliae and from 12.6 to 17.6 days for 8 . bassi ana and were significantly different ilmong 
fungal isol<1tes of both species F = 4.4; df = 11 , 5; P < 0.0001) (Table 1 ). Based on LT_\u values and 
growth char<Jcteristics, M anisopliae isolates icipe 18 and iclpe 62 and B. bassiana isolates icipe 
275 ;~nd icipe 114 were selected for dose-response · 
mortality bioassays. The lethal concentration to SO% Table I. Pathogenidty of Metorhizium oni•oplia• and 
(LCnl mortality for the four isolates ranged from 2.2 S.auveria &auiana iiOiatea againlt Cy/a• pundicolli•. 

• P•retl'!log• mortality and LT.so valuea 
x 1 Ob to 5.5 x 1 01' conidia/ml (Table 2). 

Fungal % rnortolity 
i1olate (:!: SE) LT10 (doy1) Slope 

Control 16.7 t 1.1 8 

Metarhizium ani1opliae 
ieipe 62 89.2 t 1.5 a 9.7 d 0.14 
icipe 21 85.0 t 1.3 abc 11.0 cd 0.14 
i6pe 7 74.2 ± 3.0 c 13.5 bed 0.15 
icip• 18 85.8 ± 2.0 ob 10.8 ed 0.15 
i~ipv20 80.0 ;I; 2_SIClb~ 13,0 bed 0 .14 
icipe 30 75.8 t 1.5 be 12.0 bed 0.14 
icipe 45 80.0 % 5.2 obc 12.3 bed 0 .1.4 
icipe 59 62.5 :1: 5.0 d 18.9 g 0.14 

Beauv.ria &allliana 
icipe 59 79.2 ± 2.4 abc 17.6 ob 0 .20 
icipo 114 84.2 ± 5.4 abc 12.6 bed 0 .15 
icipo 275 80.8 ± 3.0 obc 13.0 bed 0.15 
i~ipa 51 77.5:!; 7.9 be 14,8 obe 0 ,16 

M•on$ with ~olumnl followod by tht SClrno lott•n 
or. _ not signiR~antly different py Stvden~Newm~m· 
Keuls (SNK) test at P • 0.0001. Meons were or<:sin .. 

Fig1-1re l . Dead sweet potato weevils showing mycosis by tronsfClrmed before onoly1is but values repre1ent 
Bttauvf!rla bassiana untron1formed dolo. 

106 11@~0 idpe bitmnial scientific report 1004-2005 



Table 2. lethol concentration valuaa of MetGrhirlvtn 
oni•opliae and 8eaweria lxsuiano laolcdea agaln•t 
Cyfat puneficollit 

fungal isolote 

MetGrhb:ium anitopliae 
icip~ 62 
idpe 18 

LC,0 (95% fiducial limits) 

4.0 Jl 10' (3.3 - 4.8)10' 
5.5 Jl 10" (5.0-6.2)10' 

2. Effect of fungal infection by B. 
bassiana and M. anisopliae on adult C. 
puncticollis feeding, fecundity and egg 
hatchability 

Adult sweetpotato weevils treated at concentrations of 
il•aw.ria baulana 3 o- d 0 0" d' 1 1 f 1 icipo 114 5.2 x 10, (.oi .J-6.2110• .0 x 1 ' an 1. x 1 coni til m o M. anisop iae 
icipe 275 2.2 x 10• (l.7-2.9)10f consumed signi ficantly less food than v.·eevi ls in the 
-'-- - - ----- --'-- ---''-- control and B. h,1ssiana tretltments (f =- 1.48; rlf = 5,1 0; 

P"' 0.0001) at 14 days post-treatment. Female weevils 
in the controls laid more eggs than fungus-treated females (f "" 60.1 ; df = 4, 16; P = 0.0001 ). 
However, the number of eggs l;;~id by the weevi ls treated <Jt concentration of J.O x 107 cnnidia/ml 
was lower than the one treated at the lowest concentration of 1.0 x I 01' c;onidia/mi at al l days, 
except on the fourth day post-treatment. The number of eggs laid by female weevils decreased 10 
days post-treatment in all the treatments including the contro l. There was a significa nt difference 
in egg hatchability between control~ and fungus-tre;;~ted fem;rlc weevils at all the concentrations 
used (F = 42 .0; df =- 4,16; P::::: 0.001). For instance, 97.5% of eggs hatched in the controls 
compared to 71.5% in fungus-treated at the J.U x 107 conidia/ml concentriltion. 

Capacity building 

MSc student . 
S. Ondiaka (Kenya) Pathogenicity of entornopathogenic fungi /Jeauveria bassiana (13Jis;-rmo) 

Vui llemin and Melarhizium anisopliae (Meisch.) Sorokin to Cylas punclico/Jis (Coleopter;-r: 
Curculionidae) on sweet potato tlJbers. Universi ty of Nilirobi {submitted). 
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E. Population System Study and Management 

MoDElliNG THE PoPULATION DYNAMICS OF INSECTs 

Background~ approach and objectives 

The Population Ecology and Ecosystem Science Department project deals with methodology 
development 01nrf i!pplications <1nd gives emphasis to the temporal dynamics (of Aceria she/doni on 
citrus, Tetranychus urticae on tomatoes, Thrips tabaci on onion, Plutella xylostel/a on kale), spi!tii!l 
distributions (of olive fruit fly Baclrocera oleae) and interactions (of Coenosia altenuta and Drosophila 
melanogaster J. 

The project also deJis with multitrophic interactions. Increasingly, population modelling and systems 
vnalysis is being used to examine the complex issues that are at the heart of CP/IPM (crop production 
and integrated pest management) and biological control. The design of economically sound and 
sustainable crop management strategies requires a thorough understanding of the whole production 
system including arthropod pests, pvthogens and weeds. The need to rely on system analysis and 
interdi~ciplinary collaboration was recognised two decades ago and led to the development of models 
that are employed in the analysis or physical systems and adapted to solve agroecosystem problems. In 
this project, we review the work of Prof. A. P. Gutierrez and Dr johann Baumgiirtner and demonstrt~te 
the applicabilily of physiologically based approaches to agroecosystcm study and management. 

Collaborators:}. Baumgartner, 5. Ekesi, Getachew Ttkubet, M. Knapp, B. Lohr, N. K. Maniania, (and 
C. M. Maloka, S. Sithanantham-2004); L. Citonga, }omo Keny,ltta University of Agriculwre and 
Technology. Kenya; G. Cilioli. Universita Medicerranea di Reggio, Calabria, Reggio Calabria, Italy; 
A P Gutierrez. University of California, USA; L. Limonta, University of Milan, Italy; R. Narfa, }. 
Nderitu. University of Nairobi, Kenya; R. Petacchi, C. Ragaglini, Landscape Entomoloey Lab 
(L£/.ilbJ. Scuola S. Anna, Pisa, flaly; M. Severini, lstituto di Scienze deii'Atmosfera e del Clima, 
CNR, l?ome, Italy;\~ Vacante, Universita Mediterranea di Reggio Calabria, Reggio Ciflabria, l(aly; 
tv/. Waiganjo, Kenya Agricultural Research Institute, Thika, Kenya 

Collaborating projects: African Fruic Fl)' Initiative, Diamondback Moth, Red Spider Mile, 
African Bollworm Egg Par<Jsitoid (2004) 

Collaborating support unit: Arthropod Pathology Unit 

Work in progress 

The dynamics of Aceria she/doni 01nd citrus plant units has been followed in citrus groves and will 
be analysed on the basis of principles used in population ecology. Some of these principles are 
detailed in the review article of Gutierrez <Jnd Baumgartner (2005). At mesosc<Jie conditions, adult 
olive fly Bactruc:era uleae population distributions are analysed by met~ns of geostatistical methods 
and consider;;~tion of environmental factors including landscape features and agronomic; practices. 
The spntio-temporal distribution has been divided into homogeneous zones and the resulting maps 
<1re used in monitoring networks. The pred<Jtor-prey ratio dependent and supply-de~·nancl controlled 
functional response model described among others, in Gutierrez and Baumgartner (2005), has been 
applied to the response of single Coenosia altenual.il Stein female adults to Drosophila melanogaster 
(Meig.) adults. The observations were made at different but constant conditions of temperature and 
prey densities. The experiments were conducted in cages over il wide range of temperatures between 
12 to 42 oc. At e<Jch experimental temperature, the number of attacks increases with increasing prey 
density up to a maximum attack rate referred to as demand rate. A ratio-dependent <Jnd demand-driven 
functional response model was appropriate to describe the attack rate at different temperatures. Both 
the demand and the search rate linearly increased with increasing temperatures throughout the range. 
Based on these results a temperature and prey density dependent bi-dimensional att<Jck ~te model was 
developed and parametrised. The resulting response surface shows that C. attenuata is active over a 
wide range of temperatures (from about 12 to 36 °C), and attacks occur up to 42 oc. Thus, C. attenuata 
may be a promising whitefly control agent in Mediterranean greenhouses. To support this conclusion, 
further studies including the evaluation of spatial scale effects on the search r01te and the consideration 
of the economically relevant whitefly prey are recommended. 

According to the review by Gutierrez and Baumgartner (2005), a wide range of modelling approaches 
may be used to model field tritrophic dynamics, but of these, physiologically based approaches 
have yielded the most consistent results. An advantage of the physiologically based approach is its 
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applicability to modelling a wide range of ecological systems using essentially the same model. The 
use of this modelling paradigm is aided by physiological and behavioural analogies that exist among 
species and trophic levels. The most basic one is that all organisms h;IVe the same imperative: maximise 
fitness by maximising resource acquisition and minimise costs and losses to predation. This hiology 
is subsumed under the ambit of the metabolic pool paradigm. Organisms seek to satisfy a genetic 
demand for resources given current sta tes and environmental conditions. Using a per c<Jpita approach, 
organisms search for resources (biomass, energy) that are allocated to egestion, respiration <lncl growth 
and reproduction. The various components of this demand are easily identified aiding in gathering the 
appropriate data. In population dynamic models based on this paradigm, the vital rates of all spcciE?s 
are scaled from the maximum by the ratio of actual rate of consumption of resources to the genetic 
maxim<ll demand. Estimating growth rates in this manner m;:~y be used to predict geographic limits of 
iavourability and phenologies. 

The plant is the base trophic level and integrates many of the abiotic factors and provides the resource 
base for higher trophic levels (bottom-up effects), while higher trophic levels provide the top-down 
regulation on pests. The systems models are modular milking inclusion of different species a simple 
matter because it is simply another model with known structure and its linkages to other species is via 
1ts role as a consumer and/or as a resource. Approaching modelling from this physiological perspective 
simplifies the problem and makes the model independent of the data one wishes to simulate. or 
course, wet~ther and abiotic factors help determine the demand and hence are forcing v;Jriables for the 
system. The use of object oriented programming further facilitates the programming of the system. 

n1e models may be used in prospective and retrospective analyses of complex systems. The models 
may be used to evilluate natural and biological control programmes (e.g., G~ss~tva, coffee, grape) and 
to develop IPM strategies (alfalfa, cotton, cowpea). The model may also be used to evaluate the utility 
of genetically modified crops (GMOs, e.g. cotton, maize, rice) and to <Jssess the potential for resistance 
development in pests and the collateral effects of the GMOs on natural enemies. 

A systems model of crop systems mily be viewed as libraries of what is known t~bout the system t~nd 
like any good library may be augmented as new information becomes t~vailable. TI1e models should be 
independent of time and place bee<~use they describe physiological and population processes that .-.rc 
rlrivcn by observed weather ;:md edaphic factors·. This property allows them to be embedded in geographic 
information systems (GIS) that have to ilccess spatially defined weather. Such m<Jdels enable us to analyse 
on a regional basis crop-pest phenologies, crop yields, pest damage, biological control efficacy, assess 
new pest problems quickly as well as v<trious other scenarios. A perceived weakness of the approt~ch is 
thi1t the 1~1oclels lack analytiC<~ I solution and fom1ulating the complexities of a biological system requires 
a minimum of data. This unifying approach greatly simplifies the ecological problems, and in some cases 
may permit ;malysis of complex systems where the barest of observational d<Jta arc available. 

Output 

Journal article 

Gilioli G., Baumglirtner / .• and Vacante V. (2005) Temperature influences on functiona l response of 
Cocnosia attenuata (Diptera: Muscidae) individuals. /ouma/ of Economic Entomology 98, 1524-
1530. 

Review papers 

TI1e review prepared by Prof. A. P. Gutierrez and Dr j. Baumgartner W<lS concluded in 2005. A book 
chapter on modelling the dynamics of tritrophic population interactions is in press. Population models 
h<IVe been developed and used for Tetranyclws urticae (in collaboration with Dr M. knapp, icipe and Dr 
Gianni Gilioli, Universita Meditcrranea di Reggio di Calabria) and, in a recently concluded publication, 
for 1hrips tabaci (in collaboration with a teilm of scientists working at icipe, Kenyan national institutions 
and Universita di Reggio di Calabria scientists). The review paper is used as a basis for the development 
of 8. tabaci study and mt~nagement projects. 

Capacity building 

The dynamics of Thrips tabaci and Plutella xylostel/a populations is the subject of thesis studies currently 
undertaken at Addis Ababa University. 
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F. Mathematical Models of Population Dynamics of 
Pests 

DEVELOPMENT OF MATHEMATICAL MoDELS FOR THE DESCRIPTION OF 
INTERACTION BETWEEN INSECTS AND PLANTS 

Main .:tctivities of the Biostatistics Unit are the constructing and analysis of mathematic<~l models 
of population/ecosystem dynamics and their application to the description of real biological 
processes. This includes the solution of various methodological problems of ec:ologic<~l 
modelling, creation of new stiltistic<JI methods for t~ na lysis of non-linear population dynamics 
and development of ecologic;ll theories of insect population dynamics, among others. 

Participating scientist: L. Nedorezov 

Assisted by: A. Wanjo)'a 

Collaborators: KAZAKHSTAN: Ministry of Agriculture, Kazakhstan; Kazakh Scientific 
Research Institute for Plant Protection. RUSSIA: Novosibirsk Stale University, Novosihirsk; 
Institute of Molecular Biology and Biophysics, Novosibirsk; Institute of Syswmatics and 
Animal Ecology, Novosibirsk; V. N. Sukachev Institute of Forest, Krasnoyarsk. NORWAY: 
University of Oslo, CEES, Oslo, Norway 

7. Influence of periodic disturbances on population dynamics 

P.lrticipating scientist: L. Nedorezuv 

Assisted by: A. Wanjoya 

Work in progress 

Analys is of single-species population dyn<~mics models wi th overlapping and non-overlapping 
generations under the period ic disturbances WilS provided. Cht~nging of population size at 
moments of impact was described wi th broken trajectory ('j ump down'). Also it was assumed that 
fecundity of individuals is const01nt t~nd quota of survived individuals depends on within-year 
population dynamics. The dynamic regimes of models, whi ch are determined by the influence 
nf intra-popui<Jtion self-regui<Jtive mechanisms, are analysed. For some p<~ rt icular cases the 
condi tions of population extinct ion 01nd its stabi l isation at non-zero level are determined. It was 
proved ·with numerical methods that chaotic regimes can also be realised in some models. The 
conditions for deduction of models to some well-known discrete ti me models are oht(l ined. 

New models with discrete birth process 

Let I~, k = 0,1,2 .. . , tk •• -tk"' h "'cons!> 0, be the moments of impact. Denote as x(t) the popul(ltion 
size at moment 1, as x(tk - 0) the number of survived individuals to moment tk, OJS x1 ""x(U the 
population size at the beginning of the next vegetiltion period, and as Q , 0::; Q::; 1, the quot<J of 
survived individuals. The amount p = 1 - Q is equal to the probability to die during this period. 
Thus at moments l k we have the following relation: 

(1) 

Within the framework of the model we shall assume that appearance of new individuals is rea l ised 
at fixed time moments 1:k, .,;k E (t);' lk •• J, that allows us to describe the changing of population size 
with broken trajectory. Denote as x(.,;k - 0) the number of survived individuals to moment -r!. Let 
Y"" consc, Y > 1, be the coefficient of productivity: Y is equal to the average of new individu<J is 
which can be produced by one survived individual. Thus at moments -r1 the following relation is 
truthful : 
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(2) 

Population dynamics on every time interval Itt, Ttl and 1-r •• t~.,) we shall describe with the help of 
the following equation: 

dx R dt = - x (x). (3) 

where R(x) satisfies the following conditions which 01re common for various models: 

R(O) > 0, ~: > 0, R(«J) = oo. (4) 

R(O) is an intensity of natural death rate, and an increase of v<~lues of R(x) is a resu lt of strengthening 
of influence of intra-population self-regulative mechanisms at increasing of population size. 

In the model we shall assume that coefficient Q depends on average population size during the 
period Ilk, tk. ,), Q = Q(u), where 

t, ,l 

u "'~ J x(s)ds, 

'· 
and at moments lk,, we have 

(5) 

Taking into account the re<ll sense of coefficient Q(u), we have to assume that Q is <1 monotonously 
decreasing function: 

dQ Q(u) EIO, 1), fJij < 0. (5) 

Relations (1 )-(5) give us the model of population dynamics w ith discrete birth process vnd 
continuous-discrete death process. Note if coefficient of productivity Y < 1 then time series 
(x(fk)}, k = 0, 1,2 .. . , in model (1 )-(5) is a monotonous decreasing sequence for all ini tial values of 
popul<~tion size (population eliminates for all initial values). 

Model (1 )-(5) can be deduced to the following equvtion: 

(6) 

where 

c2 = T k + lJI (X('t'~)). 

1. If R(x) .. b = const > 0 and Q(u) = e·pu, p = const > 0, model (6) has the following form: 

(7) 

where positive constants a and f3 depend on b, Y, h,, h1 and p. Equation (7) is a well­
known Maran-Ricker model. 

2. If R(x) .. b = const > 0, Q(u) = 1/(1 + pu) equation (6) is a well-known Skellam' model: 

X = ax4 
- •• , {Jx.J. + y , 
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where a, {3, rare positive parameters. 

J . If R(x)"' ax+ b, a, b = consl > 0, Q(u) = e·nu, model (6) has the following form: 

(8) 

where 'macro-coefficients' K1 "' const 2: 0, i = 1 , . .. ,7, are determined by the following 
formulas: 

K, "'bY, K1 = a(YeO/l, + (e'JI•, - 1 )e"''' - Y), K., "'bebh, K4 "'ab(ebh, - 1 ), K~ = b2e111•• , 

K, -= a1(Y(1 - <:""1'•)(1 - e·h11z) + (1 - e·''''•)(eb"·- 1 )), K7 = ab(2(ebh, - 1 l + Y(1 -a'''''')). 

It is important to note that equation (11 ) was obtained under the assumption that act ion 
of intra-population self-regulative mechanisms is described by Verhulst law when R is a 
linear function . 

St;~tionary st;~tes of model (8) can be found from equation: 

(9) 

Obviously, x, = 0 is a root of this equation. If KiK1 < 1 equation (9) has positive solutions. 
If K., > K, , which is equal to ebh > Y, the origin is global stable equilibrium for model (8). 
Under this condition the population eliminates for all initial va lues of population size. 
Analysis of the bifurcation diagram shows that various cyclic regimes can be realised 
for model (8). Numerical analysis of Diamond theorem conditions (Diamond, 1976: 
Chaotic behaviour of systems of difference/1/nternationa/ journal of Systems Science, 
1976, pp. 953- 956) shows that on a plane (a,b) there is the domain, which corresponds 
to dynamic regimes with chaotic trajectories. 

New models with continuous birth process 

Let us assume that population dynamics on the intervals [t,, tk.1) Is described by the equation: 

dx 
dt = xR(x), (1 0) 

where function R(x) describes the de;~th process of individuals, birth process and influence of 
intra-population self-regulative mechanisms on population dynamics. The following conditions 
are typical for the function R(x): 

R(O) > 0, ~~ < 0, R(CXl) "'-oo. (11) 

Amount R(O) is the Malthusian parameter for population . 

Like in a previous case, we shall assume that quota Q of survived individuals at moments tk11 is 
determined by the food supply of individuals during a certain time interval: 

Q"" Q (i! x(s)ds) and xk+ 1 .. x(t4+1)"' 0,(tkt1-0}. (12) 

Additionally, it is natural to assume that increase of average of population size leads to decrease 
of food supply for Individuals, and the derivative of function (12) must be negative. 
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Properties of model (1 0)-(1 2) for Q • const 

1 . Let K be a solution of equation R(x) = 0. If xu "' x(O) > K trajectory {xk = x(tk)l of model 
(1 0)-(12) w ill belong to domain x s K after fin ite number of time steps. If xu:= x(O) < K the 
sequence {xk} cannot intersect the boundaries of interval [0, KJ. II means that for every 
time moment the population size is bounded and non-negative. 

2. If 

the origin is global attractant. 

3. Let l/J(x) be the following function: 

l/J (x) = J' dx . 
xR(x) 

If 0 < x < K then l/J (x) is a monotonously increasing function, tp'(x) > 0. When x cht~nges 
from 0 to K the value of function tp (x) changes from - o:> to + oo. Thus, there exists the 
inverse function 1/f1 which is defined on the interval (- oo, + ooJ and bounded, 0 51{1·1 ~ K. 

Formally, it is possible to present the solution of model (1 0)-(12) in the following form (wi{h initial 
condi tion xk :;; x(tl)): 

Function in the right-hand side of the equation is a monotonously increasing function. Thus in 
model (1 0)-(12) there are the regimes of monotonous changing of population size only. The 
number of non-trivial stationary stiltes is determined by the number of positive solutions of the 
functional equation: 

'I'(~) = 'l'(x)+h, 

which is defined on the interval 0 < x < QK. Taking into account t h;;~t the second derivative of l/J 
(x) em change the sign; in genera l the l;;~st equation has several non-zero solutions. 

P~rticul<lf cases 

1. Let R(x) =a -/Jx, where all parameters a~ positive, ii, jj :. const > 0. Coefficient ii is a 
Malthusian parameter of population and f3 is a parameter of self-regulation. Let 11 + -r be 
the time moment of population size fixations (after impact), xk = x(lk + -r). After all this we 
get the following discrete model: 

where 

Finally, in considering a situation there is no correlation between kinds of model ;;~ nd 
moments of population size measurement. 
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2. let us consider the situation when 

(1 J) 

Coefficient b is a positive parameter which corresponds to the 'sensitivity' of individuals 
on the food conditions. After calculations, formula (13) can be presented in the form: 

And, finally, we get the following discrete model of population dynamics: 

where 

Axk 

A "'eah, 8 ""P, (eah -1). 
ct 

It is a well-known Hassell model. l et tk + -r be the moments of population size fixation, 
x~ "'x(lk + -r). If Q is determined by (13) we have 

,, 
_ ( aear -/3xk(e'"-1) )'" 

Q - aear + /)xk(eah_ ~t)) 

This expression gives us one-parametric (-r) family of discrete models which are 'produced' 
by the model (1 0)-(12) under the considering assumptions. 

2. General analysis of population dynamics 

Participating scientist: L. Nedorezov 

Assisted by: A Wanjoya 

Work in progress 

About a problem of selection of statistical criteria 

The final results of analysis of experimental time series with the help of mathematical models 
depends on the selected model and also on the statistical criterions we use. let us assume that 
we have time series {x,}, t"" 0,1 ... , N, where x, is the population size at moment c; N + 1 is the 
sample size. Let FO be non-negative and non-linear function in the right-hand side of equation 

(14) 

We have the following problem: It is required to estimate the value of parameters in the equation 
(14) on available sample (x,) . In this case, for example, we can use the following criterion which 
we meet rather frequently in the literature; 

,.,_, 
LF(a),. L (x,.,-F(a,x;)J2 --+ mjn, 

,.n cr 

(15) 

where a is a vector of parameters of equation (14). let us note, first, that it is possible to construct 
the analog of expression (15) for the situation when we have the information about dynamics 
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of some other variables. The second, the best values of model parameters correspond to global 
mir]imum of functional LF(a) but taking into account the non-linearity of function Fin general 
cases we might have a lot of loca l minimums for functional LF(ii). 

Note that with the use of cri terion (15) equation (1 4) does not pl t~y the role of dyn,1mic sysrem 
but it is used ilS a one-step non-linear regression formula only. In this case quite n\ltural questions 
arise about possibilities to determine the model parameters with other modifications of criterion 
(1 5): What is the reason to use one-step regression instead of two-step, three-ster or multi-step 
regression equations for the fitting of experimental time seri es? In Ll ll these situations we sh;~ll 
use the same equation (14) and the same time series, and, it is obvious, we shall have di fferent 
results. ·. 

Additionally, in expression ( 15) we have 'double standards' for most elements from the experimental 
lime series. For example, for the first clement of sum (15) we assume thilt x, is a va lue of ilny 
stochastic variable which had been measured w ith stochasti<:: error. But in the next comroncnt of 
this sum we assume that F(ii, x,) is the theoretical value of population size w hich we have to have 
if x1 was measured w ithout any errors. In or her words, in the second component of sum (15) we 
assume that Vll lue x 1 had been measured without error. 

Taking this into account we are sure that criteri ons of type (15) ca nnot be applied to the estimation 
of model parameters. Moreover, we are su re that various modifications of cri terion (15) which 
can be obtained, for example, after the logarithmic transformation of clatasets or functions, also 
cannot be applied to the solution of the problem: For ini tial datasets we can assume that ~rrors in 
our measurements have normal distribution with zero average and any fin ite dispersion, hut 'ilfter 
the logarithmic trl!nsformation we do not have the basis for this assumption. 

Other type of statistica l criterions for determination of model parameters is the global fitting. 
When we use criterions of that type we try to find the best trajectory in a set of il l l solutions of 
model (14), which gives us the best approximation of empiricil l ti me series. let N,'!a, N .. , Q .. , P,,) 
be the solution of model (14) which is observed for given vector of model parameters ti and given 
initial values of model variilb les N1,, Q11 and P11 • Then criterion Ciln be presented in the form 

N 

LF(ii,N,, Q0, P11) = L (x,-N; (ti,NIY Q 0, P,)f-> min . ( 16) 
1 II "· , ,.1}.1' 

Note that all elements in sum ( 16) were constructed in similar manner and we cannot say 
that in (16) we have any modification of 'double standards' as in (1 5). Additionally, if we hllve 
measurements for other variables, criterion (16) clln be modified for<~ new situation. l3ut for mosl 
of experimental time series we do not have other measurements lind there are some t~dditiona l 
time series, which have indirect relation to the model variables. 

Some basic steps of analysis 

1. In the first step we solve the problem about possibility to use simplest discrete time 
model (as Morlln-Ricker model, or Smith model etc.) for fitting of given time series. For 
this purpose on experimental clt~ta with the criterion (16) we determine the set of model 
parameters, which gives the global minimum for loss-funct ion (16). 

2. For this set of parameters we analyse the sequence of deviations between theoretical 
and empirica l trajectories. We test the normality of its distribution and the existence 
of correlation between residuals (Kolmogorov-Smirnov criterion, Shapiro-Wi lcoxon 
criterion, Durbin-Watson criterion etc.). Also we analyse the behaviour of alHO­
correlation function for residua ls. The main goal of testing is: to determine the quality 
of approximation of experimental trajectory by model tr;~jectory. Moreover, minimum 
of loss-function (16) for primitive discrete time model gives us the 'origin' for all other 
(more difficult) models (as parasi te-host system dynamics models). 

Some problems in explanation of population dynamics can arise In the situation 
when we cannot reje<::t the hypothesis that primitive discrete time model can be app lied 
for the fitting of experimental trajectories. If so, i t means thilt fluctuations of populations 
can be explained as a result of influence of intra-population self-regulative mechan isms 
only. Consequently, if we add one more regulator to the system we cannot obtain 
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new results because the primitive discrete time model is a particular case of model 
with the additional regulator. For th is new situation we cannot say thilt fluctuations of 
population can be explained as a result of influence of this additional regulator only. 
Fin01lly, the real sense in realisation of next stages exists if and only if we do not have a 
good correspondence between the theoretical and tht? experimental trajectories on all 
previous stages . 

.1 . On the next stage we have to determine the global minimums for loss-function (16) for 
the cases when we have in the model two or more variables: We have to fit the time 
series with the help of trajectories of resource-consumer system, or parasite-host system 
etc. 

Application of new methodology to analysis of larch bud moth fluctuations 

For testing the methodology of population dynamics analysis we applied it to the following 
model of parasite- host- fodder plant dynamics (Turchin et al., 2003: Ecology 84, 1207-1214) 
,1nd experimental time series on larch bud moth (Zeiraphera diniana Gn.) population fluctuations 
(8;lltensweiler and Fischl in, 1979: The larch budmoth in the Alps. In Dynamics of forest insect 
populations: P<Jtterns, causes, implications (Edited by A. A. Berryman) 1988, pp. 3J 1-351 ): 

N,.,::; ).,1N1 .s: 
0~0 expl-gN,- 1 ha:, pI, 

v+ 
1 

+a 1 + aw 1 

Q1, 1 '" (1 - a)(1 - ~~) + aQ,, y , 

P,. , "' ,PN, (1 - exp l-
1 

ha:1 P )), 
+a 1 + aw 1 

(17) 

where N, is the density of larch bud moth at the moment l, l = 0,1 ,2, ... , Q 1, is the index of 
food quality, 0 :s Q, :s 1, and P, is the density of p<~rasites at the same moment of time. Results 
lire presented in Tables 1-3. Our numerical ;malysis and analytical investigations of model (17) 
properties showed that this model and all its sub-models cannot be applied for the description 
of lnrch bud moth dynamics and for identification of main population regulator. Also it allowed 
us to create a new hypothesis that combined influence of both factors le<Jd to appearance of 
periodic oscillations of larch bud moth. 

3. Application of the new methodology to analysis of DBM dynamics 

Participating s,cientists and students: L. Nedorezov, B. L6hf; D. L. Sadykova (PhD student, Oslo 
University, Norway), H. Tonnang (ARPP/5, DAAD scholarship, University of Nairobi) 

Operational costs funded by: BMZ 

Work in progress 

For fitting of experimental time series we used the following mathematical models: 

xk.t = axbk (Skellam), 
1 + xk 
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xk+t "' axke·IJ•, (Moran·Ricker), 

xht ,. axk(b-xk) (discrete logistic model), 

Xh1 = 3..... (Smith), 
l+bxZ 

xkTt "' ~(Hassell), 
(1 +bxk)c 
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Table I. fstimahld val~es ol paramet•n and lon-hlnctiotu £w m.od.l 1\71 

Modeh No Po o. A., Y~. " 9 0 h .,., ~ a 

MR' 7.4 .1 - - - 118.2 - 1.4 X 10' - - - - -
RC' 77.1 - 0.76 2818 11.3.4 1.5 X 10' - - - - 0 .97 

PH' 80.3 8 .89 - - 159 .. 2 - 1.5 X lQ-' 3 .1 .X 10' 9.8 X 104 5 .. 3 x 10 11 8.1 .x 10" -
PHFp' 70.7 9.08 X 1Q$ O . .S.C 6480 - 55.85 1.7 x tQ-> 0.55 3.1 X 1() ' 0 .11 0 .23 0 .88 

1 Mil:, Maron-Ricker model; 2RC, Re>Ource-Ccnsume< model; lf>H, Parasi te-Host model; 'PHfp, Poro~ite-Host-Fodder plant model; 'tf , los$-lvnction. 

Table 2. Charodwislic:a oi dyncnr.ool ngirn .. in model {17} a nd ill sub-«todels 

Amplitude of population ~ize Amplitude of food quality Amplitude or poroS:ite s ~ucruotioru 

Models Minimum Maximum Difference Minimum Maximum DiFference Minimum Max imum Difference 

MR' 4.86 X 1()U 311.420.3 311.420.3 

RC' 238.7 t92 238.7t92 0 0.004172 0.00.4172 0 

PH' 2.31 )( 10''0 390.417.9 390417.9 

PHFp' 0.005.4 55.442 t. 8 55.4.42.1.8 0.15586 0 .327326 0.171.467 7.93 X 10 ' 1006.29 1006.29 

' MR, Moron-Ricl<er model; 2RC, Resovrce-Consumer model; 1PH, Poro.site-Host model; 'PHfp, Parosite·Ho>l.fodder ple1nt modeL 

Tab!. 3. Analysis of raiduals f.>r model (17} and arll its Mtb-inod.ls 

Shw/ 'Kur/ 
Models Average Left limi~ Right lim1f4 KS test4 SWtest' stand er. slond er. DWtesl• 

MR' 20951.6.4 .430.49 .4 1472.8 0.3.484.4/P < 0.01 0.66026 p < 10• 4.5619 3.7132 2.03.4857 

RC' 20963.32 581.0 4 13.45.64 0.35A08/P < 0.01 0 .65336 p < tO' 4.6261 3.8523 2.026737 

PHJ 2 1112.37 769.53 .41455.21 0 .35799/P < 0.01 O • .S.C962/P < 10• .4.6314 3 .8616 2 .011415 

PHFp' 3821.22 ·2-'48.32 10090.76 0.29183/P < 0.01 0.73369/P = 10 ' 2.1289 8.62n 1.9'745 

'MR, Moron-Rid:er model; ' RC, Re>Ource-Consumer m.odel; 1PH, Porosile-Hosl model; 'PHfp, Parasite-Host-Fodder pi ani model; ' Limits 
ore presented for 5% confidence level; ' KS te"ll, Kolmogorov-Smiroov te st; 7SW te•t, Shopiro-Wikoxon le•t; 'OW fe"sl, Durbin-Watson 
lest. 
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Modoh o b c 
Cott)ll l'lg 
copodty 

Skellom 1.34598 0.039298 

Moron·Ri,kor 1.326853 0.0330909 

3.4.2506 

1.4.7509.4 
150.58177 

DL 1.3129.48 0 .025035 
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figure · 1. Morcm-Rickor model: Behaviour of 
boundorie$ of confldonco domoins (at Axed valuo of 
x0 = 0.73) ond two bifurcation lines P and P1,Q 1 ore 
tho boundorias for 10% conAdence level, Q 2 • for 5% 
confidence level, n, - far 1% confidence lovel 
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and estimated the model parameters with loss-function (16). j 
Resul ts of numerical calculations are presented in Tables 4 and 5 ~ 
and on Figure 1. These results allow us to conclude that we cannot 1 
explain the population dynamics as a result of influence of intra- ! 
population self-regulative mechanisms only. Also it means that for S 
fitting of experimental time series we have to use more difficult i 
models (in particular, with sever<JI variables which describe the i 
inleraction of DI3M wi th other components of agri-ecosystem). ~ 

4. Application of new methodology to analysis of 
green oak leafroller fluctuations 

Participating scientist and student: L. Nedorezov, D. L. 
Sadykova (PhD studenl, Oslo University, Norway) 
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The same models were applied for fitting of 
experimental time series of green oak leafroller 
(Rubtsov, 1992: Models of Oscillation Processes 
in Forest Ecosystems. Institute of Forest RAN, 
Moscow, 24 pp. lin Russian!). Numerical results 
showed that there is very good correspondence 
between experimental and model trajectories 
(see, for example, Figure 2). We also found 
that the probability of event that fluctuations 
of green oak tortrix correspond to asymptotic 
stabilisation is more than 0.9, the probability 
of extinction is less than 0.01, <1nd there is 
enough big probability of event that observed 
dynamical regime is two-year cyclic regime 
(but it is less than 0.1; Figure 2). 

0.6 rr.b:----r-------,r-------,----,r-~ 
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Figure :Z. Borders of confidence domains for 1 0% (0 1) , 

5% (0 1) and 1% (0 1) conlldencl! levels. P, is a bifurcation 
border that separates areas of monotonous stabilisation 
and stabilisation with fading oscillations ncar non-zero 
equilibrium; P1 is bifurcJtion border which crossing leads 
to appearance of a stJble cycle with l!!ngth 2; P,, the same, 
with length 4; P,, the ~ama, with length 8 
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Output 

Journal articles 

Nedorezov L. \1. and Sadykov A. M. (2004) Influence of winter conditions on the dynamics of an isolated 
population dynamics. Euro-Asian Entomologicaljournal 3, 169-172. [in Russian!. 

Nedorezov L. \1. and Sadykova D. L. (2005) A contribution to the problem of selecting a m;~thematica l 
model of population dynamics with pilrticular reference to the green oak tortrix. Euru-Asian 
Entomological Journal4, 263- 272. 

Nedorezov L. \1. <md Volkova E. V. (2005) On the imp<~ct of winter conditions on the dynilmics of a 
population with non-overlapping generiltions: A model appro<~ch. Journal of Cen<'l'al Biology 66, 
484-400. 

Abstracts in proceedings 

Nedorezov L. \1. <~nd Karlyuk A. (2004) Continuous-discrete model of plant community dynilmics, p. 
125. In t \bstracts of the Conference on Computational and Mathematical Population Dynamics. 
21 - 25 June 2004, Trento, Italy. 

Nedorezov 1.. II. and Sadykov A.M. (2004) About infiLJence of winter conditions onto isolated population 
dynamics, p. 126. In Abstracts of the Conference on Computational and Mathematical Popui<Jtion 
Dynamics. 21-2 5 June, 2004, Trento, Italy. 

Nedore7,ov L. II. and S<~dykov A. M. (2004) Isolated population dynamics wi th periodic disturbances, 
pp. 99- 100. In Abstracts of the Fourth European Conference on Ecologic,11 Modelling (I:CEM 
1004). 27 September- 1 October 2004, Bled. Slovenia. 

Nedorezov L. \1. and Si!dykova D. L. (2005) Application of simplest discrete models to the description 
of green oak tortrix fluctujtions, pp. 1 38- 139. In Pmceedings of the Fif(/1 European Conference on 
Ecological Modelling-ECEM 2005 (Edited by A. S. Kom<Jrov). 19- 23 September :wo5, Pushchino, 
Russia. · 

Neclorezov L. II. and Ut'yupin Yu. V. (2004) About a model of isolated population dyn<Jmics w ith time 
lag, p. 126. In Abstracts of the Conference on ComptltaUonal and MiJthematical Population 
Dynamics. 21-25 june, 2004, Trcnto, Italy. 

Nedorezov L. \1. <~nd Utyupin Yu.V. (2005) About continuous-discrete model of predator- prey system 
dynt~mics with sa turation effect, pp. 140- 141 . In Proceedings of the Fiflh Evropean Conference on 
Ecological Modelling-F.CEM 2005 (Edited by A. S. Komarov). 19-23 September 2005, Pushchino, 
Russia. 

Nedorezov L. II. and Ut'yupin Yu. V. (2004) Continuous-discrete model of bisexual population dynnmics, 
p. 12 7. In Abstracts of the Conference on Computational ,1nd M,1thematical Population Dyn<rmics. 
21 - 2.1 june, 2004, Trento, Italy. 

Nedorezov L. \1., Whr B. L. and Sadykova D. L. (2005) DBM population dynamics: Toward a selection oi 
mathem<~tic<JI model. p. 191. In European Conference on Mathematical and Theoretical Biology, 
Book of Abstracts 1. 18-22 July 2005, Dresden, Germany. 

Sadykova D. L. and Nedorezov L. \1. (2005) About applic;;~tion of discrete mathematical models to 
description of green oak tortrix dynamics, p. 99. In European Conference on Mathematical and 
Theoretical Biology, Book of Abstracts 2. 18-22 july 2005, Dresden, Germany. 

Sadykov A. M., Volkova E. A. and Nedorezov L. II. (2005) About winter weather impacts onto isolated 
population dynamics, p. 98. In European Conference on Mathematical and Theoretical 13iology, 
Book of Abstracts 2. 1 8- 22 July 2005, Dresden, Germany. 

Conferences attended 

Conference on Computational and Mathematical Population Dynamics, Trento, lt;;~ly, 21-25 june, 
2004. Al1ended by: L. Nedorezov. 

European Conference on Mathematic;;~ I and Theoretic;;~ I Biology, Dresden, Germany, 18-22 July, 2005. 
Attended by: L. Nedorezov, D. L. Sadykova and A. Sadykov. 

Fifth Europe<~n Conference on Ecological Modelling-ECEM 2005, 19-23 September 2005, Pushchino, 
Russiu. Attended by: L. Nedorezov. 

Capacity building 

H. Tonnang (Cameroon) Modelling of pilrilsites host-system dynamics: Application to diamondback 
moth fluctuations . University of Nai robi (ongoing). 
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A. Tsetse 

FURTHER REFINEMENT OF THE WATERBUCK REPELLENT BLEND (WRB) 

Objectives 

n,e previous Annual Report gave details uf the work undertaken to identify the odour constituents 
speci fic to tsetse refractory waterbuck that contribute to repellency. The objectives of the current 
activi ties were to: 

(a) determine the effect uf the wt~terbuck repellent blend (WRBl on feeding efficiency of 
Glossina pallid/pes; 

(b undert01ke further subtraction assays of the WR13 to determine the minimum composit ion 
that c01n reproduce the activity of the original 15-cornponents blend; 

(c) compare the optimised WRB with the synthetic repellent (SR) and explore any 
augmentative effects; 

(cl) optimise the release rate of the WRB ;:md the dispenser design for long-term field 
deployment. 

Participating scientists and students: M. Betc (ARPPIS student, Moi University}, P. Shem (MSc 
swdent, University of Nairobi), R. K. Saini, A Hassanali 

Assisted by: / . Andoke, P. Muasa, R. Tumba 

Donors: lnterni'Jeional Fund for Agriculcur,1/ Development, DGIS 

Collaborators: M ol University, Eldoret; University of Nairobi, Kenya 

Collaborating department: Behavioural and Chemical Ecology Department 
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Work in progress 

7. Effect of the wa terbuck repellent blend on feeding efficiency of Glossina 
pallidipes 

The feeding efficiency of G. pallidipes on animals treated with waterbuck repellent blend was 
determined using the method developed by Vale (1977: Bulletin of Entomolo8ical Research, pp. 
635-649). In these experiments, an ox was tethered in the middle of an incomplete ring of five 
electric screens (1.5 x 1.0 m). The screens covered 20% of the circumference of the ci rcle. These 
rings were constructed at two different locations. The experiment was a randomised complete 
block design and treatments were: (1) ox alone and (2) ox + total WRB, which were randomly 
assigned to the two sites. At the sites that received repellent treatment, s<tchets containing the 
repellent were plilced on the post to which the ilnimals were tethered. The animals were kept 
st<ttionary while the treatments were rotated after each experimental peri od. At the end of the 
experiment, the numbers of flies caught inside and outside the ring were recorded. Flies were 
also classified as fed or unfed based on the presence of fresh blood visible through the abdominal 
wall. The number of flies approaching the target (animals) with or without a repellent were 
estimilted and statistic<tlly ilnillysed. The feeding efficiency was expressed ilS the percentilge of 
fed tsetse c01ught on the inside of the ring relative to the tota l catch from the inside of the ring (fed 
+ unfed flies). 

Table 1. Mean catch and % feeding efficienc:y of G/ouina pgl/iJ/p•• on cattle with or without 
waterbuc:k repellent blend 

Total catch 
Total catch (imide and Total fed Feeding 

Treatment (in•ide tha •craan) outside the screen) (in1ide iht &erttn) tffi~ienc:y (%) 

Ox alone 601 (t 23 ,0)• 1198 (:!: 6.41• 330 /± 30St 54.9 
Ox+ ropallont 189 (:!: 6.2)b 277 (:t 8.9)~ 6 :!: 0.5) 3.2 

Fueling affodency is the total catch of fed Rie• from the in,ido of the ring of nets expressed as o 
proportion of the iatol (ltd + vnlad) catch. 
Waltrbvck repellent blend reduces feeding efficiency on coltlt by >94%. Means fallowed by 
different !etten ore •igniAconily different at P < 0.05 (F-Test) (N R 6). 

The results (Table 1) showed that the waterbuck repellent blend significantly reduces the number 
of flies attracted to an ox (by more than 77%) and the proportion of tsetse that fed on an ox 
(from 54 to 3%, which represents a reduction of about 94%). These studies also indic<Jte that 
the repellent blend affects both the long- and short-range behaviour of the flies towards a non­
preferred/refractory animal. 

2. Further refinement of the 7 5-component wa terbuck repellent blend 

The previous annual report gave details of the work undertilken to determine the key constituents of 
the wilterbuck-specific compounds responsible for maximum repellency. These studies indicated 
some redundancy within multiple component classes of the 15-components blend. Thus, a blend 
made up of (i) any two of the lower ~;arboxylic acid aoo,-------::--:==-::-:-:==--, 
homologues (pentanoic, hexilnoic and heptanoic "= WRB (mlnutQC•••• .. O<>ot 

6 • WI1B "''- ~-doct-none 
acid), (ii) two of the three ketones (2 -undecanone and 250 c. Wf1B tnlnut2-und-t\Oflo 

geranylacetone), one of the two phenols (guaiacol), ~ 200 ~: ~~: ::.":::~;0~~~::'0110 
ilnd o-octalactone was able to reproduce the activity ~ 

150 
P • coo•·•• Cb~••oo NGao ••ePt 

of the original blend. :a 

Further Latin square field experiments undertaken 
with different blends in Nguruman indicated further 
redundancy within the multiple component classes 
of blend constituents. These studies have now shown 
that a 4-component blend (4-WRB) comprised 
of pentanoic acid, geranylacetone, guaiacol and 
octalactone is as effective as the original 15-
component WRB blend. For example, of the three 

122 11@@)0 
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NOTII: Me<IM f()llowt<J by lhii *"""' klllor DID not slgn16cDntly 
d i/farcnt (P > 0.05, LSD lcsQ. 

figure 1. Me11n c;atc;hes :1: SE of Glossina 
pallid/pus In baited NG2B traps treated with WRB 
(minus octalactonc) with/without higher ketone 
homologues 
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ketones, subtraction of gcranylacetone led to a loss in repellency comp<~rable to subtract ion of 
all the three higher homologues, indicating that it is more important than 2-u ndec;:~ none or 2-
dodecanone (Figure 1 ). 

3. Comparative evaluation of the waterbuck repellent blend and the 
synthetic repellent 

Additionttl experiments were undertLJken to determine the feeding efficiency of C. pa/lidipes 
on oxen tretJ ted with the synthetic repellent tts described above. The results shown in Tilhle 2 
con firm icipe's previous results that the synthetic repellent not only reduces the number oi flies 
approttching an ox by> 80"/t,, but also reduces feeding efficiency by> BO'Y.,. 

Table 2. Mean catch and % feeding effleleno;y of G/ou ino palliclip•• on cattle with or without 
•ynthetic repellent 

Total coteh 
Total eoteh (iMid& and Total led Feeding 

Treatment (in•ide the >cr~on) outJid& tho >t reen) (inside tho ltreen) elflcioncy (%) 

Ox alone 4.!5 (:t 8.5)• 818 (± 23.5)· 120 (± 10.3)• 27.0 

Ox + repellent 83 (:t 4.5)b 154 (± 9 .6)' 4 (± 0 .2)' 4.8 

Fooding efficiency i• the tatch of fed nlos in1ide the ring of 1treen1 expressed 01 proportion oft he 
total catch (fed + unff.d). Synthetic ropellent reduce• tho feeding efficiency on cattle by 82% . 
N • 6. Mean• followed by dilforont lotters ore •igniAcantly diller&nl e>t P < 0.05, (F te•tl. 

Thus both the WRB and the synthetic repellent significantly reduce the number of C. pallidip~~s 
, leecli ng on an ox. The WRB. however, was more effective in reducing the feeding efficiency .(94% 
compnred to about BO'Yo w ith the synthetic repellent). 

Augment<Jtive effects 

Table 3 shows the catches of G. pallidipes with b<Jited NGU traps (cow urine + acetone) with 
the synthetic repellent or the 4-components wttterbuck repellent blend. The results show. that > 
HO% reduction in C. pallidipes c:tttches was attttined with the synthetic: repeller)! or the walerbuck 
repellent (F,,.4 ., "' 16.32, P < 0.0001 ). A combiniltion of the two repellents reduced fly catches by 
>90%. 

Table 3 . The catch lnd.x e>f G/ouino pol/idipea from NG28 lrapa bolted with cow urine (CU) 
and ocelone (A), plui the aynthe~o rtp•llenl (S~), th• waterbuck r•p•llenl blend (WRB) or a 
combination of the two 

Detransformed Transformed Catth P % 
Treatment n me on moa n ± SE indeK r&dudion 

Unbaited Trap 10 172.0942 2.236 :t 0 .092 0.28' 72.2 
Tre>p + CU + A l~ontrol) 10 616.5384 2.790 :t 0 ,071 1.0• 

Trap + CU + A + SR 10 113.11 88 2.054 t 0 .103 0.18' 81.7 
Trap + CU + A + WRil 10 101.7962 2.008 t 0 .096 0 .17' 83.7 
Tre>p + CU + A + SR + WRB 10 57.4348 1.759 ± 0,063 0.09' 90.9 

Not.: The catch Index is the d&ttan•formed m&an ~otch expreHed as a proportion i;f thai from o 
stondard CU +A· baited NG2B trc>p. n - number of repli~at1u. Moom followed by the same l&ttors 
are not Jlgnilkc>ntly different ot P < 0.05 (F Tosl). 

4. Optimising the dispenser design 

Studies were undertaken to: 
(i) Determine the release rates of the waterbuck-speci fic repellent compounds individually 

01nd in blends under labor01tory conditions and under semi-field and field conditions. 
(ii) Use the above knowledge to develop an 01ppropriate dispenser for the WRB for on-host 

use. 

The dispenser design was modelled on that used for the synthetic repellent. The upper part was 
a reservoir tube made of aluminium (or polypropylene), diameter 10 mm and length 10 ern, 

;mlmal health 8 @§0 123 . 



0111omm., 

E 
u 

N 

-screw cap 

Aluminium/ 
polypropylene 
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Figure 2. Diagram of the repellent 
di~penser 

through which no significant diffusion of the repellent 
constituents takes place. The diffusion area was 
made from tygon sil icon tubing of internal diameter 
6.4 mm, outer diameter 9.6 mm, thickness 3.2 mm 
and variable length (Figure 2). The total surface area 
was determined by calculation to be 6.028 cm2• The 
dispensing unit was closed with screw caps on both 
ends. The top end C<~n be unscrewed for refilling. 

From the initial results with individual constituents, 
an area of 6.028 cm2 corresponding to 2 em length of 
the diffusion area was used for further kinetic studies. 

Figure 3. Release rates (mglh) of the individual 
repellent compounds 
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Figure 4. Release rate of the waterbuck repellent 
blend (WRR) 

At this specification, individual constituents were found to have diffusion rates varying from 1.45 
;t 0.11 mglhr for geranylacetona to 10.45 ± 0.44 mglhr for pentanoic acid (Figure 3). A blend of 
the seven constituents in equal proportion was found to have constant release rate of 3.1 7 ;t 0. 12 
mglhr (Figure 4). No significant difference was found in the release rates of the dispenser placed 
in the sun and shade. 

Based on the data collected so far, the metal propylene-tygon silicon tubing dispenser prototype • 
can be effectively used to dispense the waterbuck repellent blend at zero-order kinetics. Two 
further optimisation steps need to be undertaken: 

1. Determine the release rate of the blend that provides optimum protection to cattle in the 
field; and 

2. Determine the composition of the blend in the reservoir that provides the desired release 
rates of individual constituents in the blend. 

Output 

Tsetse repellent technology publications 

Saini R. K. (2004a) New techl')ologies for tsetse control-Development of repellent collars. Agfax 
Resource Pack (http://www.agfax.netl). WREN Media. 

Saini R. K. (2004b) Repellents: I\ harmonious approach, pp. 3'2-39. In Recent Advances in 
Livestock Keeper-based Tsetse Control: The Way Forward (Edited by S. Parrott and G. Ink). 
Pragat Offset Pvt Ltd and Sue Hainsworth Publishing UK. 

Conferences attended 

4th International Course on Trypanosomes (ICAT) sponsored by World Health Organization 
(WHO), International Atomic Energy Agency (IAEA), Medicines Sans Frontieres (MSF) and 
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Association Against Trypanosomiasis in Africa (ATA), l 0-28 October 2005, Tunis, Tunisia. 
Attended by: R. K. Saini. 

7th Conference of Ministers Responsible for Animal Resources, 31 October-4 November 2005 
Kigali, Rwanda. Attended by: R. K. Saini. 

International Workshop on "A Time to Heal, Cr<Jcking Africa's Killer Disease," organised by the 
Bill & Melinda Gates Foundation, Ford Foundation, Biovision Foundation, iripe, ILRI <~nd 
DAAO, 21 -24 March 2005, Nairobi, Kenya. Attended by: R. K. Saini. 

28th meeting of the International Scientific Council for Trypanosomiasis Re~earc:h ;~nd Control 
OSCTRC), 26-30 September 2005, Addis Ababa, Ethiopia. Attended by: R. K. Saini. 

Project proposals 

Facilitating the up-scaling and uptake of the tsetse repellent technology: A key component of 
integrated vector and disease management for improved livestock health and productivity 
(submitted to lFAD). 

Large scale va lidation trials of repellent-based tactics <~nd their adaptation to the needs <~nd 
ci rcumstances of the target livestock keepers including pastoralists (submitted to IFAD for 
bridging funds). 

Linking livestock and crops for health and we<1lth submitted to Wcllcome Trust. 

Capacity building 

PhD student 
M. 6ctt (Kenya) Identification of repellents from non-preferred hosts of tsetse for integrdterl 

man<~gement of tsetse. Mol University, Eldoret, Kenya (2000, finalising thesis). 

MScstudcnt 
P. S. Musyoki (Kenya) Optimising the waterbuck repellent dispenser". University of Nairobi 

(ongoing). 
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LIVESTOCK fARMERS' PERCEPTION AND EPIDEMIOLOGY OF BOVINE 
TRYPANOSOMOSIS IN AN ENDEMIC AREA OF KWALE DISTRICT, KENYA 

Objective 

Determine tsetse density, disease incidence and suit<Jbi li ty of the are<J for tsetse and trypanosomosis 
control, ba~ed on repellents and bait technology. 

P.1rticip.1ting scientists and student: 5. 0. 0/Jaga, R. K. Saini, A. Hassanali, E. D. Kokwaro', 
I. 0. Ndiegtt 1 

Assisted by: /. A llnc/okf;!, P N. Muasa. R. 0. Tumba 

Donor: International Fund for Agricultural Development, German Academic Exch<~nge 
Service 

Collaborators: 'Kenyalla University (Kenya), Kenya Veterinary Department, Veterinary 
Investigation Laboratories, Kenya 

Collaborating department: BehaviotJr<JI and Chemical Ecology Department 

Work in progress 

I . OP-termination of the prevalence of trypanosomosis in cattle and tsetse 
populations in Shimba Hills, Kenya 

Development of new technologies without Involving the intended users, and without <tn 
arleC']uate understanding of their farming systems <tnd constraints has been blamed for poor 
adoption of new improved technologies. The project area, Shimba I-I ills, has been shown to h;we 
high tryptlnosomosis preva lence rates; however, inform<llion on the area's suitilbility for field 
tria l~. current (lnirn<tl hea lth constra ints, tn<Jnagement practices and the rela tive importance of 
trypanosomas is were not clearl y available. This cross-sectional study was conducted to determine 
the prevt~ lcncc of trypanosomosis in cattle <Jnd tsetse populations in Shimba t-li lls. Participatory 
Rural Appraisa l (PRA) was used to provide an understanding of the local l ivestock farming 
systems, disease constraints and farmers' decision-making process with respect to current tsetse 
and trypanosomosis control. The information was used primarily to determine the suitability of 
the ;-rrea for the 'push-pull ' trials and the relevance of the strategy for the area. This bottom-top 
approach is useful in planning disease and vector control strategies which take into account the 
end users' culturill values, socio-ethno practices and expertise. 

Study area 

Shimh;-r Hi lls is located in Kwale District of Kenya (latitude 4°20' Sand longitude 39°3 1' E in 
the coastal lowlands agroecological zones 2-4). Vegetation ranges from palm, pine and mango 
trees to scattered shrubs. The area receives poorly distributed and unreliable rain fal l 01veraging 
500-900 rnm per yea r. The mean annual minimum and maximum temperatures are 24 
and .16°(, respectively. The ilrea has a variety of wi ld game like elephant, buffalo, warthog and 
bush pig. Although the area is suitable for mixed farming, limiting factors such as high evapo­
transpiration rates, unreliable r<Ji nf<~ll, human-wildlife conflict and tsetse infestation m<Jke this 
difficult. 

Study population 

Mijikenda and Kamba communities 01 re the main inhabitants of the area. They mostly engage 
in horticultural, subsistence and livestock production. The surveyed households border Shimba 
Hil ls National Reserve (SHNR) and fall in Kubo Division of Kwale D istrict. SHNR covers:> 90% 
of the total land surf<~ce <~rea of the division and hence the settlements neighbouring the Reserve 
were targeted. All the 5 administrative locations (Mangawani, Mwaluphamba, Mkongani, Lukore 
and Mwaluvanga) were included in the survey. From each location, administr.~tive sub-locations 
< 5 km from the SHNR fence were selected. 
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Livestock farmers' interviews 

The survey was carried out between February-August 2004. A Participatory Rural Appraisal (PRA) 
toolkit comprising of semi-structured questionnaires and interviews was used. The interviews 
focused on genera l livestock OJnd crop production; constraints to livestock production; farmers' 
descriptions of the local tatt le diseilses experienced and the mrtnagement of herds; treiltment 
given to the animals and the reasons fur giving it and current tsetse and trypanosomosis control 
methods. 

Tsetse monitoring and diagnosing of trypanosomosis in cattle 

Tsetse populations were monitored by five baited (acetone+ cow urine) NG2G trilps set r.1ndomly 
in each sub-location in a va riety of tsetse habitats b<1sed on vegetat ion . TrJps were emptied after 
five days and caught flies sorted according to species ;mel sex. 

Selected cattle were screened for the presence of trypanosom<1l infections by buffy coat ph<lsc· 
contrast technique. 

Hous~hold information 

rhe survey was undertaken in 13 of the 
17 sub-locations in Kubo Division th<lt 
met inclusion criterit~ (Table ·1 ). 1\ total of 
132 fa rmers were interviewed. Mujority 
of the respondents 122 (92.4%) were 
males wi th I 0 (7 .6%) females. The level 
of literacy \.vas intermed iate w ith 62.~% 
nf the respondents having attained up to 
primt~ry level andbeyond. Crop product ion 
was the mt~in economic activity w ith 
illmost all ft~ rmcrs cultivating commercial 
horticultural crops such ilS citrus fruits, 
mangof!s, c<lshew-nuts, coconut and 
passion-fruit. Maize, beans and ciJssavt~ 
were cu ltivated for subsistence. Livestock 
kept included cattle, sheep, goats and 
poultry. Most respondents kept local 
livestock breeds iJnd the average Cdllle 
herd si ze was four per respondent. 

Livestock production constraints 

Tobie 1. Average dialonce (:1: SE) of each svl>loeotion from Shimba 
Hilla National Reaerve (SHNR), numbor of livotlock ownen and 
cattle head count lt1 Shlmbo Hilla 

. . 
Mean distance No. of No. of 

Location Sub-location (km) ± SE Iormor$ collie 

Kinot~do Kinondo 0.29 -~0.08 7 83 
Lukore Lukara 11 0.50 ±0.14. 11 64 
Mwoluphamba Mlofyonl 0.60:t0.13 8 73 
Mwoluvonga Kichoka•imba 0.80 ;I; 0 .12 13 71 
Mongawoni Lukara 1 1.00±0.18 14 65 
Moiimboni Mokobe 1.00 tO.OO 16 so 
Moiimboni Msulwo 1.16 t 0.25 13 78 
Mwoluphombo Kizibe 1.66 ;1;0. 13 10 63 
Mojimboni Maiimboni 1.6l ;1;0. 141 11 48 
Mongowoni Mogwoshenl 1.96 t 0.37 11 78 
Mwoluphombo Kinongo 3.42 ± 1,06 6 56 
Mkongoni Mkombo 4.80 ±0.00 7 75 
Mkongoni Tiribe 5.00 ±0.20 5 75 
Total 132 ' 879 

Anima l diseases were ranked highest t~n10ng constraints ilssocit~tcd w ith catt le production . 
This was followed by human- w i ld li fe conflic ts, drought, lack of institLJtional support to control 
diseases. poor infrastructure, lack uf tra nsport and marketing. Six mOJjor c;:ltlle diseases described 
by respondents were: trypanosomosis, Et~st Coast fever, anaplasmosis, helminthosis, anthrax, 
and foot and mouth dise.:~se. Trypanosomosis was identi fied as the most important disease by 
110 (133.33%) respondents, followed by tick-borne diseases (East Coast fever and anaplasmosis). 
Pneumonia and rinderpest were also ci ted by some farmers. 

Knowledge of trypanosomosis clinical diagnosis 

For trypanosomosis, 14 clinical signs were recognised by most farmers. These included starring 
coat (76.52%), lacrimation (72.73%), weight loss (65.1 5%) and swollen lymph nodes (63.64%). 
Other symptoms included excessive sa livation, nasal discharge and general weakness. 
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Knowledge of t:attle trypanosomosis aetiology 

Seventy-one respondents (53 .79%) were aware of the transmission of trypanosomosis by tsetse flies, 
while 30 (22".73%) had no idea of what caused the disease. Some associated trypanosomosis with 
tick bites, worms, weather, grazing hours and watering at certain rivers or streams. Tabanidae and 
Swmoxys spp. that also transmit trypanosomes were recognised by S 1.52% of the respondents. 

farmers' animal health management practices 

Overall, trypanocides (91.67%), followed by antihelminthics (61.36%) and antibiotics (59.85%), 
were the most commonly administered drugs in response to perceived cattle illness. Fifty-four 
(40.91 %) and 21 (1.5 .91 %) of the respondents used multivitamins and traditional medicinal 
plants, respectively, to treat their animals. 

Tsetse and trypanosomosis control techniques 

Nineteen (14.39%) and 18 (13.64%) of the respondents practised traditional methC)ds of tsetse 
control by avoiding grazing in high risk areas such as woodland and bushes and burning of 
bushes/pastures. Pour-on (Spot-on®) was the most commonly used treatment for ectoparasites. 
Forty-five respondents used a synthetic pyrethroid-based insecticide (Ectomin®) as hand spray 
wash, while only nine farmers (6.82%) used traps/targets for control. 

Relative tsetse densities 

The density of tsetse species in all the sub-locations is summarised in (Table 2). Glossina pallidipes, 
G. brevipalpis and G. austeni were caught in traps during the survey. Glossina pallidlpes found 
in all sub-locations was the most abundant. Glossina brevipalpis and C. austeni were caught in 
low numbers. 

L 

Table 2 . R.lativ. IMIM d•naily (lli••/lrap/day) In aub-focationa of Shlmba Hilla Natt~al 
R.nrw (SHNR) 

Mean 
di;t•;111~• (km) G/o$$ing 

Sub~o~Qiion frQm SHNR pQI/idipe• G. brevipalpi• G. austt.ni Tabonlds 

Klnondo 0.;29 0.52 0.12 0.32 0.00 
lukore II 0.50 1.56 0.28 0.00 0.12 
Mlolyenl 0.60 54.32 0.6.4 0.00 0.48 
Kiehokoslmbo 0.80 147.6 0.76 0.32 0.16 
Mokobe 1.00 1.16 0.00 0.00 0.04 
lukore I 1,00 14.72 0.24 0.68 0.24 
Mtulwa 1.18 3.60 0.20 0.00 0.00 
Maiimboni 1.62 2.8 0.!2 0.04 0.16 
Ki<~:ib• 1.66 1.84 0.00 0,00 0.2.4 
MQgwg~~•ni 1.96 1.76 0.08 0,00 0 ,52 
KinQngo 3.42 4.40 1.00 0.20 0,28 
Mkombo A.80 0.12 0.00 0.00 O.OA 
Tiribe 5.00 0.04 0.00 0.00 0.08 

Prevalence of cattle trypanosomosis 

Blood samples from 879 animals, consisting of 712 (81%) males and 167 (19%) females were 
examined. Trypanosoma! infections were diagnosed in 160 (18.20%) animals (Table 3). Infections 
were due to Tryp;mosoma congolense 96 (60%) and T. vivax 64 (40%:~) . 

Packed c:e/1 volume (PCVJ 

The mean PCV varied be~V~~een 23.00-28.88% and 25.54-32.67% in trypanosome-positive and 
negative cattle, respectively (Table 4). The average PCV of parasitologically-negative cattle (29.58 
± 0.91 %) was significantly higher (f1,18 = 8.61, P < 0.001) than that of the positive ones (25.68 ± 
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1.65%). PCV is an indicator of the disease status of a trypanosome-infected animal. The average 
cattle herd PCV decreases with an increase in trypanosomosis prevalence and vice-versa. The 
results indicate that tsetse and trypanosomas is is a major hindrance to livestock production in the . 
area. Consequently, this survey found push-pull technique relevant to the area. Therefore, eight 
suitable sites that met inclusion criteria were selected for the push-pull trials. 

Tobit 3. p,..valon~ of trypanotomolia In oattlo in aui:Hocotiona of Shimba Hilla 

Sul>lo~otion No. oF ~ottlo acreened No. po!ltlve % infeetion 
Trypanosoma 
~ongolense (%) r. vivox ( 0/o) 

Klnondo 83 5 06.20 40.00 60.00 
Lukore 11 64 15 23.44 13.33 86.67 
Mlalyeni 73 13 17.81 30.77 69.23 
Kichakoslmba 71 18 25.35 66.67 33.33 
Mokoba 50 11 22.00 9.09 90.91 
lukore 1 65 11 16.92 72.73 27.27 
Maulwo 78 18 23.08 83.33 16.67 
Moiimbonl 48 11 22.92 63.64 36.36 
Ki;z:ibe 63 16 25.40 62.50 37.50 
Magwoaheni 78 18 23.08 88.89 11.11 
Kinongo 56 11 19.64 90.91 9 .09 
Mkombg 75 13 17.33 69.23 30.77 
Tirlbe 75 0 0.00 0.00 0.00 

Output Tc:~b!~ 4. Mtan pac:ked ~u Y?lum• :t SE (%) of lrypCina~molia 
poamv. and negative c:Qttlt •n,aui:Hoeat!ona of Shlmba H1lla 

Conferences attended 

DAAD Higher Education Forum on Capacity 
Building and Development Research in 
Sub-Saharan Africa and the Summer 
School on Resource Use, .t,griculture, 
Environment and Rural Development 

Sul>lo~otion 

Kinondo 
lukore 11 
Mlafyeni 
Kichoka!lmbo 
Mokobe 

for Sub-Saharan African Countries, Lukore 1 

24 September-7 October 2005, Maulwo 
Giessen/Bonn, Germany. Conducted Majimbonl 
by Centre for Development Research Kiziba 
(ZEF) at the University of Bonn, the Magwa!hani 
Department of Regional Planning at the Kinongo 

h Mkombo University of Giessen and t e German Tiribe 
Academic Exchange Service (DAAD). 
Attended by: S. Ohaga. 

Moon POl :t SE 
poaitive cottlo (n) 

23.00 t 0.09 (5) 
23,81 :1: 0.92 (15) 

25.42 t 1.66 (13) 
25.42 t 1.16 (18) 
22.33 t 1.08 ( 11) 
25.55 t 1.01 ( 11) 
26.14 :t 4.47 (18) 
23.96 t 2.78 (11) 
25.95 t 1.~3 (16) 
29.50 t 1.74 (18) 
28.88 ± 1.12 (11) 
28.16 :1: 1.89 (13) 

Mean PCV t Sf 
nogolive colllo (n) 

30.16 t 1.47 (78) 
31.81 t 0.44 (49) 
25.54 t 3.09 (60) 
32.67 :t 0.09 (53) 
29.98 :t 0.84 (39) 
26.68 t 1.11 (55) 
31.43± 1.34 (60) 
25.75 :t 0.01 (37) 
31.68 t 1.49 (47) 
31.54 t 0 .07 (60) 
29.00 :t 1.17 (45) 
28.54 t 0.14 (62) 
29.78 t 0.52 (75) 

The 1st National Biological Postgraduate Scientific Conference, 
University, Nairobi, Kenya. Attended by: S. 0 . Ohaga. 

2- 5 August 2005, Kenyatta 

Project proposal 

Tsetse flies and the control of African sleeping sickness submitted to EU !nco. 

Capacity building 

PhD student 
S. Ohaga (Kenya) Optimisation of semio-chemicals for savannah tsetse control in 'pull', 'push' 

and 'push-pull' tactics in Kenya. Kenyatta University, Kenya (2003, ongoing). 
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PRELIMINARY EVALUATION OF REPELLENTS AND BAITS IN 'PUSH-PULL' TACTIC 
FOR TsETSE AND TRYPANOSOMOSIS SUPPRESSION 

Objective 

Evaluate the effi cacy of the 'push-pull' tactic in enhancing tsetse suppression rates and disease 
levels using on-host repellents to 'push' and baited traps to 'pull ' the flies. 

Participating scientists and student: 5. 0 . Ohaga, R. K. Saini, A. Ha.ssanali, E. D. Kokwaro' , 
I. 0. Ndiege' 

Assisted by:/. A. Andoke, P. Muasa, R. Tumba 

Donors: lntern<Jtional Fund for Agricultural Development, German Academic Exchange 
Service 

Collaborators: 1 Kenyatta University (Kenya); Kenya Veterinary Department, Veterinary Investigation 
Laboratories, Kenya 

Collaborating department: Behaviour<JI and Chemical Ecology Department 

Work in progress 

I . E~aluation of the efficacy of the 'push-pull' tactic at the Kenya coast 

The objective here has been to eva luate how tsetse repel lents can be integrated with the existing 
control techniques to design improved integrated control strategies that rely less on drugs. Of 
particult~ r interest is the 'push-pull' strategy that uses repellents (to 'push' flies) and baited tr;;~ps/ 
targets (to ·pull' flies) to reduce tsetse suppression rates ;;~nd disease levels. A variant of this may 
involve the use of a proportion of cattle with pour-on insecticides as live baits. This trial eval u <~ ted 
the efficacy of the 'push-pull' tactic at the Kenya coast. 

This study was conducted in Shimba Hills, Kwale District of Kenya . (See previous section for 
details.) 

The eight trial sites selectei:l border the Shimba Hi lls National Reserve (SHNR) and include 
Mangawani, Mlafyeni , Mauya, Msulwa, Lukore, Kizibe, K<ttangini <tnd Tsangatamu. These 
sites were selected based on the followi ng criteria: (i) they were at least 10 km away from the 
neighbouring si te, (ii) about 10 km2 in area, (iii) < S km from SHNR, <tnd (iv) easily accessible 
during the ra iny season and with high tsetse and trypanosomosis challenge. Farmers' wil lingness 
to participate in the trials and commitment to provide sufficient cattle for <tl least 12 months was 
also taken into consider<ttion. 

The synthetic repellent identified by icipe and supplied by Ecologia e Tecnologia (EM EL T s.r.l), 
Italy <t nd/or synthesised in BCED laboratories (icipe) was used in the trial. The repellent dispensers 
were as described in the previous icipe Annual Report Highlights (2004/5). The dispensers were 
serviced monthly and their physical conditions recorded. 

The eight sites were randomised into four treatment regimes as shown in Table 1. Prior to the start 
of the trial, all animals were blanket treated with diminazene diaceturate (Veriben®) at doses of 
3.S mglkg, by intr<~muscular injection, body weight being estimated by weighing bands. This is a 
cura tive treatment wi th no lasting protection against reinfection. The trial was conducted for 10 
months (December 2004 to September 2005). 

Trypanosome infections were monitored monthly by dark-ground buffy coat phase-contrast 
technique. 

In November 2004, a total of 163 baited (acetone + cow urine) NG2G traps were deployed in 
'pull' and 'push-pull' sites at intervals of 250 m (4 per km2), in lines 1-1 .5 km apart In Msulwa, 
Mauya, Tsangatamu and Katangini, 39, 41 , 41 and.42 traps, respectively, were deployed. Tsetse 
populations were monitored monthly over the entire period by five NG2G traps per site. Trapping 
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was carried out for five consecutive days per month in marked positions. Cages from the tr<Jps 
were emptied daily; flies were sorted ;;~ccording to species and sex. 

Tabla 1. Summary of !ha randamiaacllour lraotmant raglmaa 

Treatment 

Cattle with repellent di,penaer ~ollar' cmd the area 
In whi~h they graze having traps (push-pull) 

Unprotected ~ollie grazing in an area with bolted 
traps (pull) 

Cattle proteeted with synthetic repellent d i!plmsor 
collars and grazing in an aroo without traps (push) 

Unprotected ~ottle gra:rJng in an area without traps 
(~antral) 

Total 

Sites 

Msulwo 
Mouyo 

Kotonglnl 
Tsongotamu 

Mlolyanl 
Mange~wani 

lukaro 
Kizibe 

No. of 
cattle 

69 
80 

97 
80 

86 
126 

l l,j 
81 

733 

No. of 
trap a 

39 
Al 

Ai 
42 

163 

Tsetse populations 

Figure 1 shows the me;;~n monthly relative density of the flies over the trial period and Figure 2 
shows the corresponding percentage reduction in the four treatment regimes. 'Push-pull ' and 'pull' 
treatments were significantly di fferent (X1 "' 6.40; df = 1; P < 0.01) from controls and 'push' (Figure 
2). Wi th 'push-pu ll', the overall percentage reduction in fly density was <Jbout 77% compared to 
58% with traps alone (pu ll) (Figure 3). However, these were not significantly di fferent. (This can 
be attributed to nearly 50% of the traps not working due to either. theft or vandill ism and to the 
rapid fading of the cloth material.) As expected, very minim<JI fly reduction was observed with 
repellents alone ('push'). · 
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f igure 1, Mean (± SE) monthly relalive densily 
ll l i es/tr~p/day) of Glossina p~llidlpl'S al Shin1ba 
Hills (or I he period November 2004 to September 
2005 
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Figure 2. Monthly percentage lselsc population 
density reduction a l Shimh~ H il ls for the period 
November 2004 lo September 2005 
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Fly dens Illes 

Figure 3. O verall mean (;t SEJ percentage 
reduc;lion in Oy density after 10 lllOI'ths of lriaJ. 
Means followed by the same lener arc nol 
significantly di(fercnl (P> 0.05, LSD tesl) 
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Disease incidence 

Figure 4 shows the monthly mean disease incidence, 
while Figure 5 shows the corresponding percentage 
reduction in trypanosomosis over the tri<~l period. 
ihe results clearly confirm preliminary results of 
trials in Nguruman that the synthetic repellents 
can provide substantial protection to cattle against 
trypanosomosis. Similarly, in sites with traps alone 
('pull'), significant reduction (X~= 65.39; df = 1; P < 
0.0001) in trypanosomosis incidence was obtained 
(Figure 6). 'Push-pull ' treatment gave significantly 
higher reduction in disease incidence compared to 
'pull ' (X!= 23.37; elf ""' 1; P < 0.0001 )(Figure 6). (These 
results were, however, affected by loss, vandalism and 
rapid fading of trap cloth materials.) In addition, during 
the trial, about 20% of the c;:~ttle were not <:~dequ<:~tely 
protected with the repellents due to breakage, leakage 
;:md loss of prototype dispensers. 

These experiments indicate that 'push-pull' may be 
a more effective way of reducing tsetse population 
ilnd tryp<:~nosomosis incidence compared to 'push' 
or 'pull', Further large-scale trials are in progress to 
confirm this. In addition, assessment of livestock 
fMmers' perceptions on the efficacy of repellents and 
baits for vector t~ nd dise;:~se control is in progress. 

Capacity building 

PhD student 
S. Ohaga (Kenya) Optimisation of semio-chemicals 

for sav<~n nah tsetse control in 'pull', 'push' and 
'push-pull' t<:~ctics in Kenya. Kenyatta University, 
Kenya (2003, ongoing). 
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TOXICOLOGICAL AssESSMENT OF A TSETSE REPELLENT DEVELOPED FOR 
SMALLHOLDER INDIGENOUS CoMMUNmEs OF Sus-SAHARAN AFRICA ON 
THE HEALTH OF EXPOSED ANIMALS 

Background 

Before the repellent technology is <Jdopted for use, there is need to generate ildequate safety rlt~ta 
to support its widespread use. This study w<Js therefore undertaken to genernte tox i co l ogic~ ! cl<~til 
of the repellent in exposed animals. (This is also a st<Jndard requirement for the registration of the 
product for use in <~nimal husbandry.) 

Objective 

The toxic effects of the synthetic repellent on the health of exposed anim<Jis were i nvestigt~ted by 
determining: 

(i) signs of acute toxicity, median lethal dose, and undert<~ki ng dermnl and ocular irritation 
tests in lt~boratory animals; 

(ii) chronic effects of exposure of the repellent on haernntologic<~l t~nd biochemical 
p<~rameters in goats; 

(iii) effects of the repellent on weight gain in exposed goats; anci 
(iv) histopathologic<JI effects of the repellent in goats <~fter nine months of continuous 

exposure. 

Participating scientists and student: P. Munyua' (MSc student),/. fvl. Cat!luma ', /. M . Mbaria'. 
F. M. Nieruh ', R. K. Saini 

Donor: The lncemalional Fund for Agricultural Development 

Collaborators: I Department of Public: Health Pharmacology & Toxicology, University or 
Nairobi 

Work in progress 

1. Evaluation of effecls of a tsetse repellent on the haematological, 
biochemical and posl-mortem changes in goals 

To eva lu ;:~ te the effects of the repellent on the haematologicill, biochemic;:~ ! and post-mortem 
ch<~nges in goats, 45 goilts were randomly assigned to three treatment regimes as follows: 

(i) exposure to a high dose of the repellent (4 mg/hr), 
(ii) exposure to a low dose of the repellent (2 mg/hrl, and 
(i i i) a con trol group with no exposure to the repellent. 

During the 9-month study, the three groups of goats were physic<llly separated to avoid cross­
exposure to the volatile repellent, but were put under similar environmental, dietary and 
management conditions. The repellent was administered in specially made dispensers tied 
around the neck of the go<~ts similar to those used for c<Jttle under field conditions. An imals in 
the control group received one dispenser each with liquid paraffin. Levels of three liver enzymes 
lalk<~line phosphatase (ALP}; gamma-glutamyl-transferase (GGTJ and aspartate aminotr<~nsferase 
(ASTJI, the tot<JI red blood cell counts (RBC), the total white blood cell counts (WBC) and the 
differential leucocyte counts in goats exposed to the repellent were monitored monthly. Standard 
toxicologic;;d methods and haematological and biochemical analyses were also used to determine 
the intraperitoneal LD50 in mice and derma l and ocular irritation in r<Jbbi ts. At the end of the study 
two animO'! Is from e<Jch treatment group were sacrificed for gross post-mortem examination. 

Dermal irritation tests performed on rabbits indicated that the repellent is not a primary skin irritant 
(primary irritation index, Pll = 2.4). As is expected with most phenolic compounds, insti llation of 
the repellent to the eyes of rabbits caused eye irritation affecting the cornea, iris and conj unctiva. The 
24-hour median lethal dose (LD50) after intraperitoneal injection of the synthetic repellent in mice 
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was 40.2 mglkg body weight (Table Tobit 1. r..wntae• mortalili•• in mice aA.r intraperitonaalinjadlon with 
Itt• S)mlh•llo rt~lltnt <It th• and of 24 houn and calculation of lD.so 

1 ). Exposure of the animals (goats) to 
low (2 rnglhr) or high doses (4 mglhr) Aecumuloted 

doolh$/sUtVIYOJ of the vapours of the repellent through Dou1 [mg/ 

II II - L I kg body Log. No. No. Pen;entoge 
repe ent CO ars ilS Wlt1l catt e, OVer weight) dose died lurvived Died Survived Totol mortality 
a nine-month experiment<~l period -30_;_---~.4-7-7-1----------------
indicated no adverse effects on the 

35 1
_5440 ~ 1 ~ ~ ~! ~~ o.o 

health of the exposed animals. The 40 1.6020 4 6 12 13 25 !~:~ 
three liver enzymes [(gamma glutamyl 

45 
1.

6532 7 3 19 7 26 
transpeptidase (GGT), alkaline 

50 
~,6989 9 28 4 32 

:~:~ 
phosphatase (ALP) and aspartate 

3 aminotransferase (AST)J. monitored 55 
1.7

403 9 1 37 40 9
2.5 

monthly over the experimental period, 60 1.7781 8 2 45 2 47 
95.7 

65 1.8129 10 0 55 0 55 100.0 
showed no sign i fi cant differences ::--.;._-:-;---:-~--::"--:::-:-r--.--:----;;----,-;;-;;;--,-;;---~-:--­
between the treated and the control From the table, the 24-hour .lntrop•ritonool lD •• lor th, r•p•ll•nt W05 

determined to be 40.2-mg/kg body woight. 
animals and were within the normal 
i'eference values for the treated and 
the control anim01ls and for the species (Figure 1 ). Similarly, haematologic:al parameters-red blood 
cell c;ount (RBCJ and white blood cell count (WBC) (Figure 2), granulocytes and lymphocytes 
counts (figure 3)- were also within normal ranges for the species_ and did not differ between 
control and treated animals. The synthetic repellent also did not affect the weight of the treated 

anim;:lls (Figure 4). Histopathological analysis of the 

800,.....--~--------~ treated and control animals at the end of the nine-
A month trial also showed no adverse effects of the 

synthetic repellent on exposed animals. 
~600 
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Figure 1. Mean monthly levels of three liver 
en~ymes: (A) ;~lk;~line phosphiltilse (ref Villue 
93- 387 Ull), (B) aspartate aminotransferase (ref. 
value 167- 513 Ull) and (C) gamma glutamyl 
transpeptidase (ref. value 20- 56 U/1) in goats 
exposed to the synthetic repellent (N • 15) 
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The synthetic repellent can thus be used to protect 
livestock as our studies indicated no adverse effects 
on exposed animals. However, since the repellent is 
a mild skin irritant and caused eye irritation it should 
be handled with care. 
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Figure 2. Mean monthly levels of (A) white blood cells 
<WBC) (ref value 4-13 x 10'11) and (B) red blood cells 
(RBQ (ref value 8- 18 x 10'1/1) In goats exposed to the 
synthetic repellent (N .. 15) 
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Figure 3. Mean monthly levels o( CAl lymphocytes 
(ref. va lue 50-70%) and (BJ granulocytes (ref. 
v,1 Jue 30-46%) in go~ts exposed to the synthetic 
rcpcllenl (N = 15) 

Capacity building 

MSc student 

24.--------------------------, 
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figure 4. Effect o( rcpcllcnt on body weight in 
goats exposed to the synthetic repellent (N = 15) 

P. Munyua (Kenya) Toxicological assessment of a tsetse repellent developed for smallholder 
indigenous communities of sub-SJharan Africa, on the health of exposed animals" . University 
of Nairobi (ongoing). 
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CHARAcrERISATION oF OLFACTORY RECEPTOR PROTEINS AssociATED WITH 
ATTRACTANcY/REPEUI!NCY IN SAVANNA SPECIES OF TSETSE fUES 

Objectives 

This Molecular Biology and Biotechnology Dep<~rtment project aims at applying emerging 
techniques in vector molecular biology and functional/comparative genomics to identify and 
charilcterise olfactory receptor proteins in tsetse fly associated with attractancy and repellency. The 
objectives are to develop and sequence 01n ilntennal eDNA library of Clossina pallidipes; identify 
candidate odourant binding proteins (OBPs) homologues by computational appi'Oaches; express a 
subset of OBPs genes in baculovirus expression system and undertake funct ional and binding ass<~y 
to determine the relative affinity and specificity of selected attractants <~nd repellents. 

Participating scientists and student: 5. C, NyiJnjom. P. Lomo', D. Masiga, A Ha::;s.mali 

Donors: UNICEF/UNDP/World Bank/WH O Special Programme for Research and Training in 
Tropical Diseases, Netherlands Programme for Cooperation with lnternationallnsl'itulions 

Col/abor<Jtors: '/omo Krmyatta University of Agricullure .md Technology: the We!Jcome Trust 
Sanger lnslitute, Cambridge UK; South African National fJioinformalics Institute 

Collaborating department: Behavioural and Chemical Ecology Department 

Work in progress 

Antcnn;~l eDNA library was 
constructed from both male and 
female C. pallidipes. The librory was 
plated to approximately 20 plaques 
per pl01te which were eluted, screened 
using vector specific primers ond 
purified ior sequencing. The double 
strand complementary DNA for 
Clossina pallidipes female and male 
hod a ba ne! smear between 500 <lnd 
JOOO base pnirs (figure 1) while the 
screened culonies from eluted plaques 
<~mplified <1 b;~nd sil:e of approximately 
500 base pairs (Figure 2). 

Current ongoing work involves 
analysing the generoted sequences by 
Stand Alone Bioinformatics Analysis 
Tool then blasting ag<'!inst insects' 
olfactory receptor protein database 
from NCBI. The generated sequences 
wi ll also be assembled into contigs 

Figure 1. Double str.1nd con1plementary DNA agorose gel analysis 
for Glossina pallid/pus female (1) .1nd male (2). M • 1 kb molecular 
marker 

to be used for searching GenBank Figure 2. Scmencd colonil!s from Glossina pallidipes male lihrilry 
Non-redundant Protein Dotabase and 
Conserved Domains Database (COD), which includes <Jil pfilm and SMART protein domains. 

Capacity building 

PhD student 
S. G. Nyanjom (Kenya) Characterisation of olfactory receptor proteins associated with attract<Jncy/ 

repellency in savannah species of tsetse flies. jomo Kenyiltt;;t University of Agriculture and 
Technology (2005, ongoing). 
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EXPRESSION PROFILES OF GLOSSINA PROTEOLYTIC LECTIN GENE IN TSETSE 
MIDGUTS 

Background, approach and objectives 

Tsetse flies are obligate blood-feeding arthropods that transmitAfriciln trypanosomes, which C.:\ use 
trypanosomosis in man and livestock. The li fe cycle of trypanosomes (genus: Trypanosoma), in 
its invertebrate vector begins when the tsetse fly feeds on an infected mammalian host. During 
the life cycle of tr)'panosornes in the vector a cruc ia l event is the establishment of tsetse midgut 
infect ion, which involves tr.Jnsformation of bloodstream-form trypn nosomes into procycl ic forms . 
Thi~ process is mediated by a w ide var iety of factors. Tsetse midgut fl!ctors invo lvF-cf include 
lectins, trypsin-like molecules, lysins and lectin-trypsi n complex. A Glossin<t proteolytic lectin 
gene (Cpl) that encodes for a protein with both lectin and trypsin activit ies in Glossina fu~cipes 
fuscipes wl!s recently isolated ir1this labor<~tory. Glossina proteolytic lectin induces transformation 
of bluudstrcam-Forn1 tryp<1nosomes to procyclic forms in vicro. The gene is induced by the 
bloorlme,11 <mel expressed in members of Glossina species but no homologues have been found 
in uther h:tematophagous insects. This ~uggests th.:lt it may be playing an importlltlt ro le in the 
in terac:tions between tsetse and the tryp<.musnmes and hence having ;m effect on the vectoria l 
C(lpacity of tsetse. ·· 

The present study was undertaken by the Mult~cular Riology and Biotec:hnology Dt~partment io 
gnin insight into the effect of tryp~nosome par,,sites on the expre$sion of Cpl gene and how its 
~xpress ion compi!res in different Clos$ina species. Quitntitativc competitive reverse transcriptilse 
polymer.1se chain reaction (QC-RT-PCR) wl!s used to assess the expression levels or Cpl gene in 
Infected and uninfectcd G. f. {uscipes at 24, 48 and 72 h post feeding. Expression levels were also 
compared in C. pallidipes and C . f. fuscipes at 0, 24, 4~ and 72 h post feeding. 

P<1rticipating scientists ,lncl student: E. Osir, L. Ahubakat; 8. Mbatia 

Donor: UNICEFIUNDP/World Uank!WHO Special Programme for /?esearch and Training in 
Tropical Diseases 

Collaborator: Universi(}l of Nairobi 

Work in progress 

Expression levels of Cpl gene remained high throughout the digestion cycle fol lowing both 
infective <H1d uninfcctive bloodmeal. However, the expression was parasite responsive, with the 
expression being lower in trypanosome infected C. f. fuscipes (P < 0.05). Down-regulation of 
Cpl gene expression by trypanosomes might be a possible mechanism used by the parasites 
to survive and establish themselves in the hostile midgut environment. Expression of Cpl gene 
varied significantly in C. pallidipes and C. f. fuscipes with G. p;:~llidipes expressing lower levels of 
the transcripts (P < 0.05). In both species a linear increase in the gene expression was observed 
w ith teneral flies expressing low transcript levels. This trend suggests regulation ilt transcription 
level. Higher Cpl gene transcript levels in C. f. fuscipes may be among the factors contributing to 
their refractoriness to trypanosome Infection as opposed to the susceptible G. p;;JI/idipes. 

Although several factors have been impl icated in the successful transformation and establishment 
of trypanosomes in tsetse, down regulation of expression of Gpl gene in refractory G. f. fuscipes 
and the variation of its expression in susceptible (G. pallidipes) and refractory (G. f. fuscires) 
tsetse flies suggest that there is an optimal concentration of Gpl required for the establishment of 
midgut infection. Trypanosomes cou ld be playing a key role in the modulation of these levels, 
and therefore enhancing their own transmission. 

Capacity building 

MScstudent 
B. Mbatia (Kenya) Expression profiles of tsetse (Glossina sp.): Glossina proteolytic lectin (Gpl) 
gene, University of Nairobi, Kenya (2005, completed). 
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Sruo1Es oN THE MIDGUT LEcnN GENE oF GLOSSINA .AUSTENI 

Background 

Africa n trypanosomosis, a debilitilting parasitic disease, takes a heavy toll on health and 
socioeconomic output of sub-Saharan Africa. The disease-causing agent, Trypanosoma, is 
transmitted from one vertebrate host to the next, in most cases, through the bite of tsetse (Glossina) . 
There is now a search for more effective disease-containing measures to supplement the existing 
control methods. An importilnt potential avenue is the reduction of tsetse's ability to transmit 
trypanosomes, which m<~y come from a better understanding of the interplay between tsetse and 
trypanosomes. 

Participating scientists and student: E. Osl" G. Muluvi', f. Machuka', D. Amin 

Donor: DAAD 

Collaborators: 1 Kenyatta University, Kenya 

Work in progress 

In this project by Molecular Biology and Biotechnology Department, a midgut lectin, implic<Jted 
in tsetse-trypanosome interactions, from Glossina austeni was characterised. Following isolation 
and sequencing of the encoding gene, the recombinant protein was expressed (in E. coli and 5(21 
cells), purified and ch<Jr<Jcterised biochemically (post-translational modification and interaction 
with o-glucosamine- an inhibitor of the protein). The effect of the protein on trypanosomes was 
also tested in vicro. 

The b<~culovirus-expressed lectin was found in the medium of baculovirus-infected Sf-21 cell 
cultures, indicating that the tsetse fly-derived sign<~ I peptide was recognised and cleaved by the Sf-
21 cells. The baculovirus·expressed protein also was glycosylated despite the absence of classical 
0-l inked 01nd N-l inked sugar attachment motifs. Both the baculovirus- and bacterium-expressed 
lectin proteins were shown to agglutinate trypanosomes and rabbit red blood cells In vitro. This 
agglutination was strongly inhibited by o-glucosamine. o-Giucosamine also inhibited the action of 
!he native and recombinantlectins on the chromogenic substrate Chromozym TRY. Interestingly, 
both baculovirus- and bacterium-expressed lectins showed no significant differences in terms of 
these activities, indicating that a sugar moiety is not essential for biological activity. These results 
lay a good basis for further studies on the in vivo activity of Glossina proteolytic lectin. 

Output 

Conferences attended 

Africa Genome Initiative Conference held in Nairobi, Kenya, March 2005. Attended by: D. N. 
Amin, J. Machuka, G. Muluvi and E. Osir. 

JOBlM Oournee ouvertes aux Biologie, lnformatique et Mathematique) conference in Lyon-France 
from 4-8 July 2005. Attended by: D. Am in. 

Capacity building 

PhD student 
D. N. Amin (Cameroon) Functional analysis of the midgut gene of Glossina ausceni. Kenyaua 
University (2006, ongoing). 
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MwEA NATIONAL RESERVE CoMMUNITY-BASED TsETSE CoNTROL 

Background; approach and objectives 

The Mwea National Reserve, covering an areil of 42 km' , is located in Mbeere District, Eastern 
Province and is jointl), manilged by Mheere County Council and the Kenya Wildl ife Service 
!KWS). The Reserve is surrounded by communities that carry out lives tock keeping and farming for 
their livelihoods. Due to the rroximity of the reserve to the settlements, there is conflict between 
human activities and the wild ilnimals. The reserve is also rega rded LIS a breeding ground for 
tsetse fl ies that not only tr ;:Jnsmit ca ttle trypanosomosis but are also a nuisance because they bite 
l ivestock ilnd humans. To reduce the conservation-human conflict in the area, KWS ilpproached 
icipe to clSSist in tho introduction of the NGU tsetse trapping technology, which is simple ilnd 
conserviltion friendly. In response to th is request, a three-year community-based tsetse-trapping 
project was initiated in April 2003 to end in March 2006. 

The objectives of th is Technology Transfer Unit project are to promote cornmun ity-based 
environmentally friendly tsetse control technologies ilnd conservation-based income-generating 
enterpri ses for communit ies to contribute towards sustainable usc of naturill re:;ources . 

. Community members were trained on how to make the NGU tril r , trap deployment, servicing and 
maintenonce in August 2003 by icipe's Animal 1~1ea lth Division. The course graduates deployed 
traps within the reserve and established and managed barrier traps around the reserve from August 
2003 onwards. Thereafter, monitoring of the tsetse fly population within and outside the reserve 
Jnd frequent servicing of the traps was carried out. 

A socioeconomic baseline study was conducted . in 2003. FurthermQre, baseline iniormation 
on the status of cattle trypilnosornosis in the project <:lrea was collected from October 2003 to 
October 2004. 

Participating scientist: B. Nyt~mbo 

Assisted by: /. K. KMiuki, /. A. Ancloke, P N. Muasa 

Donor: Biovisiun Founddtion of Swit:terlancl 

Col/<1borators: Kenyt~ Wildlife Service, Mheere County Council <1 nd farming communities in 
the environs of the Mwea Nalionall~eserve, Kcn)ta 

Work in progress 

lmmediJtely after the tr<~ining conducted in August 2003, 326 traps were deployed in the-reserve 
,,t a density of 4 traps per km~. In addition, a tOtill of 161 b;mier traps were deployed by the 
community around the Natiunill Reserve to prevent esc<Jping tsetse reaching homesteJds in the 
reserve neighbourhood. 

The population trend within the Reserve and near homeste<Jds at Reserve borders for the period 
August 2003 to September 2005 is summarised in Figures 1 Jnd 2. Over<JII, there has been a 
tremendous reduction in the popui<Jtion of the fl ies within the Reserve, the source of fli es that 
.tltack community livestock (Figure 1) and also in the population of flies reaching the horneste<Jds 
(Figure 2). 

Daily fly catch fluctuations as indicated by the SD bar l ines were genera lly high throughout the 
trapping period (Figures 1 ilnd 2). 

The baseline study on the status of cattle trypanosomosis in the project area indicated that about 
18'Yu of the sampled cattle were infected. Infected an imals were treated with Veriben®, one of the 
recommended drugs and recovered well wi thin three month$ of treatment. Following these results, 
it was concluded that the drug could be used in the area for treatment of infected animals. 

To generate income (part of which could be used to sust<Jin tsetse trapping) and also to motivate the 
community to continue with trap servicing, tra ini~g in modern beekeeping ilnd wi ld si lk farming 
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Figure l. Tsetse population trends in Mwea National Reserve (monthly tsetse Oy 
catches, August 2003 to December 2005) 
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Figure 2. Tsets!! fly population trends In the community-managed barrier traps (monthly 
fly c; atc;:he~. August 2003 to December 2005) 

was initiated. icipe's Commercial Insects Programme conducted a Training of Trainers (ToT) in 
beekeeping in August 2004 and February 2005 for 12 nominated members of the community to 
create a criti c<JI c;:~pacity within the community to pr;;~ctice modern beekeeping. ToT in wild silk 
farming started in june 2005 and is still in progress. A total of 12 nominated farmers participated 
in ihe training. This capacity building motivated the community and resulted in frequent trop 
servicing. 

Output 

Donor reports 

Mungai P., Kariuki ). M., Maina E. W. and Kariuki ). (2004a) Report on the prevalence of animal 
trypanosomosis in areas adjacent to Mwea National Reserve 12-17 July 2004. 

Mu11gai P., Kariuki ). M., Maina E. W. and Kariuki ). (2004b) Report on the prevalence of animal 
trypanosomosis in are(ls adjacent to Mwea National Reserve 11-15 October 2004: Progress 
report, October 2004. 

Ndung'u M . (2005) Internal Ev;;~luation Report on Mwea National Reserve Community Tsetse 
Control Project, August 2005. 

Nyambo B., Ouma M ., Maundu ). and Kabunyi J_ K. (2005) Mwea tsetse. In icipe Education and 
Dissemination Unit Quarterly Report: January- March 2005, p. 3. 

Nyambo 8., MaunduJ. and Kabunyi ). K. (2005) Mwea Tsetse. In iclpe Education and Dissemination 
Unit Quarterly Report: April-June 2005, pp. 3-4. 

Nyambo B., Maundu J_ and Kabunyi J. K. (2005) Mwea tsetse. In icipe Education and Dissemination 
Unit Quarterly Report: July-September 2005, pp. 1- 2. 

Nyambo B. (2005) Mwea Nationa l Reserve: Community-based tsetse control. September­
December 2005. 
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ADAPTIVE MANAGEMENT oF EcosoctAL SYsTEMs. I . HISTORICAL 
PERSPECTIVE AND INTRODUCTION OF EcOSOCIAL SYSTEMS 

Background, ~pproach and objectives 

The Population Ecolog}' and Ecosystem Science Department project briefly reviews both the 
history of inrcgrateu pest m;magement (IPM) and some clements of system theory I hill are used 
to represent the structure ilnd functioning of soci<.JI and ecological systems. TI1 is approach illlows 
the schernatislltion of social systems including the composition and role of institutions cngagerl in 
I PM. In social systems, M increasing number of levels from fLJ rmcrs to pol icy makers are involved 
in II'M <Klivilies. The sociLJI systems ilre org<~nised horizont<~lly with institutions operilling un the 
same level, and verticil lly wi th insti tut ions CISSigned to different levels. Finil ll y, the pr'oject deab 
wi th exarnples of in tegrated crop ilnd livestock pest manLJgement in industrialised and developing 
agriculrural systems to illustril tc the ro le of inst itutions. 

Wiiltner-Toews and coll ilhoriltors (Frontiers in Ecology anrlthe Environment 1, 2J-.10) refer to 
'people' and 'communities' firmly emberlded ;.'Is integral elements in ecosocial systems where 
the social subsystems interact w ith ecologicill subsystems to become components uf Ll uni fied 
whole. 

OjJportunities for ccosocial system management are explorPd in a conference contribution on 
l;md usc for mu ltiple purposes. SpeLificLJ IIy, we sturfy the developmen t of a mulrlfunction:-~ 1 
.1griculture aiming at objeclivfls of ecosystem S~!vice provision (see aforementium•d connrclivity 
enhancement project) including food production, biodiversity conservation t~nd provi.s ion of 
services relev~nl to ecotourism. 

In both studies. we explore opportunities for adaptive management, i.e. n)Mlil!Jf'menl sern as ,1 
systematic;, q tc/ic process fur continually improvin!J managemen t policie:.•s, strate!jies ,1nd /actio 
ba5ecl vn le:;sons lt!<unf'd from opf'raliunal activities (Comiskey ). A. , Dallmeier F. ilnd Alonso 
A., I CJ9CJ. In: Levin, S. (Ed.), Encycloperlia of Biodiversity, Vol. J . r\C;ldemlc Press, New York, pp. 
b3- 73). 

Adaptive management deals with uncertainties .md views milnilgement as experiments rather 
I han solutions (en.wikipedia.org). 

Collaborators: A Pa/iJ Okeyo, /. /Jawng,'irtner, Cet,Khew Tikubet; C. C ilio/i, Universlt,i 
1\1/ecliterranea eli Reggio di Calabria, flaly; /. H,lftmann, Ami fur Natur und Umwelt. Chur, 
Switzerland; P Trem,1lerra, Univ(mil<! degli Studi del fvlolise. Campobasso. Italy 

Collaborating department: Social Science Department 

Work in progress 

7. Managing sustainable ecosocial svstems 

The ilppro<~ch permits extension of IPM into comprehensive <~gri cu lt ural production systems 
management ilnd subsequentl y, into ecosocial management schemes. In traditional IPM schemes, 
the institutions arc seen as managers of ecologicill systems. In ecusocial systems, however, the 
social systems interact with ecological systems and both become components o f unified wholes. 
For two reasons, the book chapter by J. Baumgartner, A. Pala-Okeyo and P. Trem<Jterra is not 
limited to social systems but considers the structure and functioning of ecologica l systems as well . 
First, the use of common concepts for representing both socioeconomic and ecological systems 
(ilcililates research and implementillion. Second, it <Jddresses the concerns of anthropologists, 
who consider current socioeconomic approaches insufficient because they do not satisfactori ly 
l<~ke into account the complexities of ecologica l systems. 

In A(ricil, livestock disease-transmitting tsetse t~re highly mobi le and can efficiently be controlled 
at the community level by precision tMgeting mass-trapping operations. To implement adaptive 
tsetse me~n<~gement technologies, Ethiopian communities set up tsetse control teams that interact 
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with researchers and operate within political and administrative community organisations. Their 
integration into regional and national institutions is a prerequisite to successful programme 
execution. 

The case study 'BOndner Rheintal ' (Canton of the Grisons, Switzerland) demOn$trates opportuniti es 
for re-orienting the traditional agricu lture towards multiple objectives in an ecosystem service 
provision context. It shows that use of marginal land greatly enhances the opportunities of farmers 
to re-orient farm management towards ecosystem service provision including services of interest 
to the tourism sector. Geographers showed great interest in the design of land use strategies on 
the basis of ecosystem theories, while Eth iopian national institutions further explore opportun ities 
provided by ecotourism. 

In the cases under study, we deal with ecosocial systems, and their inherent complexity requires 
the use oi adaptive mnnagement procedures detailed in the next section. 

Output 

The review undertaken is a conti nuation of a previously concluded project on IPM in Africa, 
while a conference contribution has been prepared to summarise ccosodal system man<1gcment 
for multiple objectives in the Alps as a case study for geographers and Ethiopian institu tions 
interested in ecotourism. 
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STUDY AND ADAPTIVE MANAGEMENT oF EcosoctAL SYsTEMs. II. THEORY 

Background, approach and objectives 

The perspectives of ecosocial systems are configurations in which systems composed of social 
and ecological subsystems are mentally viewed. Traditionally, ecological and social systems h<lVe 
separately been dealt with, and interactions were largely disregarded. In agronomy and ecology, 
a wide range of actors is assumed to manage ecological systems characterised by complexity 
and non-linear dynamics principles. Ecosystem science relies on several complement;uy 
approaches seen as necessa ry to explain the evolution, structure 3nd function as wel l as responses 
to perturbations of ecosystems. The enhancement of ecologica l sust<l inability is seen <15 the 
overall objective of ecological system management. In sociology applied to ecological systems 
management, the hierarchica l structure of institutions and actors is seen as a key element. A new 
orientation of extension is seen as il prerequisite for enhancing synergies between institutions 
and augmenting innovative performance. 

Recently, agronomists and ecologists give more emphasis to the interactions between soci<~ l and 
ecological systems than previously done. Assuming that overall sustainability is composed of 
ecological, economic and social sustainability, severi'l l <lpproaches may be .1ppropriate to seek 
its enhancement. Assumptions of constructionist epistemology may guide research i1ctivities that 
yield design principles for sustainable agri cu ltura l systems and produce methods for adaptive 
m;:m<~gement. The latter m<Jy improve the insight into ecosoci<JI system evolution. structure 
<~nd dyn<~mics and moreover, identify resources for placing ecosocial systems un tra jectories to 
enhanced'sustainability. The authors re ly on these concepts in their ongoing projects aiming at 
enhancing ecological, economic and social sustainability of ecosocial systems. 

Collaborators: }. BaumgtirlM.'r,· G. Gilio/i, Universitit Mediterr,1nea eli Reggio eli Calabria, 
Italy 

Work in progress 

7. Establishing a basis for ecosocial system management 

In many partsoftheworld, increasingly, hum<1n populations are faced with the problem of obtaining 
resources from deteriorating ecologica l systems. The reversal of this trend is iln objective for many 
institutions involved In development cooperation. This has profound anthropological, economic 
and ecological implications, <Jnd the selection of <Jdequate approaches Is a greflt ch.-l!lenge to 
the scienti fic communi ty. In many cases, the stress results from the combined effect of adverse 
environmental conditions, vector-transmitted diseases and limited food. Under condi(ions of 
multiple stresses, an ecosocia l systems approach is indispensable and research on ad<~ptive 
management appropriate. 

The cssenti<1l qualities of this approach are being defined in ongoing projects on hum<~n hei'l lth 
improvement <1nd poverty alleviation in Africa. A community-based tsetse and tryp<lnosomosis 
management project in Ethiopli! is the entry point. We observe that a linear cause and effect 
chain is inappropriate to represent the consequences of the operations, <~nd multiple effects 
can be derived from a schematlsed representation of the system. The incidence of malaria is an 
additional stressor that seriously constrains human health and limits access to resources. l-Ienee, 
the development of a community-based mosquito and malaria control system is considered 
as necessary. To assure food security, habitat degradation has to be reversed and sustain;~ble 
<~gricultLJra l systems have to be developed as a participatory effort. 

Nevertheless, the emphasis will shift from theory development to applications (see next 
project) . 

animal health 11@§0 143 



STuDY AND ADAPTIVE MANAGEMENT oF EcosoCIAL SYsTEMs. Ill. 
APPLICATIONS 

Background, approach and objectives 

To overcome some limit<Jtions in traditional human he01lth and poverty reduction schemes, we 
int roduced the ecosocial system concept into our work and re·oriented management aims tow<Jrds 
sustainability enhancement. 

Collaborators: }. B;wmgartner, Getachew Tikubet, C. Cilioli, Melaku Girma, A. Sciarretta, 
Shi/~1 f3illlo; P Trematerra, Universita degli Swdi del Mulise, Campobasso, Italy 

Assisted by: Lulseged Belilyehun. Teame 11agos 

Donors: Ethiopian n<Jtional inslitulions, Swiss Agency for Development and Couperaliun, 
Biovision Foundation 

Work in progress 

7. Adaptive management of tsetse 

The deployment of four odour-baited traps per km2 is used <'IS a standard in tsetse contro l projects 
and was used at two si tes in Ethiopia. At the Luke site in southwestern Ethiopia, we deployed 216 
traps on 17 paths crossing a 50 km2 wide area. The geostatistical analysis showed that reliable 
information on spatia-temporal tsetse occurrences can be obtained by using every second trap 
resulting to a decrease in labour costs. Moreover, the method allowed detection of hot spots 
similar to the ones detected with the standard rnethod. At the Asossa site in western Ethiopia, the 
appli cation of geost<~tistical methods to the analysis of data obtained by the standard method also 
showed that reduction in labour and reliable information on tsetse occurrences can be obtained 
by using every second trap. Likewise, no loss of information on hot spots occurred when reducing 
the number of traps by 50%. At both the Luke 01nd the Asossa sites, 50% of the traps used in 
the standard deployment str<~tegy could be used for either extending the area under monitoring 
or for hot spot control purposes. The design and implementation of a cost-efficient monitoring 
system is the first step in an adaptive tsetse management system. This system has been tested at 
the Luke site where It resulted to cost-efficient tsetse control tr<~p deployment, reduction in tsetse 
occurrences and disease prevalence in c<Jttle, <Jnd increase in cattle productivity expressed as 
milk production, calving rates, i'Jnd in i'Jreas being ploughed. 

The objective for ecosocial system management is to place the ecosocial system on a trajectory to 
increased sustainability in ecological, economic and social dimensions ('navigation', <~ccording 
to <Jdaptive pl01nning as described by Carlman in Ambio, 34, 163-168, 2005). 

Here, we present a few concepts that proved to be useful 01nd mily be necessary but probably 
insuffi cient to meet the objective. During project execution, we increasingly took into account the 
interactions between ;:~ctors and ecological systems. Thereby, we replaced the concept of external 
operators acting on an independent ecological system by the concept of ecosocial systems th<Jt 
incl udes compartments of both ecological sub-system and social sub-systems. The addition of 
natural science input into the facilitation model used in agricultural extension allows key constraint 
identification, efficient integration of technologies into ecosocial system management 3nd priority 
setting for management activities. Moreover, we rely on adaptive management to deal with 
complexity and lim ited predictability of ecosoci01l systems dynamics and accept complementary 
methodologies to meet the objective. Because of unclear objectives, limited predictability of 
ecosocial system dynamics and complementary methodologies for study and management we 
are unable to specify in precise quantitative terms a target for management activities and focus on 
changes in sustainability instead. Accordingly, management practices should keep the ecosocial 
system on a trajectory to enhanced sustainability in ecological, economic and social dimensions. 
This concept is related to the navigation concept used in adaptive planning where a s<Jfe voyage 
is more important than a predefined destination. The concepts listed by Baumgartner and Gilioli 

144 11@~0 icipe biennial sr;ientific reporl 2004- 2005 



(2005) are seen as components of an emerging conceptual framework for ecosystem study and 
management. 

Output 

Journal article 

Sciarreua A., Melaku G., Getachew T., Lulseged B., Shifa 8. and Baumgartner /. (200.5) 
Development of an adaptive tsetse population management scheme for the Luke cornmlmity, 
Ethiopia. Journal of Medical Entomology 42, 1006-1019. 

Paper published in proceedings 

B<wmgarcner /. and Gilioli G. (2005) Some concepts in ecosocial system management for 
sustainabil ity enhancement. PRAXIS Ethiop ia Conference Proceedings, Addis Ababa, Ethiopia, 
27-29 September 2005. PRAXIS Ethiopia Foundation, Kansas, USA. www.praxisethiopia.org. 
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CoMMUNITY-DRIVEN TsETsE AND BoVINE TRYPANOSOMOSIS MANAGEMENT 
AT DIFFERENT MoDEL SITES IN ETHIOPIA 

Background 

Aiter successful project execution at Luke, Gurage Zone, icipe was requested to initiate three 
<trlditional projects: Keto (Western Oromia), Beko (Eastern Wollega) and Asossa (Benshangul 
Gumuzl. These are high challenge areas whete over 40% disease prevalence has been observed. 
This situation prevented the use of animal traction for field preparation. Each site corresponds to 
one wnreda with an average human population of 150,000 in each and an average area of about 
500 km1 of tsetse-infested land. 

Gurage sites 

In Gurage we are operating in four Kebeles (Luke, Doba, Shurnoro, Wedesh01). Activities at the 
Luke site started in 1995. This is a continuation of the 2004 activities. Activites in the other three 
sites ~t<lrted in january 2005 in col laboration with Enemor and Ener woreda administration and 
rhe Meger Development Associa tion. Meger contributed 500 NGU tsetse tr01ps and <Jccessories 
for the tsetse control oper<Jtion. 

Benshangul Gumuz sites 

The Asossa site in Benshangul Gumuz Regional Government was started in 2003 with the request 
of the 1·egion<tl government and the commun ities at Asossa. It is operating in six Kebeles (Amb<.l 
7, 8, 9, Tsetse Adurunu, Agusha and Kushmengel). 

Qromia sites 

The tsetse-trypanosomiasis roll back initiative in Oromia region was initi!lted by icipe !lnd Oromia 
Agricul ture anrl Rur01l Development Bureau to tackle the growing trypanosornosis challenge in 
animal husbandry. The problem is even worse in the new settlement areas where it is impossible 
to keep animals for any purpose. 

The operation started in October 2004 and is operating in two settlement Kebeles- Bako and 
Gosh Amba- in Eastern and Western Wollega zone, respectively. 

The main objective is to facilitate anim;JI health improvement at model sites. 

Participating scientists: T. Getachew, J. Baumgartner, G. Melaku, Shifa Ballo, Teame Hagos, 
Leulseged Belayhun, G. Cilioll, A Sdarretta 

Assisted by: Girma Gulilat, Murad Yirga, Tesfaye A/emu, Assefa Admike, Mrs Etsegenet 
Muluneh, Ms Gibson Ke/lfa, Mrs Tobyawseged Teshome, Mrs Alemstsehay Wudeneh 

Collaborators: Curage Zone Administration, Oromia, Gurage Zone, Benshangul Cumuz 
Bureau of Agriculture, Addis Ababa University, Ethiopian Social Rehabilitation and 
Development Fund 

Donors: Swiss Development Cooperation, Biovision Foundation, Helvetas/ BioEconomy 
Association, World Vision, Regional Governments and in-kind contributions of 
communities 

Work in progress 

1. Adaptive management of tsetse populations and chemotherapy for 
infected animals 

In ;~II the sites, a total of 1229 monitoring traps (Gurage 289, Benshangul Gumuz 740, and 
Oromia 200) have been deployed according to standard procedures. Traps were set at 500 meters 
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by 500 meters spacing and fly catches were collected biweekly with community participation. 
Currently, the monitoring system is made more cost-efficient using geostatistical analysis and 
community participation. 

In Luke, the tsetse management strategy relies on additional trap deployment in hot spots. In 
the three ne-w areas, farmers preferred herd management over control trap deployment, i.e. they 
refrain from grazing in hot spot areas. The strategy selected by the farmers is under evaluation 
with respect to tsetse spatial- temporal dynamics and trap deployment. 

In Benshangul Gumuz and Oromia sites traps were deployed and fly catches registered biweckl~, 
and tsetse distribution in space and time were geostatistic<~lly analysed and fly distribution contour 
maps constructed. However, additional traps deployment based on hotspot identification was not 
done because of logistical problems. This activity will be conducted in the next season. 

The main activity of the project includes community mobilisation and capacity building, tsetse 
population adaptive management and chemotherapy of infected animals, and socioeconomic 
data collection and impact assessments. 

Gurage sites 

At Luke, the previously reported disease prevalence of 11% has been maintained with minimal 
monitoring and intervention. In the other sites in Wodesha, Doba and Shimoro, disease preva lence 
rate of 27 .8, 28 and 3 l'Yo, respectively was reduced, correspondingly, to the initially observed 12, 
'11.1 and 11 .5% tryp<~nosome prevalence rate. 

The increase in numbers of cattle, and specifically oxen, allowed the ploughing of about 505 ha 
in 2005. Crop production, the number of cattle (3296), the milk yield (1 .29 litres per cow per dayl 
and the calving rate (0.566) increased from previous years and made available resources for the 
constru<;tion of a school. We expect that the resources will provide opportunities for the private 
sector. The establishment of tsetse management committees increases institutional diversity <1nd 
contributes to sustainability. 

Farmers were selected from all the sites and practical training in commlmity-based integrated tsetse 
and trypnnosomosis mariagement was given to 125 farmers. Community Project Committees were 
formed for Wodcsha, Doba and Shimoro. The issue of institutional diversity is being addressed. 

Benshangul Gumuz sites 

In Asoss<~ , the tsetse population abundance is decreasing through time (see T;;~ble 1 ). The disease 
prevalence has also been reducing (see Figure 3) and availability of oxen resulted in an increase 
in ploughed land. A socioeconomic analysis is being carried out. For the scaling up of the project, 
.1000 traps t~re ready for deployment in collaboration with World Vision and the Benshangul 
Gumuz Regional Government. 

Oromia sites 

At Keto (Gosh Amba) and Beko, the deployment of tsetse-baited traps by icipe and Ministry 
of Agriculture have minimised the trypanosomosis challenge to a certain degree as has been 
mentioned by local settlers during surveys. Fly monitoring work showed th.1t Clossinc1 mursitc1ns 
submorsit<Jns and G. fuscipes fuscipes tsetse species are present along with other biting flies such 
as T<Jbanus, Stomoxys and Hematopola spp. The results of fly monitoring data are geostatistically 
analysed and fly distribution maps were constructed (see Figures 1 and 2). Since the tsetse control 
programme is in its early stages, more data are being collected for further impact <1ssessment. 

In both si tes practical training in tsetse control and income generation was given to about 1000 
farmers and 5 development agents. 

animal health 11@§0 147 



BEKO 

28 

24 

20 

16 

1032000 
12 

1031000 a 

1030000 4 

1029000 0 
252000 253000 254000 255000 256000 257000 258000 

Figure 1 . Tsetse trap positions ;:md Oy diSirihution contour map lor lll!kO site 
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Tablt 1. Trypanoaomolia p...voltnot and ..-:i•• oc:c:~~~TtM~fll A.o11e1 ~ l003-2005 

No. of ~attle No. of 
Yean examined infec;ted cattle 

2003 263 73 

200-4 353 9-4 

20()5 89 8 

Future plans 

Curage sites 

Pereentoge 
lnfeeted ~ottle 

27.76 

26.63 

11.12 

Specie• of 
trypanosom1 detec;ted 

Trypanosoma ~;ongolenll (27)10..27% 
T. vivall (38)14.45 •;. 
T. brucei (8) 3.04 % 

T. congolen$1 (16) 4.53% 
T. vlva x (50) 14.16% 
T. bruc1i (28) 7.93% 

T. congol•nse ( 1) 1.01 % 
T. vivox (2) 3.01 % 
T. bruce/ (5)7.10% 

. The Gurage sites will scale up their activities to cover more areas and will work to hasten the 
iiCtivities to sustain the operation. Studies on the population dynamics of other biting flies and 
their role in disease epidemiology with reference to biting fly population before, during and 01fter 
tsetse.suppression will be carried out. Studies on the characterisation of hotspots in terms of 
agroecology and its association with different cropping patterns will be analysed to come up with 
simple rules (to translate the complex non-linear model to simple straightforward rules). 

Benshangul Cumuz and Oromia sites 

In p;~rtnership w ith the regional government it is planned to scale up the operations to cover 
more are;~ and communities. More tra ining programmes will be conducted to benefit farmers and 
extension agents. 

Output 

journal -article 

Sciarretta A., Melaku G., Getachew T., Lulseged B., Shifa B. and Baumgartner/. (2005) Development 
of an adaptive tsetse population management scheme for the Luke community, Ethiopia. 
Journal of Medical Entomology 42, 1006-1019. 
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BloFARMING AT MoDEL SITES WITH CoMMUNITY-DRIVEN TsETsE AND 
BOVINE TRYPANOSOMOSIS MANAGEMENT IN ETHIOPIA 

Background, approach and objectives 

After successful tsetse and trypanosomosis control operations for ilnimal hea llh improvement ill 
Luke (Gurage, Zone), Keto (Western Oromia), Beko (Eastern Wolleg<J), Asossa and Belles valley 
(Bcnshangul Gumu z). measures ilre being undertaken to improve hum<Jn health and bring ahout 
susta inable development. At Addis Ababa, habitat restoration projects with similar objectives t1re 
being undertaken. Two-hundred women groups are involved in the project. 

The overall approach is adaptive management of eco-social systems, i.e. systems with interacting 
ecologica l .;1 nd social system components. In both the habitilt restoration project and il t Luke, :~ 
series of monitoring data fa ll ing into ecological, economic and social categories have continuously 
been collected and used (or decision support in management activities. At Keto and Asossa, 
cQI Iection of monitoring data has bagun . At the first two si tes, f¥mers have been trained in 
biof<Hming, while at the other sites training act ivit ies have started. 

The main objective is humiln hea lth improvement. 

Participating scientist: T Getilchew 

Participating org<misations: Biotconomy As.sociation, lntegriJled Uiofarm Centre, Regional 
Agriculture Bvreau (Gurage, Oromia, Benshangul Gumuz) 

Donors: Slanley-Johanson Found;;Jtion, Biovision Foundation, Helvetas/BioEconomY. --t 
Association RegioniJI governments ilnd in·kind contributions of communities 

External collaborator: G. Gilioli, University of Reggio di Calabriil, Gallina di Reggio di Calabria, 
llaly 

Work in progress 

At the Luke ilnd the habitat restoration sites moni toring datt~ have been ana lysed to: (1) Qbtoin better 
insight into eco-social system development, and (2) guide management operatiom. Publications 
for submission to peer-reviewed journals <Jre being w ritten. 

At Keto, AsossiJ <Jnd Beles, bioft~rming activities have been initiated and w ill be intensified during 
the next reporting period. 

At Luke, a total of 200 farmers h<Jve 
been trai ned in biofarming. At the 
habitat restorat ion sites, 700 farmees 
including women groups from Mckelle 
(ligr<Jy Regional St<Jte), Asella (Oromia 
Region<JI State) and Renshangul Gumuz 
Regional State. At Keto, biofarming was 
taught to 200 farmers, wh ile 350 fa rmers 
were tr<Jined at Asossa . 

At all the sites, a tota l of 800 farmers 
ht1ve been tra ined and each of them is 
expected to tra in 10 farmers, so that we 
re<Jch 8000 farmers. 

animal health 
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B. Ticks 

REPELLENCY OF ESSENTIAL OILS OF SoME PLANTS FROM 8UNGOMA 

DISTRICT, WESTERN KENYA AGAINST RHIPICEPHALUS APPENDICULATUS 

NEuMANN 1901 (AcARINA: IxoDIDAE) 

Objective 

Identify candida te plants wi th potential of reducing livestock tick-vector cont01ct ;m d as sources 
of tick repellent essentia l oils which c01n be used to develop tick management strategies b;;~sed on 
behavioural me~nipu lation . 

Participating scientists: W. Wanzala, R. W. Mukabana', W 7~kkenl, }. C. Van Lenleren' , A 
Nassanali 

Donor: lntern;;Jtional Foundation for Science 

Collaborators: 'Department of Zoology, University of Nairobi, ' Laboratory of Enwmology, 
Wageningen University <Jnd Reseilrch Centre 

Col/<1borating dcp<Jrtment: Behavioural and Chemical Ecology Department 

Wo'rk in progress 

7. lden lil'icalion of candidate plants with potential for livestock ticks control 
and rnanagement 

Eight plants (Tagetes minuta, Tithunia diversi(olia, Junipews procera, Solanecio manii, Senna 
diclymobotrya, Lantana camara, Securidaca longepedunculala and Hoshmdia opposita), were 
gystemalically selected and their hydrod istil led essenti01l oi ls screened <Jgainst Rhip icephalus 
appendiculaws (ldults (Table 1 ). Two p lants (T. minuta <Jnd T. divers/folia) whose repellency 
Jctivi ties aga inst R. appendiculatus were found to be relati vely high, were selected and their 
close-response studied and chemic<JI composition of their essenti al oi ls evaluated by gas­
chromatography-mass spectrometry and di rect compari son of their mass spectra to the Wiley 
NBS datilb(lse with authentic st<Jndards. In a tick-cl imbing repellency bioassay, the o ils of the two 
p lants exhibited a repellency effect, which at the highest doses, was higher than that o f previously 
eva luated commercial arthropod repellent, N,N-diethyl to luamide (Figure 1 a and b). Tagetes 
minuta essential oi l (RDsu = 0.002 13 mg) was more repellent ag<~i nst R. appendiculaws than that 
ofT. diwmifolia (RD~11 = 0.26292 mg), prob01b ly due to differences in the n01 ture and number of 
respective constituent compounds, whose synergism effect in the two plants may be different. Of 
the identif ied consti tuent compounds. in T. mfnula essential o il (Table 2a), cis-tagetone occurred 
in largest amoun t (9.42%), followed by 2-pinene-4-one (8.41%), 1-acetoxy-p-menthan-3-one 
(7.62%), verbenone (5.69'!/o), carvone (4.42"/o) and 1 ,3,3 trimethyl cyclohexene (2. 28%). W hile 
in T. diversifolia essential oil (T01b le 2b), a-p inene occurred in largest amount (14.44%) followed 
by f3.-pinene (1 0.21 %) and ds·c!'l ryophyllene (8.21 %). The study demonstrates that T. min uta and 
T. divers/folia essentia l o ils have the po tential for livestock ticks control and management. 
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fable l Th• •ighl cand"td.at. anf.t.tic:k plonh Ml•ct.d far sc~ing ~ the .Bulcuw community fn weftm Kenra 

Botanical nome 

He>slundio oppa>ifa Vohl. 

Juniperus proce<"O proc<>ro 
Hochst. ex .Endlicher 

lanlana camera L. 

Se.:urick.M langepedunculafo 
Fres. 

Senna didymaboltya (Frem .. ) 
Irwin & Sarneb 

Soronecio monii (Haolt. f.) 
C. Jeffrey 

TogeJes minufa l. 

T;H.onio cliY!!rsifoiio (Hem.sl.) 
Gray 

Local name[s) 
[Bulcusu name(s)) 

Sifwafwo 

Kumut01alcwo 

Lontan<>/mulchekhe 

Kumulondamwambe/ 
Kumunyalcosia/ 
~umuyonjobak·eni 

Kunwbumbu/ 
Kumupinupinu 

Nandebe 

Nanjaka 

~.amang'ulie/Kamouo/ 
K.iming'ulie 

Mention 
frequency 

of local u>e 
family name by farmers 

Labiatae 1 

Cupressaceae 5 

Verbenoceae 2 

Polygoloceae 2 

Caesolpiniaceae 

Asteraceae 5 

Asteroceae 9 

A~1eraceoe ,f 

A, Planb that were Fou.nd in literature to demorulrate acaricidal activities/compounds. 
B, Planb that were fcxmd in literature to have bioodive compcwnds. 
P, Plants tholwere found in literature to demonsl<ole pesh'cido! activities/compound>. 

Plant ports used 

Whole plant 

Leol/root/batk 

WJ.ole plant 
(Pour-<:~n "' s.teaming) 

Whole plonl 

Leaf/bark/roal· 
suspemian 

Whole plant 

Leaf/Rower/dust, 
suspe:ruion and hanging 
bouquet 

Wl.ole plant-pa<le 
oflhe plant 

I, Plan!$ found in literolure· lo be re•i slam to altock by inse<:fs or found lo demomlrole insoectici.lal adivilie.s/ compounds. 

Reported 
plant uwu 

in literature 

T, A 

I, B 

B, F, C. I 

I, C, 1!, F, Ps 

T, B, I 

A,C 

T, P,A, 8, I 

I, P, T, II, F. AJ 

T, TQJConomic offi.nity to plant species (of genu1 and family levels) known to pa>•ess bioacfive, insedicidaf, aroriciclor oclivi ties/compound•. 
F, Human food plants, oolen olherwi.>e slal~d. 
AI, 1'1<1nls with onJi!eedant adivities. 
C, Plont.s with cvllvrol implicolion and applicolio.n.s. 
Ps, Poisonous planl~. 



A 
100 bo 

Flgurl! 1. Mean %, repellency of Tagetes minuta (A) and Tirhonia 
diversilolia (B) essential oils against newly emerged Rhipicephalus 
appendiculatus adults in climbing bioassay. Means with the 
same I alters are not significantly different at P < 0.0001 

Table 2a. GCMS Identified major eonalituel!h In the euentlal oll of Tos•les minvh1 

Peak Molecular M' Bose 
no. Compound name formula RT (g/mol) peak Major peak$ 

2--pinena-4-one C,oH,.O 22.70 150.22 93 41 , 77, 79, 91,93 

2 corvonc C,.H,.O 23.13 150.22 69 41 , 42 

3 (klcimene c,.H,. 25.85 136.24 121 77, 79, 91, 105, 136 

4 ci•-lagalone C,oH" 26.48 152.00 95 43,-47,77 

5 1,3,3 lrlmelhyl cyclohoxono C.H,. 28.33 124.22 91 

6 1-ocetoxy-p-mentnan-3-one C,;HttO; 29.09 212.00 63 

7 plperitanona C,.H,O 29 . .40 150.22 107 

8 verbenone c,.H ,. 34.69 136.24 189 41, 91, 105, 119, 113, 147 

9 coryophyllene CuH1• 35.70 204.36 41 41 , 53, 55, 67. 69, 133 

10 epoxy-odmene C,0 H,.O 37.73 152.00 121 43, 46, 77, 104 

M•, Molecular weight; RT, retention time (min.). 

Table 2b. GeMs identified malar corulituenh In the enential oil of Tilflonia Jivenifolla 

P1ok Compound M' 8a1o 
no. name Molecular formula RT (g/mol) peak Major peaks 

1 a-pinene c,.H,. 18.98 136.23 93 39, 77, 79, 121 , 136 

2 ~}-pinene C10H16 20.43 136.24 93 .d 1, 69, 121, 136 

3 llmonene c,.H,. 22 .20 136.23 69 39, 41, 53, 67, 93 

4 a-copaen• CuHt• 34.10 204.36 105 91, 93, 119. 161 

5 cis•Caryophyllene C,H,. 35.48 232.41 93 41 , 69, 79, 91, 105, 133 

6 lelradecene CH2(CH2) 11 CH~CH, 36.88 196.40 55 41 , 43, 55, 57, 57, 69, 83, 97 

7 nerolidol c,,H1,o 39.65 222.37 69 41, 43, 55. 93, 107 

M', Molecular weight; RT, retention time (min.) . 

Capacity building 

PhD student 

Relative% 
abundance 

8.41 

4.42 

0.98 

9.42 

2.28 

7.62 

0.41 
5.69 

0.33 

1.11 

Relative% 
abundance 

14 .44 

10.21 

1.38 

0.91 

8.21 

1.28 
1.33 

W. Wanjala (Kenya) An evaluation of anti-tick ethnobotancials and their strategic application in 
tick control and m<Jnagement. University of Nairobi, Kenya (ongoing). 
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EPIDEMIOLOGY MoDELLING OF EAST CoAST FEVER OF CATTLE 

Background, approach and objectives 

A disease transmission model for ti ck-borne East Coast fever (ECF) of cattle is parametrised ilnd 
prepareci for guiding adequate management of the vector Rhipicephalus appendiwlatus, the 
protozoan disease parasite Theileria parva and the cattle host system by the Population Ecology 
and Ecosystem Science Department. The formal structure of the model is similar to previollsly 
published epidemiological models of tick-borne diseases. Accordingly, the host ;;~nd the vector 
populations are classified as infected or uninfected. TI1e tick population is further assigned to 
sedentary (off-host) or feeding (on-host) classes, while the host population fa lls into ca tegories 
of uninfected animals, infected animals and recovered disease-carrying animals. The pmcedures 
ior est im<~ting the lumped parameters of the models are detailed. Thereby, an extensive body of 
liter<lture has been consulted for partlrnetrising the tick population model component, estimating 
disease epidemiology parameters and obtaining demographic parameters for cattle in Kenya and 
Ethiopia. 

Collaborators:/. Baumgartner; M. Croppi and M. P. Vesperoni, Universita di Pclfma. /tilly; P 
Guerin. Universite de Neuchatel, Switzerland; II. Maurer, /~esearch Institute for Organic 
Farming. Frick, Switzerland; C. Cilio/i, Universica Mediterranea di Reggio Calabria. Italy 

Work in progress 

The model is lJsed to analytically investigate threshold conditions for the persistence of the tick 
population ;md the existence of stable coexistence equilibria. Thereafter, tbreshold conditjons 
for ELF persistence are derived and shown to be dependent on both tick and host population 
p<muneters as well as on transmission rates of the parasites both fron1 ticks to ca ttle and vice­
versil. The persistence and non-persistence conditions for both the tick population and FCF :~re 
investigated, some l imitations of the current model fo•· addressing additional aspects of integrated 
disease control are discussed <Jnd opportunities for further model development icientified. Such 
<111a lys is is supported by an extensive numerica l simultltion of the behaviour of the system . 

The current approach is seen as <~n important component in the development of an ::~dapt ive 
animal health management system in East Africa . The objective of such project is to gradually 
improve the insight into the epidemiology of both tick· and tsetse-transm itted diseases for guiding 
integrated control operaticms aiming at animal hea lth improvement. Moreover, animal health 
mnn<~gement has been identified as an entry point into a management scheme tht~t <)ims ill 
ecological, economic and social sustainabilily of ecosoci<JI systems by relying on appropriate 
system control measures. 

Output 

Journal articles 

A publ ication has been submitted to a peer reviewed journal, whi le a publication on parameter 
estimation procedures is under preparation. 

Proposal written 

In coll::~bora tion wi th Prof. Guerin and Dr V. Maurer, icipe's Population and Ecosystem Science 
Department wrote a proposal on an adaptive integr<Jted pest management system for both tsetse 
and ticks. 
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Conrerences attended 

5th lntemt~tional Conference on Ticks and Tick-borne Pathogens (TTPS), 28 August-2 September 
2005, University of Neuchatel, Switzerland. Attended by: G. Gilioli ilnd J_ Bt~umgiirtner. 

Impact 

The model improves the understanding of East Coast fever transmiSSIOn by Rhipicephalus 
appendicui<JWS. The conditions for coexistance allow the design of integrated control strategies. 
The n1odel i~ iln important element in the development and implementation of adaptive vector/ 
disease control systems. 
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A. Malaria Mosquitoes/ Malaria 

EcoLOGY OF ANoPHELES MosQUITO SPECIES AND LARVAL HABITAT 
DIVERSITY IN IRRIGATED RicE-VILLAGE CoMPLEXEs IN MwEA, KENYA 

Background~ approach and objectives 

Africa's population was projected to reach 1.58 billion by the year 2005 wi th the current growth 
rate of nearly 20 million people annu01lly. This population growth r<Jte outstretches food production 
and m(lny African countries (Ire seeking ways of expanding agricultural production. 1~1uwcver, thrs 
is limited by the fact that almost half of the potential ar01ble land in Africa is too dry foF rainfed 
agriculture and l01rge areas experience rainfall that is sparsely distributed and highly variable. 
Irrigation agriculture is encouraged as a way of increasing food production such as rice. Although 
irrigated rice-cultivation results in improved economic status that enables community n1embers to 
have more d ispos;~ble income directed towards disease control measures, high mosquito densities 
in these areas incre01se the problem of malaria tr<~nsmission and related burden particui<Jrly in 
areas of unstable transmission where majority of the people are non-immune. 

This research involves the development and implementation of an integrated vector management 
strategy (IVM) that focuses on the immature stages of vector Anopheles species to reduce the 
transmission of miliaria at two rice-vill;~ge complexes in Kenya . To a l01rge extent control of malaria 
vectors has continued to rely almost exclusively on treating indoor sites with residual insecticides 
and the use of insecticide-impregnated bednets. 

The ecological complexity of the rice agro-systems and the key con1ponents that affect mai<Jria 
vector production, distribution and composition are poorly understood and form the basis of 
this research. Only isolated data exist on the bionomics of Anopheles vector species in rice 
agroecosystems. The information generated from these studies in Mwea, Kenya, w ill guide the 
development of strategies geared towards comprehensive management of the pre~adult stages of 
mala ri<~ vectors. 
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The project had the following specific objectives: 
• Tn determine the spatial and temporal distribution and abundance of Anopheles larval 

habitats and their adult productivity in irrigated rice-village complexes. 
• To determine the k~y environmental, agricultural, and ecological factors th;~t regulate 

vector productivity and non-target abundance and diversity in the larval habitats. 
• To develop, evaluate and register a new bacteri<JI l3rvicide formulation(s) designed for 

effective residual control of anopheline larvae. 
• To implement and evaluate the long-term impact of larval mosquito m<~n<Jgement 

progrilmmes in rice-village complexes. 

Participating scientists and students:/. Citlwre, }. Shili/u, 'R. Novak, 1C. Mbogo, W Gu, 18. 
}acoh, J_ Mwangangl (PhD student), 5. Muriu (PhD student), E. Muturl (PhD studenl) 

As$isted by: }. Wauna, £. Mpanga, P. Barasa 

Donor: N<Jtionallnstitutes of Health, USA 

Collaborators: 'University of Illinois, USA; Valent BioSciences, USA; JKUAT, Kenya; 2KEMRI, 
Kenya 

Work in progress 

SEASONAL DISTRIBUTION, PRODUCTIVITY OF LARVAL HABITATS AND POPULATION 
DYNAMICS OF ADULT ANOPHELES MOSQUITOES 

The objectives of this study were to: 
• determine the spatiill distribution of Anopheles species in Mwea rice irrigation 

complex; 
• determine the species composition of malaria vectors; 
• determine the sp~ti;~l <~nd seasonal distribution of Anopheles larval habitats. 

7. Mosquiw species diversity and abundance in relation to land use 

The diverse mosquito species occurring in rice agro-systems have been scarcely studied despite 
the strong link between irrigation agriculture and m~lari~ tr<Jnsmission. Where studies have been 
conducted in irrigated rice growing areas of Africa focus has mainly been given to specific malaria 
vectors ignoring other mosquito species thriving in rice agro-systerns, many of which could 
become important vectors of malaria and other diseases with the current changes in climate. This 
study investig~ted the species diversity of mosquito fauna in the Mwea Rice Irrigation Scheme in 
Central Kenya in relation to land use. Adult mosquitoes were sampled bimonthly both indoors and 
outdoors over <1 period of 12 months in 3 villages representing different rice cropping regimens 
and coverage. The mosquitoes were identified morphologically to species using taxonom ic keys. 
At least 25 species belonging to five genera were observed. The entomological results further 
showed that irrigation had a marked effect on the mosquito diversity and abundance in 17 
species (n = 66,828) collected in the planned rice growing village of Mbuinjeru, 22 species (n "" 
21 ,074) in the unplanned rice growing site (Kiamadri) and 20 species (n"' 10,808) in the non­
rice growing village (Murinduko). 

C<1tches inside houses using pyrethrum spr~y collection (PSC) and outdoors using CDC light traps 
indicated that the numbers of the main malaria vector, Anopheles arabiensfs and other anophelines 
was higher in the rice field environments than in the non-irrigated sites. The predominant species 
collected indoors were Anopheles ar;;~biensis (80.05%,~), Culex quinquefasciiltus (18.1 5%), and 
A. funestus (1.52%) whereas outdoors common species included C. quinquefascfatus (54.65%), 
A. arabiensis (25 .95%), A. pharol!!nsis (1 0.27%), A. coust~ni (2.61 %), C. annulioris (1 .76%), C. 
poicilipes (1 .18°/o), A. maculipalpis (1.09%) and A. funestus (1 .05%). Anopheles arablensis, A. 
pharoensis and C. quinquefasciaws were mainly associated w ith rice cultivation and occurred in 
significantly higher densities in the village with the planned rice cultivation than in the unplanned 
one. Anopheles funestus and A. maculipalpis were signifiqmtly higher in the non-rice village 
than in the other village types. 
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The mos(Juito species diversity !H) and evenness (EH) in the non-rice growing site (Shannon 
diversity index, H = 1.507, EH = 0.503) was much higher than in the sites with rice cultiviltion 
(H = 0.9613, EH::: 0.313, Kiarnaciri; and H = 1.040, EH '"'0.367 Mbuinjeru). The non-rice growing 
site not only had a greater number of species present, but the individuals in the community were 
distributed more equitably among these species (Table 1 ). Lag cross correlation analysis showed 
that rainfall was not significantly associated with A. arabiensis, A. pharoensis or C. quinquefasc;iaws 
densi ties in the rice growing vi llages suggesting that the build up of the three mosquito species 
is mainly dependant upon the rice cropping practices. It is inferred irom the data that different 
levels of habitat disturbance with regard to rice cultivation have different effects on mosquito 
diversi ty and this provides an understanding on how mosquito diversity is impacted by different 
habitat management and rice cropping strategies. This information is critical in understanding the 
mosquito community structure and targeting control strategies in rice LJgroecosystems w here the 
vector species is most predominant. 

Table 1. Speel•t div.nity and .venneu In three eeatogleal til•• in Mwea, Kenya (Apr!l20o..4-Mor~h 2005) 

Anophelln• Non-anopheline All mosquito 
spa,ies mosquito tpeeles lpa,ies 

Shannon's Diversity Planned rice Cropping 
Index (H) ond irrigation (Mbuinjaru) 0.484 (6)' 0.209 {11) 1.045 ( 17) 

Unplanned ri"' cropping 
and Irrigation (Kiomodri) 0,197 (8) 0 .469 (14) 0.978 (22) 
Non-ric• village {Murinduko) 1.07-4 (71 0.519 (13) 1.52-4 120) 

Shannon's Planned rice cropping 
~quitability (E,) and irrigation (Mbvinioru) 0.270 {6) 0.202 (111 0.369 1~7) 

Unplanned rice cropping 
and irrigation (Kiomaciri) 0.101 (8) 0.073 (14) 0.316 (22) 

Nan•ric• village (Murinduko) 0.552 (7) 0.415 (13) 0.509 (20) 

'Tho values in parontheses rDprt~11nt the number oF spacies collected in the survey. 

2. Larval habitat diversity and temporal variation in densities of pre-adult 
stages of Anopheles mosquitoes in Mwea, Kenya 

Studies were conducted to ex<Jmine h<Jbitat dynamics and ecological (actors affecting productivity 
o( ilquatic stages of malaria vectors in three agroecological settings in Mwea, Kenya. Agut~tic 
habit<Jts were sampled once fortnightly in 3 vi llages to generJte stage·specific estimates of 
mosquito larval densities, relative abund<Jnce and diversity. Records of distance to the nearest 
homestefld, veget<Jtion coverage, surf<Jce debris, turbidity, flow rate, habitat permanence, habitat 
type, rice growth stage, number of rice ti llers and percent A7olla cover were taken for each 
habitat. 

Captures of 1st- 2nd, Jrd- 4th instars and pupae accounted for 713.2, 10.9 and 1 0.8°1<. of the total 
Anopheles immatures sarnpled (n "" 29,252), respectively. One-way ANOVA showed that there 
was significant v<Jriation in larval abundance between si tes (F1u , ! 111 , 1 = 11.822, P < 0.0 1 ). 

The village with 'p i<Jnned' rice cultivation had relatively lower 1\nophf'les larvJI densities compared 
to the vi llages where 'unplanned' or limited rice cultivation was undertaken (Table 21. Species 
composi tion and richness was similarly higher in the 2 vi llages with ei ther 'unplanned' or limited 
rice cultivation, an indication of the importance of land use patterns on diversity of larval habitat 
types. Rice paddies and associated canals were the most productive habitat types while water 
pools and puddles were important for short periods during the rainy season. Multiple regression 
analysis showed that presence of other invertebrates, percentage Azolla cover, distance to nearest 
homestead, depth and water turbidity were the best predictors for Anopheles rnosquito larval 
abundance. The data generated provide critical information on habitat diversity ilnd productivity 
of immature stages of A. arabiensis based on rice husbandry and water management pr<Jctices 
that may be utilised for developing targeted larval control strategies for dee agroecosystems. 
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T<1blt 2. l>radudivily and cfive!:Z of .Anophe/ea lcuvol hob!totlln thr .. toologioolly varl•d villag" in lh• 
MWta Riot lrrlgl!l!ol! ~chtm• ( RIS) 

No. %h!lbit!lh % hllbitg!J Lllrv!ll Larval 
Hobltot hobitol$ with po$itive d•mity (ng./ den1ily (no./ 
~at•gor)' $Qmpl•d wgler Anophe/11J lgrvge (10 dipl) 10 dips) 

Kigmao:iri C(lnol 30 62.7 39.7 1.9 0.2 
('Unpl11nned' Mcmn 27 48.3 48.7 2.1 0.3 
ri~• ~ultivgtign; Poddy 108 52.7 56.3 4.1 0.2 
11 25% 11r10 T•mpgro;~ry pool 59 50.0 44.9 2.8 0.4 
under ri~•l Wgler ruervoir 2 46.2 25.0 0.7 0.7 

Mbuinl•rv Canol 19 83.0 31.6 1.1 0.0 
('PJgnned' Monh 6 19.5 47.1 1.7 0.2 
ri~e ~ultiva~on; pgcfdy 80 57.6 46.8 2.2 0.4 
> 80% area Temporary paal 96 14.4 36.1 2.4 0.2 
under tl~e) Water re&ervoir 2 23.1 16.7 0.4 5.6 

Murlncfuko Conal 9 97.1 65.4 6.7 0.7 
(Sub~isten~e Marsh 22 85.7 79.6 7.8 2.7 
farming; Paddy 83 86,.4 69.3 8.8 0.7 
< 5% 11r•o;~ Roc;k pool .t 35.5 72.7 5.9 15.9 
und•r ric;a Stra~;~m poQJ 10 93.9 76.9 8.5 0.6 
on vglley T•mporory pool• 35 90.7 76.9 9.9 0.6 
b!lliom•) Tree hoi• 3 44.4 75.0 2.9 3.8 

Water re1ervoir 4 61.1 28.6 3.4 21.6 
'P!cmn•d' ric;• c;ultiv(l~on, rico cropping bo11d on o predetermined ~~hedule by the MRIS; 'unplanned' cultivation, 

no pr~d•t•mnined Jc;h,dul• follow•d. 

3. Dynamics of immature stages of Anopheles arabiensis and other mosquito 
species (Oiptera: Culicidae) in relation to rice growth cycle 

Studies were conducted to determine changes in species composition and densities of immature 
stages of Anopheles arabiensis in relation to rice growth cycle to generate data for developing larva I 
control strategies in rice ecosystems. Experimental rice paddies (6.3 x 3.15 m) exposed to natural 
colonisation of mosquitoes were sampled weekly for 2 rice growing cycles between February 
2003 and M;~rch 2004. Overall, 21,325 Anopheles larvae were collected of which 91.9% were 
1st and 2nd instars and 8.1% were 3rd and 4th instars. Anopheles arabiensis was the predominant 
species (84.1%) With other species, A. pharoensis (13.5%), A. funestus (2 .1%). A. coustani 
(0.3%) and A. maculipalpis (0.1 %) accounting for only a small proportion of the anophelines 
collected. Culex qvinqvefasciacus (65 .7%) 
was the predominant species among the non­
anopheline species. Other specie.s collected 
included C. annulioris (9.9%), C. poicilipes 
(7.3"/o). C. tigripes (7.2%). C. dutton/ (0.6%), 
Aedes aegypli (5.3'%), A. cumminsli (3.5%) 

12~--------------------------------

and A. vitcacus (0.7%). The densities of the 
major anopheline species were closely 
related to rice stage and condition of the rice 
field (Figure 1 ). Anopheles arabiensis, the 
predominant species, was most abundant 
over a 3-week period after transplanting. Low 
densities of larvae wer~ collected during the 

1.Zr---- ----------------- ---------., late vegetative, reproductive and ripening 
phases of rice (Figure 2). Increase in larval 1.0 

density 10 days post-transplanting was found ~ 
0

_
8 

to correlate with the appl ication of fertiliser l 
(sulphate of ammonia). ~ o.B 

A bimodal distribution pattern of Anopheles 
larvae was evident over the 17 weeks (120 
days) of rice growth (Figure 1 ). Overall, larval 
densities of Anopheles species increased in 
early stages of rice vegetative growth (tlllering 
stage) and during late ripening and harvesting 
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Figure 2. Relative densities of immature stages of Anopheles 
mosquiloes al diff~rent rice cullivation $lilges 
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stage. During paddy preparation {denoted as week 0) the densities were low but rose in week 1 to 
reach a peak in week 3 with a mean density of 11 .2 anophelines per 10 dips. A second peak was 
recorded in week 1 7 with a mean density of 8.7 anophel ines/1 0 dips. A slight increase in density 
was observed from week 4 to week 6. From week 7 to week 14 the density of anopheline larvae 
was generally low, averaging less than 1 I<Jrva per 10 dips. A similar bimodal trend was observed 
for the non-anopheline mosquito species but with densities being greatest during the late stages 
of rice growth (peak density 5.6 larv<Je per dip in week 17). The non-anopheline larval clensities 
rem<Jined generally low between week 4 and week 15 (mean density 3.8 larvae/ I 0 dips). The 
data shows that the distribution of the major anopheline vector species, A. gambiae s.l., followed 
a pattern closely linked to rice crop phenology and condition of the rice field. 

Appl ication of sulph;;lte of ammonia fertiliser (18.5 glml ) at day 10 post transplanting (week 2) 
tended to promote larvJI productivity thereby leading to the peak seen in week 3 (11 .2 larvae per 
10 dips). Low larval densities were found during the late vegetative, reproductive and maturation 
phases of rice between ti llering and harvesting. Figure 2 shows the densities of immature stJges 
of mosquito species at different stages of rice growth. Culiclne and <Jedine species favoured the 
post h<Jrvesting period when the rice paddies were fallow ilS evidenced by the increase in larval 
abundance. 

Rice height showed a significant negative association with both Anopheles (r = -0.434, P < 0.01) 
and culic ine larval densities (r = -0.191, P < 0.01 ). The effect, however, was greater among the 
early immature stages (1st and 2nd in stars) during mosquito development. Equally, the number 
of rice tillers showed significant negative association with Anopheles and culicine larval densi ty. 
ll!)wever, water depth was only significantly associated with density of Anopheles larvae but not 
w ith the cul idne larvae. This shows that rice height, number of tillers (shoots) and water depth 
were important in explaining changes in productivity of anophel ine and culicine mosquitoes 
in rice paddies as exemplified by the significant association between the two factors alld pupal 
density in these habitats (Table 3). Our resu lts suggest that the transplanting stage was f;Nourable 
(nr growth of immature stages of II. arabiensis and provides a narrow window for targeted larval 
intervention in rice. 

Tobia 3. Correlation coallleienb batwee" mosquito larval abundance and ph)lilcOI parameta'"' in the exparimel!tal rica plots 

Anophel~s Anopn,;/,,. Cullcln" Cu llclno 
early lot;; AnophDf<~s early Ia to Culicine 

Vorioblos Mean± SE in5tars lnstori total instars instars to ta l Pupae 

Rke height (cml 73.5 ± 0.760 .0.426'. .0.245" .0.434'. ·0.217 0 .04 1 ·0.191 ' ·0.068" 

Number of till en 22.2 ± 0.250 ·0.384 •• .0.225'. ·0.391' . 0 .208'' 0.037 ·0.186". ·0.086" 
(shoots) 

Water dopth (~m) 8.5 ± 0.087 .0.144'. .0.095'. .0.149'. ·0.004 0.106" 0.028 0.017 

4. Diversity of culicine mosquitoes in the Mwea rice agroecosystem 

Whereas several studies have demonstr<Jted the relationship between malaria vectors and i rrig<~tion, 
li ttle work has been done on cul icine mosquitoes despite their signi ficant nuisance densities in 
these areas and their potential in transmission of fila riasis and arboviruses. This study examined 
the diversity of culicine mosquito fauna and their larval habitats at two si tes in Mwea Kenyt~ over 
a 12-month period. The habitat types present at each site within a 200 m radius around the study 
v illage, including randomly selected p01ddies <~ nd canals, were sampled bimor1thly to examine 
the relationship between vegetation cover, water depth, turbidity and culicine larval densities. 
Fifteen culicine species belonging to 4 genera were identified w ith C. duttoni, C. quinqvefasciatus 
and II. aegypti accounting for 81 .8% of the tota l collection. Other species collected included C. 
annulioris, C. poicilipes, C. cinereus, C. ligripes, C. trifilatus, A. taylori, A. leesoni, A. vittatus, A. 
cummins/, A. albocephalus, Coqul/etcidia fuscopennata <Jnd Ficalbia splendens. Murinduko was 
more diverse than Kiamachiri in terms of species richness (1 5 versus 10 species) and larva l h<Jbitat 
diversity (1 1 versus 8 habitat types). Paddies, canals and rain pools were the most diverse habi tats 
in terms of species richness while ditches, rock pools and tree holes were the least diverse. 
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Principal components (PC) and correlation analyses revealed a strong ilS5oci;~tion betweP.n four 
culicine species and the measured habitat characteristics. Three principal components explained 
131.7 and 70.7% of the total variance based on the five environmental variables measured in 
Kiamachiri and Murinduko, respectively (T<Jble 4). The first principal component (PC 1) was 
a line01r combination of high loads on the floating vegetation cover namely 1\zolfa and other 
types of floating vegetation describing a strong gradient of floating vegetation cover. The second 
principal component was a line<Jr combin<Jtion with high loads on emergent vegetation on the 
positive side in Murinduko and on the negative $ide in KiamachirL This separated habitats with 
emergent vegetation from those without. The third principal component separated habitats with 
clean water from those w ith turbid water. 

Table ..(, Pr!nelpal eQIIIponent ancllya!a of habitat variable& and interpr•totion of derived 
princip11l compontnb 

Ki11machiri Murinduko 

PC 1 PC 2 PC 3 PC 1 PC 2 PC3 

% Azollo cover 0.862 0.319 0.153 0.8 -0.059 0.014 

Emorgonl vvgol~;~lion 0.360 ·0.689 O.A32 ·0.009 0.875 0,104 

Flooting vegat~;~tion 0.867 0.315 0.139 0.793 .0.188 ·0.08-4 

Turbidity 0.383 .0.052 .0.863 .0.0-4-4 .0.211 0.966 

Depth (~m) -0.366 0.6-4 0.210 0.-44-4 0.-4-40 0.222 

% va riation exploined 38.1 25.3 20.-4 29.5 20.9 20.0 

Culex polcilipes was strongly associated with floating vegetation, C. annulioris with de;~n water 
containing floating and emergent vegetation, C. quinquefasciatus with turbid water while A 
aegypci was negatively associated with emergent vegetation. Seasonal changes in larval density 
in water reservoirs, pool and ditch habitats were closely associa ted with rainfall. A significant 
association between the three principal components and 4 culicine species was observed (Table 5). 
Culex poic;ilipes w<ts positively <tssociated with PC 1 in Ki<tmachiri indicating a strong association 
with floating vegetation. Culex ;;mnulioris was negatively associ;~ted with PC l and positively 
associated with PC 2 in Kiamachiri whereas in Murinduko it was negatively associated with PC 3. 
This means that th is species is abundant in habitats with clean water, and floating and emergent 
vegetation. Culex quinquefasciatus was positively associa ted with turbid water (PC 3), w hile A. 
aegypti was associated with habitats devoid of emergent vegetation (PC 2). The other culicine 
species were not significantly associated with any of the three prindp<~l components probably 
because of their catholic nature of breeding. These findings provide import~nt information on 
larval habitat preference for different culicine species useful in designing and implementation of 
l<~rva l control operations. 

1&2 

Tabl• 5. baulta of l'•arton correlation analyala b•tw .. n mosquito dtn•lll•• and dtriv.d 
principal eompontnta 

K!11m11~hiri Murinduko 

Spedea PC 1 PC2 PC 3 PC 1 PC 2 PC 3 

CuleJC quinquefoseiolus .0.007 +0,020 +0.0.41 -0.025 -0.024 +0.060. 

C. poieilipes +0.062* .0.001 +0.020 -0.025 +0.01 2 -0.041 

C. annvlioris -0.071 * +0.060* +0,020 ·0 .017 ·0.012 -0.067 . 

C. duHoni .0.028 +O,Ol1 +0,018 +0.115 +0.203 -0.004 

Aedes aegypli .0.013 +0, 101 • * +0.030 +0.009 +0.002 -0.014 

n 1221 1221 1221 1082 1082 1082 

•correlation i1 aignificant at the 0.05 level (2.toiled) . 
• •correlation is signlfl~ant ot the 0.01 level (2.tollod) . 
+ and - signs Indicate the dir•~tion of ~honga with in~r•~;ning prin~p11l ~ompc;mtnl. 
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5. Anopheline and culicine species succession in a rice/and ecosystem in 
Mwea, Kenya 

In Africa, few studies have demonstrated ~ strong rel<~tionship between rice cropping cycle and 
mosquito species succession. In Mali, Anopheles gambiae s. l. and A. pharoensis dominated the 
fi rst 6-8 weeks of the rice cycle followed by a sharp decline thereafter and dominance of A 
rufipes and A funes(I.Js. In the G~mbia, succession of different mosquito genera in the rice fields 
was demonstrated. In this study A. gambiae s.l., A. rufipes and C. neavei were predominant during 
the early stages of rice development, C. ethlopicus and C. poicilipes around the middle of the 
rice cycle w hile A zlemanni peaked as the rice matured. In ~ddition, C. antennatus; Mansonia 
uniformis and M. africana occurred throughout the growing season, but had little rei<Jtion with 
the cycle of rice growth. 

In Keny<J, the only documented attempt to relate the rice cycle and mosquito species succession 
was conducted three decades ago in Kisumu. Like in the Gambia, this study documented A 
gamhiae s.l. and A. pharoensis to occur during the early growing cycle while M. uniformis, 
M. africana and Mimomyia splendens had no relation with rice cycle. In contrast, however, A. 
ziemmani was ilbundant during the middle of rice cycle together wi th C. poicillpes whi le C. 
antennatus occurred towards the end of the cycle. The replacement of A. gambiae by A funestus 
as the rice develops may ensure continued transmission of malaria and fil ari<~sis throughout the 
cropping cycle. In this respect, having precise knowledge of the phenology of mosquito vectors 
in relation to rice .growing cycle would facilitate target control of the vector species. This study 
investig;lted the relationship between rice cropping cycle and mosqui to species succession. prior 
to implementation of an integrated vector control strategy based on microbial formulations. ·· 

Eight (B) paddy plots each consisting of 8 subplots measuring 6.3 x 3.15 m were established in 
a 1 acre (0.4 ha) paddy. The plots were hydrologically isolated using t,midirectiona l inflow and 
outflow canals to avoid water mixing between plots. Rice was planted in <~II the 64 sub plots ;;~nd 
then monitored weekly for mosquito larv01e throughout the rice growing cycle. 

A total of 8278 anopheline larv01e were collected during the study period w ith e;;~ rl y instar 
stages predominating (85%). Of the 1936 specimens identified morphologic<~lly, 15 mosquito 
species comprising of 7 species were 
recorde'd. Anopheles gambiae s.l. was Table 6. D•naity of onoph•lin• (:t SEI larva• ~X~II•d•d in dlffer•nt 
the predominant species accounting ata;•• of rice d•velopment 
lor 77.2% of the total followed by A 

~iu aroga Eofly ln5tar5 Lgto imtor! Pupao 
funestus 114.7'Yo), A. pharoensis (3.9%) 
and A. rfvulorvm (1 .97%). Other land preporglion 0.131 t 0.017 0.015 ± 0.003 0 .01 ± 0.003 

0.02 ± 0,006 anopheline species rarely encountered Early stoge 0.569 t 0.115 0.126 :1: 0.023 

were A maculipalpis (0. 9%), A. rufipes Middle stage 
(0.74%) and A. coustani (0.74"/o). Two Lole stage 

0.194 ± 0 .019 

0.034 ± 0 ,003 

0.043 t 0.012 

0.006 ;!; 0.001 

0 .01 ± 0.004 

0.00 t 0.001 

peaks were observed for immature Rotoon o.7sa ± 0.184 o.039 t 0.012 0.04 t o.0 16 
stages, the first one during the early st<~ge Total 0•192 :1: 0.017 0_035 :t o.oos o.Ol ± 0,002 
of rice development (0.569 ± 0.11 5) - - --- --- - --- - --- --­
and the second pe<~k during the post­
h<~rvest period (0.758 ± 0.184) (Table 6). 
Figure 3 shows the changes in mosquito 
species composition in relation to rice 
growing cycle. Anopheles gambiae 
s.l. was common throughout the rice 
growing cycle but their densities were 
4-1 6-fold higher during the early 
stage of rice development than in the 
other periods. Anopheles funesws was 
common during the middle and post­
harvest period but in densities much 
lower than the corresponding density of 
A. gambiae s.l. The other anophelines 
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Figure 3. Chang~ in Anopheles species densities in relntlon 
to rice growth stage In Mwea, Kenya 
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Including A. pharoensis, A. riv(J/orum, A coustanl and A. maculipalpis were encountered mainly 
during the post-harvest period and in low numbers. 

Output 

Conferences attended 

53rd Annual meeting of the American Society ofTropical Medicine and Hygiene, Miami, USA, 
November 2004. Attended by;]. Shililu, J. Githure. 

54th Annual meeting of the American Society of Tropical Medicine and Hygiene, Washington, 
USA, December 2005. Attended by: J. Shi lilu, j . Githure. 

Capacity building 

PhD students 
J. Mwangangi (Kenya) The environmental and agricultural factors that regulate malaria vector 

productivity and diversity in Mwea irrigation scheme, Kirinyaga district, Kenya. Kenyattil 
University, Kenya (ongoing). 

S. Muriu (Kenya) Impact of vector control on millilri;r transmission in a rice land ecosystem, Mwea 
Kenya. University of Nairobi, Kenya (ongoing). 

Impact 

• The project has led to improved understanding of Anopheles larval ecology and habitat 
productivity. leading to eUective targeting of larval habitats. . 

• Interest has been r<Jised among communities on the role of larv<J I management in the control 
of malaria vectors. 

• PhD level training for 1 student on Anopheles ecology and control conducted. 
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EcosYsTEM APPROACH ro HuMAN HEALTH: INTEGRATING MALARIA 
CoNTROL INTERVENTIONS WITH DEVELOPMENT STRATEGIES IN KENYA 

Background, approach and objectives 

Malaria is widely recognised as a major hea lth and social problem amongricefarmingcommunities 
in Mwea, arising principally from agricultural associated activit ies which provide suitable 
conditions for mosquito breeding. The icipe/IWMI project (2004- 2006) in its multidisciplin<Hy 
approach embraces the need to develop stra tegies for empowering communities to undertake 
vector control actions at community and household levels. 

The IVM approach implemented has played a significant role in reducing the burden of malaria 
among communities in the study sites. The incidence of febrile illness episodes, measured using 
a 2-week recall al household level, has reduced from 21.7% pre-intervention (April 2005) to 
l2 .2'Yo post-intervention started by the end of the year. Malaria preva lence h<ls equally been 
reduced from a figure of 9.8% in 2005 to 0%. The long spell of drought in 2005 could have 
contributed substantially to the reduction in mai<:Jria prevalence rates. People's knowledge and 
p;Hticipation in m<:Jiaria control actions has been substantially enhanced through school <:Jnd 
community education probrammes as assessed by the household and school questionnaires. 
Bednet coverage has increased from 27% in 2004 to 67.J%, in 2005 while the r<Jte of bednet use 
(no. of people who slept under a net I<:Jst night) had increased from 47 to 69.7% by the end of 
2005. There has been 2-fold increase in household involvement in environmenta l management 
(fl.9% pre-intervention to 15.2% post-intervention). The project has further ini tiated <l process oi 
consultation and cooperation among stilkeholders through the Ministry of Health, an initiative 
1hat has improved communication between the Ministry <:Jnd other stakeholders working on 
nlillaria in Mwea division. 

The project hils the following five specific objectives: 

• To strengthen cooperation between community, government departments and 
internatiOntll and non-governmental organis<Jtions tow<~rds malaria control; 

• To evaluate the imp<tct or integrated anti-miliaria! intervent ions on mai<:Jritl vector 
popul<Jtions and preva lence of malaria parasites among the community; 

• To assess people's behavioural ch<~nge tow¥ds mal<~ ria control actions when interventions 
iHe integrated ilnd conveniently phased in the context of an ecosystem approo1ch to 
human health; 

• To conduct further research on the feasibility of seilsona lly rotating the cultivation of rice 
and soy beiln as <:Jn agroecosystem strategy for simultaneously enhancing household 
inc;omes, improving nutrition and reducing malaria-vector breed ing habitats; 

• To dissemin<Jte information <~cross all levels. 

Participating scientists and students: /. Githure, J. Shililu, V. Kimani, C. Kabutha, L. Kabuage 
(University of Nairobi), C. Mutero (SIMA), C. }ayasinghe (IWMI), P Ng'ang'a (MPH 
student), R. Wanjogu (PhD swdent) 

Assisted by: /. Wauna, E. Mpanga, r. Barasa 

Donor: International Development Research Centre, Canadil 

Collaborators: University of Nairobi, JKUAT. KEMRI, /nternalfonal Water Management 
Institute 
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Work in progress 

1. Strengthening cooperation between community, government departments 
and in ternational and non-governmental organisations towards malaria 
control 

Enhancing cooper<JtiOn and coordination is a long-term go<~ I <Jnd as a contribution to this process, 
the project launched a process of consultation <Jnd collaboration through the Ministry of Health, 
the logicill home for th is process. As part of the process, the project supported the Ministry of 
Health (October 2005) to convene il district-w ide forum for stakeholders working in the hea lth 
seclm. The meeting was ilttended by 23 loca l, national and intern<~tional organisations. The 
purpose of the meeting was to: 

(i) share t~nd exchange information on he;;~lth and malaria cont rol programmes currently 
being implemented in Kirinyag<J district, with emphasis on Mwea division; 

(ii) est<Jblish gaps and overlaps between di fferent organisations as a basis for possible 
collaboration; 

(i ii ) develop a strategy for effective sharing of information between different actors, including 
the Ministry of Health. 

The meetings identified areas that needed strengthening, including overall coordination by the 
Ministry of Health, reporting of project ;;~ctiv ities to Ministry of Health and cooperation between 
org;;~ nisations working on he<Jith in Mwea. 

The project approach was characteri sed by high level consultation and inter<~ction with different 
stakeholders. This resulted in a broad-base of stakeholders and il high level of awareness ill all 
levels. Tools such 015 focus group discussions (FGDs), key informants (Kin) and group discussions 
were widely employed during workshops and meetings. The process was interactive 01nd 
incremental, with every step providing a li nk to others. 

As recommended by the st<~keholder workshop, the project held two meetings in each of the four 
study vi llages. The first meeting discussed the details of the project, comparing the activities w ith 
community act ion plans (CAPS) developed during the first phase of the project. A se<;:ond meeting 
developed a framework for implementation of project activities (T01ble 1 ). Through this process, 
communities became aware of the project i!nd defined ways in which they would be involved. In 
total, 165 communi ty representatives from the four v illages were reached through this process . To 
effectively work with schools, consultations with the Ministry of Education were held early in the 
project. Following these consultations, the project got clearance to work with 8 schools. 

Tabl• 1. Svmmary of achi•v.m•nll: Stak.hold•r and community oonsultotion 

A~tivity ond ~ming 

April-May 2004: 
Estoblishm•nl of stakeholder 
dotabos• 

July 2004! 
Area-wid• stok•holdtn 
workshop 

Auguat 2004: 
Village level awareness 
and pl~mning 

Octol!., 20051 
Health stak.hold•n 
meeting 
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Partidpants 

• Pralect team 
• Field assistants In four 

villogn 

• Community 
• Government departments 
• Chur~h-bas•d orgonisotionl 
• Community-b•ned org. 

• Community 
• Chiefs 
• Ministry of H1olth 

• Hoolth stohhold• rs 
• Ministry of H•ohh 

Number reached 

48 

165 

23 O rganlsatloM 

• Awarenesa on the project 
• Areas of possible collaboration 

wlth portnen 
• How to enhance p~;~rtl~ipolion 

• Awor•n•n on lh• proi•cl 
• Establishment of community 

structures For Implementation 

• How to Improve coordination 
• How to Improve reporting 
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2. Evaluating impact of integrated anti-malarial interventions on malaria 
vector populations and prevalence of malaria parasites 

The impact of integrated anti-malarial interventions on malaria vector populations and prevalence 
o( malaria parasites and other disease outcome indicators was studied in Mwea division, Central 
Kenya. It was envisaged that improved community access to knowledge and t~e development of a 
strategy for phased application of integrated vector-management (IVM) would greatly impact the 
burden of disease. lhe key interventions applied included: knowledge dissemin<~tion/awareness 
creation through school and community-based programmes, distribution and use of long lastinB 
insecticide-treated bednets (LLNs), and environmental m<~nogement. 

Malaria prevalence 

Prevalence was used as a measure for assessing changes in mal<~rio presentation following 
the implementation of the IVM package. A pre-intervention measure of malaria prev<~lence 
was conducted in April 2005 while the post-intervention measures were done in December 
2005 to capture changes in disease burden following distribution of LLNs and the continuous 
knowledge dissemination for community involvement in vector interventions. App<~rcntly healthy 
children (::::1 00 children per village) under 9 years of age were recruited into the study following 
consent by parents or guardians. The surveys were then conducted by Ministry of He<~lth staff 
from Kimbimbi sub-district hospital following a written consent by the Meciical O fficer of Health 
(MoH) Kirinyaga District and ethicol clea rance by the Ethical Review Board of the Kenya Medical 
Research Institute (KEMRI). Thin and thick blood smears were prep<Jred from finger prick blood 
samples. After Giemsa staining, parasit<~emia was estimated by counting the number of m<Jiaria 
parasites against 200 white blood cells. Two independent slide readings were done to accurately 
assess parasitaemia and gometocyte levels. Positive cases were treated with standard malari<~ 
drugs as recommended by the MoH, Kenya. The data generated indicated very low levels of 
malaria infection among the children sampled in the 4 study sites over the 2 sampling periods. 
In the pre-intervention Silmpling phase (April 2005) no infections were recorded in Mbuinjeru 
(n = 53) and Ciagi-ini (n = 29). the two rice growing vi llages. The highest prev<~lence of malaria 
WilS recorded in Murinduko (38%, n = 63), a vi llage 15 krn away from the rice growing are<J of 
the tenant scheme. The mai<Jria prevalence rate in Kagio, il non-tenant rice growing vi llage w<~s 
equally low (1 %, n = 85). No malaria infections were recorded in the post-intervention survey. 
This result may suggest a likely effect of the interventions and to some extent the effect of the long 
spell of drought experienced in the area in 2005 . 

Febrile illness (fever) episodes 

Data on malaria/fever episodes was collected at 3 time points, pre-intervention (April 2005), mid­
term (November 2005) and post-intervention by the end of the year based on 2-week reca ll of 
fever cases among respondents in selected households. Interviews using structured questionnaires 
were administered to heads of households (or spouses) from the four study villages and records 
of febrile history among household members, symptoms and action taken were recorded. It was 
observed that of the total febrile cases reported (n = 264), 90.9% (n = 240) actu<~ll y thought 
the cause was malaria t~nd 99% of those parasitologically diagnosed tested positive for malaria 
parasites, an indication that febrile history would measure the burden of disease with up to <1 

40'Yo precision. Comparisons between the pre-intervention and mid-term surveys indicated il 

sl ight drop in number of febrile episodes reported (from 15.3 to 13.8%) <~nd a significant decrease 
in households reporting cases of fever during the mid-term survey (42%) comp<Jred to the pre­
intervention phase (48.2%) based on a 2-week recall period. 

Vector surveillance 

Adult mosquitoes were sampled once fortnightly in 10 randomly selected houses in each of 
the four vill <~ges from January 2005 (and wi ll be silmpled to April 2006) using pyrethrum spray 
collection (PSC) method. All collected mosquitoes were identified morphologically to species. A 
total of 22,666 <~dult female mosquitoes representing 7 species were collected over the period of 
study. Anopheles <Jrabiensis was the predominant species comprising 98.8% of the total Anopheles 
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collection. Other species collected in only low densities included: A. fr.mestus, A. pharoensis, A. 
couscani, 1\. maculipalpis, A. prelOriensis and A. rvfipes. The density or A. arabiensis, expressed 
as number of fetn~le mosquitoes per house v<~ried significantly among the 4 study sites (F "" 
17.314, df = 3, 1089, P < 0.001) with high densities beir1g recorded in the Mbuinjeru (12 .3 
Anopheles/house) followed by Ciagi-ini (8 .7 Anopheles/house) and Kiamaciri (7.5 Anopheles/ 
house). The lowest density of A. arabiensis was recorded in Murinduko (l .9 Anopheles/house) . 
The data showed a general decline in vector densities following implementation of the IVM 
package. Overall, pre-intervention records of anopheline densities (9.5 Anopheles/house) were 
s ignificantl~' higher (F = 42.78, df = 1, 1089, P < 0.001) compared to the mid-term collections 
(4.2 Anophelc?$lhouse) in the 4 sites (range: pre- intervention 3.03- 14.4 and mid-term phase 
0 .75-9.5). The trends in vector densities over the 9-months study period is shown in Figure 1. 
Biting rates expressed as number of bites per person per night was significantly higher during the 
pre-intervention ph<~se (mean: 7.28 biles/person/night) comp<~red to the post-intervention phase 
(3.1 bites/person/night). Site-specific data showed similar declining trend for biting rates in the 4 
vill ages over the 2 sampling phases. 

35~--~------------------------------------------~ 
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t:::::=l Mbulnjeru 
.. Murinduko 

Figure 1. Temporal distribution of Anoplwles arabiensis during the pre-intervention 
and mid-term ohases in Mwea. Kenva 

Vector abundance and associated house and ecological factors 

Assessment of factors associated with vector abundance revealed that densities of ;;rnophcline 
mosquitoes in the houses were significantly associated with wall type. Significantly higher 
numbers of Anopheles were collected in mud walled houses compared to houses with stone walls, 
wooden walls and tin walls. Size of e<tves <rnd distance of house to nearest larval habitat did not 
signific<rntly affect Anopheles abundance and distribution. Two-way interactions based on GLM 
ANOVA model examining the effect of wall 
type, eave size and dist<rnce of house to nearest 
larval habitat showed significant interactions at 
four levels (Table 2). The interaction between 
site and dist<rnce to nearest larval habitat, site 

Table 2. Analyala of variance examining the effec:h of alte, 
wc:~lllype, aLP qf ea.,..a, dl~nca of houae to neai'Ciat larval 
habll<lt and thtlr lntti'C!cflona on vector dena!llea 
FoetQr!. df F P value~ 

Vllloge/sile 
and size of eaves, site and wall type, and wall Intercept 
type and distance to ne01rest l<~rv<~l habitat were 

3 
1 

17.31 
286.31 

< 0.001 
< 0.001 

significant. 

Bednet use, coverage and environmental 
management 

A total of 2629 long lasting insecticide-treated 
nets (LLNs) were distributed to the 4 villages by 
teams of community health workers (CHWs). 
The distribution plan ;;rimed at covering all 
children and adults at ;;r rate of one net per two 
people and with regard to sleeping houses. 
Baseline data from the pre-intervention survey 
phase indicated a generally low level ofbednet 
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Size of eave' 
Di1lan~e to neared larval habitat 
w~:llltype 

Sit• X IOVI$ 

Site x di~tan~• to larv~;~l 1ile 

3 
2 
3 
6 
4 

!:'aves x dilloo<:co to lorvol silo 5 
Sit• x wolltyp• .5 
Eaves x wo!ltypo 6 
Dlslane.e lo latvol1i!o x wall type .5 
Error 1032 
Correcled total I 089 

1.577 
0.020 
3.413 
2.032 
6.291 

0.193 
0 .990 
0 .017 . 
0.059 
o.ooo· 

.206 0.959 
7.545 < 0.001 • 
1.9.43 0.071 
2,709 0.019" 

Th• model accounted lor 49.4% in the variation in 
Anopheles densilles In the study site. 
Adiu1ted R2 • 0.456. 
• Signilicantlnh~roc:tions, 
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coverage in the 4 study vi llages w ith an average of 1 net per sleeping house except in Murinduko 
where a figure of 0.2 nets per sleeping house was recorded (range: 0.1-0.5). The proportion of 
nets per person in Murinduko was equally low (0.1 nets per person or 16.4 persons per net) 
while in the other 3 vi llages an average of 3 persons per net was reported, an indica tion thvt 
use of ITNs was generally low in the study villages (range: 2.3-16.4 persons per net). The rate 
of net use which was expressed as the proportion of number of persons who slept under a net 
to the number o f persons who had access to il net was high (rilnge: 94-1 00%) showing that 
there is a high likelihood of net use (range: 94- 1 00%) based on the household questionnaire 
administered pre-intervention. A simi lar trend was evident during the post-intervention phase 
(rilnge: 89- 99%). Overall, the number of respondents who reported ht~ving slept under a bednet 
the previous night was high during the post-intervention assessment (69.7°/t,) compared to both 
the mid term (57.2%) and pre-intervention rhase (47.0%) giving atle<~st a 32% increc~se in beclnet 
use in the study villages following implementation of the IVM stra tegies. 

Bednet coverage was generally low in the study sites, with Murinduko showing the lowest 
coverage w ith 1 net for about 16.4 during the pre-intervention while net coverage in the other 
villages was at least ·1 net for J persons (Table 3). Overall the pre-intervention assessment gave an 
average of 1 net for 6 persons compared to 1 net for 2 persons at the post-intervention assessment 
period. Net coverage therefore increased from 27 to 117.3%. 

Table 3. !led11el coverage and uae pr• and poalinterventlo" in Mwea, Kenya 
Pre·intervention 

No. Stooping No. No. No. Nota/ Per1ons/ 
No.HH houses Poople Children 8edi'lt!!ts penon net 

Ciogi·ini 107 141 444 112 109 0.25 4 .07 
Kogio 106 t62 482 117 169: 0.35 2.85 
Mbul11jeru 101 136 390 103 176 0 .45 2.22 
Murinduko 108 ld7 460 122 28 0.06 16.43 
Toloi/Mearo 42.2 586 1776 ~4 482 0.03 6.39 

Poll·intervention 
Ciagi-ini 107 1d7 1179 122 326 0.69 1.47 
Kogio 106 162 493 t23 272 0.56 1.81 
Mbuiniaru 101 136 427 116 304 o.n 1,40 
Murinduko 108 147 486 133 219 0.46 2.22 
Total/Mean 422 592 1665 i9i 1121 0.75 2.15 

The ra te of cornmunity involvement in environmental management ~huwcd a si~n i fican t increase 
with r<~gard to clearing vegetation in canals with 0.9 and 14.9% households having reported 
taking action at the pre-intervention and post-intervention survey, respectively (Table 4). The 
proportion of households involved in filling/levelling of breeding si tes rose from 23.5% (pre-
intervention) to 30.4% (post-intervention). 

Table 4. Environm•ntal management atrategles employed ot houaehold level 
Pre-intervenlian 

Ciagi·lni Kogio Mbuinjeru Murinduko Toto I 
# o/o HH II o/oHH # %HH # %HH It %HH 

Clearing HH rofvae/ propor waale disposal 6 23.1 37 56.1 28 41.2 28 52.8 99 .!6.5 
Filling/levelling breeding sitoa 10 38.5 19 28.8 7 10.3 14 26.4 50 23.5 
Clearing vogotalion in cQnQia 2 2.9 2 0.9 
Clearing busho1/ vegetoti1>r1 around hovooa 16 61.5 54 81.8 57 83.8 41 77,4 168 78.9 
Othen 1 1.5 1.5 3 5 ,7 5 2.3 
T~;~tal Respondenta/% 26 100.0 66 100.0 68 100.0 53 100.0 213 100.0 

Po1t·inlervenllon 

Cle~;~ring HH refuse/proper wado disposal 56 62.2 70 82.4 44 57.9 35 -41.2 205 61 
Filling/ levelling breeding sites d1 45,6 45 52.9 13 17.1 3 3.5 102 30.4 
Clearing vegetation in canals 7 7.8 37 43.5 3 3.9 3 3.5 50 14.9 
Clearing buahes/vag•tolion oround houses 59 65.6 8-4 98.8 73 96.1 71 83.5 287 85 .4 
Others 0 0 0 0 1.3 0 0 1 0.3 
Total respondenta/% 90 100 .as 100 76 tOO 85 100 336 100 
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J. Assessing people's behavioural change towards malaria control actions 
when interventions are integrated and conveniently phased in the context 
of an ecosystems approach to human health 

PRA tools were applied to assess peoples' actions and attitudes towards malaria interventions 
at household and community levels. These included structured questionnaires, focus group 
discussions and direct observations of people's behaviour. Educational activities and information 
dissemination were conducted through training of trainers (ToTs), both men and women 
comprising of primary school teachers from loca l primary schools and village-based community 
heal th workers (CHWs). After the training the ToTs in turn taught primary school chi ldren and the 
community, respectively. A total of 44 community participants were selected on the basis of their 
interest in community health. 

Bilscd on the resul ts of the PRA tools, mal<:~ria was ostensibly a major public health disease in 
the study area. A tota l of 93% of successful respondents in the four-study villages rated malaria 
a~ the most frequently occurring disease. Most respondents in the irrigated villages frequently 
mentioned bi lharzia and typhoid, while common colds and intestinal worms were perceived to 
be most frequent after malaria and typhoid in the non-irrigated vi llages. In the four study villages, 
there were significant variations between villages in the way respondents recognised the signs 
ilnd symptoms of the disease. For example, feeling cold, fever and headache were the three most 
mentior)ed symptoms in order of frequency in Ciagi-ini while general body weakness, headache 
and fever, were the most mentioned symptoms in Kagio. At least 95% of 0111 respondents cited 
mosquito bite as the m<Jin cause of malaria. The non-biomedical multiple causes mentioned 
included being caught up in rain shower, dirty home surroundings, drinking polluted water ~nd 
eating raw mangoes. 

Through the training of trainers (ToTs) the project has managed to initiate a m01laria awMeness 
and control cu rriculum through particip<~tion of primary school children. This wi ll be sustained 
within the target schools and hopefully the Ministry of Education would use the s<~me model to 
sca le up to other schools in the district and beyond. Overall, the data obtained from the pre- and 
post-intervention tests shows that the project has had a notable impact on the children's and 
communities' knowledge-base on malaria. 

4. Agronomic and socio-economic feasibility of seasonally alternating rice 
cultivation with soya bean as an agroecosystem strategy for enhancing 
household incomes and reducing malaria vector breeding habitats 

Research findings during the first phase of the IDRC-funded project (Mwea ph<~se 1: 2001- 2003) 
indicated presence of malaria risks associated with farming practices as a result of high vector 
population due to prolonged flooding in p<~ddies. Other negative impacts related to agronomic 
practices included poor soil fertility and structure due to continuous monocropping of rice; poor 
nutrition (based on rice staple) and apparent lack of gra in legume cultivation; idle resources 
(labour, land, water) during off-season for rice and finally, poverty leading to poor access in 
health seeking (preventive and curative). These findings pointed at the importance of investig<Jting 
a suitable agricul tural intervention strategy that would directly intervene on malaria through 
vector control and indirectly via economic empowerment of the community. A lternati ng rice 
cul tivation with soya bean (a dryland legume crop) was considered as the agricultural intervention 
of choice for Phase 2 research since the system was likely to impact positively on the above 
filctors. Studies were therefore designed and conducted to investigate the agronomic and socio­
economic feasibility of rice-soya bean production system in Mwea. The research findings would 
assist in m01king recommendations on possible adoption of this system by the farmers. 

Agronomic:: and economic feasibility study 

The soya-rice system was found to be agronomically feasible through assessment of crop yields 
(soya and rice), soil fertility, soil organic matter and gross margin/ income. Results of the agronomic 
studies have shown positive effects on soil fertility improvement from growing of soya followed 
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by rice crop. This was clearly demonstrated through higher yields when the soya- rice treatment 
in the study was compared with rice-rice and fallow-rice treatments. The fertility response trial 
showed that rice grown after the soya crop (EAI variety) compared with th<Jt of rice- ri ce treatment 
gave a significantly (P < 0.05) higher yield (5531 vs 4667 kg/ha), the difference being 884 kg/ 
ha equivalent to 11 bags/ha. Gross margin analysis indicated multiple benefits in the an nu<JI 
cropping year, associated with soya cultivation which translated into considerable tota l profi t 
(Kshs 53,000/ha) annually for the farmer. These are positive indications on direct effects on soil 
fertility and structure via increase in soil nitrogen and organic matter. 

Mapping 

Mapping was done to enhance interpretation and application of resul ts on potential of the rice-soya 
system in the context of the enti re Mwea Irrigation Scheme. It captured various features d~::picting 
the periods of necessary <~nd unnecessary flooding in the i rrigated area, hence indicating w here 
soya cultivation could fit in within the prevailing cropping cycles. About 83% of Scheme farmers 
harvest their rice crop in December (the rest in J<~nuary), al lowing regeneration of a ratoon crop 
which they harvested in February-March. Water was drained around harvest time and returned 
for growth of the ra toon crop. This period was followed by early flooding of the land in April- May 
awaiting rotavation which was done anywhere between this time <Jnd August-September when 
the rice crop (seedlings) W<JS transplanted. This unnecessary flooding for about 4 months could 
be avoided if soya was grown to fill the gap, uti lise the prevai ling long rains, dry up the land 
and yield the benefits stated earlier. This would extensively reduce the vector breeding habitats 
scheme-wide. 

Outgrowers in the irrigated area adjacent to but outside the official Scheme boundaries occupied 
an equivalent of 25% of the total Scheme area, planted their ri ce in December and harvested 
in March. This group could <J iso grow soya after this main crop in a similar pattern to scheme 
farmers. This could further widen the dryland area during the stated long rains season increasing 
the scope for vector control. 

Information and dissemination 

Viii<Jge sensitisation meetings on the project were well attended and the general response to 
proposed soya cultivation was positive as farmers lauded the soil fertility benefits w hich were 
manifested through exceptiona lly high yields when a rice crop followed a soya bean crop. The 
training and dissemination day at the end of the project became the highlight of the soya studies 
among the local communities and was attended by many farmers. Those attending included 
the Training of Trainers (ToTs) group from the study area (previously tra ined by the project as 
community health workers), village elders, local farmers, representatives of organised farmer 
groups, local stakeholder institutions, field technicians and the project research team. Tlic ToTs 
were both teachers in local primary schools and tra iners from the study villages. Action plans for 
soya field trials were also presented in this forum mainly to solicit technical and financial support 
from stakeholders that would facilitate implementation of these plans by farmers. 

Output 

Journal articles 

Mutero C. M ., Kabucha C., Kimani V., Kabuage L., Gitau G., Ssennyonga /., Cit.hure / ., Muthami 
L., Kaida A., Musyoka L., Kiarie E. and Oganda M. (2004) A transdisciplinary perspective on 
the links between malaria and <Jgroecosystems In Kenya. Ac:ta Tropica 89, 171-186. 

Mutero C. M ., Ng'ang'a P. N., Wekoyela P. , Githure /.and Konrad sen F. (2004} Ammonium sulphate 
fertiliser increases larval populations of Anopheles arabiensis and culicine mosquitoes in 
rice fields. Acta Tropica 89, 187-192. 

Shililu /., GrueberW. B., Mbogo C. M., Githure / . I., Riddiford l. and Beier/. C. (2004) Development 
and survival of Anopheles gambiae eggs in drying soil: Influence of the rate of drying, egg 
age, and soil type. journal of the American Mosquito Control Association 20, 243-247. 
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Confe.rences attended 
I I ' 

53rd Annuill Meeting of the Americ<'ln Society ofTropical Medfcine and Hygiene, 7.:..1'1 November 
2004. Mi<'~nii Beach, Florida, USA. 

54th Annua l Meeting of the American Society ofTropical Medicine and Hygiene, 11 - 15 December 
:2005. Washington DC, USA. 

The Fourth Pan-African MIM meeting, 13-18 November 2005. Yaounde, Cameroon. 
Working Group on Strategic Plan to Bridge Laboratory and Field Research in Disease Vector 

Contro l, 14- 16 july 2004, Nairobi, Kenya. 
WHO Study Group on Malaria Vector Control and Personal Protection, 10- 12 March 2004. 

Geneva, Switzerl<:lnd. 
WHO Second Meeting of the Partnership for Integrated Vector Management in Africa, 22-23 

Apri l 2004. Doaula, Cameroon. 
UNEP Fi rst Conference of Parties of the Stockholm Convention on Persistent Organic Pollutants, 

2- 5 May 2005. Pu nta del Este, Uruguay. 
NIH meeting on Malaria in Urban Areas-Interdisciplinary Approach, 18-25 May 2005. Miami, 

USA. 
SIMA Capacity Building Programme in Resource Mobi lization Workshop, 24-26 November 

2005. Dares Salaam, Tanzania. 
26th African Hea lth Sciences Congress, 28 November to 1 December 2005. Ain Soukhna, 

Egypt. 

Research proposals 

NIH, Microbial control of immature Anopheles mosquitoes funded for five years (2003- 2008), 
N IH, Exploratory Centres. Urban malaria in Kisumu and Malindi. Funded for 3 years (September 

2004- August 2007). 
RTI-USAID, Community-based malaria vector control in Malindi District funded for one year 

(january- December 2005). 
SIMA- IDRC, Agro-ecosystem management of malaria in the Mwea Rice Scheme funded for 2 

yeMs (May 2004- Apri l 2006) 
Globa l Fund, Control of malaria vectors in Kenya approved for 2 years, funded by Miniwy of 

Health, Kenya. 

Capacity building 

PhD student 
R. Wanjogu (Kenya) Alternating cultivation of rice and soybean as an agro-ecosystem strategy for 

enhancing household incomes and reducing malaria-vector breeding habitat. University of 
Nairobi, Kenya. 2004 (ongoing). 

MPHE student 
P. Ng'ang'a (Kenya) A study of factors affecting the implementation of malaria vector control 

measures in Mwea division, Kirinyaga district. Kenyatta University, Kenya. 2004 (ongoing). 

MPH students 
M. Oganda (Kenya) Determination of malaria in irrigated and non-irrigated vi llages of Mwea: A 

comparative assessment. University of Nairobi. 2003-2005 (completed). 
L. W. Musyoka (Kenya) Treatment seeking for malaria in Mwea Division, Kirinyaga District. 

University of Nairobi. 2003-2004 (completed). 

MScstudent 
J. N. Kuria (Kenya) An economic analysis of rice production in Mwea Irrigation Scheme. University 

of Nairobi (completed). 
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MALARIA CONTROL AND PREVENTION IN THE HIGHLANDS OF WESTERN 
KENYA 

Background, approach and objectives 

Tropical Africa 's ecosystems are in a critical state of permanent conversion as n result of human 
activities, like land-use. One consequence is the potential risks to hum<:~n health. In addition, 
i.lny ecosystem can also be disrupted by the reduction of native species populations and by the 
introduction of foreign species. Invasive species can be del iberately or unintentionally introduced, 
with potentially profound effects on humans. In partinllar, invasive mosquito species hnve aided 
in the spread of diset~ses. For instnnce, the Aedes mosf!uitoes from Africa and Asia have spread 
yellow fever and dengue worldwide. 

Eighty (BO) years ago, the highlands of western Kenya were malaria free. Since the end of the 
Second World War, this area shows epidemic ma lari<~ tr<~nsmission pattern with the last outbreak 
occurring in 2002 when over 400 people died within 3 months. A range of etiologica l f~tctors have 
been attributed to triggering these outbreaks, like climate change favouring vector and parttsite 
surviv;:tl, development of resistance against medications and insecticides, lilck of community 
awareness and preparedness, to mention a fc:w. In addition, icipe's studies conrlucted in various 
sites oi Ny<mdo, Kisii Central , Guch<~ and Nyamim districts of Nyanza province over the last 2-5 
years have revealed striking chttnges of lttnd-use. These modifications are partly associated w ith 
a continued encroachment of human sett lements and farming activ ities into the wetlands due 
to a variety of socioeconomic presslJres like high population density and alternative income­
gener;:~ting activities like brick-making. The anthropogenic environmentll l interferences have 
also contributed to countless new larval habitats for malaria vectors of the species Anopheles 
gambiae, A ;uablensis and 1\. funesws . The most abundant types of man-made larva l habitats 
are brick-makers pits, fishponds, community water-points and trenches <~round sugar-cane fie lds, 
which a:l show a high degree of <~ggregation of the mentioned anopheline species. In ttddition we 
h<~ve found numerous Anopheles gambiae s.s. ltt rvae in tree holes. 

The project comprises three ongoing activi ties w ith 4 speci fic aims: (il to determine the dry 
and wet season relative population densities of immature <~ncf adult malaria vectors in wtrious 
habitat types for both targeted control interventions <~nd malaria early warning; (ii) to utilise these 
dilta for water-management, e.g. source reduction, larviciding and introduction of larvivorous 
fingerlings; (iii) to provide sustainable intervention tools for malaria control and prevention 
through community trttining and participation in interventions and (iv) to conserve the ecology 
and functions of wetlands ;tnd avoid the formation of new man-made lttrval habita ts. The str;:~tegic 
approach includes the following components of integrated vector management (IVM) for reducing 
ma laria transmission: 

• spatial and temporal assessments of malaria mosquito species diversity and relat ive 
population density in natural (swamps, marshes) and man-mttde habitats during dry and 
wet seasons: immature stages in larval habitats and adult stages in houses (indoor spray 
catches) or caught in the field using CDC light traps; 

• spatial and tempori! l parasitometric surveys in Kisii district in collaboration with the 
Ministry of Hea lth (MoH); 

• validtttion of a malaria early warn ing system (MEWS) ttimed at correct ttnd timely 
prediction of malaritt outbreaks in the highlands (Kisii, Gucha and Nyamira districts); 

• field interventions for reduci ng vector populations through: (1) large-sca le water 
man<tgement, (2) large-scale larviciding w ith Bti and/or neem (Azadirachta indica) raw 
millerials, (3) reactivation of abandoned fishponds <tnd (4) l<~rge-sca le rlistribution of 
ITNs; 

• community training for malaria awareness creation and technology transfer; community 
participation in interventions; community wetland groups (CWGs) and eco-schools 
involved in wetland conservation with special emphasis on reforestation and avoidance 
of man-made l arv<~ l httbitats; 

• local malaria task force groups and stakeholders meetings for info rmation flow, 
pl<lllning of activities and coordination of interventions conducted by communi ty-b<~sed 
organisations (CBOs). 
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Participating scientists: F. Om/In, A. Howard, S. Gichia, A. Hassanali, I. Gordon, f. Carlson, 
1- Vulule 

Assisted by: E. Nyar;mgi, E. Odhiambo, R. Osano, E. Adongo, E. Onganyi and field assistants 
and trainees 

Donors: Government of Finland, Toyota Environmental Education Foundation, Biovision, 
UNICEF 

Collaborators: National Malaria Control Programme, Kenya; Kenya Ministries of Health; 
Environment and Natural Resources and Wildlife,· Education, Science and Technology; 
Livestock and Fisheries Development at provincial, district and local levels; provincial, 
dislrict and local government administration; local community groups like CBOs (including 
women and youth groups), KEMRi Kisumu, Kenya; 
Merlin Kisii, Kenya; Tulane University, USA; 
Population Services International Kisumu/Nairobi, 
Kenya 

Work in progress 

7- Brick-making sites and abandoned fishponds 
as most productive larval habitats for malaria 
\'lectors 

Our previous work has shown that one of the most abundant 
habitat types in the highlands of western Kenya containing 
1\nophele.s larvae are brick-making pits. Considering other 
important ecological variables like habitat age, vegetation 
and predator species diversity of those pits, we affirmed that 
vegetation and habitat age were positively associated with 
pred;~tor diversity and negatively associated with malaria 
mosquito density. Since brick-making became the main 
income-generating activity in the area within the last 2 
decades, it was appropriate to target these abundant larval 
habitats in collaboration with the Ministry of Hei!lth ;;~nd 

local community groups. Indoor spray c01tches revealed th01t 
houses situated near brick-making sites or other man-made 
habitats h;~d more vectors than houses which are near to 
nLJtural larval habitats, like swamps or marshes. These data 
have been used by the district public health officer (DPHO) 
to establish a selection plan of targeting houses for indoor 
residual spraying (IRS) as well as for the distribution of 
ITNs. 

In Kisii district, a fishpond census conducted in collaboration 
with the Fisheries Department, revealed a total of 262 
fishponds in March 2004. From each pond the following 
variables were assessed and recorded: location/division, 
pond size, maintenance status, presence/absence of fish, 
;;md presence and number of mosquito larvae (Table 1 ). 
Of the 186 ilctive (with fish) ponds found, 148 (80%) were 
well maintained whereas only 13 (17%.) of the abandoned 
ponds (no fish) were well maintained (X2 = 88.87, P < 
0.0001 ). The mean number of A. gamblae s.l. found in the 
abandoned fishponds was higher than the mean number in 
active fishponds 01nd there were four times the number of 
A funestus and culiclnes in abandoned pond~ compared 
with active fishponds (Table 1 ). These data reveal that fish­
farming in the district is not properly conducted and high 
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risk for mal;uia transmission emerges from the numerous abandoned fishponds, which are in 
close proximity to homesteads. The fish -farming community of Kisii district was made aware of 
the health risk and as a result, the supply of fingerlings has been taken up by the district fisheries 
officers. In addition, ongoing community training sessions were extended into loc<JIIy organised 
'Malaria and Environment' community workshops. 

In the western Kenya highlands, the larvivorous fish Oreochromis nilolicus L. (Perciformes: 
Cichlidac) (formerly Tilapia nilotic:a) is commonly farmed and eaten . We introduced this fish 
into abandoned fishponds and me<1sured the effect on the numbers of mosquito larvae (lgainst 
untreated controls for six months. During this time all ponds were regularly cleared of emergent 
vegetation and fish re-stocking Wi!S not needed. After 0. nilolicus introduction, mosquito 
numbers dropped in the treated ponds <Jncl. after 15 weeks, there was more than 94% reduction 
in all Anopheles !Diptera: Culicidae) species, with culicines reduced by over 75°f<, (Table 2). The 
numbers of mosquitoes in the control pond incrc(lsed during this time due to climate reasons 
and after 1 5 weeks there were significantly higher numbers of all mosquito species in the control 
when compared to the tre<1ted ponds. This study reports the first field intervention data of 0 . 
nilot/c:us and shows that this species, already a popular fish in western Kenya, is high l~' effective 
in l<1rval control <Jnci may become sustainable b)' also offering a source of pt·otein 01nd income to 
people in rural are01s. 

Table 2. lnttoduc:tion of lorvivorous A.h fingerll1191 into fishpond• in Kiail district 

Anoph~/es 
Moon (t SE) gombioe s.l. A. lunedus A. pretorionsis Culldnt:~ 

Pond A Belor<:~ .!,50 (~ 0.56) 0 0.061± O.O.ol) a 0.05 (t 0.031 0 2.34 (t 0.38) 0 

After 14.08 (;t 0.93) c 2.45 t 0,47) c 0.17 (± 0.04 ~ 4.51 {± 0.4.ol) ~ 
Pond C Before 11 .381± 0.67) b 0.57 (t 0.19! b 0.44 (± 0.07) b 2.81 jt 0,.47) a 

Allor 1.53 t 0.28) d 0.43 (t 0.14 b 0.03 (;t 0.02) d 0.72 ;1: 0.18) d 
% reduo;lion 95.8 98.3 98.1 86.7 

Pond D 8Qioro 5.40 (t 0.34) 0 0.61 (t0,14)b 0.51 j± 0.10) b 1.29 (± 0.21) b 
Alter 1.00 (± 0.15) d 0.56 {:!: 0.10) b 0.01 ± 0.01) d 0.63 (± 0.13) d 
%reduction 94.1 97.5 99,5 75 . .ol 

'Before' and 'alter' rolates to tho 15 week~ before and 15 week. after Oreochromis nilolicua i ntrodu~lion . 
Porcent reduc~on was calculated using Mullo 's formula. Tho same leiters in o column indicate no signiAcont 
difforonce; th<:~ro is no relationship belwoen the lello" within tho different rows. 

2. Spatial and temporal distribution of anopheline mosquitoes in tree holes 

Preliminary investigations revealed high larval densities of Anopheles gambiae in the phytotelcmata 
of introduced tree species in both the Lake Victoria basin and the highlands of western Kenya. This 
study was conducted to explore Jhc presence of Anopheles IJrvae in tree holes. At five study sites 
in western Kenya, trees were examined for presence of tree holes and mosquito larvae. In Kisumu 
on the shores of Lake Victoria, 14 tree holes from 10 flamboyant trees were evaluated when 
containing water and when dry. Correlations were made between larval densities, habitat potential 
volume and height above ground. 
Oviposition choice experiments Table 3. OvJpoJition choleo oxperlm•nh comparing pref•r•nc:o of gravid 
were conducted in the laboratory Anophel•• gombioo for water from trees va conirol source1 
using gravid A. gambiae placed Observed rut P·voluo: 
into cages with water from tree _w,....o_to,....r_ao_u_rc_.,, ___ c_.a-te..::g_or..:.y--N-:---""pr_o.:..p_. ~-.:P_'o....:.p_. _ __;_f2_·to_i_1e...;,d) 
holes and alternative source Flomboyant troe Troo 8 0.89 
(Table 3). Nineteen (19) species of distilled Walor ;;~:rol ~ nb 

flomboyanttreo 
Y$ 

lake woler 

trees were found with Anopheles 
gambiae larvt~e. Habitat height 
was negatively correlated with 
Anopheles density (Figure 1 ). In leucaeno tree 

V$ 

cage experiments, ovipositing A. di1tilled wotor 
gambiae preferred water from Leucoeno tru 
tree holes over distilled or lake 
water. 

Tree 
Control 
Total 
Tree 
Control 
Total 
Troo 
Control 
Toto! 

20 
8 

28 
8 
2 

10 
16 
5 

21 

0.71 
0.29 
1.00 
0.80 
0.20 
1.00 
0 .76 
0.2.ol 
1.00 

0.50 0.039 

0 .50 0,038 

0.50 0.109 

0.50 0.027 

MosquitoOl avlpo~ited on only one of the two sub1trote~ offered. N refer. 
to number of limos a mosquito ovlposiled on a given substrate typo (tree vs 
control), A binomjol test far signillconco waa performed to gonerolo o P·value. 

175 



1 n cone! us ion, cu ltiv01ti ng exotic tree species has 
ch<~nged the habitats available to mosquitoes. 
The large flamboyant tree holes are similar 
in size to ground pools trilditionally used by 
A. gambiae larvae. Affinity of A. gambiae in 
flarnboy<t nt trees to holes closer to the ground 
suggests a connection between tree holes and 
ground pools. Recoveries of Anopheles from 
dry and humid tree holes suggests desiccation­
resistant eggs sim ilar to Aedes species. These 
results provide sufficient evidence that A. 
gamhiae is well adapted for exploiting tree 
holes as l<trval habitat in the absence of 
ground pools or polluted habitats. As such, 
tree holes should be incorporated into malilri <~ 
surveillance and control strategies in Africa, 
w ith particular emphasis on urban settlements, 
where ornamental trees are planted and 
continue to be pl<mted. 

3. Adaptive management for health 
improvement in Nyabondo, 
western Kenya 
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Figure 1. Association of mos4ulto popul~t ion dcnsliics in 
14 I tee-holes wilh height over ground 

The adaptive management appro01ch was applied in a 30 km1 area in Nyabondo (Nyando district) 
to improve the malaria situation of the communities. Brick-making is the main income-generating 
llctivity and shows ll comparable pattern to the Kisi i highlands. Following baseline investigations, 
the main interventions were water management for vector source reduction, larviciding using Bti 
ilnd neem raw materials and distribution of ITNs. In addition, monitoring of both vector densities 
Lind malaria infection rates were supported hy the application of GIS/GPS technologies. Many of 
the activities on the ground hf!ve been implemented through community interest groups ilnd the 
coordination was established through a local malaria task force group representi ng administrative 
and health sectors and other stakeholders. 

A compa rison of GIS data obtained during both dry and wet seasons in 2005 shows an increase of 
stagn<tnl water during the rainy season in areas where intense brick-making activi ties were carried 
out. From a totill of 15 km~, the water-surface increase during the wet season was plotted against 
the respective estimated brick-making surface in the dry season (figure 2). The paired sample 
analysis reveals a positive line<Jr regression with the equation y ~ 93 7.45x - 2690.6 (Rl = 0.3279). 
By comparing the increased size of the water-body per km1 with the number of A. gambi<Je s. l. 
caught in nearby houses, a positive linear regression (y = 0.7252x + 1.41 06; R2 "' 0.3423) was 
demonstrated (Figure 3). In contrast, t-tests did not show a positive regression for both A. funesws 
and Culex mosquitcJes when their absolute numbers in each one km1 was compa red with the 
respect ive water·surface increase. 

These data exhibit 'hot spots' where high numbers of resting A. gambiae s.l. are found in houses 
surrounded by stagnilnt w<Jter wcithin the brick-making sites. Obviously, the gradual degradation 
of the swampy area and its continued substitution by brick· making in Nyabondo lead to flood-l ike 
situations occurring after heavy rains. As a result, we observed countless pits in which malaria 
vector immature stages were found in high densities. The well-known association between larval 
habitats and homesteads as focal pl01ces for malaria transmission constitutes il strategic element 
for properly conducted IVM taking into consideration th<tt <JII houses (N > 5080) within the study 
t~re<~ were situated close to larval habitats. 

W<lter-drainage canals were bu il t over a total length of over 16 km, about 11,000 ITNs were 
distributed to the communities and 3 large-scale applica tions of l<1rvicides w01s done. Comparing 
the monthly m01laria prevalence rates of 2002- 2004 with those of 2005, there was a clear trend 
of reduced malaria transmission within the Nyabondo communities. 
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Journal article 

Carlson J. C., Byrd B. D. and Om/in f . X. (2004) Field assessments in western Kenya link malaria 
vectors to environmenta lly disturbed habitats during the dry season. BMC Public Health 
(electronic resource) 4, 33- 39. 

Reports 

Quarterly reports to Government of Finland. 
Quarterly reports and end of year report to l3iovision. 
Progress report to Toyota Foundation. 
Progress and project end reports to UNICEF. 
Intern<! I report: H ighlights of the Environment.-.! Management Programme. 

Conferences attended 

African He<Jith Science Conference (Nairobi, 2004). Attended by: F. X. Omlin, S. K. Gichi<J, j . 
Vulule. 

19th Research-in-Progress Meeting of the Royal Society of Tropical Medicine (London, 2005) 
Attended by: A. Howard and F. X. Omlin. 

lwman he31tll 8 @@)0 177 



Research proposal 

Toyota Environmental Educ<Jtion (Toyota Environmental Activities Grant, Tokyo, 2004) ''A novel 
education program in environmental health and conservation for wetland communities in 
western Kenya: Sustainable rural development programme through synergistic integration of 
environmental education into human health and better livelihood" (funded, October 2004-
September 2007). 

Capacity building 

Tra ining of 1904 communi ty members on malaria vector source reduction in Kisii and Gucha 
districts. 

Impact 

• Community members understand the inter-relationship between m;;~l aria and the 
en vi ronmertt. 

• Communi ty members Me milking use of th<Jt newly g<Jined knowledge by reducing the 
numbers of mosquito larv;;~ l h;~bit<~ts and applying botanica l larvicides. 

• Changed land-use patterns lead to increased numbers of malaria vector larval habitats. 
• Tlie governmenta l public health sector are awa re of the importance of integrated vector 

control in the fight against malaria. 
• In some intervention areas, there is a decrease in malaria mort;;~li ty ;;~nd morbidity. 
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THE APPLICABILITY OF AVAILABLE TECHNOLOGIES FOR ADAPTIVE INTEGRATED 
MALARIA VECTOR AND ENVIRONMENTAL MANAGEMENT AT MAUND# 

Background, approach and objectives 

Hum<~n health improvement through integrated mc1laria vectors control at Malindi w ill be 
t~chieved by the development ancf implementation of arf<lptive integrated mosquito population 
management for human health improvement. The operations are guided by decision-support tools 
that make efficient use of monitoring inform<1tion on adult <1bundance, breeding si te presence 
and larval abundance. 

The objectives Me to: 
• develop and Implement adaptive mosquito population mi\nagement for human he;;dth 

improvement. 
• determine the feasibility ,md SlJStainabil ilty of a ma l;~ria control programme based 

on insecticide-treated nets, 13 ti , information, education <1nd communiciltion and 
environmentally friendly tools. 

• develop decision-support tools th<1 t make efficient use of moni toring information on 
,1du lt abund<H1ce, breeding sites presence ilnd larval <1hundance. 
develop integr<1ted vector mtlnagemcnt t~pproachcs for controlling mosquitoes in urban 
environments, e.g. use of bedncts. ~ti and EM. 

• bui ld the capacity of the community (or malariil vector control. 

Participating scientists: C. fvlhogo. /. Cithure, P. Lucchy. /. Baumgartner, C. Gilio li' , L. Kih£•~. 
f- . Mushinzinwna, /. Beier 1

, IJ. Jacob~, j . Keatinft 

Assisted by: /. Nzovu, S. Kahinrli. C. Nyundo fKEMRI). 

Donors: Binvision Founclalion, NIH cmd RTI/USAID 

Collaborators: Ministry of Health, Municipal Council o( Malindi, Population Service~ 
International, KEMRI; 1 DipartimcnlO di Awochimic:a e Agrobiulogicl, Universita eli Reggio 
Calabria, Italy; ~KI:'nya Medic;rl Research lnstiWte, Centre for Geographic: Medicine 
/~ese<Jrch, Kilifi, Kenya; 'Department of Epidemiology c1nd Public Health, Miami Universit y, 
1-1., USA; ~Illinois Nawral Histury Svrvey, Cenrre for Ecological Entomnlog}', Champaign, 
IL, US/\; "Department of lntemc11ional He,1l1h and Development, Tulane UniversiLy. New 
Orleans, /.A, US1\ 

Collaborating department: Popul,ltion Ec:olngy c111cl Ecos)'stems Science Department 

Work in progress 

I . Larval surveys and malaria prevalence studies in Malindi 

tntornological investiga tions based on ildult and l<lrv<d collections, hJbit<lt characterisation ilnd 
cl inical malaria prev<:Jience surveys were carried out in urban M:dindi on the coast of Keny<J since 
May 2005. Larval surveys indicate that more thiln 90%, o( the larval habitats are man-m<:~dc t~nd 
ihc predom inant immature mosquitoes were culicines while only a few o( the habitats contained 
Anuphe'les l:~ rvae. Majority of the Anopheles were observed in unused swimming pools. An 
cxaminJtion of 600 schoolgoing children <~ged between 6- 12 years in June and September 
2005 reve<1led surprisingly low malaria prevalence. Overall, Plasmodium falciparum parasit f~ 
prevalence in June was 22.5 and 12.2°/c. in September with the majority of the cases coming 
from peri-urban t~ nd rural <1reas. No gilrnetocytes or mixed infections were recorded. Tile luw 
number of rnalari<:~ c<:~ses and abundance of man-made breeding si tes in urban centres suggests 
that prevention srr<Jtegies based on vector control, with emphasis on environmental rnanagement, 
should be a centrJI feilt~Jre of urban ma la ri<:~ cont rol progr,1mme. 

2. Training activities for community-based vector control 

Involvement with loca l community groups has provided a wea lth of background information 
on the me<~sures the people are taking to prevent mosquito bi t ing-bednets,~burning traditional 
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herbs, aerosol sprays and coi ls. We h;JVe selected and trained mosquito scouts in consu lwtions 
with the community groups, hoteliers and other stakeholders_ A training programme tailored to 
the needs of the community was executed. The aims are to create a cadre of individu<Jis from the 
com munity groups <Jnd hotel s, who are equipped with the basic knowledge and ski lls necessary 
fm mosquito control. Topics include mosquito biology, sampling and monitoring techniques for 
both l<~rvae and adult mosquitoes and mosguito control options and use of mosquito informt~tin n 
generated from the field in decision-making. The practical demonstrations involve 3 teams 
c<~ ch comprising of: (1) field reset~rch ;1ssistants and (2) mosquito scouts. The aim is to <Jilow 
mosquito scouts gain field experiences in adult mosquito collections inside hou ses by pyreth rum 
spri!ying and outdoor collections using light tr<~ps . The exercise also gives the mosquito scouts an 
opponunity to learn aspects of consenting in research <~ctivities from household owners. Training 
was also conducted on larvicid ing using BtL 

Mosquito scouts are now able to collate d<Jta on mosquito occurrence and utilise this information 
to make informed decisi ons on mosquito controL All community groups formed one umbrella 
body known as Malind i Mosquito and Ma laria Control Association (PUMMA) m<~nd;:Jted to 
coordinate all mosquito activities and l iaise with stakeholders on the best methods of control. 
PUMMA has developed a massive programme of community mobilisation which invo lves the 
creation of community groups and observance of Malaria Mosquito Day. 

Community mobilisation, which is an importt~nt p;~rt of overa ll malaria control activities in Malindi, 
is apparently not given much investment after init ial training and distrihution of materials. M<~jor 
challenges ft~ c ing these groups include sustainabil ity, low levels of volunteerism, mon itoring and 
supervision, and maintilining t~ nd supporting the activities. As part of t1 Biovision project, we begun 
train ing con1n1unity group members in larval control and environmental management techniques 
in August 2005 . Appl ication of B;u:;illus thuringiensis var. israelensis (Bti) and B. $phaericus (Bsl 
larvicides that are highly effective, selecti ve in action and environmentally safe to non-target 
organisms, was extended. We are now developing locally appropriate educilt ionillmilterials and 
l\sscssing the impact of.our train ing progra n1me on mosquito control. Training materials, source 
reduction techn iques, and appl ication of Bli and Bs guidelines developed <JS part of the project, 
w ill also be used to train community members in the use of mosquito reduction techniques. 

The project relies on community participation and support The si te manager has already worked 
wi th the respective communities and the budget allows activities in community participation. 
The study sites are subdivided into cells of equal size; the cells are the units for monitoring and 
intervention_ Monitoring and vectors control is carried out by mosquito scouts selected by the 
community, who are expected to make informed decisions based on the monitoring information. 
In generil l, weekly visits and discussions by the site managers should further strengthen communi ty 
engagement. 

Output 

Journal articles 

(;;J rlson )., Keating)., Mbogo C. M., Kah indi S. and Beier/. C. (2004) Ecological limitations on 
aquatic mosquito predator colonization in the urban environment. Journill of Vector Ecology 
29, 331 - 339. 

Depinay J, M. 0 ., Mbogo C M , Killeen G., Knols B., Beier J_, Carl son J_, Dushoff ). , Billingsley 
P., Mwambi H., Cichure J., Toure A. M . and McKenzie F. E. (2004) A simulation model of 
Afric<Jn Anopheles ecology and population dynamics for the analysis of malaria transm ission . 
Malaria Joumal3 , 29-49. 

Jacob B. G., Arheart K. L, Griffith D. A., Mbogo C M ., Githeko A. K., Regens J_ L, Cithure f_ 
1., Novak R. and Beier J. C. (2005) Evaluation of environmental data for identification of 
Anopheles (Diptera: Culicidae) aquatic larval habitats in Kisumu and Malindi, Kenya. Journal 
of Medical Entomology 42, 7 51-7 55. 

Jacob B. G., Regens ). L., Mbogo C. M., Githeko A. K., Swaim C. M., Githure j . I. and Beier J_ C 
(2 005) Capabilities of multispectral thermal data for Identification of Anopheles gambiae 
mosquito larval h<~bi tats in African urban environments. lmernalional Journal of Remote 
Sensing 26, 523-534. 
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Kenya. lnlernaeiona/ Journal of 1-lealth Geographies 3, 9-21. 

Keating)., Macintyre K., Mbogo C. M., Cithure / . I. and Beier}. C. (2005) Self-reported mai<Jria 
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Keilting )., Mhogo C. M., Mwangangi J., Nzovu ). G., Gu W., Regens J, L. , YanG., Githure /. I. ilnd 
Beier). C. (2005) Anophl!les gambiae s.l. and Anopheles funestus mosquito distributions at 
30 vi ll;~ges along the Kenyan coast. journal of Medical Entomology 42, 24 1- 246. 

Mwilngangi ). M ., Mbogo C. M., Nzovu ). G., Kabiru E. W., Mwambi H., Cifhure /. I. ilnd Beier 
1. C. (2004) Relationships between body size of Anopheles mosquitoes ilnd Plasmodium 
falciparum sporozoite rates along the Kenya coast. Journal of the American Mosquito Control 
Associalion 20, 390- 394. 

Conferences attended 

53rd Annual Meeting of the Americiln Society ofTropic<JI Medicine and Hygiene, Miami Bcilch, 
Florida, USA, 7-11 November, 2004. Attended by Charles Mbogo. 

25 th Africa t· lealth Sciences Congress, 4-8 October 2004, Nairobi, Kenya. Attended by Charles 
Mbogo and Lydiah Kibe. 

Medicine and Health in the Tropics, Marseilles, France, 11 - 15 September 2005 . Attended by 
Charles Mbogo. 

The Fourth Pan-African MIM meeting, Yaounde, Cameroon, 13- 18 November 2005. Attended by 
Lydiah Kibe, Janet M idega and Ch<Jrles Mbogo. 

26 th Afric<J llealth Sciences Congress, Ain Soukhna, Egypt, 28 Novembcr-1 Dece1i1ber 2005. 
Altendccl by Charles Mbogo and Lydiah Kibe. 

Working group on strategic plan to bridge laboratory <Jnd field research in disease vector control, 
14- 16 july 2004 , Na irobi, Kenya. 

Tech nical consul tation on the striltcgy for <Jssessment and control of urban malaria. Pretoria, 
South Africt~, 1-5 December 2004. 

Workshop on Management of Intellectual Property in Health Research ilnd Development, Nairobi, 
17 March 2005. 

Workshop on Project Management System, Nairobi, 1- 3 November 2005. 

Research p roposals 

Reducing mosquitoes and malaria through environmental management in urban M alindi, Kenya . 
Funded by RTI/USAID. 

The appl icilbi l ity of ilVailable technologies for <Jdaptive integrated malariil vector manaeement at 
Malindi, l<enya. Funded by 13iovision Founciation. 

Capacity building 

PhD students 
J. T. Midega (Keny<J) Distribution pillterns, gene flow and dispersal of Anopheles mosquitoes 

along the Kenya coast. University of Gh<tna (ongoing). 
P. 0 . Mireji (Kenyil) Responses of mosquitoes to heavy metals. Kenyatta University, Keny;:~ 

(ongoing). 

MSc and MA students 
L. W. Kibe (Kenya) Community participation in malaria control: A case study in Malindi District. 

Kenyatta University (ongoing). 
S. Muiruri (Kenya) Determinat_ion of predator feeding preference on immature stages of A nopheles 

mosquitoes. Kenyiltta University (completed and graduated). 
S. C. Kahindi (Kenya) Mechanisms of resistance and susceptibility to organophosphates. 

carbamates, and pyrethroids in Anopheles gambiae in Hohe District, Ghana. University of 
Ghana (completed and graduated). 
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VECTOR COMPETENCE IN THE ANOPHELES GAMBIAE-PLASMODIUM 
FALCIPARUM SYSTEM 

Background; approach and objectives 

This project focuses on the environmentt~l <Jnd genetic factors that critic<JIIy influence sporogonic 
development i!nd mosquito susceptibi li ty to Plasmodium falciparum part~sites. This research is 
based on the general hypothesis that the vector competence of Anopheles gambiae is determined 
by the genetic conditions of mosquitoes and parasites, and mediated by environmental conditions. 
The specific t~ims of this project were to evt~lut~te the effects of abiotic environmental factors 
(ambient temperature) and biotic ft~ctors (size, age of mosquitoes and life history parameters such 
as blood-feeding and sugar-feeding) on P. falciparum sporogonic development in African malaria 
vectors, and determine the genetic mech;misms of vector competence in the Anopheles gambiael 
fl/,l .~modium fa/ciparum system. 

Participating scientists and student: H. Manda (PhD swdent), L. Gouagna, }. Cithure, A. 
1/assana/i, /. /Jeier' , G. Yan 

Assisted by: j . llrqa, T. Guda 

Donors: NIH, WHO-TO/~ 

Collaborators: 'Miami University (USA); Kenyalta University (Kenya ), 1New York Slate 
University (USA ) 

Collaborating dep.1rtment: /Jehavioural and Chemical Ecology Dep;Jrtmenl 

Work in progress 

I . Plant-feeding behaviour of Anopheles gambiae 

Sugar is the b<Jsic food of adult mosquitoes. All mosquito species examined so far, both females 
anCI males, feed on pi<Jnt sugar in nature. It is the only source of nutrition for males and the 
most important in bui lding energy reserves in females. In the labor<Jtory, sugar-feeding increases 
survival in both sexes, increases mating capacity in males, reduces biting frequency in females 
i.lnd increases egg production per gonotrophic cycle in fem;:~ les. In nature, Anopheles mosquitoes 
acquire sugar principally from floral nectars and extr<Jfloral plant juices. However, the subject of 
p lilnt-sugar feeding in A. gambiae and other malaria vectors is virtually untouched and unknown. 
It is important to identify plant species that are commonly fed on by malaria vectors in endemic 
Meas, bec<J use they rllily play an important role in their fitness <Jnd vectorial ct~p<~c:ity. This study 
aimed to determine plant-feeding prt~ctices of wi ld malaria vectors in Suba district (a mt~laria 
endemic area of western Kenya) and assess the behavioural responses of A. gambiae to common 
plants growing around human dwellings and mosquito larval habitats. 

2. Plant-feeding practices of field collected female Anopheles mosquitoes in 
relation to their dispersal, gonotrophic status, parity and seasons in Suba 
district, western Kenya 

The plant-feeding practices of wi ld female Anopheles mosquitoes in relation to their dispersal, 
set~sons, gonotrophic status and pnrity were evaluated in Lwanda village of Suba district, western 
Kenya. Indoor-resting Anopheles females were sampled during the January to March dry season 
and April to May wet season, from two groups of houses, located near (< 200 m) and far (> 
200 m) from larval habitats. Females collected were individually tested for the presence of 
fructose (the main monosaccharide unique to plant sugar) in their crop. A total of 1549 female 
Anopheles were collected including A. gambiae s.s. (19.81 %), A. arabiensis (36 .34%) 01nd A. 
funestus (43 .83%). Out of the number o( mosquitoes sampled, 12 .33'% had fructose in their 
crop at the time of collection, indicating recent plant-feeding. The percentage of fructose-positive 
females was similar in all the three Anopheles species (P = 0.95), suggesting parallel evolution 
of the sugar-feeding strategies, given the 3 species are sympatric in the area. For each Anopheles 
species, the percentage of females positive for fructose was also insignificantly di fferent, during 
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both dry and wet seasons (P "' 0.8, 0.16, 0.17), in the 4 gonotrophic status (empty, blood-fed, 
half-gravid and gravid) (P = 0.96, 0.74, 0.6) and physiological age (parous and nullip<Jrous) (P = 
0.4, 0.9, 0.7) for A. gambiae s.s., A. ambiensis and A. funestus respectively. However, the rate of 
fructose-posi tive females was signific;~ntly higher in mosquitoes collected far from larval h<Jbitats 
compared to those collected near (P "' 0.02, 0.005, < 0.001) for A. gambiae s.s., 1\. arabiensis 
<Jnd 1\. funestus respectively. These preliminary field results suggest th<Jt plant sugar-feeding may 
be an important aspect of the biology of malaria vectors, because female Anopheles feed on 
plants even whP.n the human host is re<~dily available, during both seasons and any time of 
their physiologica l status and age. However, the frequency of p i<Jn t-feeding by miliaria vectors in 
na ture is still being investigated. 

3. Feeding responses of Anopheles gambiae to common plants growing 
around human dwellings and mosquito larval habitats in western Kenya 

A study to determine the behavioural responses of Anopheles gambiae to common plants 
gr{)wing in western Kenya was carried out in a semi-field setup (greenhouse) with labor<Jtory 
reared mosquitoes, to identify possible sources of mosquito sugar meals in the are,,, Thirteen 
candid<~te plant species were selected for testing on the basis of (1) their local ;lVailability around 
human dwellings and mosquito ;;~quatic habitats where A. gambiae lives and breeds, (2) their 
distribution over a w ide ecological range, and (J) all of them being present in the habitats year 
round. Feeding re.sponses of mosquitoes to those candidate plants were recorcied, each plant 
being presented to mosquitoes singly, vnd concurrently with other plant species in no-choice <~nd 
choice bioassays respectively, coupled whh gas chromatography ana lysis for mosquito <1nd plant 
sugar signatures. There were significant variations in the feed ing responses of mosquitoes tOwilrd 
the different plants in the choice arena (P < 0.001 ), i111d these were consistent w ith· nL!mbers 
ingcsti~Jg sugar in n{)·Choice arrangement, showing a preference ranking for the plant specfes by 
mosquitoes. In both choice ilnd no-choice si tuations, five plunt species were most preferred by A 
gambiae, namely: Hame/ia patens )., fVclnus communis L., Senna didymohotry<:J F., Patherni(lm 
hysterophorus L. and Tecoma stans L. GC vna lysis of mosquito and p lant sugar profiles confirmed 
the same trend. In I 0 out of the 13 candidate plant species tested, gas chromatography profiles 
indic<~ ted that mosquitoes obtained sugars primarily fi'Of11 flowers (P < 0.001 ). However, more 
mosquitoes fed on the leaves of P. hysterophortJS L. (P < 0.001 ), Lantana c:amar,1 l. (P = 0.02) vnd 
le01ves :md Stt!ms of R. cornmunis L (P"" 0.01) than on the flowers of these plants, indicilting that 
iloral nectar is not the exclusive source of sugar for these insects. In all the plant spec;ies tested, 
more feeding occurred earlier in the night 2000-2200 h. The results suggest a preferential feeding 
pauern of A gambiae on plants and plant parts. 

4. Fitness and vector competence of Anopheles gambiae feeding on 
preferred plant species in 11\'estern Kenya 

The scope of these studies is bui lt around the following evolving hypotheses. 

• Preferential feeding on host plants is re lated to potential fitness advantage to mosqui toes 
(better survival and reproduction outpull 

• When mosquitoes feed on floral or extrafloral nectars, it is assumed that they do not 
ingest sug;;~rs on ly, but other secontlary compounds of the plants as well. Due to the 
well-known <Jntiplasrnodia l <~ctivi ties of cert<~in plar1t species in nature, some may affect 
P. falciparum sporogonic development in the midgut of A. gambiae, and thus reduce the 
transmission of mal<~ria. 

5. Effect of p referred plants of Anopheles gambiae on its survival and 
fecundity 

To clarify the adaptive significance of pl<~nt preference by mosquitoes, survival and fecundity of 
A. gambiae were <~ssessed on plant species that varied in attractiveness. In a semi-field setup, the 
surviv<~l of A. gambiae was monitored when allowed to feed exclusively on each of the 5 preferred 
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pl<:~nts: Hamelia pate.ns J., Ricinus communis L., Senna didymobotrya F., Pathernium hysterophorus 
L. and Tecoma swm L., and one of the less preferred plants (Lantana camara L.). Their fecundity 
(number of eggs developed, laid, retained, proportion of mosquitoes ovipositing and viability of 
the e~gsJ on those plants was also assessed when given (1) three consecutive blood meals, and (2) 
only one blood 111eal. The effect of diet was significant on survival (P < 0.001 ). With the exception 
oi /~ lwstemphorus and /-/. patens, survival was significantly high in mosquitoes fed on most 
preferred plants (Table l J, with a decre<Jse in the odds 
o( 111mt<~lity hy approximately 40-50% as compared -a· 
to those fed on the less preferred pl;mt L. c<Jm;JriJ. • 

When given only one blood meal, mosquitoes fed .! 
on P. lwstE>rophorvs <Jnd on L. r,;amara and lilid <~ ~ 
significantly lower number of eggs (P"' 0.01) (Table 1 ). ! 
However, when given three consecutive blood meals, ~ 

there was no significant difference on the number of !5 
eggs developed (P"' 0.06), retained (P"' 0.07), laid (P § 
= 0.29), and their viability (P "' 0.14) per female fed = 
on e;Jch pl<:~nt species, suggesting that/\. gambiae can ~ 
repktce sugar with increased bl ood-feeding without 
suppressing their reproductive fitness. The proportion 
of mosquitoes ovipositing was also significantly 
low in the 2 pl<tnt species (P. hyslerophorus and L. 

'Jl 
camara ) (Tabl e 1). The mean concentration of sugar ..li! 

(in flower+ lean varied in plant species tested (Table i 
1 ). There was a positive correlation between sugar i 
concentration in preferred pl<~nts ;:md (l) median 
survival of mosquitoes (r = 0. 98, P < 0 .001 ), (2) 
proportion of mosquitoes ovipositing (r = 0.82, P = 
0.04), ;;~nd (3) number of eggs oviposited when given 
only one blood meal (r = 0.87, P = 0.04) in those 
plants, justifying why survival and fecundity was poor 
in preferred plants less concentra ted in sugar. Our 
resu lts suggest that plants preferred by 1\. gambiae 
and rich in sug;;trs enhance their fitness (survival t~nd 
reproduction). Low energy reserve in mosguitoes 
as a result of being exposed to less preierred plants 
vrill lead to more blood meals to compensate for the 
energy shortage, therefore incre<tsing the mosquito­
human contact (biting freguency). Survival ilnd biti ng 
rate of mosquitoes being important factors on the 
v·ectorial capacity equation, these results suggest th<:~t 
malaria transmission can be substantially enhanced 
or reduced by the availability of some plant species 
to wild vec;tor populations in endemic are;;~s. 

6. Effects of preferred plant species on 
thf! vector competence of laboratory 
population of Anopheles gambiae for 
Plasmodium falclparum 

The effects of the preferred plants of A. gambiae were 
ilssessed on their vector competence (P. falclparum 
development in their midgut). Laboratory-reared 
female A gamblae mosquitoes adapted on membrane 
feeding were fed on each of these plant species: H. 
patens )., R. communis L., S. didymobotrya F., P. 
hysterophorus L., T stJns L. and L. camara L. and 
experimental ly infected with blood obtained from 
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gametocyte-positive human volunteers. Lantana camara was included for testing because, 
although not attractive to mosquitoes in choice situation, it is abundant in western Kenya and 
mosquitoes significantly fed on it in no-choice situation. 

Significantly low infection prev;;~lences were observed on mosquitoes fed on R. communis (7.18%) 
and P. hysterophorus (0'Yo), as comp;;~rcd to other plant species (P < 0.01 ), with a magnitude of 
53 and 100% respectively below the control (glucose) (15.21 %). There was a drastic decrease 
on the parasite load (mean oocyts per infected midgut) in the midguts of infected mosquitoes fed 
on 3 plant species: L. camara (1 .6 oocysts per midgut). S. didymobolrya (1.3 oocysts per midgut) 
and P. hysterophorus (0 oocyst per midgut) as comparecl to those fed on other plant species and 
on the control (glucose) (9.01 oocysts per midgut) (P < 0.0001 ). The decreases in infection rates 
and parasite intensities were due to A gambiae ingestion of these plant diets because mosquitoes 
fed on each plant species and the control (glucose) were reared in the same manner, infected 
with blood from the same r. falciparum gametocyte carriers and held in the same conditions. 
We found a positive correlation between gametocyte densities and mosquito infection rates (r = 
0.77. P < 0.01) and oocyst intensities per midgut (r = 0.71, P < 0.01 ). The inhibitory effect of P. 
hyslerophorus on P. fa/ciparum development was consistent in both the infection rate of mosquitoes 
and parasite intensity; total knockout was only observed when mosquitoes were Infected with 
less than 200 gametocytes/IJI of blood. However, with higher gametocyte densities (mean 566.57 
gametocytes/IJI of blood), the mean infection rate and oocyst intensity of mosquitoes fed on P. 
h}tSlerophorus were still significantly lower than the mean infection rate and oocyst intens ity of 
mosquitoes fed on glucose (P < 0.001 in both cases). The inhibitory effects of the plants on either 
infection prevalence or parasite load varied acc:ording to the time mosquitoes fed o r1 plants. 
High effect occurring when mosC]Uitoes fed on plilnts both pre- and post-infection, followed by 
plant-feeding post infection only. This study suggests that the avai lability of some plr~nt species to 
lncill vector population in endemic area may reduce the infectivity of mosquitoes, <~nd (o a large 
extent mal<~ria transmission. However, since the inhibitory effects of pl<~nts on the p<Jrasite are 
greater when mosquitoes plant-feed throughout, continual feeding on the same plants being rare 
in nature, these results probably exp lain what happens in nilture and call for the propagation of 
such plants in the hope of higher effects on the malaria transmission. 

7. Stage-specific targets of plant .<lubstrates on the early Plasmodium 
falciparum sporogonic development in A. gambiae 

To determine where the greatest impacts of plants occur during parasite development, the midgut 
stages of P. f.1lciparum sporogonic development in the mosquito were CJssessed. Over<~ll. the 
greatest impact of plants (L. camara, S. didymobolrya and P. hysterophurus) was found at the 
transition from macrogamete-to-ookinetc (low p:~rasite yield of 46.0% on average on plants 
compared to 72.0% on glucose), and at the tr<~nsition from ookinete-to-oocyst (low parasite yield 
of 44.fl% on average on plants compared to 81.3% on glucose), whereas in the transitions from 
macrogametocyte-to-macrogamete, parasite yield was comparable on mosquitoes fed on plants 
(9.0%) and those fed on the control (glucose) (11 .8°/o). Specifically, parasite loss was significantly 
high in the transition from macrogamate-to-ookinete when mosquitoes fed on plants only pre­
infection, with 30- to 35-fold paras ite loss in mosquitoes when they fed on plant species pre· 
infection compared to 0 to 1 0-fold reductions when they fed on these pl;mts post-infection. In 
the transition from ookinete-to-oocyst, significant loss was obtained when mosquitoes fed on 
plants after infection, with a 35- to 50-fold p<~rasite loss when they fed on plants post-infection, 
compared to 0 to 1 0-fold reductions when they fed pre-infection. But the greatest overall loss 
(macrogamctocyte·tO·oocyst) was obt<Jined when mosquitoes fed on plants throughout (70 to 
80% reductions in parasite yield attributed to plants) as compared to those fed on pi<Jnts pre­
infection only (55 to 60% reductions) and post-infection on ly (5S to 60% reduction). For plants 
inhibiting P. falciparum development, the outcome or yield in oocyst numbers observed in the 
mosquito midgut when feeding on them was less than 2.5%. These results suggest the importance 
of having plant species w ith known effects on the mosquito vector competence close to human 
dwellings and larval habitats to t<Jrget the rnost vu lnerable transitions of P. falciparum sporogonic 
cycle in the mosquitoes, which is only possible if mosquitoes plant-feed before an infectious 
blood meal or immediately after. 
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These semi-field studies on the behaviour and vector competence of A gambiae in relation to 
pl<tnt-feeding have provided some knowledge on the potential effects of some plant species on the 
fitness and vector competence of A. gamblae. Longitudinal field studies on different ecological 
situations are being undertaken to assess the frequency of plant-feeding by female Anopheles 
mosquitoes in nature and therefore establish the true role of this behaviour in their biology. 

8. Fitness consequences of Anopheles gambiae population hybridisation 

Th{~ use of transgenic mosquitoes with p<trasite-inhibiting genes to control malaria transmission 
will bring along novel alleles with unknown effects on native mosquito populations, hence the 
need to study the response of fitness traits to the introduction of novel alleles. Fitness and feeding 
be~aviours of hybrids between the introduced and native mosquitoes should be evaluated since 
these hybrids may increasingly become a nuisance if they bite vigorously and survive longer than 
n;:Jtive mosquitoes. 

Two Anopheles gambiae strains, Mbita from Kenya and lf<tk<tra from Tanzani<t were cross-bred 
and monitored for 20 generations. We measured fitness of mosquitoes sampled from cage 
popuiJtions of the parent strains and hybrids between the two at F1, F5, Fw F1 ~ and F20 generations 
for fecundity, body size, blood meal size, larval survival and adult longevity in two replicate 
experiments (n "' 50). Reciprocal crosses of either Mbita male and lfakara female and vice versa 
were done to confirm the direction and effect of heterosis and to control any assortative mating of 
mixed populations. Their F1 and F" generations were also subjected to fitness measurements. The 
populations and filial generations used in this study were reared in the same manner. 

There was significant difference in fecundity (P < 0.001) between the Mbita and lfakara strain, 
and between the parents and their progenies (P < 0.001 ). Inter-progeny significant difference 
was only found between F1 and Fm (P < 0.005). The mean wing size of Mbita (2.86 mm) and 
lfakara (2 .89 mm) was not significantly different, but was consistently different between either 
parent and their filial generations (P < 0.05). Inter-progeny difference was not significant except 
for between F1 and F, (P < 0.05). The mean blood meal size was significantly higher (P < 0.001) 
in Mbita (3.15) than lfakara (2 .54) and also between the parents and F1 (3.96) (P < 0.05), with 
<t il the filial generations having significantly higher means than lfakara (P < 0.001 ). Inter-progeny 
significant difference was observed except for between F1 and F5• The mean longevity of Mbita 
strain (:22 .J 1 days) was significantly higher than lf<tkara (14.52 days). Progeny showed increased 
longevity from F1, F5, and F1u, and a decline at FH and F20• Hybrids showed higher values of fitness 
traits, w ith reciprocal crosses also showing significantly higher mean body size, fecundity and 
blood meill size both at F1 and F, generations than either founder strain. These results suggest 
that if exotic genetically modified mosquitoes are introduced, hybrids may live longer, with high 
fecundity, lilrge body size and will engorge more; which calls for need to release transgenes of 
same or very similar background to the native population. 
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Partnership Forum V, 18-19 November 2005 Yaounde, C<lmeroon. Attended by H. Manda 
and T. Guda. 

Workshops attended 

Workshop on "13eyond Hunger: Communi ties and scientists working to implement the M illennium 
Development Goals (MDGs)". Kenya, Mbita 15- 16 April 2005. Attended by H . Manda and 
B. Njiru. 

Workshop on "Statistical analysis of GIS data applied to public health", 6- 11 june 2005, Nairobi, 
Kenya. Attended by H. Manda. 

Symposium for the Enhancement of Scientific Collaboration in AfricJ, 7- 8 August 2005, NJirobi, 
Kenya. Attended by li . Manda. 

Capacity building 

PhD students 
B. A. Okech (Kenya) Factors affecting the infectivity and early sporogonic development of 

Plasmodium falciparum in the mil iaria vectors, Anopheles gambiae. Kenyatta University 
(completed). 

H. Manda (CJmeroon) Plant-feeding behaviour and its effects on the fitness and vector competence 
of the malaria vector Anopheles gambiae. Kenyatta University. Kenya (due to complete in 
2006). 

MSc students 
J. M . Mutunga (Kenya) Molecu lar analysis of the knockdown resistance (Kdr) gene in Anopheles 

gambiae and A. fvnestus populations in Kenya. Jomo Kenyatta University of Agriculture and 
Technology, Kenya (2005 completed). 

T. Guda (Kenya) Vector competence in malaria vectors. Kenyatta Un iversi ty, Kenya (ongoing). 
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P. Seda (Kenya) Molecu lar entomology. Jomo Kenyatta University of Agriculture and Technology, 
Keny;;~ (ongoing). 

Short-term training 
Entomological training for four undergr;;~duate students from Egerton University (May- August 
2004) Ltnd six students from Mawego Technical Col lege and Kisumu Polytechnic Oanuary-M;;~rch 
2004) was conducted. 

Impact 

• At our icipe-Mbita Point field stJtion, in western Kenya, we have established an effective 
faboril tory and semi-field operation that allows us to experimentally infect mosquitoes and 
study malaria parasite development under different experimenta l conditions. 

• Information on the biotic and abiotic filctors (temperature, locations of houses used for 
indoor-resting, number of previous bloodmeals, p lant diets and even the origin of mosquitoes 
from 1,1rvil l h<Jbitats) that regulilte malaria parasite growth and development in ilnopheline 
mosquitoes in western Kenya is now available. 
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MosQUITO CHEMICAL EcoLoGY AND NATURAL PRooucrs PoTENTIALLY 
UsEFUL FOR MALARIA VECTOR CoNTROL 

Background 

Our limited knowledge of the mechanisms that unclerlie key behaviours in the life history of 
maiLJriil -transt11 itting mosquitoes and of the mediating signills represents a maj(:>r hnndie<1p in 
our ability to develop a comprehensive, bio-rGtional control system for these vectors. Work in 
the Beh<lViottral .:~nd Chemical Ecology Department at icipe seeks to contribute to integrated 
ma laria vector management by developing and testing devices and intervent ion tactics ht~sed 
on comprehensively ch<~racterised beh:lViour-controlling chemical sign<J is (semiochemicals) 
that regu late three key beh;wiours of Afro-tropica l mosquitoes: (1) blood-seeking from hurnt~ns 
by femille anthropophil ic mosquitoes and from animals by female zoophilic mosquitoes; (2) 
oviposition selection pallern of gravid female mOSC]Uitoes; and (1) plant-seeking rnale ilnd fema le 
mosquitoes for sug<:n feeding. 

The major goill of the bioprospccting project in 13ehGvioural and Chemica l Ecology Department 
IS to identify mosquito repellent ;md plant-derived products that can provide household or 
personal protection against mosquito bites, and natural products th,,t can form the basis for 
community-based mosf!uito control operations integrated, where appropriate, wi th income 
generation activities. Significant progress has been made on each fron t (see separate report under 
Envimnmentall-lealt h division.) 

Participating sci~ntists: 1\. H,1ssanali, P. C. N. Nj<lgi 

Visiting scientists: I. Ndiege (Kenyatta Uniw•rsi!y), M. Ndung'u (Jomo KenyMta University of 
Awiculture and Technology) 

Assisted by: 13. Njiru, E. Nyandat, P. N. Mbugo, /. 1\njira, tv/. O mollo, 8. 0. K. WJnyam,l, (vi. 
W. C.:itau 

Donors: United Nations Development Programme/World /Jank/World l-lec1lth Organization 
Programme for Research and Training in Tropical Diseilses; World Health Organization 
MuiUiater,1l Initiative on M,~laria Research in Africa; National Institutes of HP.<J ith, 
lntemali011ill Collaboration in Infectious Diseases Research 

Collaborators: Miami University, USA; World Health Organizalion/RPgional Office !'or ;\(rica; 
University of Nairobi, K~!nyatt,l Unlversit}~ /omo Kenya tta University of 1\griwlture and 
Technolo8)', Egerton University, Kenya; 1\ddis Ahilha Universi/}1, Ethiopia; University of 
Dar es Salaam, Tanzania; Ohio State Univer:;ity, US!\ 

Work in progress 

The fo llowing high lights the major foci of the studies undertilken and results obtained. 

1. Semiochemica/s mediating mammalian hosts finding 

Although human volatile odours other than e<1rbon dioxide contribute substantia lly in the host 
location behaviour of anthropophilic mosquitoes. despite 111<1ny efforts, no synthetic baits have been 
identi fied that are effective for routine monitoring and/or mass trapping of the mosquitoes in the 
fie ld. A number of electro-physiologica lly (EAG) active compounds associated with humiln odour 
(including indole, branched ketones and carboxyl ic acids) have been found to elicit behavioural 
responses in laboratory assays (wind tunnel). However, nei ther the individual components nor 
blends of these are effective in the field, which is indicative of inadequate characterisiltion of the 
active blend. This is attributed to a number of factors. First, adsorption techniques and speci fic 
adsorbents used may not comprehensively trap all constituents contributing to the active blend. 
Second, laboratory assays used to identify behaviourally active candidates and their blends do 
not adequately reflect host-location mechanism of mosquitoes. Third, to date, the procedure 
adopted to locate potential constituents of the attractive kairomone blend in a complex profile 
of irrelevilnt components that make up the hum;~n odour, has been largely opportunistic, based 
as they were on assays of either components (rather than blends) specific to human odour or 
those common to odours collected from a number of human subjects. Additionally, no suitably 
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designed trap has been available that could be reliably used under semi-field conditions to verify 
results from laboratory assays. 

Our studies are built around the hypothesis that host location by a malaria vector Involves two 
overlapping steps (anologous to tsetse f lies with which the icipe team has a lot of experience): an 
upwind ;memotactic flight from some distance to hosts/host dwellings guided by plumes of very 
volatile, predomin<Jntly breath odour chemicals (including carbon dioxide); and chemotactic 
responses closer to hosts up concentration (convective) gradient of odour emanating from 
preferred feeding sites (e.g. humiln feet). 

We have sought to converge on the blend of active constituents associated with foot and breath 
odours through the following succession of steps: (1) grading the attractiveness of foot odours 
from 16 different individu;:~ls under semi-field conditions using Counter Flow Geometry (CFG) 
traps (American Biophysics), and comparing the chemical compositions (GC-MS) of the most 
and least attr<Jctive odours; (2) similarly, precise gmding of breath collections was replicated 
from 28 different individuals in a 2-choice wind-tunnel that compared these collections with 
clean medical air; (3) selection of appropriate adsorbents and (for foot odours) use of static 
adsorption procedure developed at icipe (Gikonyo eta/. 2002: Journal of Chemicill Ecology, pp. 
961-973), 01nd characterisation of constituents unique to or present in higher relative amounts 
in the collections from the most attractive individuals; (4) careful optimis<ttion of coupled gas 
chromatography-electroantennographic detecti on (GC-EAD) technique and its deployment in 
the location of candidilte components of the active blend in the more attractive foot and breath 
odours; and !5l subtraction assays in the laboratory and semi-field arena to identify the attractive 
blend (<~II constituents that contribute addi ti vely or synergistically). 

Progress made in the last 3 years 

190 

• Demonstration that bulk foot odour 
collections from 16 different human 
beings (each on different occasions, 
under standard conditions [CFG traps 
in a screen house!) differ reproducibly 
and significantly In attractiveness 
to A gambiae s.s., with collections 
from the most attractive subject being 
about 8-fold more attractive than the 
least (Table 1 ). G<Js chromatographic 
profiles o( odour collections of 
individuals with more and less 
illtr<Jctive foot odours differed both 
quantitatively and qualitatively, with 
those with comparable attractiveness 
demonstrilting similar profiles. 

T~:~ble 1. Me~:~n catch••• of CFG lrop$ bail•d with foot odour 
coll•dlont from 16 human aubjem 

Maan tot~hes Meon cotche' 
Per ion identity (± SE) Penon idenlily It Sf) 

1 12.50 ± 8.92 e,f 9 6.75 t 2.19 F 
2 12.63 :t 1.4,08 o,F 10 15.88 ± 5.28 e,f.d 
3 20.38 ± 1-4.96 e,c,d II .42.50 :t 7.91 a 
4 12.38 ;t 12.38 a,F 12 37.00 t 17.13 o,b 
5 18.63 ± 15.17 e,f,c,d 13 14.88 ± 7.14 e,f 
6 28.88 ;t 14.41 b,c 14 21.50 ± 19.85 e,c,d 
7 28.13 ± 18.39 b,c,d 15 21.63 ± 17.96 e,c,d 
8 23 .13 ± 6.64 e,c,d 16 15.25 ;I; 10.98 a,F,d 

•ea,od an 8 replicote collection& From In• fnt of aach human 
iubi•d. 
Milani with lh• same latter ore not significantly different (lSD 
ted, P < 0.0001 ). 

• Comparison of foot odour profiles and GC-MS identification of potential kairomones/ 
allomones. Six commercial adsorbents placed concurrently on the feet of each individual 
were originally compared: Porapak Q (80- 1 00 mesh), activated charcoal (80-1 00 mesh). 
octadecyl-silic(l and octyl-silica (both 40 ~m), tenax and chromosorb (both 80-100 mesh). 
Odours trapped on Porapak Q and C-18 silica were quantitatively and qualitatively the 
richest and these were used concurrently to trap from individuals with most and least 
attractive odours (see Figure 1 for Porapak collections). Comparison of GC-MS profiles 
of odour collections showed clear quantitative and qualitative differences. Mass spcctr<~l 
identification of most of the components has been completed. Compounds present in 
the most attractive person, but absent in the least attroctive, and those present in larger 
relative amounts in the former make up about 1 /6th of over 300 constituents. These 
comprise carbonyl compounds, <~kylated benzenes, alcohol derivatives 01nd a number 
of halobenzenoids (suggestive of bacterial origin). Some of the compounds have never 
been reported before as constituents of human odours. 
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Fi)lurc 1. TI1t • GC p1olile ol lhc> onosl nupl .111d least (bollom) a11racti11c odours collected on Por<~pak Q 

• A pn JCt!dure th,1 t ensures optimil l and sust;:~ined sensitivity of coupled gas chromatogrL~phy­
t'lr-ctruJntennographic detection (GC-EAD) and off-line electroilntennogrilm CEA(;) 
rt!cording from the r~ntonnLle of hungry Anopheles gambiae has been developed. This 
I1.1S involvC'd c~rdu l cxperimt!nt;:~tion w ith the different electrodes, physiologicill saline, 
.~ntennill preparations, l;1b-reued ilnd freshly field-collected insects, h;:~ndling of the 
insects, ilnd ilmbient conditions. Using this procedure, up to 11 compounds in the foot 
volil ti les o f the most a llr~ct ive persor1 have been shown consistently to be EAG-active in 
CC-EAD runs. These represent <~bout 11.10th of over 300 constituents of the foot odour. 
Both prominent <~ ncl minor components Jre represented. As far as we are aw;:~ rc, the 
procedure represents tht! first SlJccessful deployment of on-line GC-EAD detection of 
elect rophystologicilll }' iJCtive consti tuents in" complex blend w ith A. gambiae <~ntenna l 
prepilriltions. DetLlilcd compL!risons of GC-EAD and GC-MS profiles of odours <md 
cC~nd i datc constituents h;:~ve been c<~rried out to confirm the chemi c;;~ ! identity of the 
I;AG-active c:onstituents for behavioural studies. 

• Screenhouse comp<~rison s o( C:FG traps baited w ith the crude odour collections from 
the human subject with the most attractive feet and " synthetic blend o( EAG-active 
cnnstituents have given cornpJrable levels of A gambiae s.s. ca tches. Assays involving 
cnmparison of the ·11-constituent blend and this blend but wi th one constituent missing 
tsuhtr<IClion ils~ilys) have~ demonstr<J ted that blends with one of B o( the consti tuents 
missing gave significan tly reduced catches, and on the other hand, blends with one or <~II 
of the J other constituents missing resulted in impressive enhJncemen ts of the catches. 
The A-consti tuents blend then represents the kairomone associJted with the foot odour 
c1 nd the three components represent the repellent fraction. The relative proportions of the 
two sets of constituents may brgely determine the short-ra nge attractivity of the feet of a 
given human subject. IPR protection o f both blends (i .e. <Jttractive Jnd repell ent) is being 
undertaken. Significantly, in screenhouse experiments, the perform<Jnce o( CFG traps 
b<1ited w ith the foot odour kairomonc blend was far better than that of CDC light tri1p and 
signi ficantly better than bednettrap (with human subjects). 

• Deta iled comparison of air enriched with different concentrations of C02 with/without 
minor bre<Jth constituents from the most attractive and repellent breath hils been 
compl~ ted . The results indicate th<ll both C02 (-5% in medical air) t~nd minor breath 
constituents are involved in upwind flight behaviour of A gambiae s.s. and that whereas 
minor constituents of the most attractive breath enhance upward flight activi ty, those o f 
the least attractive breath h<~ve the opposite effect. 

• Comparison of upwind flight choices of individual A gamblae s.s. to breath collections 
in a 2-choic:e wi nd tunnel has also shown large variations in the responses of mosquitoes, 
with collections from some individuals being less preferred (repellent) relative to medical 
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air. Gas chromatographic profiles of minor breath constituents show a richer composition 
in the most attractive bre<~th compared to the least. 

• Initial GC-EAD studies with minor constituents indicate the presence of -15 
electrophysiologically-active constituents. Identification of these and behavioural assays 
of different blends arc in hand. 

2. Oviposition .r;e/eclion behaviour 

The scope of studies on A gambiae oviposition behaviour is built around the following evolving 
set of hypotheses: 

• Oviposition selection behaviour is related to potenti01l fitness and chances of su rvival 
of the progeny in different pools associated with biotic and t~biotic factors. The biotic 
microenvironment is shaped, on one hand, by organic matter arising from habitat 
vegetation and the microbial population structure it sustains, and, on the other, by the 
presence of competing species or potential pred<~tors in these environments. Gravid 
fema les use the d1emical characteristics resulting from microbial activity and/or 
those associilted with competitors as interspecific cues to select suitable habitats for 
oviposition. 

• Anopheles gambiae's characteristic tendency to spread egg laying sp01tially may be 
regulilted by both the interspecific signals referred to above and intraspecific signals 
<~ssocia ted with eggs or larvae. We hypothesised that at low egg/larva l densities, the 
signal may reinforce/synergise the interspecific signals, but that at high densities, it may 
function as <1 deterrent. 

The following highlight the major foci of the studies and results obt01ined. · 

Role of semiochemicals resulting from microbial activities 

Lilboratory studies were carried out to investigate the role of larval habitat-derived microorg<Jnisms 
in the production of semiochemica ls for oviposition site selection by A. gambiae s.s. mosquitoes. 
Dual-choice bioassays with gravid females were conducted in standard mosquito cages equipped 
with 'double-cup' set ups that allowed only olfactory contact by gravid females. Field-collected 
or laboratory-reared mosquitoes, individually or in groups, were offered il choice between 
unmodified (water or soil from <1 natur01l breeding site) or modified substrates (steri le-filtered water, 
autoclaved solid or sterile media to which bacteria l suspensions had been added). Egg counts 
were used to assess oviposition preferences. Mosquitoes preferred to oviposit on unmodified 
substrates from natural larval habitats containing live microorganisms rather than on steril ised 
ones (Table 2). 

Tobit 2 . Mtan numb.r of tgga ovfpoand by groups (n • 10) of loborotoryonorwd (lfokaro $1raln) Ar!op/1•/tu ge~mbla• 
•·•· and wild A. ~e~mbla• s.l. femalta or by individual laborotory-norwd (Mbita atroin) A. gambia• u . and wild A. 
gambia• a. I. femo •• thot we,. olf.r.d a d!olca betwaen aterlle and no!Hhrile aubatratea 

Individual mo1quilo Group of mosquitoes 

Mo1guito Substrote Mean:!: SE 1 N' pl Meon i SE' N' P' 

loborolory Fresh soli 60.6 ~ 10.1 91 .3 i 12.8 
Autodavad soil 15.5 t 8.6 12 0.03 25.7 i 7.6 30 < 0.001 

Non.flltered water 47.5 i 7.4 78.5 ± 16.1 
Fiher-aterili11d water 18.4 :1: 5.1 24 0.01 17.1 ± 5.4 10 0.03 

Autaclaved 1oil 39.5 i 7.3 85.2 ± 16.6 
Distilled water 22.6 :1: 5.5 33 0.18 98.9 ± 16.1 32 0.59 

Wild Fresh soli 84.8 t 15.0 182.2 ± 25.6 
Autodovad soil 18.3 ± 12.5 16 0,03 A5.9 :1: 14.9 13 0.002 

Non.flltered water 65.5 ~ 17.2 147.2 i 3.4.9 
FlheMtatllised water 6.4 t 6.4 10 0.02 5.6 i 3.1 11 0.03 

1 Stondord error. 
'Number of poll'lld replleates. 
1Voluta rtprtatnt results of Wilcoxon signed ronk tt&t for paired replicolts. 
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Since ovipositing females had no direct contact with test substrates in the oviposition cups, 
selection was b<Jsed on volatiles associated w ith microbi<tl activity in preferred anopheline 
pools. 

Daily oviposition patterns on preferred and unprcferred substrates 

Anopheles Ramhi01c is known to prefer to lay eggs on certain pools and to avoid others (preferred 
by culicines). A laboratory study was Cilrried out to determine if the presence or absence oi a 
preferred substrate affects its die I oviposition pattern. 

Greenhouse-re<~n~cf gravid and hypergravid (delayed oviposition onset) A gambiae s.s. and wi ld­
caught A. gambiae s.l. were exposed to three types of substrates in choice and no-choice cage 
hioassays: water from a predominantly ;:mopheline roloniserl pool (anopheline h.1bitat water), 
swamp water mainly colonised by culicine larvae (culicine habitat wt~ter) and distilled water. The 
daily oviposition pallern and the number of eggs oviposited on each substriltc during the entire 
egg- laying period were determined. The results were subjected to t~nalysis of variance using the 
Gcnert~l Linear Model (GLM) procedure. The main oviposition time for greenhouse-reared A. 
gambiae s.s. was between 1900 and 2000 hrs, approx imately one hour after sunset (Figure 2). 
Wi ld-cilught grt~vid 1\. gambiae s.l. displayed two distinct peak oviposition times between 1900 
and 2000 hrs and between 2200 t~ncf 2300 hrs, respectively. During these times, both greenhouse­
reared t~nd wi ld-caught mosquitoes significilntly (P < 0.05) preferred anopheline habita t water to 
the culi cine one. Peak oviposition Clctivity was not delayed whP.n the mosquitoes were exposed 
to the less preierred oviposition substrilte (cul idne habitat water). However, cul icine water 
influenced negatively (P < 0.05) not only the number of eggs oviposited by the mosquitoes .during 
peLlk oyiposition time but also the overall numbC'r of gravid mosquitoes that laid thei r eggs on it. 
The differences in mosquito feeding times did not affect the d<~il y oviposition patterns displ<1ycd. 
The study shows that the peak oviposition time of A. gamblae s.l. may he regul(ltcd by the light­
dark cycle rather th<Jn oviposition l1abitat charilcteristics or feeding limes. However, the number 
of eggs laid by the female mosguito during the peak oviposition time is t~ffected by the suitLJbility 
or the habitat. 

60,-------------------------------------------, 
D Anopheline habitat water 
D Distilled water 

Culiclne hllbltat water 

TimG(hour&) 

Flgurl! 2. Daily oviposition paltcrns of Anopheles g.1mbiae on different oviposition 
substrates in ,, choice bioassay. Mean pen;:ent~ge (:1: SE) of the total eggS laid on 
each of the three different oviposition substrates during l·h timl! intervals n = 
20 cages containing five females each. Mosquitoes could chouse from different 
substrates placed in the same c:age under a natural LD cycle (sunset at 1800 h) 

Conspecific effects in oviposition 

Oviposi tion choices of A. gambiae to aqueous substrates preferred and unpreferred by gr<tvid 
females in the presence of v;~rying densi ty of c:onspedfic eggs and larvae were investigated in the 
laboratory. In one set of experiments, the number of eggs laid in c1 choice of: (1) water collected 
from preferred anopheline pools with/without varying densi ty of eggs or la rvae, and (2) distilled 
water also with/without varying density of eggs or larvae, were noted. In another experiment, the 
insect WiJS exposed to a 4-c:hoice of pond water and distilled water, each w ith/without a selected 
density of larvae. 
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Figure Jb. Oviposition ,1ctivlly In il choice o( lwo ;~rlific i;~l 
'ponds' containing distilled watc·r with incrc.1slng 
r1urnbers o( l;~rv,1e in one 

Eggs had no significilnt effect in oviposi tion choices by gr;Jvid females. Figure 3a gives the 
oviposition index in a choice between t~o ilrtificial oviposition 'ponds' with one containing 
incre;:,sing numbers of larvile (2nd instar). Figure 3b gives the results obtained when distilled 
w<Jter was used instead of anopheline pool water. The results show that low density of larvae in a 
preferred po0l cnh;mces its attraction, high density deters oviposition. However, in an unpreferred 
pool (i llustr<Jted by disti lled water), the presence of any number of ltJrvt~e reduces egg-lilying. 
The results confirm !hilt A. gambiae is very selective in its oviposition behaviour and that it uses 
conspecific larval density to regul<Jte its egg 
laying activ ity, which <.1ccounts for the spatia l 
spread of oviposition ir1 large number of pools 
during the rainy se<Json. 

Table 3 summilrises the results obtained in 
the 4-choice experiments. These confirm that 
anopheline pool water with low density larvile 
<He most preferred Jnd show that the larvae 
<lre perceived even when the>' are not visible. 
This indicates th<lt <~n intril·speci fic olfactory 
signal (a pheromone) Jssociated with larvae 
is responsible for incremental attraction of 
anopheline pool to the gravid female. 

3. Plane feeding 

Table 3. Number of egga (meant SE)Iaid by gravid 
Anophelt11 gtJmbitJII u . expoaed concurron~y to vo:~rious 
oviposition_ WCIIerA. The Willert were either vi1ible or not 
visibl• to th• ovlpotitlng femolea 

Oviposition water type 
Distilled woter + larvae 
Oistillod water only 
Pond woter + larvae 

.J:ond water only 

Early stages ( 10 lorvoe) 

Visible 
IN- 16) 

Not visiblo 
(N- 22) 

22.8 ;I; 13.7 0 21..4 ;I; 8.8 0 

30.3 :t 13.9o 36.1 ± 11.5o 
197.9 ± 23.9 b 198.2 ;j; 21.7 b 

96.3 ;I; !9.8 ~ 93.2 ;I; 15.1 c 

Any two meons in ihe same column shorin9 a common letter 
are not significantly different ol 5% lev•! (lSD lasl). 

Plant sugar feeding by female mosquitoes is important in their survival and vectorial capacity. 
Males rely wholly on plant sugar, and their performilnce <Jnd female insemination rate may be 
directly related to sugar intake. However, very li tt le is known about feeding preferences of male 
and female Afro-tropical malari<J vectors on plants avai lable in different ecologies and the relation 
between plant phytochemistries and mosquito performilnce. 

As il step towa rd filling this knowledge gap, the responses of Anopheles gambiae Giles (Diptera: 
Cu licidae) to 13 plant species, selected on the basis of their local avai i<Jbility <~round human 
dwellings and mosquito aquatic habitats in Suba District, western Kenya, were studied. The 
feeding preferences of ma le and female mosquitoes toward these plant species were comp<~red in 
a choice arena bioass;,~y (competitive) with all p lants present, and in a no-choice (non-competi tive) 
bioilssay involvi ng individual plants. In the choice arena, several behaviours of the mosquito, 
including perching and intermittent/susta ined Ingestion, were monitored by direct observation. 
Cold-anthrone tests were carried out on individual mosquito homogenates to detect fructose 
intake. Samples of these homogenates, as well as relevant parts of each plant, were subsequently 
derivatised and analysed by gas chromatography. In the no-choice bioassay, the cold-anthrone 
test was carried out to assess the number of mosquitoes feeding on each plant. There were 
significant variations in the beh<Jvioural responses of mosquitoes toward the different plants in the 
choice arena (Figure 4), and these were consistent with numbers ingesting sugar in both choice 
and no-choice arrangements, showing a preference ranking for the plant species by mosquitoes 
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(Table 4). In both competitive and non-competitive situ<Jtions, females fed signific<Jntly more 
th;m m<Jies, except on Pathernium hysterophorus L. in the no-choice arrangement. In 10 out of 
the 13 Glndid<~te pi<Jnt species tested, gas chromatography profiles indicated that mosquitoes 
obtained sugars primari ly from flowers. However, more mosquitoes fed on the leaves and stems of 
Pathernium hysterophorus L., Lantana camar<J L. and Ricinus communis l.. than on the flowers of 
these plants, indicati ng that flor<JI nectar is not the exclusive source of sugars for these insects. 

The study of the volati le emissions from some of these plants, male and female A g<Jmbiae 
responses to them, and identification of behavioural ly active blends have been initiated. 

2.5 
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l: 2.0 i 1.5 
b b 
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Figure 4. Percentage (m!!an ± standard erro r) of sarrwlctl individuals of male and fe rnale ATlopheles gilmbiae that 
were (A) perching (resting on plnnl); (B) feeding (includes both probing anti ingesting); (C) positive for fructose; and 
(0) contained sus<~r that motchetl sugar 11rofiles of pl<•nts. Different Idlers: signific-antly different, same letters: non­
significant (SNK tnulli-ranue comparison, a = 0.05). The number of replicates were 39 (A, B), and 3 (C). Eighty (40 
mnles and 40 females) mosquitoes were tested in (0) 

Table .4. Ptrc:entage of AntJphefo1 gCJmbio• (pooled molea and femCJle~ with 
sug~;~r profiles matching the '"II"'' profilea of the plant port$ of t ClCh can idate 
plant by goa chrcmotogt<lphy analyaia. N • 80 {.40 male• + 40 femalea), the 
total number of mo•qultoet teated 

Porcontoge mot~hlng Stoli1tics 

Plant candidate! laaf Flower Stem P value Chi square 

Palhernivm hyslerophoru< 17.5 0.0 NA < 0,001. 15.34 
Psiodirz pvnclvfala 1.25 0.0 NA 0.31 1.0 
Stmna bicCJpsularl• 0.0 1.25 NA 0.31 1.0 
Tecoma slaM 2.5 22.5 NA < 0.001' 14.62 
Ri~lnus ~t:lmmunis 21.25 26.5 35 0.14 3.88 
OC1/11ro sframonia 0.0 1.25 NA 0.31 1.0 
Cassia hirsultJ 1.25 1.25 NA 1.0 0.0 
£an/ana camt1tt1 11.25 2.50 NA 0.02. 4.78 
Stmno clldymobolrya 2.5 17.5 NA < 0.001. 10.0 
Tilhonia divorsifolia 0,0 2.5 NA 0.15 2.02 
/pomooa hildehrancl!l 3.75 6.25 NA < 0.001 . 15.3 
Homslia poltm< 0.0 26.2 NA 0.31 1.0 
flo yefia Irina tv/a 0.0 1.25 NA 0.31 1.0 

NA • Not applkoble. 
• Signiflcanl difference omong the different plan~port calegorie~. 
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4. Bioprospecting for antimalarial natural products 
rSee also separate report under EnvironmentiJI Health) 

Pilrficipating staff: A. Hassanali, W. Lwande 

Visiting scientists:/. Ndiege (Kenyatta University/, M. Ndung'u (}omo KcnyalW Universil)' uf' 
Agriculture and Technology I 

Assisted by: E. Ny;;mdat, B. 0. K. Wanyam,1, 8. N, Niir(J, P. N . Mbogo, /. 1\njira 

Donors: UNDP/World Bank/W/10 Special Prugramme for Research ;;md Training in Tropical 
Diseases, Geneva, Swilzerland; World Nealth Organlzatiun/Mullilateral Initiative on 
Miliaria Research in Africa; Nalionallnslitutes of Health 

Collaborator.~: Worlrl H e<Jith Orgilnizacion/Regional Office for /\{rica; Addis 1\haha University, 
Ethiopia ; University of Dar es Sala<Jm, 1~1nz,111 ia; K!!ll)'illta Universi£>1, Nairuhi, Kenya : 
Egertun University, Njuro, Kenya; Ohi'! Stale University, USA 

!'he following highlights the major ioci of the studies undertaken and results obt;:lined. 

S~tting up of a collaborative network comprising ic:ipe, Kcny<llla University, University of Dar 
es Sa laam, )omo Kenyatta Universi t>' of Agriculture <~nd Technology, M;~kcrerc University and 
Addis Ababa University to undertake bioprosp~cting (mainly through postgraduate research I 
of plants in eastern Africa. 

• Ev<JIU<ltion of a series of plants selected from ethnobotanical uses in a screenhouse ;~s sources 
of repellent fumigants (burning, thermal expu lsion, potted p lants) and identificat ion of sf!vcr(ll 
good sources of repellents, including Conyza newii, Ocimum kilimandscharicum, 0. .wave 
and Curymbla c:itriodura. Thermal expulsion (placement of foliage material on a hot surf;~ce, 
rather than direct burning) is the most ef'fective method and represents a major improvement 
over the traditional burning on charcoal. . 

• Demonstration in an operational field study (funded by WHO/AFRO) thilt periodic thermal 
fumigation with 0. kilim<Jndscharicum resulted in 55- 62% reduction in Anopheles gambiae 
s. I. in treated homes relati ve to untreated ones w ith corresponding reduction of mala rir1 
parasites in the human subjects. 

• Identification of Jbout six essential oils from different plants that are more repellent than. 
DEET [RC,11 rttnge = 0.67-9.21 x 1 o·' mglcml compared to RC,11 of 33 x 1 O·' mglcmJ of 
DEET in human-bait technique (WHO, 1996: Report of the WHO Informal Consultation 0 11 
Evalu<~tion and Testing of Insecticides, pp. 32-36, 50- 52)1. Key constituents of the repellent 
blend have been identified. The potential of thE!se oi ls in household fumigation ilnd protection 
against mosquitoes is being explored. 

• Demonstration of the high potency of a formulation of menthane dial (Mozigonel in long­
lasting personal protection and potential sources of the repellent from precursors available 
in lilrge amounts from certain grasses. 

• Demonstration of the potential of tetranortriterpenoids from plant species belonging to 
the famil ies Meliaceae and Verbenaceae as agents for controlling mosquito larvae. The 
compounds appear to function as ecdysteroid agonists or antagonists and disrupt the normal 
growth and development of the larvae. · 

Output 

/ournf;ll articles 

lmpoinvi/ D. E. , Kongere;. 0., Foster W. A., Njird 8. N., Killeen G. F..,
1 
Githure /. 1., Beier}. C., 

Hassanali A and Knots B. C.}. (2004) Feeding and survival of the malaria vector Anopheles 
gambiae on plants growing in Kenya. Medical and Veterin.ary cl?l;>mology 18, 108-1 1 S. 

Ndung'u M . W., Kaoneka B., Hassanali A, Lwande W., M. Hooper A., Tayman F., Zerbe 0. <~nd 
Torto B. (2004) New mosquito larvicidal tetranortriterpenoias from Turraea wakefieldii and 
Turraea floribunda. Journal of Agricultural and Food Chemistry ~2, 502 7-5031. 
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Ndung'u M, Torto B., Knots B. G. }. and Hassanali A. {2004) Laboratory evaluation of some East 
African Meliaceae as sources of larvicidal botanicals for Anopheles gambiae. International 
Journal of Tropicallnsecl Science 24, 311 - 318. 

Odalo B. J. 0., Omolo M 0., Malebo H., Angira )., Njeru P.M., Ndiege I. 0. and Hassan,1/i A. 
(2005) Repellency of essential oils of some plants from the Kenyan coast against Anopheles 
gambiae. Acta Tropica 95, 21 0-21!3. 

Omolo M. 0., Okinyo D., Ndiege I. 0., Lwande Wand Hassanali A. (2004) Repellency of essential 
oil~ of some Keny;m plants against Anopheles gambiae. Phytochemistry 65, 2797-2802 . 

Omolo M 0., Okinyo 0., Ndiege I. 0., Lwande W. and Hassanali A. (2005) Fumig<Jnt toxicity of the 
essentia l oils of some African plants against Anopheles gambiae sensu stricto. Phytomedicine 
12,241-246. 

Sumba L. A., Cuda T. 0., Deng A. L., Hassanali A., Beier/. C. (lnd Knots B. G. J. (2004) !Short 
Communic(ltion) Mediation oi oviposition site selection in the African malaria mosquito 
Anopheles gamhiae (Diptera: Culicidae) by semiochemica ls of microbial origin. International 
Journal of Tropical Insect Science 24, 260- 265. 

Sumba L. A., Okoth K., Deng A. L., Gilhure /., Knots B. G. )., Beier}. C. and Hassana/1 A. (2004) 
Daily oviposition patterns of the African malaria mosquito Anopheles gambiae Giles (Diptera : 
Culicidae) on different types of aqueous substrates.Journal of Circadian Rhythms 2, 6. · 

Conferences attended 

Fifth European Confcrcnca on Ecological Modelling ECEM, 19-23 September 2005, Pushchino, 
Russia. Attended by: L. V. Nedorezov, A. t-lassanali , A. M . Sadykov. 

Fourth MIM Pan-African Malaria Conference, 13-1!3 November 2005, Yaounde,. Cameroon. 
Attended by: A. t-lassanali. 

MIM Funders Forum, 31 March to 2 April 2004, Stockholm, Sweden. Attended hy: A. Hassanali. 
The joint WHO!TDR, NIAID, IAEA and Frontis Workshop on Bridging Laboratory t1nd Field 

Rcset1rch for Genetic Control of Disease Vectors, 14-1 6 July 2004, Nairobi, Keny<1. Attended 
by: W. Takken, C. Costantini, G. Dolo, A. H~ssanali, N'F. Sagnon and E. Osir. 

Capacity building 

PhD ~tudcnts • 
L Sumba (Kenya) Oviposition behaviour of the African malaria mosquito Anopheles gambiae 

·Giles (Diptera: Culicidae): Influence of external factors on oviposition site selection. Egerton 
University, Kenya (CQ.1~1pleted in 2004). 

M. Omollo (Kenya) lsoltltion, Ldentification and synthesis of behilviourally active semiochemicals 
from human foot odour.,Kenyatta University, Kenyil (completed in 2005). 

H. Manda (Cameroon) Plant-feeding behaviour and effects of plant diets on the African malaria 
vector Anopheles gambi01e fitness. Kenyatla University, Kenyn (ongoing). 

E. Innocent (Tanzania) Bioprospecting for 9otanical larvicides and repellents for the control of 
miliaria (ongoing). 

S. Wachira (Kenya) Identification of oviposition semiochemicals of Anopheles gambiae and 
exploration of their potential in control. Jomo Kenyatta University of Agriculture ~nd 
Technology, Kenya (ongoin~). 

MSc students 
S. M . Karenga (Kenya) Phyt!chernic<ll inve~tigation of the anti-l;;~rval cornpounds and blend(s) 

from Melia volkensii (G~rkel, against Anopheles gambiae s.s. (completed 2004). 
J. 0. Odero (Kenya) Phytochemical investigation of anti-larval activity of genus Vilex (V. payos 

and V. schiliebenil} agai"nst Anopheles gambiae (completed 2005). 
G. M. Nyamoita (Kenya) Phytochemical investigation of anti-larval activity of genus Vitex (V 

payos and V. schiliebenil) against Anopheles gambiae (ongoing). 
T. Rimu {Kenya) Isolation and characterisation of anti-mosquito compounds from Turraea nilotic:a 

;:md Turraea holstii (ongoing). 
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INDIVIDUAL-BAsED MoDEL oF MosQUITO CHOICES UP ODOUR PLUMES TO 
ALTERNATIVE HOSTS 

PMticipating scientists: L. Nedorezov, A Hassanali 
Collaborating department: Behavioural and Chemical Ecology Department 
Collaborating unit: Bioslalislics Unit 

An individual-based simulation model of 
zouphi lie mosquitoes is presented w ith 
a choice o f two odour plumes at varying 
distance from each other. The simulation is 
bilsed on the following as~umptions: 

(iJ Every mosquito appears on a plane 
'downwind' and flies up odour plumes 
originating from two points 'upwind', 
C, = (x 11 y,) and C1 "' (x2, y2), which 
c:orrc~pond to odour sources from N 1 

humJn ~ubjects and N ; mammal ian 
hosts, rc~pcctively (FigtJre l ); 

(ii) A l110$(Juito may locate an odour 
~ource if it comes under the influence 
ul ei ther plume; the probability of its 
flight up one or the other is described 
by frJctional-linear functions 
dependent on il set of v<~ lues of model 
paramete1s that reflect the number 
of individuals from each source and 

A 8 

Figure 1. Plume structures from two ::.llernative sour~:es C, 
= (x1, )•,1 ,md C1 = (x,, y,); h11erv,,IIA,8) rL'Presenls rhe limit 
of signiflc::.nt bchaviour,il influence on mosquitoes 

rci<~t ive il llr<~ctivencss of human and mammalian hosts: An insect that is outside the zone 
o f behavioural influence of the plumes, hils zero probi!bility of locating the source; 

(iii) The insect's movement under the influence of a plume is a stochastic process w ith 
exponential distribution, eacl,step being dependent on the perception of the odour 
signa l: The (light of an insect that loses the signal is considered equiva lent to movement 
paral lel tn ,mel away from the zone of influence IA,()I. 

Within this set or' assumptions, we modelled the relationship between the number of mosquitoes 
th;Jt ;Jrr ive at odour sources C, and C~ with varying number of hosts (human or <~ n i m<JI) and the 
relative distance between these sources. Computer experiments, each involving a la rge number 
of insects comprising 1 o~-1 0" individuals, were carried out. The results are summarised below. 

The rnost intere~t ing result was the finding th<lt 
the number of mosqLJitoes that arrive at the 
source of human odour is dependent on its 
distance from ;mimill odour source; tha t is, it 
has a non-linear and non-monotonous pattern 
(Figure 2). This confirms our expectation 
th<~t, ill il given mosquito popu lation density, 
sign ificant diversion of insects between 
i!lternative hosts occurs at certa in spatial 
relationships between competing p lumes. A 
smaller or greater gap than a certain optimum 
does not faci litate net diversion of incoming 
insects from one to the other. 

We illso analysed the relationship between 
the number of attracted mosquitoes per 
person on the number of human subjects and 
<~nimals at the respective odour sources. We 
found that, at any given human host number, 
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Figure 2. Relationship between the number o( mosquiloe$ 
auracred ro human$ and the dist<~nce from animal odour 
source (data based on moving average with n .. 7) 

icipe biennial scienllflc repotl 2004-1005 



this p01rameter decreased monotonously with 
increasing number of animals. However, at a 
given animal host number, the effect of increase 
of the number of human subjects appears to 
have a non-monotonous effect (Figure 3). 

Output 

Abstracts in proceedings 

Nedorezov L. V., Hassana/i A and Sadykov 
A. M . !2005) Individual-based model 
of mosquito choices up odour plumes 
to alternative hosts, pp. 136- 137. In 
Proceedings of the Fifth European 
Conference on ecological Model/ing­
ECEM 2005 (Edited by A. S. Komarov). 
Pushchino, Russia, 1 9- 23 September 
2005. 

Conferences <Wended 
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Figure 3. Intersection of surface of the function which 
describes the dependence oi the numi)Cr of mosquitoes 
per unil source of human odour on the number of 
human subjects Md ,111i1113ls Jt C, :~nd c; . 

Fourth European Conference on Ecological Modelling (ECEM 2004), Bled, Slovenia, 2 7 September­
, October, 2004. Attended by: L. Nedorezov. 
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8. Tsetse/Human African Trypanosomosis 

DEVELOPING A DIAGNOSTIC TEST FOR SLEEPING SICKNESS CAUSED 8Y 
TRYPANOSOMA BRUCEI RHODESIENSE 

Background, approach and objectives 

HumJn A(ricnn trypanosornosis, commonly called sleeping sickness, is caused by two protozoan 
parasites th<tt are morphologically similar but cause different disease presentallons. In eastern 
lind southern Africa Trypanosoma brucei rhodesiense causes an acute infection, while in western 
Africa Trypanosoma brucei gambiense causes a chronic infection that can last several years. Both 
diseases are transmitted by the bite of tsetse of the genus Glossina. The disease is found in 37 
sub-Silht~r<~n African countries, including 32 of the 42 most he<~vily indebted and poor countries 
in the world. Sleeping sickness has a profound impact on the health of il l<~rge portion of sub­
Saht~ran Africa. 

Sleeping sickness has an incubation period of one to four weeks with an initial phase characterised 
hy ch;mcre. fever, enlarged lymph glands and spleen, headaches and anaemia. A second and final 
phase constitutes a neurological phase where the parasite crosses the blood-brain barrier and 
infects the central nervous system. The diagnosis of the disease is based on the detection of the 
parasite in the host's blood and spinal f luid, but this is dependent on the presence of large numbers 
of parasites in these fluids; yet microscopic examination has lirnited sensitivity. Improving the 
ability of cl inicians in the most remote localities to accurately diagnose sleeping sickness would 
gre<Jtly improve disease mJnagernent and enhance the ability of rural communities affected by 
trypanos()mosis to contribute to poverty reduction. 

The project goa l of the Molecular Biology and Biotechnology Department is to develop diagnostic 
test for human African trypanosomosis (sleeping sk:kness) caused by T. b. rhodesiense, using a 
recombinLlnt DNA approach to generate antigens that are expressed by most isolates from the 
e;"~stern Uganda/western Kenya endemic focus. 

Participating scientists and student: D. Masiga, E. Matovu 1
, M. Turnef, L. Akinyi 

Assisted by: V. Owino and V. }epchumba 

Donors: UNDP/World Bank/WHO Special Programme for Research and Training in Tropical 
Dise<J.ses 

Collaborators: 1Makerere University, Uganda and !Glasgow University, UK 

Work in progress 

An analysis of expression profiles of four clones (2 each from Kenya and Uganda) has aided the 
identific<ll ion of 4 surface genes with diagnostic potential. These have been cloned into the pET2&x 
expression system. Expression will allow evaluation against documented serum samples.from patients 
and non-immune serum samples to evaluate the specificity and sensitivity of the antigens. 

Output 

Conference attended 

Meeting on C;;~pacity Strengthening for Research on Human African Trypanosomiasis, 6-7 June, ;wos 
Geneva, Switzerland, organised by UNDPtWorld BankM/HO Special Programme for Research and 
Tr<Jining in Tropic<~ I Diseases (TOR). Attended by R. K. Saini. 

Capacity building 

MSc student 
L. Akinyi (Kenya) Characterisation and expression of variant surface glycoprotein genes in 
Trypanosoma brucei rhodesiense isolates from East Africa. Kenyatta University, Kenya (2005, 
ongoing). 
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A. Biodiversity Conservation 

PRELIMINARY AssESSMENT OF CARBON STORAGE AND THE POTENTIAL FOR 
FoRESTRY-BASED CARBON OFFSET PROJECTS IN THE ARABuKo-SoKOKE 
FoREST 

Background, approach and objectives 

Habitat conservation offers the only realist ic ;;~pproach to insect conservation in the tropics as 
no single insect species can comm<1nd the kind of resources that are mobilised for charismatic 
vertebrates such as rhinos and elephants. ic:ipe's stra tegy for biodiversity conservation is. therefore 
habitat-based, w ith a particular focus on tropical forests, because they harbour two-thirds of 
all known insect species, i!nd on globa l biodiversity hotspots because these contain the most 
threatened forests. 

Globa l biodiversity hotspots are defined by two major criteria: (1) loss of over 70% of the original 
habi tat must have been lost, and (2) presence of at least 1500 plant species endemic to the 
hotspot (Myers et al., 2000: Nature, pp. 853- 858). Because insect diversity is so closely tied to 
pl ;;mt diversity, a forest hotspot strategy is particularly effective for prioritising insect conservation 
efforts. Such a strategy demands an eclectic approach in which all means possib le are employed 
to protect and conserve forests. icipe's strategy for insect conservation, therefore, goes beyond the 
boundal'ies o f conventional insect science. One thread in this strategy is to explore the potential 
of carbon trading. 

Emerging markets for carbon trading m<~y offer developing nations such as Kenya w ith added 
funding sources for reforestation and forest protection efforts. Rapidly ris ing atmospheric carbon 
dioxide levels have been linked to global warming and climate change. In an effort to mitigate this, 
there h ave been a number of internationally backed projects that offset carbon dioxide emissions 
by increasing storage o ( carbon in terrestrial pools. Projects thilt involve reforestation, afforestation, 
and deforestation prevention i ncre;;~se terrestrial carbon stocks, decreasing atmospheric col stock. 
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... 

Having ratified the Kyoto Protocol of the United Nations Framework Convention on Cl imate 
Change (UNFCCC) in 2005, Kenya ct~n now participate in the UN sponsored carbon market, as 
wel l as vo lunt<~ ry carbon markets. 

Kenya is in need of reforestation and forest protection activities. Forest loss means loss of many 
valuable ecosystem services such as pollination, erosion protection, soil quality maintenance, 
microclimate stabilisation, water filtration, fuelwood and other forest product provision, 
biodiversity, etc_ Much of Kenya's indigenous forest has been degraded or cle;~red over the past 
century and high rt~tes of loss continue w ith 93,000 ha cut in the last decade (FAO, 2001: St01te 
of the World's Forests 2001 , pp. 1- 175). It has been estimated based on biophysical and climatic 
fea tures, tha t Kenya has the potential to double its current 01boveground biom01ss (Brown and 
Gaston, 1995 : Environmental Monitoring and Assessment, pp. 157-1 68), meaning that Keny<t 
could at least double its storage of carbon in vegetation and soils. 

Forest carbon offset projects could, therefore, assist Kenya by supplying financial assist;~nc~ and 
incentives to slow the rapid disappearance of its forests. Model-based assessments of vegetation 
C<trbon storage in Africa suggest great potential to increase carbon stocks: Much of the area w ith 
the biophysical capacity to support carbon rich tropical forests is currently degraded or deforested 
(Brown and Gaston, 1995; Zhang and Justi ce, 2001: Amhio, pp. 351-355). Based on analysis of 
rilinfa ll, topography, temperature and soil, Brown and Gaston (1995) suggest that Kenya could 
double its aboveground biomass carbon, 01nd the deforestation rates in Kenya clearly suggest 
possibi lit ies for forest protection and reforestation projects. 

A barrier to Kenya's participation in carbon trading is the large amount of information needed 
to initiate a c01 rbon project. General models can identi(y lands that are 'techn ically suitable' (or 
carbon sequestration, arc<Js that could support forest cover, but there is also need to determi ne 
which areas are 'actually available' for such efforts (Iverson et al., 1993: Climate Research, pp. 23-
38). Much of Kenya's area with the biophysict~ l capacity to support forest is used for smallholder 
i'lgriculture or is surrounded by dense populations w ith high resource needs. Assessment of loc<tl 
socioeconomic, political, tenure and cultural factors of technical ly suitable areas helps ensure 
c<~rbon storage activi ties can be achieved in a susta inable manner in these areas. A carbon 
baseline and monitoring programme also needs to be establ ished, requiring more detai led forest 
inventories than currently exist for many African forests and ct~rbon inventories of <tny agricultural/ 
agroforestry systems involved. 

The Arabuko-Sokoke Forest (ASFJ is one of Kenya's most biodiverse forests <tnd one of the largest 
remaining (rilgments of East A(ritan coastal dry forest (ASFMT, 2002: Arabuko-Sokokc Strategic 
Forest Management Plan 2002- 2027, PP- 1- 56). It fa lls within one of the 25 global biodiversity 
hotpots (Eastern Arc M ountains and Coastal Forests of Kenya and Tanz;~nia) original ly recognised 
by M yers et al. (2000). It supports over 600 plant species, 50 of which are considered rare; 230 
bird species, of w hich 6 are globally threatened and 52 mammal species, of w hich 5 are globally 
threatened (ASFMT, 2002). W hile it is now a protected area, it has been subject to significant 
anthropogenic disturbance from past saw-milling of commercia l timber as well as continued . 
logging and subsistence resource extraction . This study aimed to assess the current carbon stock 
in ASF and the potential for carbon stocks to be increased through activities that could receive 
funding through existing carbon markets. 

Measurement methods for carbon storage in tropical forests are still evolving. Carbon storage 
estimates for African forests have been primarily bt~sed on extrapolation from a few forest surveys 
and inventory data from the United Nations Food and Agriculture Organization, the FAO (Brown 
and Gaston, 1 995; Cao et al., 2001 : Climate Research, pp. 183- 193). Many existing forest 
inventories in Africa completed by government agencies have typically focused on commercially 
valuable trees which can underestimate carbon storage by ignoring high densities of small trees 
and/or noncommercial species (Cao et al., 2001 )_ 

Remote-sensing techniques can help determine the area of forest cover, but field surveys are 
stil l needed to account for the range of biomass densities in closed canopy forest. Due to the 
high spatial variabi lity typically found in tree species, tree sizes and stem densities in tropical 
forest, it can be difficult to produce a reliable estimate of average carbon density for a forest 
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without high sampling intensity-large numbers and/or sizes of sampled areas (Brown et al., 
1995: Forest Ecology and Managemenc, pp. 175-189; Hall et al., 2001: Global Change Biology, 
pp. 389-403; Chave ct al., 2003: Journal of Ecology, pp. 240- 252). For a c:<:~rbon- trading project, 
the frequency and intensity of forest monitoring impacts the vmount of carbon sequestration that 
can be ;)Ccounted for at the necessary precision for the sale of carbon credits. 

(urrt>ntly fundeu forest protection/ regeneration projects show that suitable carbon stock estim;"~ t es 
for natural iorest can be <~chieved <:~t non-prohibitive cost. Economic models developed to balance 
monitoring costs with c<Jrbon gains suggest long-term averc1ge monitoring, in which monitoring is 
performed every 5- 10 years until a stable long-term avcr<Jge has been attained is often the most 
economica l option in modelled forestry systems (Robertson et al., 2004: Environmenwl Science 
ancl fhliry, pp. 4£15- 475). If carbon. monitoring can be combined with other inventories funded 
by other mc<Jns more frequent monitoring should be feasible. 

In this project, remote sensing techniques were combined with field surveys to obtain baseline 
levels of carbon storage against which future monitoring will be possible. The baseline levels are 
essential for any subsequent attempts to obtain carbon credits for Arabuko-Sokokc Forest. 

Participating scientists: J. Glenday (icipe incern), I. Cordon 

Assisted by: M. Nyambenge (CIS expert: ICRAF); field assistants: W. Kombe !ASF Guides 
Association!, C. Mashauri (KEFRI). M Kinyanjul and P. Mukirae (KEfRI) 

Donor: Critical Ecosystem Partnership Fund of ConservMion International (The CEPF is itself 
funded by C/, Government of Japan, Global Environment Facility, MacArthur fJ..JUndalion 
ancl· the World Bank) 

Collaborators: World Agroforestry Centre, Regional Centre for Mapping of Resources for 
Oevelopmenl, Arabuko-Sokoke Forest Management Team 

Work in progress (completed 2005) 

7. Assessment of carbon stock in Arabuko-Sokoke forest and the potential for 
increase of carbon stocks in the future 

Methods used: · . 
tnveniory plots: Carhon densiiy in ASF was estimated with data from 97 circular, 20 rn-rtJdius 
(0.126 ha) inventory plots sampled in November-December 2004. In each plot, six major carbon 
storage pools were assessed: live tree aboveground biomass, tree belowground biomass, coarse 
deadwood "(> 10 em diameter), litter, herbaceous vegetation and soi l (Brown, 1997: Estimating 
Biomass and Biomass Change of Tropical Forests-A Primer; MacDicken 1997: A Guide to 
Monitoring Carbon Storage in Forestry and Agroforestry Projects). 

Plots were categorised by basic forest type, Cynometra foresllthicket, Brachystegia forest and 
mixed (orest, and randomly placed within blocks of each type. The number of plots sampled in 
each forest type was roughly proportional to the relative area covered by each and the predicted 
spatial heterogeneity (variabi lity between different areas in the forest) of carbon density within 
e<:~ch class. Plot positions and observed disturbances, such as timber or fuelwood cutting, were 
recorded using a GPS unit and geo-refcrenced to ASFCMP l<:~nd-cover maps (ASFMT, 2002). Plots 
for which field assessments of forest type did not match map classirications were assigned to 
the cover class seen on the ground. Plots located in known areas cleared in the 1930s to 1960s 
01nd subsequently abandoned, were classed as regenerating. Attempts were made to further 
classify plots within broad forest types on the basis of canopy height, size distribution and species 
composition to determine if sub-classes, such as Cynometra forest vs. thicket, had significant 
differences in carbon densities. 

Vegetative biomass carbon: Carbon densities (Mg C/ha) in each plot were calculated from 
biomass densities, assuming 50% of vegetative biomass is carbon (MacDicken, 1997). To quantify 
aboveground biomass, tree and Iiana diameters were recorded at 1.3 m from the ground (diameter 
at breast height or dbh), in 97 inventory plots using a nested sampling design: 
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• Within a 4 m radius of the plot centre, all trees with dbh :<!:: 5 em were measured. 
• Within a 14 m radius of the plot centre, all trees with dbh 01: 20 em were measured. 
• Withi n a 20m radius of the plot centre, all trees w ith dbh :c. 40 em were measured. 

The species of each measured tree was recorded and an importance value of each species observed 
in a forest type was calcu lated as described by Brower et al. (1 998: Field and Laboralory Methods 
for Gl:!neral Ecology, 4th Edition). 

Aboveground biomass (AGB) of each tree was calculated based on diameter using a generalised 
tropical dry forest equation recommended for rainfall> 900 mm/year (8rown,1997). Belowground 
tree biomass (BGB) was calculated for each tree using a regression equation relating aboveground 
biomass density (AGB) to root biomass density (RBD) derived for tropical trees (Cai rns et al., 1997: 
Oceologia, pp. 1- 11 ). 

Coarse deadwood biomass was estimated in each plot using the transect method described by 
Harmon and Sexton (1996: US LTER Publ ication No. 20), using tropical dry forest deadwood 
densities for the three decomposition classes reported by Jaramillo et al. (2004: Ecosystems, 
pp. 609-629). Standing dead trees were measured with the live trees, but given decomposition 
rankings with which to scale down biomass. 

Clip plots were used to measure understorey vegetation and litter (MacDicken, 1997). The wet to 
dry weight r<Jtio of sub-samples was used to estimate total dry weight for herbaceous vegetation . 
This same procedure was followed for l itter collected in each clip plot ilfter herbaceous vegetation 
removal. 

Soil carbon: After clearing vegetation and li tter from the clip-plots, three soil s<~mples were 
collected per plot from the b<~re ground. Soil cores were taken wi th a tube corer to a depth of 30 
ern <tntl separated into 10 ern depth interv<~ls. Samples were air-dried, passed through a 2 mm 
sieve and subsequently weighed. Bulk density was calculated using the measured weight of each 
dried, sieved sample divided by the core volume. Soil cores in which considerable compaction 
was observed were not included. 

Sample carbon concentrations were predicted using the spectra l library approach described by 
Shepherd and Walsh !2002: Soil Science Society of America Journal, pp. 988-998). All samples 
were <~n<~lysed by diffuse reflectance spectroscopy, using a FieldSpec FR spectroradiometer 
(An<:~l ytica l Spectral Devices Inc., Boulder, Colorado) at wavelengths from 0.35 to 2.5 ~u11 with 
a spectra l silmpling interval of 1 nm using the optical setup described in Shepherd et al. (2003: 
Agronomy Journal, pp. 1314- 1322). Soil carbon was measured on a random selection of 15% of 
the samples by acid oxidation. Measured concentrations for th is subset were used to calibrate the 
reflectance spectra using partial least squ<~res regression with Unscrambler 7.5® software (CAMO 
Inc., Corvilllis, OR., USA). The regression models were used to predict C concentrations for all 
silmpl es. The average carbon cor1centration at each depth was found for each sampled strata and 
mu ltiplied by the bulk density to estimate soil carbon density (Mg C/ha). 

Main findings: 
Carbon densities in ASF's indigenous forest types (8rachyslegia forest, Cynometra forest, 'mixed 
forest') ranged from 53-80 Mg Clha (Figure 1 ). The tota l estimated carbon stock for ASF in 2004 was 
3.0 Tg ± 0.2 Tg C. Evidence of recent illega l logging of trees of all sizes was observed throughout 
the forest (Figure 2), although more frequent near forest edges, roads and guardposts. Areas with 
tree stumps were found to have lower carbon densities on average than those areas without. 
Improved forest management techniques that prevent continued anthropogenic disturbance an,d 
allow natural regeneration could increase carbon stocks in ASF by ils much as 0.40 ± 0.2 Tg C. 
A carbon emission offset this si.ze could be worth roughly US$1 .6 million. However, the slow 
growing nature of indigenous dry forests and the current lack of Kyoto Protocol sanction for 
improved forest management as a carbon offset mechanism are barriers to attracting a carbon 
driven investor. 

The recently gazetted Madunguni Forest, which abuts ASF to the north, was seen to have lost 86% 
of its closed forest and 20,000 Mg C between 1992- 2004. Reforesting th is area and faci litating 
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tree planting on communal or individuCl lly owned land wou ld provide carbon stock increases in 
a shorter time scale. Planting of agroforestry and fuelwood species would also provide resource 
and income alternatives to local communities, create c<1 rbon stores and potentially carbon sinks, 
while removing some pressure on the ind igenous forest. 

Ouput 

Donor report 

l.lenday ). (20051 Prel iminary Assessment of C;;~rbon Storage and the Potenti;;~l for Forestry B<1sed 
Carbon Offsel Projects in the Arahuko-Sokoke Forest. Critica l Ecosystem Partnership Fund. 

Conferences attended 

Climate Ch;mge Workshop, 26- 29 April 2005, Mombasa, Kenya. Allended by: J_ Glenday. 

Capacity building 

Training workshop in cMbon storage assessment org;mised for members of the Arilbuko-Sokoke:> 
Fore5t-Adjacent Dwellers Association (ASFADA), K{~nya Forestry Resee~rch institute (KF.FRI) 
scientists, Forest Dep<1rtment (FD) offi cers, National Museums of Kenyil st;Jf( and Kenya W ildlife 
Servicl' !KWSl wardens and rangers. 25 participants. Gede Forest Stillion, March 2005. 

Impact 

The study demonstrated a correlation between freshly cut stumps and proximity to forest guard 
stiltions. As a result there were tr;;msfers of senior staff in both KWS and FD. 
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PRELIMINARY AssESSMENT OF CARBON STORAGE AND THE PoTENTIAL FOR 
FoRESTRY-BASED CARBON OFFSET PRoJECTS IN THE LowER T ANA RIVER 
FORESTS: THE TANA DELTA IRRIGATION PROJECT AND THE TANA RIVER 
NATIONAL PRIMAT1: RESERVE 

Background, approach and objectives 

(the general background and approach to this project is as described above for the 1\rabuko­
Sokoke forest carhon swrage project) 

The Lower Ti! na River forests arc SCilttered floodplain forest fragments growing in scmi-ilrid 
conditions, supported by groundwater and flooding from Kenya's Tana River. These forests have 
existed in a cycle of senescence thro~1gh desiccation in some areas and forest growth in others as 
the meandering river ch<mnel migrates. This has made these forests particularly vu lnerable and 
forest cover has been lost due to changed flooding palterns from upstream dams and i rrigation 
projects, intense flooding from 1997 El Nino events, forest clearing to meet local ilgricultural 
needs and loss of new forest growth sites to riverine agriculture. These forests control erosion 
and Willer qual ity in the Ti!na, provide local communities with fuel, building materi;;~ l s, medicine, 
and foods and provide or1e of the last hi!bit;;~t ;;Jreas for endangered primates, the red colobus and 
crested mangabey. This study aimed to assess the carbon storage value of these forests and the 
potential for carbon emission offset trading to help fund protection 01nd rehabilitation of these 
forests in two sample sites: the Tana River National Prim;;~te Reserve (TRNPR) and the T(ln<l Delta 
Irrigation Project (TDIPL 

Pc1rticipating scientists: /. Glenday (icipe intern ), I. Gordon 

Assisted by: M . Nyambengc (CIS expert: ICIMF); D. Carisse, S. jil/oh, W. Kilimu (TARDA 
Forestry Officer), Mzee Oismus, A. Gafo (Mchelelo Camp) (field assistants) 

Donor s: Critical Ecosystem Partnership Fund of Cunserva lion International. The CEPF is itself 
funded by Cl, Government of Japan, Global Environment Facility, MacArthur Foundalion 
and the World Bank 

Colfclborators: World 1\groforestry Cemre, Regional Centre for Mapping of Resources for 
Development. Kenya Wildlife Service. Tana River National Primate Reserve, Tana Delta 
Irrigation Project · 

Work in progress (completed 2005) 

7. Assessment of the carbon storage va lue of the Tana River Delta lrr[gation 
Project and the Tana River National Primate Reserve sample sites and their 
potential for tradeable carbon 

Methods used: 
Inventory plots: Carbon density in riverine forests in TRNPR and TDIP was estimated with data 
from 148 circuli!r, 20 m·radius (0.12& ha) inventory plots sampled in Febru<~ry-M<Jrch 2005. In 
each plot. six major carbon storage pools were assessed: l ive tree uboveground biomass, tree 
belowground biomass, coarse deadwood (>1 0 em diameter), li tter, herbaceous vegetation ;;1nd soil 
(Brow n, 1997: Eslfmaling Biomass and Biomass Change of Tropical Forest-A Primer; MacD icken 
1997: 1\ Guide lo Monitoring Carbon Storage in Forestry <Jnd Agroforestry Projects) . 

Plots were randomly placed both within forest patches ;;1nd on patch edges with the number of 
plots s01mpled in each fragment roughly proportional to the fragment si:z;e. Plot positions and 
observed timber or fuelwood cutti ng were recorded using a GPS un it and geo-referenced to land­
cover maps. An additiona l 8 sample plots were measured in the smal l pl<lnted exotic wood lots 
in the TDIP are<~ -
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All plots were classified on the basis of species composition (from importance values) and soil 
type into the fol lowing discernible forest classes: levee evergreen forest, clay evergreen forest; 
clay/levee evergreen forest; and transitional vegetation/woodland. Plots were also given an 
observed canopy closure ranking (open, medium, closed or low thicket). Mean carbon densities 
were estimated for each forest class. 

Vegc::lat ivf' hiomass carbon: This was estimated using the methods described for the Arabuko­
Sokoke Forest carbon storage project 

Soil c:e~rbon : Soil was sampled in h<lif of all inventory plots as soil carbon content was predi cted to 
be low. Otherwise procedures were the same as described for the Arabuko-Sokoke Forest carbon 
storage project. 

Main findings: 
It was found that carbon densities in forest 
fragments in TRNPR and TDIP had values 
r<1nging from 160 to 260 Mg C/ha (Figure 1), 
intermediate va lues between those typically 
found in tropical dry and moist forests. 'Levee' 
forests which occur dose to the river channel 
and are well fed by river groundwater and 
alluvi.1l nutrient deposits had the highest carbon 
densities, while drier areas further from the 
river liad significantly lower carbon densities 
and may have been undergoing a transition to 
woodland savt~nllil or shrublancl cover types. 
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Total carbon stock for th e TRNPR was estimated 
to be 1 .4 ± 0.1 T g C. but has decreased by at least 
50.000 M g C since 1992. Total ca rbon stc')ck for 
the TDIP area was eslimnteclto be 0.55 ;t 0.05 
Tg C. having d<~creased by roughly 29,000 Mg 

Figure 1, Mean c3rbon densities of forest types in Lower 
C si nce 1992. II is pu~sible that carbon stocks Tana River fot·ests 
lost since 1992, if not more, could be regained 
through reforestation, agroforestry and forest . 
protection s~rategies. Such projects could be tailored to both address local community resource 
and empl oyment needs as well as produce tradeable carbon credits. Proposed reforest<ltion 
corrirlors for the TDIP area could increase the area 's carbon stocks by 100,000 Mg C (0.1 Tg C), 
a pro ject scale that has received carbon offset funding in the p<~st and would qut~lify as a small· 
scale afforestation <:~nd reforestation project under the CDM. 

Output 

Donor reporl 

Glenday ). (2005) Preliminary Assessment of Carbon Storage and the Potential for Forestry Based 
Carbon Offset Projects in the Lower Tana River Forests. Critical Ecosystem Partnership 
Fund. 

Conferences attended 

Cl imate Change Workshop, 26-29 April 2005, Mombasa, Kenya. Attended by: ). Glenday. 

c~pacity building 

Training workshop in c<l rbon storage assessment organised for members of the Arabuko-Sokoke 
Forest-Adjacent Dwellers Association (ASFADA), Kenya Forestry Research Institute (KEFRil 
scientists, Forest Department (FD) officers, National Museums of Kenya staff and Kenya Wildlife 
Service wardens and rangers. 25 participants. Gede Forest Station, March 2005. 
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PRELIMINARY AssESSMENT OF CARBON STORAGE AND THE POTENTIAL FOR 
FORESTRYwBASED CARBON OFFSET PROJECTS IN THE KAKAMEGA NATIONAL 
FoREST, KENYA 

Background, approach and objectives 

(Tht• gener:.?l background and approach co this project is as describf'd above for the 1\raiJuko· 
Sokoke forest carbon .~torage project.) 

The Kakamega Niltion:~l Forest of Kenya'~ Western Province is i1 23 ,700 ha area located on the 
edge of the Lilke ViLioria basin. Thirty-two percent of this area is <~gricultur<li or plantation lilnd 
Jnd only hO% (14,000 hal contains closed indigenous forest. The remaining indigenous forest hils 
,, ·w m tree canopy dominated by evergreen hardwood species, the most common of which are 
Funtumia atric:Jn<t, Ficus spp., Croton spp. and Celtis spp. The indigenous forest area is now under 
multiple rnan.:~gement strategies enforced by rlifferent institutions. The FD rnilnilges 20,000 h.:~ of 
which I 1,000 ha is indigenous iorest. Some extractive forest uses such as Ctl tlle grazing and the 
collection oi dead fuehvuod, medicinal plants and thatching grass ht~ve t~lw<Jys been permitted in 
much of the forest, hut logging and cht~rcoal burning are illegal. There are three zones in which 
illl cx tril ct ivc uses are forbidden: two FD N.:~ture Reserve~ (700 ha total) estJblished in I %7 
.1ncl lhe KakilmegJ Nillionil l Re~erve (4000 ha) established in 1985 and managed by the K0.nya 
Wi ldlife Service (KW$). In c;ompwrison to FD an1as, the niltional reserve is more heavily patrolled, 
h.1s more severe penilllics tor offences, and, starting in 2003, requires a fee for entry. 

Thi ~ ~Judy ,1ims to <~ssess c.rrbon sloragc in the Kilkamegil National forest to provide a pre.firninary 
.1ssessn1cn1 of the iliuph}tsica l polcntiill for further carbon sequestration .:~nd suggest -some 
possible ll1ilnilgP.rmmt options to ilrhicve lhis in light of the region's sociopol itica l and economic 
cnnrl itions. 

P<lrticipating scientists: /. Clend,ty Wrown Univerity. icipe Intern), I. Cordon; L. Carlson, 
I. /\ /bert, {). fvlurray, /. Orcharclo. 1\ 1. Delaney and P. Frwnholl" (Brown University); K. 
Shqn~rd. A ;\will~ E. Wevllnw (/CRAFJ 

AssistC!d in the field by: 1 .. fvlc:Cecx:h, M. Kapitulnik, P. Lvteshi, B. Shimenga and W. Opondo 

Donor: WMsnn Scholars Program and lhP RoycP Fellowship Program 

Collaborators: World ;\groforescry Cf'ntre, Forest Department Kakamega Station, Brown 
Universil)l 

Work in progress (completed 2004) 

1. Assessment of carbon storage in the Kakamega National Forest and. the 
biophysical potential for further carbon sequestration 

The methodology was as described in I he report for Arabuko-Sokoke. Carbon density values for 
indigenous forest and plt~ntations were estimated based on data collected in 95 randorn ised 20 
x 20m plots throughout the Kakamega National Forest from june to August of 2003. Data were 
ana lysed and till honours thesis completed in 2004. Tree biomass was estimated from diameter 
Jt breast height (rlbhl measurements and allometric equations, whi le litter ond herbaceous 
vegetation biomass w<~s quantified using destructive st~mpling. Soils were sampled using both 
combustion and spectroscopy techniques. Lt~nd cover maps for 1975, 1986, and 2000 from 
Kenya's Department of Remote Sensing t~nd Resource Surveys (DRSRS), were used to estimate 
both current c<rrbon storage in the forest and the influence of land use change over the past 25 
years on forest carbon stocks. 

Figure 1 shows Interpolated carbon densities for 2000. The average carbon storage densi ty in 
indigenous forest is 340 ± 48 Mg C/ha (95% confidence interval), which is greater than that 
of the average found in the forest's hilrdwood plantations (280 ± 52 Mg C/ha) and significantly 
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greater than that of softwood plantations (21 0 :t 50 Mg C/ha). Deforestation between 1975 and 
1986 and limited reforestation from 1986 to 2000 (Figure 2) have resulted in a net loss of O.ll ± 
0.1 Tg C. The distribution of carbon densities w ithin the indigenous forest and variation between 
plantation types suggests that there are management practices that could increase Kakamega's 
c:arbon stock back to speculated 197 5 levels if not higher. Even given current low carbon prices, 
a 0.6 Tg C increase in carbon stock could represent a $3 million va lue, a figure that dw;:trfs the 
operational budgets of the forest's management bodies and could begin to address the income 
deficit in the region . 

Ouput 

Thesis 

Glenday J. (2005) Preliminary assessment of carbon storage and the potential for forestry 
based carbon offset projects in the Kakamega National Forest, Kenya. Brown Centre for 
Environmental Studies, Brown University Honours Thesis. 
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EcosYsTEM PROFILE FOR THE EAsT AFRicAN CoAsTAL FoRESTS AND 
EASTERN ARc MouNTAINS GLOBAL BIODIVERSITY HoTSPOT 

(The generill background and approach lO this project is as described above for the Arabuko· 
Sokoke forest carbon storage project.) 

Participating scientists: I. Cordon, T. Butynski (CI) , N. Burgess (WWF-US), D. Ocker, K. 
Sebunya, P. Langhammer (CEPFJ 

Donor: Critical Ecosystem Partnership Fund 

Collaborators: N. Ooggart (Tanzanian Forest Conservation Croup), P. Maliku (Nature Kenya), 
/. Watkin (Consultant), R. Cereau (Mi.ssouri Botanical Gardens), D. Knox (Cenlre for 
Applied Biodiversity Science) 

Completed work 

Hotspots cover only 1.4 percent of the planet yet contain 60'Yo of all terrestrial species diversity. The 
Eastern Arc Mountains and Coastal Forests ofTanzania and Kenya Global Biodiversity Hotspot runs 
illong the Tanzanian and Kenyan coasts and includes the islands of Zanzibar and Pcmba (Figure 
1 ). This is one of the smallest of the 25 Global Biodiversity H otspots recognised by Conservation 
Internationa l (CI), ;~nd ranks first ilmong them in the density of endemic plant and vertebrate 
species. (This hotspot is now split into two and the number of recogn ised hotspots has expanded 
to 34:) It is rated as the hotspot most like!)' to suffer the most plant t~ nd vertebrate exti nction for a 
given loss of habitat and as one of 11 'hyperhot' priorities for conservation investment. 

In 2003, icipe w;~s invited by Cl <tnd the Critical Ecosystem Partnership Fund (CEPF) to lead on the 
compi lation of an Ecosystem Profile for this Eilst African hotspot. The purpose of such profiles is to 
identify key sites in which globally threiltened species are found, ilSsess previous investments and 
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Figure l. Location of East African co;~stn l forests and Eastern Arc 
Mountains Glolxtl Riorliversity llotspot 
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threats, and recommend a funding 
strategy for conservation action by 
Civil Society. 

The Ecosystem Profi le was 
completed in 2004 ;md ;:tpproved 
by the CEPF Donor Council in june 
2004. A datOJbilSC was compi led for 
113 red-listed species (occurring in 
160 sites, mostly but not exclusively 
forests) (Figure 2, Table I ). 

The mil jor threats were icientified 
·15 commercial ;mel subsistence 
agriculture, logging, extraction 
ol' carving wood, chnrcoal and 
fuclwood, fires, settlement, 
hunting, human-wi ldlife conflicts, 
illlfllng and urb<Jnisation. 
Investment in the hotspot was 
est im<~ted at more than $19 million 
in 2001 and was analysed by sites, 
donors and implemcnters, and 
types of investment. Sites that had 
been underfunded with respect 
to biodiversity importance and 
those th;Jt h;:~d been insufficiently 
studied were identified. The East 
Usambaras, Ucfzungw.,s, Jm:;;Jni, 
Taila Hills and Lower T<Jna River 
forests were prioritisecf as most 
in need of CEPF funding. Five 
Strategic Funding Directions and 
2 1 Investment Priorities were 
recommended. 

Output 

CEPF (2003 ) Ecosystem Profile: 
Eastern Arc Mountains and 
Coilstal Forests oi Tanza nia 

Figure ~. Loc;ation or I GO sire~ c;:onlainin~: 333 ~:lobally thmatcned 
soecies 

Tablo 1. Numbor~ of critically endangered, endangered and 
vulneroble 1pecieJ in llvo moior taxonomic group1 in the Eadorn 
Arc Mountoin1 and Ead African Coo1lal ForeJt Mo1aic Biodiver~ity 
HoiJpol 

Taxonomic Degree of lhreol Counlry 

group CR EN vu Tolal Ton:z:onia Kenya 

Mammal$ s 8 16 29 27 9 
Bird~ 3 10 15 28 24 10 

Amphibians 4 11 18 33 31 3 
Goslropods 3 3 1 7 4 J 
Plants 9 36 191 236 221 ao 
Total 24 68 241 333 307 105 
CR, Crilically endangered; EN, endangered, VU, vulnerable. 

and Kenya Biodiversity Hotspot. Criti cal Ecosystem Partnership Fund. Washington 'DC. http// 
www.ccpf.net/xplcepf/where_ we_ workleasern_arc_mounta i ns/fu ll_strategy.xm I. 

Burgess N .. Sale he J., Doggart N., Clarke G. P, Gordon /., Sumbi P. and Rodgers A. (2004) Coasta l 
forests ol eastern Africa, pp. 230-239. In t-lolspols l~evisiled. CEMEX, Mexico Ci ty. 

Impact 

On the basis of the recommendation in the Ecosystem Profile, the CEPF Donor Council authorised 
<In investment of US$ 7 million in funding for Civi l Society in the Hotspot for the period 
2004 - 2008. CEPF subsequently gave a US$ 780,000 grant to lcipe and its partners (13irdl.ife 
International; World Wide Fund for Nature, East African Region Programme Office and Tanza nian 
Forest Conservation Group) to assist in the administration of this funding. 
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SPATIAL AND TEMPORAL DYNAMICS OF A MALE-KILLER ENDOSYMBIONT 
(SPIROPLASMA) IN THE AFRICAN QUEEN BUITERFLY, DANAUS CHRYSIPPUS 

Background, approach and objectives 

Biocliver~ily studies are increasingly inclusive of microorganisms. For example, Sogin et al. (2006: 
Proreedings of the National Academy of Sciences, pp. 12115- 12120) have recently drawn 
illlention to the megadiversity of bacteria in the oceans. From the arthropod perspective, one 
group of microorganisms are of particular interest and have been the subject of much study by 
evolutionary biologists. These <~re cytoplasmically inherited endosymbiotic bacteriil that cause 
reproductive disorders. They have been described in more than 30 insect species spanning six 
insect orders (llurst anci Jiggins, 2000: Emerging Infectious Diseases, Vol. 6 No. 4). 

Wolbachia has been impli cated in the majority of these cases, but there is increasing understanding 
of the importance of other bacterial clades including Spiroplasma and Rickettsia. Contrasting 
inheritance patterns of endosymbiotic genetic elements and their host autosomes lead to genetic 
conflicts. Endosymbionts are transmitted from mother to doughter through the egg cytoplasm and 
are therefore selected on the basis of their effects on the number and fitness .yf female offspring 
(Stouth<~mer et al., 1999: Annual Review of Microbiology, pp. 71-1 02). Autosomal genes are 
genera lly selected for even investment in either sex (Fisher, 1930: The genetic theory of natural 
scler.tion). Opposing selective forces generate inter-genomic conflict between cytoplasmic and 
autosomal genes. In some cases, opposing selective forces are mi.lnifested in a distortion of sex­
riltios. Endosymbiotic sex-ratio distorting bacteria are reproductive parasites, and function ilS 
·selfish genetic elements' (1-lurst <Jnd Werren, 2001: Nature Reviews, pp. 597-606), gaining a 
relative tr<~nsmi ssion advantc1ge by means that are ei ther neutral or detrimentill to the organism's 
fitness. When detrimental, they offer the intriguing possibility of being used in pest control. A 
<:<1se in point is male-killing. 

Male-killing in the African queen butterfly Danaus chrysippus is caused by a Spiroplasma 
ba cterium (Jiggins et al., 2000: P;uilsirology, pp. 439-446). It has been noticed, however, that there 
is il markedly heterogeneous spatia l and temporal distribution of Spiroplasma in D. chrysippus 
(Smith et al., 1998: Biological journal of the Linnean Society, pp. 1-40; Jiggins et al., 2000). Male­
killers appear to be restr icted to an East and Central African hybrid zone between different races 
(incipient species) of D. chrysippus (Gordon, 1984: Heredity, pp . .583- 593). At certain times 
of the year they Infect as many as 80% of female butterflies. M<Jie killing in this species is <~lso 
of p<~rticular interest since it la)'S its eggs singly and scatters them widely. Most male-killers are 
found in insects which are batch layers, a situation in which infected females suffer less sibling 
competition (since their brothers die in the egg stage) and gain a nutritional advantage by eating 
the dead eggs. It is not at all clear what <Jdvantage infected females (and their endosymbionts) 
would gain when eggs are scattered. 

In this study, spatial and temporal variation in the incidence of Splroplasma infection in 0. 
chrysippus was investigated by monitoring hatching rates in wild collected eggs and by screening 
wild adu lts for spiroplasma presence. 
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Participating scientists: I. Cordon; / . Herren, P. Holland (Oxford University); D. Smith (retired, 
ex Eton College) 

Assisted by: P Muthoni 

Donor: Self-funded 

Collaborators: Zoology Depa.rtment, Oxford University 
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Work in progress 

7. Spatial and temporal variation in the incidence of Spiroplasma infection in 
Danaus chrysippus 

Wild eggs and adults were collected 
from several sites in Kenya (adults from 
Nguruman, Tsavo and Nakuru, eggs from 
Nairobi, Mombas<J, Watarnu and M uhaka). 
Egg hatching was monitored in the lilb. 
Adult butterfl ies were dissected under 
sterile conditions and ov<:~ries were stored in 
95% ethanol at -20°C. DNA was extracted 
from the ovaries and subjected to PCR. 
Spirvplasma presence was confirmed using 
two primers lSpiro27f and SpiroG). 

Figure 1 shows seasonal changes in hLJtching 
fa ilure for eggs from Nai robi ;;~nd the coa ~t. 
In both locations hatching fai lure is more 
frequent during the rains, suggesting that 
Spimplasma frequencies peak at this limo. 

Infection frequency (Table I ) varier! 
signi(icantly between sites (:x!111 = 24.9; 
P < 0 .0001). The Tsavo specimens were 
col lected in consecutive years; in August and 
September 2004. the infection frequency 

90~------------------------------~ 
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Figure 1. Pcrccnt.1ge r,1te of harching f.1iturc inwitd col lcclions 
of eggs from Nairobi ill'ld the cnJst 

Table 1. Th• frequency of Spiropla1ma infection ot each 
sampl• aile 

Tsovo 
2004 

N 31 

"'a lnfecrion 77.4 

Tsovo 
2005 

15 

33,3 

Nguruman Nokuru 

110 37 

30.9 56.8 

WilS 77% (n "' 31) whereils in August 2005 it was 33% (n "' 15). The di fference in Splroplasma 
prevalence is significilnt (Y.!rn "' 8.4; P = 0 .004). Due to the significant difference between the two 
Tsr~vo sLJmples these arc considered separately in subsequent analyses. In Nakuru, 56°/c, (n = 3 7) 
were infected. The lowest levels of infection (3 1 %, n = 11 0) were found <It Nguruman. Overa ll, 
44% (n = 193) of femLJies were positive for Spiroplasma. 

t-lost genotype at three bial lel ic wing pi.lttern loci, representative of subspeci fic genetic divergence, 
Wils cbrrelated to Spiroplasm,l infection (Table 2). Linkage between the recessive a allele and 
Spiroplasma was establ ished. Three of four females homozygous recessive (aal at the A locus 
were posit ive for Spiroplasma. Fifty-nine percent o( Identi fiable hetcrozygotes at the A locus 
(n=49) were infected compared with 40.6'Yo of butterflies w ith the dominant phenotype; these arc 
significantly different (X!r•r o: 4.25; P:: 0.039). It is likely that the lt~tter value is an overestimate as 
some heterozygotes (Aa) were undetected due to low penetrance of the a allele. No corrcl <:~t ions 
between alleles and Spiroplasm a infection were found at the B or C loci. 

Table 2. Genotype at lh• A, 8 r;md C loci of Oanaua chryaippus individual. In 
relation to sampl• site (numb•r of bvttarfllea) 

A~o~i 8-lod C~o~i 

A. Ao 00 B· 8b c. Cc cc 

Tsovo 200d (N • 69) 45 12 0 12 46 5.4 15 0 

Tsovo 2005 (N a 16) 11 15 0 3 12 14 2 0 

Ngurumo;rn (N a 110) 84 23 3 29 81 62 46 2 

Nokuru (N • 55) 37 16 2 25 30 18 16 21 

There is also spi.llial variation for linkage disequilibrium between Spiroplasm a and the A locus. 
Linkage was highest at Tsavo (2004) with 100% of fema les w ith the a allele infected (n "' 7). Tsavo 
(2005) was 50% (n = 4), Nguruman 51.9% (n = 27) and Nakuru 53.3% (n"' 15). 
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In addition, a negative correlation between D. chrysippus forewing length and Spiroplasma 
infection was identified. Infected individuals had on average a 0.7 mm shorter forewing length 
(Pooled SO .. 2.90). The difference between infected and uninfected individu01ls was found 
significant (P = 0.05, df = 192) in an unstacked t-test. The difference was consistent among 
samples and in the same direction. The reduction in forewing length associated w ith Spiroplasma 
infection was 0.59 mm (SD = 2.49) in Nakuru, 0.48 rnrn (SD = 3.11) in Nguruman, 1 .24 mm (SO 
= 3.03) in Tsavo 2004 and 0.3 mm (SD- 1.07) in Tsavo 2005. 

The results raise several questions regarding the origin 01nd maintenance of Splroplasma infections 
in D. chrysippus. Are the seasonil l ch01nges in infection frequency related to natural selection or 
migration or both? Does the reduction in body size indicate negative effects on infected female 
fitness? Is the correlation of infection with the A locus an indication of geographicill origin for 
Spiroplasma? A propos01l to follow up these findings was submitted to the Leverhulme Found01tion 
in collaboriltion with David Smith and Michael Majerus of the Genetics Dep;~rtment of Cambridge 
University. 

Output 

Thesis 

J~Jerren J, (2005) The dyn<~mics of Spiroplasma infection in Danaus chrysippus. BSc Honours 
Thesis, Department of Zoology, Oxford University. 
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B. African Stemborers Diversity 
BIODIVERSITY AND CHEMICAL ECOLOGY OF GRAMINEOUS NocrUID 
SrEMBORERS IN AFRICA 

Background; approach and objectives 

In Africa, the economic importance of noctuid stemborers and associated parasitoids varies 
according to phytogeographic characteristics and ecoregion. The re;;~sons are not well understood 
in spite of extensive reset~rch over the past SO years. Currently, the hypotheses for fluctut~tions of 
pest densities put forward centre around the existence of biogeographic races, the proximity of 
the natu ra I habitats and alternate insect and plant hosts, and the inefficiency of natural enemies 
(mt~inly par;~sitoids) to control stemborers in c:rop fields. 

In 2001, IRD initiated a project which focuses on assessing the genetic variation in populations 
of selected noctuid pest species, namely Busseo/a fusca (Fuller), Sesamia ca/amislis Hampson, 
Sesami<J nonagrioides (Lefebvre), and related genera as well as of the larval p;;~rasitoid Colr::sia 
sesamiae, which is one of the main antagonists of noctuid borers attacking cereals in two of 
Africa's regions: in West Afric:;~, represented by Benin, Togo and Ght~n<I, and in E,lst Africa, 
represented by Kenya. 

The resea rch involves the following main activities: 
• Description of the taxonomic diversity of the noctuid stemborers Busseola spp., Sesamiil 

spp., and related genera such as Manga, Sciomesa, Care/is, Poeonoma ~md Speia, in 
different ecoregions; 

• Study of the genetic diversity of 13. fusca, S. calamistis and 5. nonagdoldes popui;Jtions 
at the geographic and ecological level using molecular tools and characterisation of 
pheromonal communication systems; 

• Study of coevolution;:~ry processes between B. fusca ;:~nd its main parasitoid C. 
sesamiae; 

• Determination of the selective v<~lues (fitness) of the differences observed among 
populations in terms of habitat foraging capacity, reproductive (oviposition) success and 
development perform;:~nce; 

• Analysis nf host plant selection mechanisms by stemborers with sped;~! reference to 
6. fusca, and the importance of physical and chemical characters of the host plant on 
oviposition; 

• Study of the role of host pl;:~nts in the <~d<~ptive radi01tion of Busseola, Sesamia (Inc/ related 
genera in Africa; 

• Study of the role of wild hilbit<~ts in the colonisation of crop fields by stemborers. 

In addition to a bettertaxonomic knowledge of African stemborers in cu ltivated and wild habita ts. 
results will lead to: 

• Development of evolutionary scenarios explaining the present-day interactions between 
host plants, •herbivores and parasitoids. This will help to predict how glob<:~! change 
(global warming) or human activities {use of GMOs, deforestation and/or displacement 
of wild habit;~ts) may modify these i n tert~ctions; 

• A better understanding of the population dynamics and an improvement of existing 
strategies to manage stemborers in crops; 

• A better understanding of carry-over effects of wild h<:~bit;;~ts in biological control by 
introduced and indigenous natural enemy species. 

Participilting scientists: 13. P. Le RiJ, P-A. Calat<Jyud, 5. Dupas, P. Le Call, P Moya/, /. F. 
Silvain, S. Calarayud 

Assisted by: B. Musyoka, L. Nga/a, P. Ahuya, A. N. Kibe 

Donor: mo (french government: Department of Education and Foreign Ministry), icipe 

Collaborators: FRANCE: INR.A St Cyr, France; CNRS, Gif!Yvette, France. KENYA: icipe, 
Nairobi, Kenya; Ken yalta University, Kenya; .Jomo Kenyatta University of Agricvlture and 
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Technology, Kenya. BENIN: /ITA, Cotonou, Benin. SOUTH AFRICA: University of Natal, 
Scousville, South Africil; North West University, Potchefstroom Camp, South Africa; 
Transvaal Museum, Pretoria, South Africa. UGANDA: National Agricultural Research 
Organisation, Uganda. TANZANIA: National Biological Control Programme, Kibaha 
Biocontrol Station, Tanzania; Ministry of Agriculture, Plant Protection Division, Zanzibar, 
Tanzania . MADAGASCAR: Ministere des Universltes et de Ia Recher(;he, Madagascar. 
ETHIOPIA: Ethiopian Institute of Agricultural Research, Ethiopia. MOZAMBIQUE: 
Eduardo Mondlane University, Faculty of Agronomy and Forestry Engineering, Campus 
Universicario, Maputo, Mozambique. ERITREA: University of Asmara, Eritrea 

Work in progress 

I. Phylogeography and population genetics of the maize stemborer Busseola 
fusca (Lepidoptera: Noctuidae) in sub-Saharan Africa 

The economic importance of Busseola fusca varies with region . In West Africa, it is the prevalent 
stemborer species on sorghum in the dry savannas but minor on cereals in the humid-hot lowlands; 
in Cameroon it is the predominant pest of maize across all ecozones and altitudes whi le in East 
and southern Africa it is the major pest in the mid-a ltitudes and highl;mds. 

Previous studies on the genetic structure of Busseula Fusca shows that this ecological preference 
is associated with m<~jor differences in parti<~l DNA sequence of the cytochrome b mitochondrial 
gene. According to that study, B. fusca populations ;:~re differentiated into three major clades of 
mitochondrial haplotypes, one localised in the West African region (W), one restricted to East 
Africa (KI) and one found in Central and East Africa (K/1). The origin of these clades is likely related 
to Pleistocene climate events. Partial geographic overlaps were observed on ly between clades Kl 
and K/1 (Figure 1 ). Biogeographic barriers such as the Cameroon Volc<Jnic Line region between 
Central and West Afric<~ and in East Africa, the Rift Valley, which are linked to B. fusca's ancient 
history on wild Poaceile, have been shown to be major factors of differentiation oft his species. These 
barriers appear to be the same that shaped geographic differentiation of phytophagous mammals 
and rodents. However, no sign<~ture of sorghum domestication and maize introduction has heen 
detected yet on the genetic structure of B. fusca, despite the expected important demographic 
consequences of this switch to cultivated plants. The regional evolutionary history and the centres 
of origin of the mitochondrial clades remain unknown. To answer these questions and to more 
Jccurately estimate geographical distribution of each clade, B. fusca was sampled across most of 
its geographic range from West, East to southern Africa (samples from Eritrea, Ethiopia, Malawi, 
Mozambique, Rwanda, Republic of South Africa, Uganda, Zambia and Zimbabwe). 

Pt~rtial sequences of the gene coding for cytochrome b, informative Jt the intr<~generic level in 
Lepidopteril have been used. A sequential approach combining several phylogeographic and 
evol utiont~ry methods w<~s used to an<~lyse the molecular data to infer the demographic history of 
B. fusc<J populations in more detflil. Such a sequential appro<Jch, from phylogeny to evolutionflry 
history via demography and genetic structure, allows us to move from testing deeper phylogenetic 
splits to inferring recent patterns of population structure. This t~lso may highlight the centres 
of origin of B. fusca populations and may elucidate the region<~l evolution<~ry history that has 
produced this genetic structure. Comparisons of sequences of partial mitochondrial DNA gene 
(cytochrome b) from 489 individu<Jis of 98 localities in Southern, Central, East and West African 
countries confirmed the presence of the three main cl<1des. Phylogenetic, F-statistics, demogr<~phic 
parameters and nested dade phylogeographic analyses confirmed that the clades experienced 
geographic and demographic expansion with isolation by distance after their isolation in three 
refuge areas. The geographic r<~nge of clade K/1, already known from East to Central sub-Saharan 
Africa, was extended to Southern Africa. Mismatch distribution analysis and the negative values 
ofTajima D index are consistent w ith a demographic expansion hypothesis for these three clades. 
Significant genetic differentiations were revealed at various hierarchical levels by ana lysis of 
molecular variance (AMOVA). 
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Figure 1. Current geographic distribution of Busseola fusca and the different centres o( origin 
of Its three main clades based on phylogenetic analyses 

2. Biodiversity of lepidopteran stemborers in East and Southern Africa 

Su~veys were carried out between December 2002 and April 2005 in Eritre<t, Ethiopia, kenya, 
Mada.gascar, Mozambique, South Africa, Tanzania, Uganda and Zanzibar, to assess the lepidopteran 
stemborer species diversity on wild host plants. A total of 24,674 larvae belonging to 135 species 
have been collected from 75 species of wi ld host plants belonging to the Poaceae, Cyperaceae, 
Typhaceae and Juncaceae f<1milies. Among them were 43 noctuid species (with 17 new species) 
belonging to at least 9 genera (Figure 2), 33 crambids, 15 pyralids, 16 pyralid species nor yet 
identified, 25 tortricids <1nd 3 cos~iris. The noctuid larvae represented 76.6% of the tot;d number 
of larvae with 68.6, 4.1, 3.8 and 0.1 °/c, found on Poaceae, Cyperaceae, Typhaceae and )unc<Jceae 
respect ively. The Crambidae, Pyralidae, Tortricidae and Cossidae represented 20.0, 1 .3, 2.0 and 
0.1 %, respect.ively, of the total larvae col lected, with 90.4% of the Crambidae and Pyralidae 
collected from Pot~ceae and 99.7% of the Tortricidae collected from Cyperaceae (Figure 3). 

Our results show that both host plant range t~nd stemborer diversity in East and Southern Africa 
are much higher than reported in previous survey~. Among the 75 host plants found infested, 55 
were never reported tJS hosts of stemborers before, thus the number of known host plants is now 
92 indicating the host pltJnt range ;~tttJcked by sternborers is vast. Infested host plants were found 
in all vegetation mosaics whatever their ecological characteristics but no doubt stemborer larvae 
were found principally on host plants with robust and thick stems, growing in wetter parts of the 
vegetation mosaics. All Cyperaceae and Typhaceae species grow in swampy areas so it is not easy 
to relate any preference for a particular species with the ecology. The ecology of Poaceae is much 
more diverse. Almost half of the species have a high preference for wet conditions (Echinochloa 
sp., Eriochloa sp., Pennisewm macrourum, P. purpureum, Panicum maximum, Setaria megaphylla, 
S. incrassata) and they hosted 83% of the larvae. All localities surveyed in the current study were 
below 2400 m tJbove se;~ level and in agroecological areas where maize is grown. Howe~er, we 
missed the high altitude forested areas, which reach 3000 rn in tropical Africa, tJnd the alpine 
areas found in all African mountains above 30QO m from where many stemborers were recorded 
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Figure 2. A gllmp~e on r1ocruid diver~iry 
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liJ Noctuidae (18165) 
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• Gail!lriinae (91) 

[j] Phycitinae (390) 

m Unknown Pyraloidea (131) 

0 Tol'lrictdae (616) 
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Figure 3. Abundance and r~lntive ~pucles diversity of lupldopteran stcmbor~rs In 
eastern Afrit:a 

in previous faunistic studies. These high altitude areas appear particularly rich in Acrapex and 
Sesamia species. This could explain why our survey reported only 2 llcrapex and 12 Sesamia 
species, although they are known to be the most diverse noctuid stemborer genera in East and 
Southern Africa, with 37 and 33 known species, respectively. Our work provides for the first time 
a general overview on host plant range of the different lepidopteran stemborer fam ilies. With the 
notable .exception of the Speia genus found on Typhaceae only, al l the noctuid genera were found 
on Poaceae. Several genera appear specialised on this family like Busseola, 'new genus', Mangil 
Jnd Poeonoma. When they adopt other plant fami lies, they appear more abundant and diversified 
on the former one, like the Care/is, Sciomesa and Sesamia genera. Information on host plant 
range for other lepidopteran stemborer families is missing completely in the literature wilh the 
exception or Eldana saccharina (Pyralidae). Our resu lts confirm that E. saccharina is primarily an 
insect of the Cyperaceae (82% of the specimens on 5 species). Other families or subfamilies show 
a restricted host range compared to Noctuidae with Crambinae, Phycitinae and Cossid<Je found 
on Poaceae only, Schoenobiin<~e on Cyperaceae and Typhaceae and Tortricidae on Poaceae and 
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Cyperaceae. Although apparently less specialised, Schoenobiinae and Tortricidae show a marked 
preference for one plant family as indicated by the species diversity. 

Our work confirmed that Sesamia calamislis and f. saccharina are polyphagous species found on 
24 and 11 host plant species, respectively. However, they are not as common on wild host plants 
as reported before and they were not common or not found on some of the hosts previously 
described (i.e. Echinochfoa pyramidalis, Pan/cum maximum, Typha domingensis). On the other 
hand, our work showed that B. fusca and C. parte/Ius are oligophagous species found only on, 
respectively, four and eight Poaceae species. Although we were unable to separate accurately the 
different species of the C. orichalcociliellus group, C. orichalcociliellus is also an oligophagous 
species like C. panel/us. Our results dearly showed some discrepancies with findings by previous 
surveys. We can assume that the main reason for these discrepancies is the misidentification 
of stemborer species. Our work underlines that proper identification of stemboring pests is 
essential to appraise accurately their host ranges and the importance of uncultivated land as a 
source of pests for adjacent crops. Busseola fusca was uncommon on wild host plants in Kenya, 
Mozambique, Tanzania and Uganda and very common in Northeast Africa particularly in Eritrea 
where it accounted for 43% of the noctuid larvae. The present results show that the host range of 
most insects is dynamic and often location- and time-specific. 

3. The role of wild habitats in the colonisation of stem borers of crop fields 

In an attempt to understand the role of wild host plants on pest population dynamics between 
natural and cultivated habitats, two representative locations, Kakarnega and Muh9ka, were 
chosen in Kenya for their diversity of habitats and farm management practices. Kakarnega is 
dominated by B. fusca and Muhaka by C. parte/Ius. The aim was to assess su_rvlv<~l of stemborcr 
pests in wild habitats during the off-season and their subsequent invasion of crop fields at onset 
of the rainy season. This study will also determine whether wild habitats can be used in resistance 
management of Bt-transgenic maize. 

In Kakamega no differences in wild host plant species richness and relative abundance were 
found between cropping and non-cropping seasons suggesting continuous presence of host plants 
(Table I). However, among the wild plant species identified only three (Sorghum arundinaceum, 
Set<Jria megaphylla and Pennisetum purpureum) were identified as hosts of 8. fusca, covering less 
than ~o;., of the are<~ . This suggests that in this location the natural habitat could not support high 
populations of 8. fusca during the off-season. Coupled with the limited host range of this pest, 
dense human population is putting more pressure on the remaining land resulting in constant 
destruction of wild habit<1t, which may disrupt the plant- herbivore interaction and thus affect the 
pest population in the wild and cultivated habitats. 

In Muhaka, wild host species richness and relative abundance varied between se<~sons though 
in general the area coverage of wi ld hosts was higher than that of maize (Table 2). Among the 
hosts recorded, only three (Panicum maximum, S. arundinaceum and Rotboellia cochinchinensis) 
were identified as host plants of C. parte/Ius. Panicum maximum was the main alternate host in 
all vegetation structures in both seasons. The other two hosts were mainly found at the edge of 
cultivated fields, thus, farming practices can favour the maintenance of alternative host plants for 
stemborer pests during the non-cropping season. Besides the extended dry season, uncontrolled 
burning of wild habitats during the dry season to clear land in preparation for the cropping season 
probably was responsible for the low abundance of wild hosts of the pest in Muhaka. 

In both localities, the total area covered by wild host plants of stemborer pests was below 5%, 
which may not be sufficient to play an important role in the carry-over of pests between the 
seasons. Interaction between vegetation structure and movement patterns of insects ultimately 
affects population dynamics in a heterogeneous landscape. Thus, the absence or presence of 
alternate hosts alone might not account for pest outbreaks in the cultivated fields, and hence, 
there is a need to study the movement patterns of the stemborers as well. The limited information 
available on movement of adult moths suggests that most of the population moves relatively short 
distances (less than 100 m) within the crop or the adjacent vegetation though reports indicate 
that 8 . fusca is likely to fly long distances under optimum conditions. However, it is worth noting 
that, contrary to B. fusca .recovered from 5. arundinaceum, B. fusca collected from 5. megaphylla 
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Table l . Totol relative cover (%) ond n~lotiv• cover of eoeh wild hoat plont apeciN of lepidopteron atembore~ in 
the four different vegetotion structure a in Kc!komega during the cropping and· no!KI'Opping aeoaor\J. The wild hoat 
plonta of lluneola Fusco ore in bold type 

Plant spodas 

Cropping 1eason 
Cyperus divt>s Oelilo 
Cyperus distons l. 
Cyp~rus dicllro>lochyus A . Richard 
Scleria rocemoso Poiret 
8rochioria brizonlno (A. Richard) Stapf 
Cynodon c/octy/on (l.) Persaan 
Olgila;io miloniiana (Rendlo) Stapf 
Hyparrhonio diplanclro (Hackel) Stopf 
Hyparrhenio rufa (Nees) St~;~pf 
Panicum ma)dmum Jocqvln 
P~noiu1tum mouourum Trinius 
Ponniselum purputeum Schumocher 
P~;nnisotum clondestlmun (Chiovonc/o) Hochstatter 
Pennuelum trachyphyllum Pileer 
Seklrio megop/,y/la (Steudel) T. Durand & Schin% 
Setcria sphace/cto (Schumacher) Mou 
Sorghum orunc/inaceum (Desvoux) Stopf 
Typha clomingeMis Persoon 

Avo rage cover in respective struclures 

Non-a-opping seoaon 
Cyporus div.,l Dolilo 
·Cyp.,rus distons l. 
Cyperus c/ichroslochyu• A. Richerd 
Scleria racemose Poirel 

FRV 

0 .09 
0 .50 
0.00 
0.30 
1.08 
4.94 
0.00 
0,67 
0,46 
0.23 
0.64 
0.58 
0,00 
0.00 
0.88 
0.18 
0.30 
0.00 

10.84 

ec 

0.15 
0.25 
0.13 
0.90 
1.47 
5.65 
0.00 
0.00 
1.25 
0.15 
0.00 
2.33 
0.00 
0.00 
3.08 
0.00 
0.00 
0.67 

16.03 

FG 

0.00 
0.00 
0.00 
0.00 

42.52 
3,53 
0.07 
0.00 
0.00 
4.62 
0.00 
0.00 
0.50 
0.00 
0.00 
0.00 
6 • ..43 
0.00 

57.67 

0,00 
0.00 
0.00 
0.09 

FCV 

0.00 
0.00 
0.00 
0.00 
1.67 
0.80 
0.00 
0.00 
o.oo 
2.10 
0.00 
0 .00 
0.20 
2.67 
6.30 
0.00 
0.00 
0.00 

13.73 

Cover% 

0.08 
0.31 
0.03 
0.38 
6.60 
4.41 
0.01 
0.32 
0 .54 
1.02 
0.31 
0.88 
0.09 
0.34 
2 .04 
0.09 
0.98 
0.17 

18.60 

8rachiaria brizanlha (A. Richard) Stopf 
Cynodon c/actylan (L.) Persoon 
Cyrnbopogon nortlus (L.) Rendle 
Oigitario milonjiana (Rendlo) Stapf 
Echinoehloa pyramidalis (lomark) Hit~hcock & Chase 
Ponicum maximum Jacquin 

0.00 
0.00 
0.00 
0.07 
0.70 
7.56 
0.41 
4 ,25 
0.07 
0.00 
0.45 
0.27 
2.14 
0.00 
0.37 
0.00 

0.09 
0.16 
0.27 
0.09 
0.17 
3.25 
0 .30 
6.75 
0.00 
0.00 
0.00 
0.54 
1.33 
0.00 
0,00 
0.37 

26.93 
1.78 
3.47 
0.00 
0.00 
0.79 
0.00 
0.00 
0,00 
0.00 
0.85 
0.00 

0.00 
0.00 
0.00 
0.00 
0.74 
0 .1.4 
0.00 
1.00 
0.00 
0.67 
0.17 
0 .00 
1.4A 
4.05 
0.73 
0.00 

0.03 
0.06 
0.10 
0.07 
5.427 
6.57 
1.01 
5 .36 
0 .05 
0.20 
0 .32 
0 .37 
2 .04 
0.36 
0.47 
0.13 

Ponni;~tum mocrourum Trinius, 
Pennisefum purpureum Sehumo~her 
Setaria megaphy//11 (Steudel) T. Durand & Sehinz 
Pennis~tum troehyphyllum Pilger 
Sorghum orundinaceum (Dosvoux) Stapf 
Typha clomfngensis Persoon 

Averoge cove r in respective structures 16.51 13.30 33.90 8.95 n .6o 
FRV, forest and riverbank vegeta~on; 8C, between wlrtvation; FG, forest glade; FCV, farost corridor vegotallan. 

in. K<:~kamega ciid not develop to adult 
molhs on the arlifici<JI diel under laboratory 
condit ions. This could be an indication that 
the B. fusca population belonging to th is 
location might be divided into different 
compartments wi lh very low exchange 
between cultiva ted and non-cultivated 
habitats. The need to inve~tiga te the structure 
of 6. Fusca populations in Kak;:rmega and to 
qu;:rntify lhe exchange between the different 
habitats are future prospects. 

The presence of wi ld host plants of 
stemborers in cereal-growing areas has 
always been considered detrimental to 
cereal crop production as they serve as 
reservoi rs for stemborer pests. Surveys to 
determine the role of these host plants on 
sternborer pest populations was carried 
out during the cropping and non-cropping 
seasons ;:rlong va rying ;:~ltitudi na l gradients 
in Kenya. Contrary to earlier reports on ly 
two larvae of B. Fusca were recovered from 
P. purpureum which grew within a maize 
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Tobie 2. Area wvered (bn3) ond percentage surface c:over by 
ee~ch v.getotian atructure in Kakomega 11nd Muhoko. The number 
of aampllng poinh per v.getotian atructure it in parenthetet 

land cover 
vogototlon strudure 

Kc!komega 
Molze (M) 
Tea (T) 
Natural foro>t (Nf) 
Between cu!tivoted (BC) 
Fare•t edge a nd 

riverbank vegetation 
(FRV) 

Faro.t glade (FG) 
Forest corridor 

vegetation (FCV) 

Total oroo 

Muhaka 
Mixed vegetation (MV) 
Palm vegetation (PV) 
Open quarry (OQ) 
Building• (B) 
Roadside vege1otian (RV) 
Natvral forest ond edg• (NF&E) 
Open granland (OG) 
Cultivated vegetation (CV) 

Total oroo 

Area 
covered (km') 

9.16 
0.42 
9.17 
0 .60 

1.38 
0.34 

0.17 

21.25 

9.69 
3.13 
0.05 
0.07 
0.10 
1.56 
3.76 
2 .06 

19.30 

Cover% 

43 .1 3 
1.96 

43 ,18 
2.83 (8) 

6.48 (15) 
1.62 (4) 

0.81 (4) 

100.00 (31) 

!13) 
5) 

44 .37 
16.22 
0.24 
0.36 
0.54 (3) 
8.09 (4) 

19.69 (6) 
10.69 

100.00 (31) 
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field. Very likely reports of B. fusca on P. purpureum in Kenya may have been a result of the 
larvae moving from-maize or sorghum onto P. purpureum, or misidentification. Unlike 8. fusca, 
S. calilmistis was recovered from m01ny plant species cohfirming its polyphagy also reported from 
West and Central Africa. Chilo parte/Ius was restricted to low and mid-altitude zones with high 
populations in maize and low populations in wild habitats. Chilo parte/Ius populations were 
higher than other borers supporting earlier studies which suggested that this zone is ecologically 
suitable for its establishment. This can explain its r<~pid population build up that resulted in the 
displacement of indigenous C. oricha/cociliellus. However, there was evidence of variation in 
the niche occupied by the two species in the wild as most of the C. parte/Ius larvae were found 
on 5. arundinaceum while the C orichalc;ociliel/us group was found mainly on P. maximum. 
Observed richness of the non-pest species (Table 3) agrees with Polaszek and Khan ( 1998: Africiln 
Cereal Stem borers: Economic Importance, Taxonomy, Natural Enemies and Control, pp. 4-1 0) 
suggesting that stemborer diversity in non-cultivated habi tats has been underestimated. 

Tabl• 3. Proportion• I%) of •l•mbor.r genera and fomlll•• In dl!f.rent ollltvdlnol :tono• 
from wild holl plan~ (the numb•r• in porenlh••e• indicate th• nurnb•r of 1peQje1) 

1000-
Super-family fgmily Gonorg <1000 1500 > 1500 

No,tvoidog Ngi;~uidgco Bussoo/o (1) 1.5 0.1 14.7 
c..,rqJi; (1 I 0,0 0.0 4.8 
Buueo/o sensu Iota (3) 0.0 0.0 13.3 
Mango (2) 23.4 9.7 1.9 
Poaonomo ( 1) 0.0 0.0 15.8 
Sciomoso (6) 4.6 0.8 38.8 
S~H>rniP (9) 15.8 28.7 5.8 

Pyraloidea Crambidao Chi/.., 151 43.4 56.6 0.1 
Other -crambid spe,ios (71 1.6 0.5 3.1 

Pyrolldae E/dana (1) 0.1 0.1 0 .3 
Other pyrolld speeies (8) 6.9 0.3 0.3 

Tortricoideg TortriddQa 11 ;pedes 2.5 2.6 Ll 

Conoid•~;~ ConidPe 2 species 0.0 0.4 0.0 

Simibr to pest species, the distribution of some wi ld stem borers was found restricted to either a 
certain plant species or altitudinal zone. The Manga genus wa~ commonly found in P. maximum 
in low altitude zone, while Busseola spp. were found mainly in the high altitude zones. The 
presence and abundance of the 'wild' stemborer species in different regions appeilr to be affected 
by the av;;til<~bility of suit<~ble host pl;;rnts. Borer species belonging to Sesamia, Sciomesa, Busseo/a 
genera as well as tram bids, pyralids and tortricids constituted an important proportion of the total 
collections made. Most of the wild stetnborer species were recovered from limited number of wild 
hosts_ However, some of the non-pest stemborer species (8. phaia group and Sciomesa plscalOr) 
develop easily on maize stems exhibiting a potential to shift and become pests of cultivated 
cereals. The recent host switch of E. saccharina from sedges to sugar cane in South Afric;;~ where it 
became the key pest, confirms this ;;rssumption. Eldana sac;charina was only found on wild plants 
during this study though it is an important pest of maize in West Africa. It could be a major threat 
to maize crops in Kenya if it eventually shifts to cultivated fields. 

4_ Contact chernosensil/a on the ovipositor of Busseola fusca (Lepidoptera: 
Noctuidae) 

Given the importance of the host plant selection process for the surviv;;~l of offspring, females 
of 6usseola fusca very likely have special organs for detection of a wide range of cues from the 
host plants including tactile, olfactory and gust<Itory chemostimuli. The role of plant volati les as 
long-range chemic<JI cues is not clearly understood in B. fusca. However, these chemicals may 
facilitate host finding by stimulating take-off and flight activity in gravid females. We observed 
that after landing on a host pl;;~nt, 8. fusca females extend the abdomen and touch the plant 
surface with the tip of the ovipositor making broad latera l movements, termed as 'ovipositor 
sweep' (Figure 4a). During this behavioural step, tactile and gustatory stimuli are likely to play a 
m01jor role in decision-making for the acceptance of the plant for oviposition. As shown earlier, 
physical and chemical characteristics of the oviposition site are involved in host plant acceptance 
for oviposition. 
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Figure 4. Typical ovipnsilion behaviour In 8usseola (usca: sweeping the plant sudnce with the 
tip of the ovipO$ilor (A); distal pall nf the ovipositor showing contact chemoreceptive sensll ia 
(white ;~rrnwhcods) close to the claws (B); dectrnphy~io loHical recordings o( tlclion potentials 
(spikes) obt;~ined aher contact with one or the scnsiiiJ located nn tho distal part or the ovipositor 
in re$ponsc to dilute KCI solution IC); external surface of a ll1Ji7.e leM sheillh not swept by the 
ovipositor (• control) (D); external ~urface of~ maiLC leaf sheath ilfter being swept by 8. fusca 
ovipositor, showing several scratches (white arrowheads) left by the ovipositor (El 

In this context, we studied the distribution of chemosensory structures on the ovipositor that may 
he involved in oviposition sire selection process by B. fusc<J females. Their physiological function 
h<ls been delineated w ith rega rd to morphological characteristics observed by scanning electron 
microscopy and by elec:trophysiological tip recording. 

Contact chemosensill <l were found on the distal p<lrt of the ovipositor of 8. fusca female (figures 
4b and c). These sensilla may be related to the process of probing the host plant surface for 
ilccept<lnCE' for oviposition. During the 'oviposi tor sweep' behtJviou r, the claws at the distal part 
oi the ovipositor left small injuries on the plant surface (figures 4d <J nd e). 

These observations indicated that w hen the female walks down the stem of the host plant, with 
ovipositor movements probing the plant, the sensi lla ;;~re exposed to chemical cues that cou ld be 
involved in decision-making wi th regard to accepting or rejection of the plant This is crucial for 
13. fusca and some other lepidopteran species since the neonate larvae do not have a propensity 
to migrate onto nearby plants as comp<Jred to winged adults. Further studies will identify the 
chemical cues that the sweeping ovipositor exposes when dam<1ging the plant cuticle. 

5. How meaningful are behavioural studies with laboratory-reared insects? 

Laboratory-reared insects tend to differ from wild populations in their genetic, behavioural and 
physiological chMacteristics. Some insect species reared under labor<ltory conditions have been 
found to lose their abi lity to successfully grow on their original host and in some cases they may 
accept plants outside their natural host range. The rearing condi tions can, therefore, strongly 
influence insect behaviour and physiology. For future studies on B. fusc<J, it was first necessary 
to verify if the laboratory-reared insects differed (rom the natural population in the oviposition 
response of the females. 
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The influence of the support on oviposition response in relation to the population origin of naive 
grayid B. fusca females was investigated in a dual choice situation using maize, the most common 
host plant of Busseola Fusca in the field, and paper surrogate stems. With wild insects, the number 
of eggs laid was about 199 :t 49 on maize and 

0 18 ;t 9 on paper (Figure 5). Hence w ild insects 10 ..,.... b A 
preferred maizf' over paper stem for oviposition. 

0 For laboratory-reared insects, the ntJmber of eggs s 
laid was about 154 ± 31 on maize ar,d 66 ± 16 
{mean :t SE) on paper. Hence the laboratory- 60 

reared insects did not show a strong preference 
for aither mai.~e or p;,per stem. 4D 1-

A bio<Jss<ty WilS used to study the role of contact 
host chemicals (i.e. plant surface chemicals) on 
oviposition response of w ild and lab-re01red B. 
Fusca, by using two nylon surrogate stems (one 
imbibed with chloroform maize extract and 
another with chloroform t~lone), in a dual choice 
situation. The number of eggs laid per w ild insect 
were 57 :t 16 on surrogcte stem imbibed with 
ch loroform alone and 104 ± 33 (mean ± SE) w ith 
1n<1izc extract (figum 6). For laborntory-reared 
insects, the number of eggs laid was 123 ± 34 
lind 1 13 ± 26, respectively. 

In addition, the rearing conditions of 6. fusca 
signi(icantly in fluenced the insect orientation 
towards the plants under wind tunnel conditions 
(Table 4). 

The proportion of females showing an orientated 
fl ight toward maize plants was significantly 
lower w ith laboratory- than wi ld-rea red insect~. 
However; the fem<Jies reg<trdless of the population 
origin rl~ac ted similarly towards the host plant 
odours. This was illustr<:~ted by the EAG .-r111pli tude 
responses recorded for twosyntheticp lant volatiles 
(Figure 7). Although ~ ignifict~nt di fferences were 
found at one dose for each compound tested, 
the EAG dose-response el icited by (l}-3-hexenyl 
acct<Jte ;;~ nd tZJ-3-hexen-1-ol was similar among 
female antennae of the labor.-.tory-reared and 
wild populations. 

In conclusion, wild insects differ from lab reared 
insects and their use for behaviour;JI studies is 
limited and the results have to be interpreted with 
c,~re. Ideally, such insects would directly come 
from the field. 

T flblo 4. Proportion of Suu•o/g fua~g 
f•mgl•• ahowing ori•nlgl•d Right lowgrda 
th• mgiz:• plgnh in wind lunn•l gccording to 
lh• popula~on origin · 

OriGnlatGd Right 
proportion 

Population origin (%)• [n] 

Wild inaect• 52 [421 b 

labon1iory-reor•d ime~l• 31 [45] o 

• Proportion• Followed by diffllrGnt l•lterJ 
oro significantly different ol P < 0.05 (Chi­
•quare te•t). 
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Figure 5. RclatiVl! proportions (in %, means ± SE, n = 
20) of eggs laid by females fron1 wild population (in A) 
nr from labori!lory-reared population (In Bl on maize 
plants or paper surrogate stom in du:~l choice situation 
after 3 nights. Bars with different letters are significiintly 
different using an experiment-wise error rate of 5% 
(Student's !·lest) 
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Figure 6. Percentage of eggs IJid by females from wild 
(in A, n = 20) or from laboratory-reared populations 
(In B, n • 17) on nylon surrOJlilte stem imbibed with 
c:hlurufurm alone (control) or wirh chloroform maize 
extracts (mai7-e extracl) in dual choice situation 8 hours 
after onset of scotophase. Bars with diffC!renl li!tlt'm are 
significantly diffenmt at P < 0.05 !Student's 1-test) 
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6. Role of plant surface metabolites 
in host selection for oviposition of 
Busseola fusca 

We studied the influence of polilr and less polar 
plant surface compounds involved in host plant 
selection for oviposition of naive gr;~vid Busseola 
fusee fem<1les con1ing directly from the field. 
Three plant species were used in this study: 
m<t ize {lea mays), sorghum (Sorghum bicolor) 
and Napier grass (fennisetum purpureum). The 
femilles were pl o:~eed individuillly in cylindrical 
transparent pl<"l stic jars w ith two nylon surrogate 
sterns in a duill choice situation. The nylon 
surrogate stems were made from a rectangular 
piece of nylon rolled helicoidally. One surrogate 
stem was imbibed with plant extracts while 
the control with extraction solvent (water 
or chloroform) . The solvent was allowed to 
t:!vaporilte before introduction into the j<Jr. 
The number of eggs laid on each support was 
counted after the eighth hour of the night. 

First, as blank experiment to check if the position 
of the surrogate stem had an effect, two surrogate 
stems of nylon without impregn<Jtion were 
tested. Eight hours after onset of the scotoph<~se, 
the artificial stems received similar proportion of 
eggs, i.e. 49 and 51 o;,, respectively (U = 196, P = 
0.91 38 according to Mann-Whitney U test). 

To further v<J iidate the role of both water and 
chloroform extractable chemicals on oviposition 
response the result was presented as oviposition 
stimulation index (051): 

No. eggs on extract (T) • 

051 = No. eggs on control (C ) 

No. eggs on extract (Tl + 
No. eggs on control (C ) 

The oviposition index can have a positive or 
negative value, thus, identifying extracts that 
are preferred by females for oviposition (rositive 
values) and those that are not preferred (negative 
values). Positive indices were obtained for all 
chloroform and water extracts from maize plants 
(Figure 8). In contrast, negative stimulation 
indices were observed for water extracts from 
sorghum and Napier grass plants. Moreover, the 
stimulation index was significantly higher and 
significantly different from the dual blank test 
(N vs Nl for chloroform extract from sorghum 
plants only, suggesting that they are oviposition 
stimulants for B. fusca. 

1.4 ....... ------ ----- - ----, 
A 

1.2 

1.0 

0 .8 

0.6 

1.0 

0 .8 

0.6 

0 .4 

0 .2 

• Laboratory-reared Insects 
0 Wild insects 

0.0 ........... =o..---LL-

Load (1!9) 

Figure 7. Mean (± SE) EAG amplitude responses of 
Busseola fusco females from laboratory-reared and wild 
population to different doses of two synthetic plant 
volatiles li\ for (ZJ·3·hexenyl acetate and B for (2)·3· 
hcxen·1·oll . Bars with stars are significantly different 
at P< 0.05 (Mann-Whitney U test, laboratory·reared vs 
wild insects comparisons) 

0.6,------ -----------, 
0.5 
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Iii 0.3 

~ 0.2 
~ 0.1 
t'i! 0.0 h:::="o.J.----'-'...J.._--'-1-'--"'-'-.1.-..l...I...,--,.........-'T"'i 

-0.3 ~ v v C; ""* ""* ~ 
~-!> ~~ e:,~ J'-i> ~-!> e:,~ J'-i> 

Chloroform Wator 
extracts extracts 

Treatment 

Figure 8. Oviposition stimulation index (051) 
calculated for the following dual tests: N vs N 
(nothing vs nothing = blank test), M vs C (maize 
chloroform extract vs chloroform), S vs C (sorghum 
chloroform el(tract vs chloroform), NG vs C (Napier 
grass chloroform extract vs chloroform), M vs W 
(maize water extract vs water), S vs W (sorghum 
water extract vs water) and NG vs W (Napier 
gr;~ss water extract vs water). Bar with star was 
significantly different at 5% level to the blank test 
N vs N according to Studcmt's t· test. 

Gas chromatographic analysis to identify the type3 u• '-u'"fJuv••v;> t-''"'3"'"l '" uu: water extracts 
was performed. All extracts contained simple sugars, organic acids and free amino acids. No 
difference in quantity and composition was observed among the three plant species used. Thus, 
water extracts were not involved in host selection of 8. Fusca . Based on peak areas and regardless 
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of the plant species, sucrose, fructose and glucose were the major sug<Jrs, while al<mine, leucine 
an.d arginine were the major free amino acids detected (Figure 9). 
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0 -~~~h~~~Th~~~~~~~~~~~~ 
Figure 9. Concentrations (in ng/cm1, mean :1: SE, n=4) o( sugars and organic acids (A) as well as free amino acids (B) 
detected in the water extracts. For each compound. no difference was found among the plant species (Kruskal-Wallis test) 

HPLC ;:malysis of the chloroform dip 
extracts indicated that the retention 
times of the maize peaks closely 
matci:Jed those of Napier grass (Figure 
I Ol. The chromatograms profile of 
m<~ite and Napier grass were similar in 
composition. Sorghum chromatogram, 
however, ht~d at least three additional 
peaks (Rt 7.17, 8.00 and 33 .52 min), 
which were absent in maize and 
Napier grass. Subsequent preliminary 
analysis of the peak at 33.52 min 
by mass spectrometer showed the 
molecular ion at about 814 m/z and 
tentatively t~ssigned the compound as 
a high molecular weight compound. 
These analyses confirmed the putative 
presence of compound involved in host 
selection of oviposition of B. Fusca. 

7. Performance of Cotesia 
flavipes on cereal 
stemborers and wild host 
plants 

In Africa, maize fields are usually islands 
surrounded by w ild graminaceous 
plants, many of which harbour borer 

environmental he<J.Ith 
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Figure 10. Chromatogram$ of chloroform extracts of maize, Napier 
grass and sorghum after !-IPLC analysis. The grey spots represent the 
common peaks found in the three plant extracts and the arrowed 
peak~ were found only in sorghum extract 
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species not found on crops. It is not known if the exotic parasitoid Cotesia flavipes Cameron 
(Hymenopter<J: Braconidae) follows these borers into the wild habitat, and whether they are 
suiti.lhle for its development. Thus, the purpose of this study Wi.IS to: (1) assess the suit<Jbility of 
some borer species found in crops and wild host plants for the development of C. flavipes, (2) 
study the host-foraging behaviour of the parasitoid and (3) isolate and identify plant volatiles 
that cou ld mediate host finding by C. flavipes. Six stemborer species were used: Chilo parte/Ius 
Swinhoe, Busseola Fusca (control species), Sesamia calamislis, S. nonagrioides Tams and Bowden, 
11. phaia Bowden and Sciomesa piscator Fletcher. Chilo parte/Ius, S. calamislis and B. Fusca are 
mostly found on cultivated crops whereas 5. nonagrioides, B. phaia and S. piscator are mostly 
found on wi ld grt1sses. 

All the stemborer species exposed to C. flavipes were equally acceptable for oviposition. 
However, the suitability varied with species. Parasitoid emergence occurred only on C. parte/Ius 
:1nd 5. c;,1 /amislis while species feeding on wild host pl<~nts were not suitable (Table 5). Cotesi<J 
!/,wipes females were significantly more attracted to volatiles from stemborer-infested plants than 
to volatiles frorn uninfested plants regardless of stemborer <Jnd the plant species used (Figure 1 1 ). 
This was probably due to the richer profile of chemicals of stemborer-infested plants and especially 
in green leaf volatiles and terpenoids compared to uninfested plants. It can be concluded that the 
unsuitable borer species used in the present experiment form a reproductive sink. 
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Tobie 5. Stemborer auitobility for tht development to Coleilo llovipea 

Chilo podol/us 

Sesamio ~o/omitli• 

No. of emerging 
paro.itoid progeny 

per lemole 

21.5 ± 3.3 Q 

12.0 :t 2.4 b 

S. nonogriaidot O.Oa 

8uuoo/o Fusco O.Oo 

B. phaio O.Oa 

Seiome;c• piscotar O.Oa 

Developmontol 
lime of progeny 

(in do)'!) 

19.0 ± 0.2 b 

17.8 ± 0 .1 0 

No. of dying 
poro&itoid larvae 

1.0 ;j; 0.3 a 

3.6 ± 0.7 b 

% f,male 
progeny 

72.5 ;t 3.1 b 
51.8 ± 7.3 0 

Mean& (:!: SE) followed by different letters ore significantly d ifferent at 5% level {Turkey•Kromer lest 
following ANOVA). 

Proportion 
of females 
ohoostng 

80% 

81% 

85% 

n.s. 85% 

n.s. = nat significant 
100 50 75 100 ' Chtsquare,P<0.05 

"Chi square, P < 0.01 
v. Responding females 

Figure 11. Response of Cotesia flavipes In a Y· tube olfaciOml!ter to the odours of infested (while bal'5) 
11nd uninfesied plants (black bars). In each bar the ;u;lual number of wasps that made a particular 
choice is given, while the X axis indicates I he percentages of choosing wasps as well as the proportion 
of females that made a choice n • 20 for e.;~ch combination, except n = 27 for Bum:o/a fusca on 
Sorghum bico/or 
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Output 

journal articles 

K.ergoat G . )., Delobel A., Fediere G., Le RiJ 8. and Silva in). F. (2005) Both host-pi<Jnt phylogeny 
and chemistry have shaped the African seed-beetle radiation. Molecvlar Phylogenetics and 
Evolution 35, 602-611. 

Conferences attended 

XXII lnternationJI Congress of Entomology (ICE, 2004), Brisbane Convention <1nci Exh ibition 
Cen tre, Brisbane, Australia, 15- 21 August 2004. Allendccl by: G.). Kergoat, A. Delobel. G. 
Fedlcre, R. Lc~ Ru and ).-F. Silvain. 

XXXI Congress de Socolen, 28-30 July 2004, Bogota. Attended by: S. Dupas, C. Gitau, A. ). Ngi-
5ong, G. Ongamo Jnd B. Le Ru. 

lnternationill Conference on Lepidopteran Cob and Stem Borers in Africa (ICLCBA) 24-28 October 
:wos, icipe, N;;tirobi, Kenya. Altended by: M . Sezonlin, 5. Dupas, B. Le Ri.i, N. F<~urc, P. Le 
Gall, ). F. Silvain, G. 0. OngamQ, P. Moyal, P.-A. Calatayud, N. A. Otienn, L. NgJia, M . 
MCikobe, ). Or:hora, B. Musyoka, Z. AbduiiCih, D. Cug<Jia, B. Defabachew, T. A. Haile, T. 
Kauma Mat<tma, V. Y. LC!dCI, 8. Negassi, K. Pilllangyo, Ravololonandrianinil, A. Sidumo, C. 
Omwega, F. Schulthess, E. L. Muchugu, G . )uma, P. G . N. Njogi, B. Frerot, G. Mangoma, D. 
T<~uban, F. Marion-Poll, M . Chimtawi, N. Fi!ure, G. Gigut, 5. Dupas, M. Sezonlin, C. Gitau, 
A. E. Feli x, I. Giffi!rd, M . Obonyu, P. Lomo, A. Branca. 

Le Petit Poids Deride, 2Beme Reunion du Group de Biologie et Genetique des Popul<~~ions, 
l3orcleaux, 29 August to 1 September 2005. Altended by: N. Faure, G. Gigot, M. Sezt'inlin, S. 
Dup<Js, R. Le Ru and). F. Silvian. 

Conferences organised 

Interna tional Conference on Lepidopteran Cob ancJ Stem Borers in Africa (ICLCBAl. 24- 2A 
October 2005, icipe, N;1irobi, Kenya. 

Ciipacity building 

PhD stvdcnts 
G. Juma (Kenya) Host p lant adoption process by the African gr<~minaceous stemborer, /Jusseola 

fusca (Fuller) (Lepidoptera: Noctuidae) larvae. )orno Kenyalta University of Agriculture ,1nd 
Technology, Kenya (ongoing). 

D. M. Mailafiya (Nigeria) Assessment of the diversity and ecological preference of parasitoids 
associ<~ted w ith lepidopteran stern borers in Kenya. KenyCIIla University, Kenya (ongoing). 

M. 0. Obonyo (Kenya) BCisis of host recognition by the larval endoparasito ids: Cotesia sesamiae 
C<1 mcron ilncl Cott•sia flavipes (Cameron) (Hymenoptera: Braconidae). North West University 
(Potchefstroom campus). South AfricCI (ongoing). 

C. Ong'amo (Keny<~) Diversity and dynamics of lepidopteran stemborers in Kenya. Kenyatt<~ 
University, Kenya (ongoing). 

MSc students 
E. Eta bale (l<enya) Yield losses and comparative dam<~ge ilssessments by Chilo partellus ( Lepidopteril: 

Pyrill iclae) Busseoi<J fusc<J Fuller and Sesamia c:alamistis liampson (Noctuidae) on maize. 
M5c in Environmental Science. Kenyatta University, Kcnyil (IRD Fellowship :!004). 

E. Goux (France) Ci!rtogri!phie il l'aide d'images satellites des habitats cullives et saLJVilgcs dans 
deux lucalites, du sud du Kenya, Mtito Andei et Kitale. Mcmoire de stage de OESS (Gestion 
des systemes agro-sylvo-pastor<1ux en zones tropic;:des), Pari s XII Cretei l, France ORO 
Fellowship 2005). 

Y. Guiheneuf (France) Cartographie a l 'aide d'images satellites des habitats cultives et sauvages 
dans deux Jocalites, du sud du Kenya, Muhaka et KilkCimegCI. Memoire de stilge de DESS 
(Gestion des systemes agro-sylvo-pastoraul{ en zones tropicales), Paris XII Crt~teil, France 
(IRD Fellowship 2004). 
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G. Juma (Kenya) Role of plant volatiles and surface metabolites in mediating host selection and 
oviposition of Busseola fusca (Fuller) (Lepidoptera: Noctuidae). MSc in Biochemistry, Jomo 
Kenyatta University of Agriculture and Technology (JKUAT), Kenya (IRD Fellowship 2005). 

M. 0 . Obonyo (Kenya) Performance of Cotesia flavipes Cameron (Hymenoptera: Braconidae) 
on stem borers of cereals and wild crops. MSc in Biochemistry. )omo Kenyatta University of 
Agriculture and Technology (JKUAT), Kenya (DRIP Fellowship 2005). 

G. Ong'amo (Kenya) Assessment of lepidopteran stem borer species distribution relative to diversity 
of wild host grasses in maize and sorghum growing zones in Kenya . MSc in Environmental 
Science. Kenyatta University, Kenya (fRO Fell owship 2005). 

N. Otieno (Kenya) Diversity and abundance of wild host plants (Poaceae, Cyperaceae, Typhaceae) 
of lepidopteran stem borers in two localities from South Kenya, Kakamega and Muhaka. MSc 
in Envi ronmental Science. )omo Kenyatta University of Agriculture and Technology OKUAT), 
Kenya (IRD Fellowship 2005). 

Impact 

Results we got in the wild habitats, on diversity of sternborers, and low abundance of stemborer 
pests <~ nd w ild host pl;~nts raise questions on the putative role of wild habitats as reservoirs for 
stemborer pests and their natural enemies underlined in previous studies. Further studies under 
different local conditions are essential for a better knowledge of the role of wild habitats as a 
source of pests for adjacent crops and the development of sust;~inable integrilted management of 
cereal stemborers. 

Basic knowledge on the host plant selection process of Busseo/a fusca as well as on the host 
recognition process by the larval endoparasitoids Cotesia sesamiae and C. f/avipes will be given. 
Moreover, our studies w ill provide also a framework for understanding host-plant adoption 
process in B. fusca . 
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C. Applied Bioprospecting 

8tOPROSPECTING FOR UsEFUL PRoDUCTS FROM BIODIVERSITY 

Background, approach and objectives 

Biodiversity continues to be destroyed worldwide, due to economic and population pressures, 
and lack of awareness about the importance of its conservation . The dcstrlJCtion is concentrated 
mainly in the developing countries. With this destruction, there is a corresponding loss of a vast 
wealth of useful arthropod, plant and other ;mim(ll species. Bioprospecting. the systematic search, 
development and commercialisation of useful chemical products from natural sources provides 
an opportunity to rescue irrepl<~c:eilhlc biological and associated chemical information evolved 
by biological species over millions of years before it is lost forever. It is also recognised as a means 
to promote conservation of biodiversity if benefits that arise are shared with the custodi;ms of the 
biodiversity. 

The Applied Bioprospecting ProgrLlmme (together with the Beh;wioural and Chemical Ecology 
Dep<Htment), undertakes research and cap;:~city bui lding in bioprosecting for useful products 
lrorn insects, plants and microorg<~ni sms that includes the following: 

• Discovery and development of products from biodiversity for pest, vector and disease 
management that ;:~ re suitable for use by rural communities and for personal protection; 

• D1scovery, development and commercialisation of low technology natural prod11cts that 
provide new avenues for income generation for local communities living adjacent to 
biodiversity-rich areas. 

In 2004 to 2005, the research work of the Appl ied Bioprospecting Progr<Jmme focused on 
bioprospecting for mosquito repellent and insecticida l pl;ll1ts ilnd products. The ultim(ltc <1i111 
was to develop tcc:hniques or products that could be deployed in the control of mosquitoes hy 
different socioeconomic strata. The work covered the following activities: 

• Screening for repellent and insecticidal plants and associilted products and identification 
of active components t~nd blends; 

• Development, eva luation and promotion of simple, effective and sustainable methods of 
controlling m<J iaria vectors usir1g selected repellent and insecticidJI plants and products 
derived from them: · 

In the Llrea of capacity building, the Programme continued to coordinate a collaborative project 
on R&D partnership in bioprospecting for mosquito repellent <~nd insecticidal plants. The project 
was undertaken within a network of eight institutions in four East African countries:·Tanzania, 
Uganda, Ethiopia and Kenya. The network approach allowed for pooling o( facilities, expertise, 
experience ;:~ n d resources of the collabort~ting insti tutions in a complementary way. 

During the period, about 300 plants from Et~st Africa were screened for mosquito repel lency and 
insecticidal activity t~nd active constituents of some of them identified. The potential of us ing 
repellent plants and products in reducing humt~n exposure to mosquitoes in rural homesteads W(IS 

demonstrated, whi le one naturally-derived mosquito repellent product for personal protection 
was developed and commercialised. Three PhD Lind 13 MSc students dr<~wn from the East African 
region were trained within the Programme. In Llddition, the Programme continued to build the 
capacity of members of the local community living adjacent to Kakamega forest to cultivate and 
process two indigenous medicin;:~l plants as a means of generating alternative non-forest-derived 
income. 
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Work in progress 

1. Demonstration of the potential of using mosquito repellent plants in the 
control of malaria vectOr$ in rural homesteads 

Participating scientists and students: A. Seyoum'- K. Palsson2, G. F. Killeen, A. Hassanali, B. 
G. /. Knols, W Lwande, 5. Kunga, E. W Kabiruj, A. Odulaja 

Donors: UNDP! World Bank! WfiO Special Programme for Research and Training in Tropical 
Diseases, gratH 990056, DSO and NIH (gran t numbers IC/DR·U19AI4517 and ABC­
D43TW01142), Ministry of Foreign Affairs, The Netherlands, program number RF 
042603/4 

Collaborators: 1Addis Ababa University (Ethiopia), JUppsala University (Sweden), Tulane 
University Health Sciences Centre (USA), 'Kenyatta University (Kenya) 

Collaborating division/ department/ unit: Behavioural and Chemical Ecology Department/ 
Biostatistics Unit/Human Health Division 

An ethnobotanical study was conducted to identify candidt~te plants thtlt are traditionally used by 
the communi ty to repel mosquitoes on Rusinga Island and Rambi ra location in western Kenya. 
The study revealed that the most commonly used and known repellent pl01nts on Rusing<J Island 
were Ocimum <Jmericanum, followed by L<Jntana camilra, Tagetes minuta and Azadirachta Indica. 
1-fyptls suaveolens was the most commonly us<~d and known plant around Rambira location 
followed by L. cam.Jra and 0. hasilicwn. Ocimum arnericanum, 0. b<Jsilicum and L. camara were 
mainly used by burning part of the pl<~nl material once each night. Overall, cutting the branches 
or whole plant and placing inside the house or bruising the leaves of the plant and hanging ~round 
the beds were the main methods of application for H. suaveolens, Azadirachta indica and Tagetes 
minuta. Although tr<:~ditional use of several species of plants as mosquito repellents was clearly 
very popular in these communities, considerable proportions of the population knew about but 
did not use them. The utilisation of bednets, slow release mosquito coils t~nd aerosol insecticides 
wer~e most cited reasons for not using natural or lrt~dit iona l mosquito repellent p lants. 

The repellency of the above-mentioned and other selected plants was quantified by periodic 
thermal expulsion and direct burning against Anopheles gambiae in semi- field experimental huts. 
In the repellency evi!luation, traditional stoves, loca lly known as ' jikos' were modified t~ nd used 
for burning and thermal expulsion of the plants in experimental huts (Figure 1 ). Direct burning of 
candid<Jte plants was carried out by placing the material directly on the burning charcoal. They were 
thermally expell ed by placing them on an additional metal plate directly 01bove but not in contact 
with the charcoal. All the plant species except H. suaveolens showed significant repellency by 
thermal expulsion <:~nd the highest repellency was exhibited by the leaves of Eucalyptus maculata 
citriodon, followed by leaves and seeds of 0. suave 01nd 0 . kilimandscharicum (Table 1 ). The 
results showed that thermal expulsion of the plant materials w01s a better method of application to 
repel host-seeking Anopheles 8ambiae. Furthermore, the study found this new semi-field system 

232 

Figure 1. Semi-field experimental sei-up for testing the rcpellenr;y of plants by thermal expulsion and 
direct burning. Experimental Inns wilh caves (J) were constructed inside screen-walled greenhouse, 
wiihin which human baits (b) and traditional stoves (c) were placed. Mosquitoes were released from a 
paper cup (d) placed halfway between I he huts. All me.~surements are in meters 
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Tobit 1. Tht twpeU•nQ)' of plonh againat Anoplte/ea gambia• u . by p•rlodlc thermal axpulaion in MmHI.Id uperim•ntol 
huh 

Total no. re~apturod 

Intercept parameter 
Plant speeles Treatment Control ostimote (~. + SEM)' 

R•p•l!enc;y 
(95% CIJ p 

Azodirocl.to indica 
(Meliocaoe) L 144 176 ~.2817;!; 0.1192 24.5 (4.2, 40.6) . 0.0181 

Euc<;>lyplu• rnoculolo 
cilrlodon L 110 402 -1.3681 ;I; 0 .1160 74.5 (67.9, 79.8) <0.0001 

Hyplis suov,.oiGn• 
(lamiac•a•) L +F 265 236 0 .1 252 ;!; 0.0911 ·13.3 (.36.0, 5.5) 0. 1691 

lantana camara 
(Verbenaceae) l 1.11 245 ~.5525 ± 0.1057 42,4 (28.9, 53.4) <0.0001 

lonlt;;;a eamoro 
(Verbenaeeoe) S 187 24 1 .0.3423 ± 0.1040 29.1 (12.7, 42 . .d) 0.0010 

lippio uclcombonsi• 
(Varbenouoe) L 117 229 ~.6l..d5 t 0 ,1198 45.9 (31.3, 57.4) <0.0001 

O~;imum amaricanum 
(Lobiotoe) L+S 129 225 ~.5635 :t 0.1116 ..C3.1 (28.8, 5..C.5) <0.0001 

Odmum kilirnand~ehoricum 
(labiatae) L+S 115 233 .0.73..C4 ± 0.1162 52.0 (39.5, 62.0) <0 .0001 

Oeimum &uave 
(Lobiatoe) L+S 112 204 ·0.7566 ± 0.1683 53.1 (34.3, 66.9) <0.0001 

Lei+ Oksl 240 251 ·0.0.468;!; 0.0916 ..C.6 (.14.6, 20.5) 0.6091 

Lui+ Ok!l 172 352 -0.7951 ;!; 0.1007 5..C.8 (..C..C.B, 63. 1) <0.0001 

Ossl + Oksl 220 261 -0.1613 ;!; 0 ,097..C U.9 (.3.4, 30.0) 0.0979 

lei, Lonlono comoro leaves; Lul, Lippia uckambensia leaves; Oksl, Ocimum kilimond•cl.oricum seeds ond leaves; Oul. 
0 . suove soods ond loaves; SEM, stondord error of mean; l, leaves; S, seeds; F, flowen. +S .. stQiisli~a l analysis, 

to be ideal for screening large numbers of candidate repellents under cond itions th<~t compa re 
well with full-field trials. This was the first time that repellents had been ev<~l ui!ted in a risk- free, 
semi-field experimental system and the resu lts had proven extremely satisf;;~ctory. 

The repellency of A. gambiae from human baits using live potted plants was also exilmined in 
semi-field experimental huts {Figure 2). Ocimum americanum, L. camara and Lippia uckambensis 

Figure 2. Semi-field experimental ser up for resting rhe repellency of potted plants. Experimental huts 
were constructed Inside a screen·walled greenhouse, within which human baits sill (a) and rhe test 
plants (b) as well as control plants (c) w ere plac;ed under the eavt!S (d). Mosquilucs were released from 
a paper cup (e) placed halfway between the huts. Figures describe dimensions in meters 
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were <~II found to be effective repellents, reducing domestic exposure by 30 to 40%. Combining 
0 . americanum with either L. camara or L. uckambensis was similarly effective b4t no obvious 
synergism was observed. Neither Ocimum kilimandscharicum, 0. suave, Corymbia cicriodora, A. 
indica, T. minuta nor H . suaveolens proved to be even mildly repellent to A. gambiae even though 
some of these plants were found to be quite potent when directly burned or thermally expelled. 
Tagetf:!S minuta, A. indica, 0. kilimandscharicum, 0. suave, H . suaveolens and C. citriodora did 
not show significant repellency even though they <JII had been documented to show repellent 
or insecticidal properties to mosquitoes and other insect pests in varying forms of extracts <Jnd 
formulations. To our knowledge, this study was the first to demonstrate that live intact plants 
coulci repel mosquitoes tO reduce domestic exposure. The study showed that intact potted plants 
m<~y represent a new <Jnd readily applicable vector control tool that could be integrated into 
vector management programmes, particul<nly if used to enable or enhance zooprophylaxis. 

Following the demonstration of the potential for repelling mosquitoes from human baits using 
selected plants under semi-field conditions, an operational field study was undertaken to 
evaluate community-based malaria control using mosquito repellent plant products, bednets and 
chemotherapy in iln integrated approilch. The study was undertaken in East Gembe location o( 
Subtl District, western Kenya. The mosquito repellent plant, 0. kilimandscharicum, was used 
through thermal expulsion. The impact of using plants alone, bednets alone, plants and bednets, 
respectively, on malaritl vectors and transmission at the village level, was assessed. Entomological 
studies revealed reductions of A. gambi<Je s.l. due to plant applications (56. 1 8 and 62%). 
Parasitological surveys showed that the incidence of malaria reduced in all the four blocks, w ith 
the highest reduction in blocks with bednets alone (8.0'"/o) <Jnd plants alone (9.68%). Contrary to 
expectations the reduction on the incidence of malaria in a block with combined use of plants 
nnd bednets was lower (20%). The community perceived the project to have reduced cases of 
malaria through routine screening, the use of the prescribed protective measures and awareness 
creation. The study revealed that there were opportunities for malaria prevention and control by 
re·introduction of cheap and improvised traditional protective measures against mosquitoes. 

2. Bioprospecting for mosquito repellent and insecticidal plants and 
products 

Participating scientists and students: I. 0 . Ndiege, A. Hassana/1, W. Lwande, M. 0. Omolo1
, 

D. Okinyo 1
, J. 0 Odalo 1 

Assisted by: 8. 0. K. Wany<~ma, B. Njlru, M. Gitau, }. Ojude, S. Mathenge 

Donors: UNOP/ World Bank/ WHO Special Programme for Research and Training in Tropical 
Diseases and Multilateral Initiative on Malaria Research in Africa, gr01nts 990056 and 
A I 0638 ;md the National Institutes of Health (grant number !C!OR-U 19A 14511) 

Collaborator: 1Kenyatta University (Kenya) 

Collaborating department: Behavioural and Chemical Ecology Department 

Studies were undertaken to identify plants w ith potential for use in controlling malaria vectors 
as repellents and insecticides from a wide range of plant species collected from East Africa. The 
plants were selected on the basis of ethnobotanical information, such as their uses in traditional 
medicine and protection against biting insects. This was augmented by field inspection of the 
plants for evidence of emission of aromatic volatiles and the absence of insects or insect attack 
on them. Essential oils extracted by hydrodistiii<Jtion from the leaves, flowers or whole aerial parts 
of the plants were evaluated for their repellency and fumigant toxicity against Anopheles gambiae 
s.s. mosquitoes using Standard World Health Organization (WHO) procedures. 

The volatile oils from the following 13 plants were found to show repellent activity against A. 
gambiae: Conyza new/1, Plectranthus marrubioides, P. longipes, Lippia javanica, L. ukambensis, 
Tetradenia riparia, Tarchonanthus camphoratus, Croton pseudopulchel/us, C. menyharthii, 
Mkllua fragrans, Endoscemon tereticaulis, Ocfmum forskolei and 0. fischeri. The oils of C. newii 
(Compositeae) and P. marrubloides (Labiateae) were the most repellent, exhibiting RD50 of 8.9 x 
1 0·5 mgtcm2 (95% Cl). 
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The oils from the following 10 plants exhibited mosquitocidal activity against A gambi<Je s.s. 
in fumigation bioassays: 0 . forsko/ei, P. longipes, M. fragrans, T. camphoratus, L javanica, P. 
marruboides, T. riparia, L. ukambensis, C. newii and M. fragrans. Ocimum forskolei and P. longipes 
exhibited significant insecticidal activity (LC50 "' 2.0-5 .106 x 1 o-~ mglcm~). 

The essential oils of the plants that were found to show repellency and fumigant toxicity against 
A g<~mbiae s.s. were analysed further and their constituents identified by gas chromatography 
(GC) <tnrl gas chromatography-mass spectrometry (GC-MS) . The repellency and fumigant toxicity 
of the volatile oils was evaluated using standard World Health Organization (WHO) bioassay 
procedures. 

One hundred compounds were identified from the plants. In repellency bio<Jssays against A. 
garnbiae, 44 of the compounds showed activity. The compounds that exhibited relatively high 
repellent activity included the following: perillyl alcohol, cis-verbenol, cis-carveol, ger<Jniol, 
citronella!, perillaldehyde, caryophyllene oxide, cJrvacrol, 4-isopropylbenzenemethan<>l, phytol 
and thymol. 

Only .1 compounds, ca rvacrol, perillaldehyde and perillyl alc<)hol, showed fumigant toxicity 
against A gambiae. Carvacrol that had been isolated from P. longipes had an LCJo value of 
4.23 7 x 1 o-:' mglcmJ_ Perillaldehyde and perillyl alcohol, isolilted from C. newii, exhibited higher 
fumigant toxicity (LD~0 .. 1.05 X 1 o-1 and 2.52 X 1 o~1 mg/cmJ, reSpectively) than the parent oil (2.0 
x 1 o- 1 mg/crnJ). None of the major consti tuents of P. rnarruboides which made up about 68''/o of 
the essenti<~l oil, were active ;;~t the dose r;;~nge tested, suggesting that the <~ ctivity of the oil may 
be due to addi tive or synergistic blend effect of some of the constituents. 

The studies demonstrated the potential for discovery of vol<:~tile essential oils derived from plants 
that could be used as topical repel lents and toxicants against A gambiae. 

3. Laboratory evaluation of some East African plants of the Me/iaceae family 
as sources of larvicidal botanicals for Anopheles gambiae mosquitoes 

P.lrticipating scientists and students: M W Ndung'u, A HiJssanali, B. Torto, W. Lwande, B. 
Kaoneka, A. M. Hooper', F. Taym<~n1, 0. ZerbttP, 8. C. /. Knots 

Assisted by: M. Citau • 

Donors: UNDP/ Worfd Bank/ WHOITDRI MIM and NII-I, German Academic Exchange 
Service, Dutch Government, IC'iC-Worfd Labor<Jtory (Switzer/,md), Biotechnology and 
l3iofogical Sciences Research Council 

f:ol/aborators: 'Rothamsced Research (United Kingdom), 1UniversityofCape Coast (Ghana), 
J Swiss Federal Institute of Technology (Switzerland) 

Collaborating division/department: 8eha11ioural and Chemical Ecology Oepartment/Ht~man 
Health Division 

Plant species belonging to the Meliaceae family were targeted for discovering potentially useful 
botanicals for the control of both larval and adult malaria vectors. These plants are characterised 
by the presence of blends of tetranortriterpenoids (limonoids), which exhibit a number of 
interesting anli·insect properties including anti-oviposition, antifeedant, growth disruption and 
toxicity. Azadirachtin, the well-known bioactlve compound from the neem tree (Azadirachta 
indica) belongs to this class of compounds. 

Extracts of 5 Meliaceae species comprising Turraea abyssinica, T. wakefie/dii, T. mombassana, 
Trichiliil roka and Melia volkensii were evaluated for larvicidal activity in the laboratory against A. 
gambiae s.s. Mosquito l¥vicidal bio<~ssays of the extracts .were carried out against A gambiae s.s. 
larvae using standard World Health Organi~ation procedures. All the methanol and chloroform 
soluble extracts and column chromatography fractions of the plants exhibited larvicidal activity 
against larvae of A gambiae during the first 24 hours at appropriate doses. The methanol extract 
of M volkensii was most potent while that ofT. abyssinica was least active. In all cases, the larvae 
had prolonged lifespans (6-8-days) compared to those of control (4 days). Although all surviving 
larvae pupated and attained adulthood at SO and 100 ppm, the adults were relatively smatl and 
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malformed, indicating some growth-disrupting effects of the limonoid constituents. Interesting 
effects were observed with the crude methanol extract of T. mombassana. Although the extract 
was weakly active at 50 and 100 ppm as a larvicide (< 10% mortal ity in 24 h), longer term 
effects gave 100% cumulative mort<~lity at both doses. At 50 ppm, an average of 46% died during 
ecdysis; about 26% failed to ccdyse to normal pupae, produdng larval-pupal intermediates (Plate 
1 ), which were short-lived; and although about 18% moulted successfully, the resulting pupae 
died. An average of 1 0% larvae attained adulthood, but were unable to expand their wings, and 
drowned on emergence. At the higher dose (1 00 ppm), about 78% died at the larval stage during 
the 8-day period and about 22% at the pupal stage. The study showed that M. volkensii and T. 
mombassana represented a promising source of a botanical agent for the control of malaria 
vectors similar to those of the neem tree, Azadirachta indica . 

Two of the plants, T wakefieldii and T floribunda, were investigated further. Pure compounds 
(Figure 3) were isolated and identified from the plant extracts by chromatography, NMR and 
MS spectr<~l analysis. Four new limonoid compounds comprising a vilasinlnoid 1 and three 
havanensinoids 2....-4 were isolated from methanol extracts of T. wakefie/dii and T. floribunda, 
respectively. The three limonoids 1, 2 and 4, showed more potent mosqu ito larvicidal <~ctivity than 
the crude extracts of the plants. No bioassays were carried out on 3 due to paucity of material. 
Limodoid 1 exhibited higher activity against the mosquito larvae than 2 and 4. Compounds 
1, 2 and 4 had LD511 va lues of 7.1, 4.0 and 3.6 ppm, respectively, and were more potent than 
azadirachtin, which had an LD~0 value of 57.1 ppm when tested against larvae of A. gambiae. 
Azadirachtin is widely used for insect control. · 

Plate 1 . (A) Nom1;~l pupa, (!3) l~rval-pupa l intermediate, (Cl normallarv;~ 

A, ~2 R () 

r~m 
HO''··W,,OOHH \:

0 

'COOMe . 

R1 R2 R 

OAc ~0 
0 

2 OAo ~0 
4 ~O OAo 

Figu~ J. ChemicCJI structures of limonoids: 1, Isolated from Turraea 
W<Jkefieldii and 2-4, isolated from T. florlbunda 
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4. Repellency activities of stereoisomers of p-menthane-3,8-dio/s against 
Anopheles gambiae 

Participating scientists and student: S. S. Barasa, I. 0. Ndiege, A. Hassanali, W. Lwande 

Assisted by: B. 0. K. Wanyama, M. Gitau, }. Ojude 

Donors: UNDP/World Bank/WHO Special Programme for Research and Training in Tropical 
Diseases and Multilaleral lnieiative on Malaria Research in Africa, grant 990056 and 
USA/0 

Collaborator: Kenyatla University (Kenya) 

Collaborating department: Behavioural and Chemical Ecology Department 

p·Menth<me-3,8-diol, a monoterpene of relatively low volatil ity that is obtained from lemon 
euca lyptus (Eucalyptus cicriodora) had been known for long in China for its mosqu ito repellent 
properties and it had shown particula r promise in this regard. p-Menthane-3,8-diol that is 
obtained from extracts of lemon eucal yptus was associated with the aqueous residue following 
hydrodisti llation of the essential oil from the foliage. Since common essential oil consti tuents of 
different plants (including lemon eucalyptus), such as citra I, citronellol, citronella! and isopulegol, 
could be readily converted to p-menthane-3,8-diol, the possibility existed of increasing significantly 
the availability of this repellent for more widespread use for afro-tropical mosquilo species. 
1-lowever, no information existed on· the stereochemical requirements, if <~ ny, for the repellent 
ClCtion of p -menthane-3,8-diol, and if i111provement in the activi ty could be effected through the 
use of specific stereoisomers of start ing compounds, or through stereoselective procedures to 
specific isomers. 

Four stereo isomers of p-menthane-3,8-diol (Figure 4), which make up the natural product obtained 
from E. citriodora, were synthesised through stereoselective procedures. Repellency ilssays 
showed that a lithe four were equally active ilgt~inst Anopheles gambiae. Racemic blends t~nd the 
diastereoisomeric mixture of all the four isomers were also equally repellent. 1-a-terpenenl, with 
il single hydroxyl fun~tion at C-8 and unsilturiltion at C-8 and menthol, with a single hydroxyl 
functinn ill C-3, were found not to be repellent. From il practical standpoint, these results impl ied 
I hil t synthetic or semi-synthetic products of nptimal repell ent actiorl aga inst A. gambi,1e could be 
ohtained without regard to the stereochemical form or purity of the starting materitll or the dial 
pmduct 

¢."'OH 
--{'oH 

1a. 
(· )(cis)·p-menthane-3.8-Qiol 

cfOH 
/('oH 

QOH 
+OH 

11!. 
(+)(cls)·p·mertihane·3,8-diol 

2a. 
(·)(trans)-p-menthanc-3,8-diOI 

~OH ~H 
2b. 3. 4. 

(+){ltans)·p ·manlhane-3,8-diol menthol (a mixture of iSomers) 1·n·terplneol 
(a mixture ot Isomers) 

Figure 4. Four stl!reoisomers of p-menthane-3,8-dlol obtained from Evcalyptus 
citrlodora 
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5. Development of a naturally-derived mosquito repellent product 
(Mozigone) for personal protection 

Participating scientists: I. Ndiege, A Hassanali, W Lwande 

Donors: UNDP/World Bank/WHO Special Programme for Research and Training in Tropical 
Diseases (MIM/TDR) 

Collaborator: Kenyaltil Univl:!rsily, Kenya 

Fo-llowing the successful optimisation of the conversion of p-menthane-3,8-diol (one of the 
most promising plant-derived mosquito repellent compounds) from eucalyptus oil, large-scale 
production was initiated to fadlitate the development of repellent creams, coils and candles. 
Formulation of pure crystalline p-rncnthane-3,8-diol as repellent creams, mosquito coils and 
crtndles gave respectively, 100, % ilnd 26% personal protection from 1\nopheles gambiae 
mosquitoes after 8 hours, under semi-field conditions. 

Mozigone (Figure 5), a commercial mosquito repel lent product. was developed by icipe and 
kenyatta University in form of 10% p-menthane-3,8-diol repellent cream formulation. It is on 
sa le in various outlets in Kenya. Mozigone was evaluated against several commerc ial products. It 
p~rformed as well as Mijcx 11-~ (20'Y<> DEET), and was better than ProtechTM (15% DEET), Autan1M 

(12 .. 5'Y.• DEEn, KingilTM (essential oils) and BalletTM (essential oils) as indi ca ted in Table 2. 

Plans il re underway to identify suitable alternative p lants that cou ld be cultivated by rur;;J I 
communities on <1 commercial basis as sources of p-menthane-3,8-diol for manufacture of 
Mozigonc. 

FigureS. Mozigone 

Tobie 2. L.vtl ol protedion by Mozigon• o11d other 
produc:h from Al>opltelea g~;~mbloe moquitoe1 after 8 
hours of peraon~;~l application 

Product 

Mo%igone 

Miiex'" [20% DEfT) 

Prolech'" !15% DEETJ 

Aulan'" [12.5% DEETJ 

Kingo'" (eisenlial oils) 

Ballet'" (os.enliol oils) 

% level oF proleclion 
from mosquiloet 

100 

100 

98.6 ± 1.4 

91 .7 ± 5.4 

29.3 ± 5.5 

22.5 ± 9.9 

6. Promotion of commercial cultivalion and processing of multipurpose 
plants by communities living adjacent to Kakamega forest 

Participating scientists: W Lwande, /. Mwangi, A Hassanali, R. Bagine' 

Assisted by: M. Ndwiga, E. Ndenga, M. Lumbasi, F Nduguli, M. Nelima, P. Mungai 

Donors: MacArthur Foundation, UNDP/CEF Small Grants Programme, Ford Foundation, 
Biovision, German Development Service, Kenya Agricultural Research Institute 

Collaborators: University of Nairobi, Kenya Forestry Research lnslilUte, 'Kenya Wildlife Service 

Collaborating department: Behavioural and Chemical Ecology Department 

The Programme continued to build the c<Jpacity of members of the local community living 
<~djacent to Kakamega forest to cultivate and process two indigenous medicinal plants, Oclmum 
kilimandscharicum and Mondia whytei, as a means of gener<~ting alternative non-forest-derived 
income. Traditionally, 0 . kilimandscharicum has been us~d for the treatment of cold~ and flu, 
coughs and sore eyes, diarrhoea, abddminal pains and measles. It has also been used for repelling 
mosquitoes and for protecting stored grain. It has also been shown to have potential for use in the 
control of mosquitoes in rural homesteads as reported in the earlier sections of this report. It is 
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also attractive to bees as a source of nectar. Mondla. whytei is an indigenous medicinal plant, the 
roots of which have traditionally been harvested extensively and unsustainably from Kakamega 
and other protected forests in a well-organised trade leading to scarcity of the plant in these 
forests. The roots have been chewed for their sweet aromatic flavour, as an appetiser, aphrodisiac 
and for treatment of sexually-transmitted diseases. 

More than 200 community members living adjacent to Kak;;~mega forest were assisted to cultivate 
0. kilimandscharicum. The extract from 0. kilimandscharicum leaves is used in the manufacture 
of Naturub. Naturub is a commercial natural product that was developed by icipe, the University 
of Nairobi, Kenya Wildlife Service and other partner institutions. It is sold for alleviation of flu, 
colds, chest congestion, aches, pains and insect bites. Naturub is on sa le in more than 62 outlets 
in Kenya including some of the major supermarket chains. The community members harvest 
and dry the leaves of 0. kilimandscharicum for processing using a hydrodistillation equipment 
to produce essential oil. In 2004-200.1, they were assisted to construct a building for housing 
tho hydrodistillation equipment. The farmers who planted 0 . kilimandscharicum benefitted more 
from this new crop than from some of the other crops that they h<lVe been cultivating. 

The community was <1 lso assisted to cu ltivate M. whytei on their farms. As well as contributing 
to improvement of livelihoods, cultivation of the plant also contributes to conservation of the 
species. More than 500 members of the community were trained in M. whytei cultiviltion. Most of 
the community members were encouraged to intercrop their M. whytei plants with trees to serve 
as iJ support for the vines while at the same time promoting on-farm forestry. More than 40,000 
piJnts of M. whytei were growing in rural homesteads around Kakameg<J forest. To add value 
to the M. whytei plants, the Project i niti;;~tcd the development of Mondia Ton ic, a commerciiJI 
product used as an antidepressant, <~ntioxidant, revi taliser, appetiser and for clearing hangovers. 
Mondia Tonic is sold' in the major supermarket chains in Kenya . 

Output 

journal articles 

Odalu B. }. 0., Omolo M. 0., Malcbo H., Angira )., Njeru P. M. , Ndiege I. 0. and 1-fassanali A , 
(2005) Repellency of essential oi ls oi some plants from the Kenyan coast against Anopheles 
gambiae. 1\cla Tropica 95, 21 0-2 18. 

Omolo M. 0., Okinyo 0 ., Ndiege I. 0., Lwande W Clnd J-lassani.lli A (2004) Repellency of essential 
oils of some Kenyan pl;;~nts against Anopheles gan1biae. Phytochemistry 65, 2797-2802. · 

Omolo M. 0., Okinyo D., Ndiege I. 0., l.wande Wand Hassani.lliA. (2005) Fumigant toxi.city of the 
essential oils of some African plants against Anopheles gambiae sensu stricto. Phytomedicine 
12,241 - 246. 

Ndung'u M. W, Kaoneka 8., 1-/assana/i A., Lwande W., Hooper A. M., T;;~yman F .• Zerbe 0 . and 
Torto B. (2004) New mosquito larvici dal letranortriterpenoids from Turraea wakefieldii and 
Turraea floribunda. journal of 1\gricu/wral and Food Chemistry 52, .5027- 5031. 

Ndung'u M. , Torto 8., Knols B. C./. and Hassanali A. (20041 Laboratory evaluation of some East 
African Meliaceae as sources of larvicidal botanicals for Anopheles gambiae. lncernalional 
Journal of Tropical Insect Science 24, 3 11-318. 

Proposals funded 

Consolidating R&D partnerships in bioprospecting for mosquito repellent <~nd insecticidal 
botanicals with focus on application, UNDP/World Bank/WHO Special Programme for 
Research and Training in Tropical Diseases (TOR), 2 years (January 2005 to December 
2005). 

Community-to-community exchange programme in Africa, Ford Foundation, 1 year (October 
2004 to November 2005). 

Commercialisation of community-based cultivation of the medicinal plant, Ocimum 
kilimandscharicum and its products. Biovision, 1 year (January to December 2005). 

Enhancement of sustainability of two medidnal plant-based environmental enterprises for 
communities adjacent to Kakamega forest, Ford Foundation, 1 year (May 2005 to April 2006). 
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Capacity building 

PhD students 
C. Kihampa (Tanzania) Characterisation and field assessment of anti-mosquito natural products 

from Tanzania botanicals. Dares Sa laam University, Tanzania (completed). 
I. Esther (Tanzania) Bio-prospecting for botanical larvicides and repellents (or the control of the 

malaria vector Anopheles gamhiae s.s. Dares S<~laam University, Tanzania (completed). 
E. Omulokoli (Kenya) Isolation and identification of bioactive microbial metabolites. jomo 

Kenyatta University, Kenya (ongoing). 

MSc students 
j . 0. Odalo (Kenya) Biochemical examination and identification of botanicals active against 

adu lt Anopheles gambiae from the coastal region of Kenya. Kenyatta University, Kenya 
(completed). 

C. 0. Ojiambo (Kenya) Structure activity studies of p-menthane diols as mosquito repellents. 
Kenyatta University, Kenya (ongoing). 

S. M . l<arenga (Kenya) Phytochemica l investigations of anti -larval compounds and their blends from 
Melia volkensii (Gurke) against Anopheles gambiae. Egerton University, Kenya (completed). 

P. W. Mayekhu (Kenya) Mosquito repellent activity and chemical composition of essential oils 
and smoke emanations of Conyza newii grown in different geographical locations. Kenyatta 
University, Kenya (completed). 

). K .. Thaimuta (Kenya) Bio-prospecting for anti-mosquito compounds from Turrea mombass<Jna 
(Meliaceae). Keny<Jtta University, Kenya (ongoing). 

J. 0. Odcro (Kenya) Bio-prospecting for anti-mosquito compounds from Turre<J abyssinica 
and Turrea cormicorpia. Jomo Keny;~tta University of Agriculture and Technology, Kenya 
(completed). 

S. M. Musyoka (Kenya) Chemical investigation of anti-larval activity of the genus Vitex against 
Anopheles g<Jmbiae. Kenyatta University, Kenyi'l (ongoing). 

T. Rimu (Keny~l Isolation and characterisation of anti-mosquito compounds from TurrP.a nilotic,1 
and Turrea floribund<J. jomo Kenyatta University of Agriculture <Jnd Technology, Kenya 
(ongoing). 

G. N. Mokua (Kenya) Phytochemical anti-larval compounds from Vitex schiliebeii and II. p<1yos for 
Anopheles gambi<Je. Keny<Jtta University, Kenya (ongoing). 

J. 0 . Bwire (Kenya) Bi oprospecting for insecticidal toxins from scorpion venom (lnd identification 
of active constituents. Jomo Kenyatta Universi ty of Agriculture and Technology, Kenya 
(completed). 

J. Nonoh (Kenya) Isolation, identification and micoorganisms with activity against stem borers, 
Chilo parte/Ius and Busseola fusc:a. Jomo Kenyattil University of Agriculture and Technology, 
Kenya (nngoing). 

Impact 

• Over 300 plants from East Africa have been screened for mosquito repellency and 
insect icid;;~l activity and active constituents of some of them identified. 

• The potential of using repellent plants and products in reducing human exposure to 
mosquitoes in rural homesteads was demonstrated. 

• One naturally-derived mosquito repellent product for personal protection was developed 
and commercialised. 

• Three PhD and 13 MSc students drawn from the East African region were tra ined within 
the Programme. 

• The Programme enhanced the capacity o( members of the local community living 
adjacent to Kakameqa forest to cultivate and process two indigenous medicinal plants as 
" means of generating alternative non-forest-derived income. 
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D. Commercial Insects 
DEVELOPING INCENTIVES FOR CoMMUNITY PARTICIPATION IN FoREST 
CoNSERVATION THROUGH THE UsE OF CoMMERCIAL INsECTs IN KENYA 

Background, approach and objectives 

This project is based on an income-generating package developed by icipe that utilises commercial 
insects (bees 01nd si lkmoths). Insects are a cri tical natural resource of terrestrial ecosystems. Many 
insects ca n provide direct economic returns like honey, beeswax and silk. Others provide the 
much needed polli nation services to the natural and agricu ltura l ecosystems. In the pilSt, almost 
all research on insects in tropic01 l Africa had focused on the destructive aspects (ilgricultural 
pests and disease vectors) caused by less than 1% of insect species. However, research interests 
arc now rising on useful insects (Raina and Kioko, 2000: Journal of Wild Sifkmoths and 'Silk; pp. 
301 -31 0). In Malawi, some studies have shown viability of insect-based enterprises (beekeeping 
and caterpi llar utilisation) in relation to conventional agricultural enterprises (maize, beans and 
groundnuts). Earnings from insect-bt~sed enterprises exceeded those from conventional agricu lture 
(Munthali and Mughogho, 1992: Biodiversity Conservation, pp. 143-154).1n Botsw;J n;~, Zimbabwe 
and Madagascar, wild silkmoths species have been utilised for si lk production enh<mcing 
income-generating opportunities for rural communities (Chikwenhere, 1992: Zimbabwe journal 
of Agricultural Research, pp. 133-13 7; Hartland-Rowe, 1992: Botsw<Jna Notes and Records, 
pp. 40-46; Peigler, 1993: The Americi.ln Entomologist, pp. 151 - 160). In East Africa, over 50 
indigenous wild silkmoth species have been recorded (Kioko et al., 2000: East Africi.ln Journal of 
Science, pp. 1-6). Up to 95% of the world demand for commercia l silk is met by Bombyx mori 
(Lepidopter<J: Bombycidae); however, it has been realised th01t African w ild silk has an exclusive 
niche in the silk market because of its uniqueness and its highly wllued naturalness. 

Kenya's forests conta in a large number of endemic and globa lly threatened species. Many rural 
communities are dependent on forest resources for water, energy, poles, medici nal plants and 
for a variety of products to augment incomes. This dependence is particularly strong where 
forest-adjacent communities <Jre poor (since forest resources are treated as free goods), and it 
often le01ds to forest degradation because resource extraction rates are unsustainable. Attempts 
to restrain extraction rates through a command and control <1pproach imposed by government 
have proven costly and unsuccessful t~nd have led to conflicts, undermining the local support 
on which conservation depends. In recognition of this failure, the GoK (in l ine with other 
governments throughout the world) has introduced a participatory multi-stakeholder ilpproach 
to forest management and conservation (participatory forest management, PFM), in wliich loc01l 
communities can negotiate sust<Jint~ble forest user rights and assist in forest protection. For such 
an appro01ch to work, incentives are needed to motivate sustained community involvement. Such 
incentives work best when they (1) are linked to the sust01inable utilisation of rarest resources, and 
(2) alleviate the poverty that drives forest degradation. 

. .... ' 

Commercial insects are particularly suitable as incentives in the context of PFM because they: 
(1) provide quick and significant rewards; (2) can be managed using environment01lly fri~ndly 
technologies; (3) provide and use renewable resources (including forest resou rces) in a sustainable 
way; and (4 ) they provide synergistic services and products (e.g. poll ination, mulberry fackler for 
livestock). By linking them to productive forest buffer zones, commercial insects enterprises have 
motivated communi ties to maintain forest biodiversity and protect the environment as well as 
increasing their economic well-being. Impacts on economic well-being will be increased by a 
unique component of the i cipe package: The empowerment of communities through ownership 
and operation of marketpl<~ces in whic~ va lue is added to bee and silk products through quality 
control, processing and packaging to national and international standards. This eliminates 
middlemen and generates more income at the community level. 

All of this needs to operate within a supportive en01bling environment at local, district and 
central levels requiring an investment into policy support and institutional strengthening and 
awareness raising so as to allow informed dec.ision-making. The project, therefore, also has a 
forest management component that wi ll facilitate the Forest Department (FD) to implement PFM 
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initiatives in Kakamega, Arabuko-Sokoke and Mwingi forests and to upgrade their management 
effectiveness as measured by the management effectiveness tracking tool (METT). Through close 
col laboration with FD, the bee and silkmoth enterprises are focused on community groups that are 
actively involved in PFM in itiatives 01t all three sites. Project impact on vertebra te and invertebrate 
biodiversity is being monitored by Nature Kenya and insects (bees and silkmoths) biodiversity by 
icipe Commercial Insects Programme (CI P) staff. 

The overall goa l of the project is that the national protected area system of forest reserves is 
strengthened through improved incentives for real collaborative forest management with 
communities. The objective of the project is to demonstrate in three forest sites (Kakameg01, Arabuko­
Sokoke and Mwingi) that the biodiversity of Kenya's forest protected areas can be maintained 
through collaborative management systems using incentives based on income from commercial 
insects. The project's fundamental appro01ch is based on close integration of Investments into 
productive rural infrastructure, forest resources and human and institutional capital, in a way that 
reduces pressure on the three forests and their biodiversity and resources. 

Participating scientists ,md students: 5. K. Raina, V. V. Adolkar, £. N. Kioko, E. M. Muli, E. K. 
Nguku, 1. Cordon, B. M. Ngoka, N. Mbahin, K. Okwae, 5. Sande 

Assisted by: /. K. Macharia, C. Kamau, G. Owino, /. Auma, F. Klllu, R. Macharia, B. Wanjiru, 
/. Ng'ang'a 

Donors: UNDP·GEF and IFAD 

Collaborators: Nature Kenya, National Museums of Kenya, forest Department (Kenya Forest 
Department), Ministry of Uvescock and Fisheries, Kenya Wildlife Service, National 
Environmental Management Authority, non·governmenci.ll organisations, community· 
based organisations 

Work in progress 

7. Community enterprises and forest conservation 

The project has developed on-farm CJnd in-forest livelihood support linked to buffer zone 
manCJgement involving village forest committees (VFC) for participatory forest management 
(PFM). The project has initiated development marketplaces for silk/honey products at all three 
sites to establish marketing linkages for the sale of commodities. The project has bu ilt cilpacity 
of communities and institutions to manage and utilise insects for both livelihood and forest 
conservation benefits. 

Table 1 highlights some of the project achievements, the way forward and ch01 llenges. 

Table 1. Summary of prol•et achiewmenh at the c:ommunity/forut level• 

Activity -----= Achievements todote Woy forword Cornments/ Chollonges 

fOI'IIII mana~em•nt 
PFM training or forellers done for four districts. Set PFM framework ot c:ommuni~ level in This octivily is undortaken by tha 
Reserve border domareotion in Mwlngi. Sa for, In all the three sites. Organ!~ vii age Fared Department coordinated 
over 631 hectores of forostlond recovorad In forest commiH .. s Into CFAs. Rohabililate from Karura but implemented 
Mwmoni forest. Management olfedlveneu degraded forest areas. Boundory dearing/ through tho Distrid Forester In tha 
tracking tool (MElT) applied In all three forests . doanlng. Maintain and expand at four concerned districts: Kilifi, 

least one tree nunery por zone. lnifiate Malindi, Vlhlga ond Kakomego. 
forest disturban(e transedJ in all Foresta. 

Biodiv.nlty monitoring 
Boseline aurveys Ia monitor tho biodiversity status To con~nua c:ollecting dtda on the Biodiversity monitoring may 
of selected species hos been ongoing focusing on threotened spodes ond the inlodt. require aeveral ~ors to ahow the 
threatened spedes, stingle$1 bees, honeybees ond impact of conservoHon rneosure•. 
wild sllkmoth specios. For examplo, 124 !linglen Historical data ore avoil11ble for 
b .. s hives hove been sella monitor their slalut ot some species; Monitoring of 1cops 
the thr .. lites and -'13 of them (3-'1.7%) ore already owi1 at ArobukoSokoke in 2005 has 
coloni11d. shown that numbo11 hCIYe remoinod 

more or !eu stoble ainc• 1979. 

Continued on next l'·'fle 

242 11@@10 icipe biennial scientific report 2004- 2005 



Table 1. ecntlnu•d 

Acti~ity ---- Achievements Iodate Way forward Comments/Challenges 

lon~rm oMit. lnllning 
The progre.s has been good, Nine~-N/o (92) lorman hove ta~on ono month ToT Continue with apiculture ond sericulture Of\-

apicu ture/sorltulture residential courses a tiCIPE site training to enhance production, value 
on producrion as well ns postharvest tochniquos. addition, branding, and market studies ond 
At least 1 000 community mombers have received linkogu 
some on-siie training from the trained community 
lroinoro, FD end ICIPE. 

Marlcerploo. d.velopment 
Construction of marketplaces completed at God.., Construction o f third marketplace to be The progress has been good, 
(silk and haney) and Mwingi (wild ~ilk); Kakamega completed end equipped. Marketplaces 
in progress for silk o nd hive products. bocomo oporolionol. 

~iculture produdion 
Continue hive stocking through colony Hlvo colonisolion and production Dostribu~on of hivn among tho groups undertaken, 

300 in Arabuko-Sokoke, 150 in KokaMe~o and 120 division and noturol $WOrm cotchinl has been slowed down by tho 
In Mwingi. The community group$ .hQVo a $0 roceivod Colony management for honey on royal drought ot $Orne af the sites. 
bee suits, smokers and hive tools to enable them jelly production, Enhonco community 
Manage their colonised hives. Ovor 50% hive capacity through on-site follow-up ond 
colonisation recorded. Royoljelly p rodudion training, 
ini~ated in Arobuk~okoko. 

Sorlcultu~ulberry ailk moth production 
Mulberr~ established in Kakomego (2 hoo;lore~) Construction of rearing beds in the The survival rota of mulberry 
a nd Aro uko-Sokoke j 1.6 hectares). !4 rearing completed houses, Comploto tho cuttings was lower than expected 
hou!<!s eonMruded on ono ronovotod •n Kokomega. comtrudion of rearing houses in Arobuko- duo to insufficient rain after 
Two formers' groups rearing mulberry silkworms in Sakokc. planting. 
KokoMego. 

Serieulture-Wild ~lk moth production 
Enhance raising of soodlio~' of the wild Farm or$ oble to recognise and rear the potential A lot of awareness creation/ 

species! Ancpl,a in Kokomer, A'Jqrno ond ,ilkrnoth food plants. Supp y of groinago cop~;~,jty building still ongoing to 
Ganamalo in Arobuko-Soko e on Gonomelo coges Ia increase wild silkmoth sood move the enterprise to the 
in Mwingi. Net sleeves and groina8" brooding production lor increased production. requirod levels. 
ca_gcs supplied ~o tore,et groups. 1 ,~0 Briclelia 
m1cra ntl!o seedlings om o communrty 
nursery raody for lromplanring in 
Kakamego. 

2. Variations in races of the honeybee Apis mellifera (Hymenoptera: Apidae) 
in Kenya 

P,lr.ticipating scientist: 5. K. Rain;;J 
Assisted by: D. M Kimhu 

To select suitable races of honey bee for the three forest sites, an understanding of variations 
between races is required. The three races of the honeybee Apis mellifera Linnaeus in Kenya 
(A. m . scute/la ta, Am. moncico/<1 and A.m. litorea) differ from each other with respect to size, 
cubital index and abdominal colour banding pattern. These differences were used to assess the 
extent of interbreeding and hybridisation between the races. This was verified on the basis of 
selected morphometric traits. Bee samples were col lected from tradition<JI log hives in seven 
geographical locations throughout Kenya ranging from lowland Mombasa in the coastal region to 

Table 2 . Mton values X and atandard orron; F ratio (bottom) of body length and ahclomil'lal width of 
hon•yb .. , Apit mellifera rac:ea in 7 clilforent reglona of Kenya 

Lo,alities 
Body length Abdominal width 

(altitude (m)] 51 S2 S 1 S2 

Mambosa (75) 76.80 t 0.43 de 61.70 :1: 0. 93 c 23.30 ± 0.22 c 20.97 :t 0 .40 c 
Mwingl (650) 75.93 :t 0.37 d 65.47 ± 0.76 Q 23.23 ± 0.11 c 21.63 ;I; 0 .26 b 
Kitui (850) 73.83 ± 0.54 • 63.33 :t 1.23 e 23.40 ± 0.11 c 21.53 ± 0 .33 be 
Kimono (1250) 70.33 ± 0,26 ab 68.93 t 0.56 0 24.50 :1: 0.13 a 2 1.87 ± 0.13 be 
Kokomego ( 1680) 79 .27 ± 0.19 0 68.50 :1: 0.32 0 24.27 ± 0.14 ab 22.17 :t 0.13 ba 
Central (1950) 78.67 :t 0.61 0 69.50 ± 0.15 a 24.33 ± 0.16 ob 22.37 ;I; 0.07 0 

Kinangop (3200) 77.33 :1: 0.-41 be 69 .37 ± O.U a 23.97 :t 0.36 b 22.50 ± 0.06 0 

F value 19,27 20.94 7.64 5 .22 

S I, , otegory of bees with Ill vCIIVts of 70-82 and ABW ol22.5 - 26 unlb {1 unit • 0 .1 mm). 
S2, category o f bee• with BL value• of 55-69.55 and AIIW of 18-22 . ..15 unil1. 
Mean& with tho some letter in a column a re not signiA,antly different (F6•91; P > 0.0001) l>y Woller Duncan 
K·ralio ta•l, at a - 0.05. 
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the highland Kinangop ranges. The body length, 
abdominal width (Table 2), length and width 
of right forewings, length of proboscis, right 
antenna and right hindlegs were measured, 
and the cubi t;;~! index was computed for each 
specimen. The bees were classified according 
to size and colour banding pattern. Pri ncip;;~l 
components' a no lysis (figure 1) indicated there 
was hybridisalion among the three races of 
A. melliferc1 in Kenya due to swarming and 
migration under seasonal pressure. 

3. Quality status of Kenyan honey 

N 
c; 

~ 

2 

0 

-I 

-2 

-3 

·3 -2 ·1 0 
Prin1 

2 

Momba6a • 1 
Mwlnglz 2 

Kllul = 3 
central = 4 
Kimana = 5 

K~k~mega = 6 
Kin~ngop • 7 

3 4 

Participating scientist, consultant and 
student: E. M. Muli, A. M. Munguti, 
and S. K. f~aina 

Figure 1. Princip~l components Malysis hased on 
morphomelri~;s study of honeybee r;~~:es in Ke11Yil 

The succ.ess of beekeeping as an i ncome-gener<~ting 
<!cliVily depends on the quality or the honey. The 
honey consumed in most of Afri ca is harvested from 
traditional hives and processed using tradiliont~l 
methods. Th is work presents results on the qual ity 
ch.1racteristics of honey st~mples (n "" 72) collected 
(rom beekeepers in VJriouS important beekeeping 
;>;ones in Kcny<~: West Pokol. Bari ngo, Mwingi, T<~na , 
North Kinangop, Mueere, Nandi Hills, Midil Creek, 
Kakamega ilnd Taita (Table J). 

The quality of the honey was compared to 
internotional stanciard~ as proposed in the Codex ~ 
Alimentarius (200 1 ). The qu<1lity morkers analysed 12 
were moisture, HMF, sugar, amylase (diastase) and .5 
prol ine contents and free acidity. Moisture was ~ s 
determined using il honey refractometer, HMF ~ 
;."~nd diastase content were determined through 1! 
spectrophotometry, sugars were determined by high ~ 
performance liquid chromatogri!phy (1-iPLC) and free ~ 
acidity quantified by volumetry-titrotion technique. j 
Average constituent values were at 16.00- 21.20% ., 
(moisture); :3.70- 389.36 mg/kg (HMF); 20.33- ·i 
300.6 (prol ine); 8.03-56.98 Schade uni ts (amylase .z 

0 
l tli <~stasel ); 57.03- 102.66% (iructose and glucose .i 
levels) and I 8 .00- 71.85 (free acidity). Most of the t 
samples had constituent levels wi thin the limits set Sl 
in the Codex Alimentarius. 5' 

~ 
Traditional honey harvesting and processing methods ~ 
seem not to have neg~tive effects on the major honey 0 
constituents. It seems honey adulterati on is done by g !£ 
unscrupulous middlemen after the honey leaves i 
the farm gate. However, excessive smoking during ~ 
harvesting had compromised the arom<1 and flavour "15 
of some samples. In an effort to promote beekeeping i 
as an eco-friendly, sustainable alternate source of .:!!. 
livelihoods, training in best apiculture prattices, a 
improved extension services and esti!blishment o( :J 
honey marketplaces is being done to improve honey (') 
quality in Kenya. ...! 

~ 
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4. Spatial distribution of the silkmoth Anaphe panda (Boisduva/) and its host 
plant Bridelia micrantha (Hochsl) in the Kakamega forest, Kenya 

Participating scientists and student: N. Mbahin, S. K. Raina, E. N. Kioku and/. M. Mu~k~ 

An underst<Jnding of the biology of wild silkmoths is essenti<~l if they are to be exploited for 
income generation. A study on the spati<~ l distribution of the si lkmoth Anaphf:.• panda cocoorH 
nests, egg-clusters and the host plant Oridelia mlcrantha !Hochst), W<Js conrfucterl in two blocks 
of the Kakamega forest (lsecheno and lkuywil) western Kenya. 

Kioko et al. (2000: East African Journal of Science, pp. 1- fi) reported th<'lt B. mic;rantha is 
ilhundantly distributed in western Kenya and 84°/., of the communi ty members hMI these trees 
in varying numbers on their land. All the Kakamega respondents confirmed having seen the 
1\. panda c<Jterpillars and the cocoons nests and 16% had seen the egg.clusters. Hence, the 
introduction of wild silk production in the Kak;"~mega fot'est may offer an important economic 
incentive to farmers in western Kenya. In the Kakamcgt~ forest, more th;;m 12,400 hectilres tJre 
suitable for i1 possible sil kworm food plilnt plantilt lon. This I<Jnd co:m be utili5ed for the cult iViltion 
nf B. micrantha ( 12 ha for lsecheno bloc!< and 7 ha for lkuywa block) that according to Gowdey 
(1 g53 : 8uiiE'lin of Entomological Research, pp. 269-274) grows fast from cuttings and is ready for 
silkworm seeding withi n a yea r. 

The mean densities of cocoons nests, egg·clusters ilnd a. micranllra were significantly different 
in the two blocks. The host plants and the si lkmot h egg-clusters were randomly distributed 
In the two blocks, whereas cocoon nests were r<1ndom t~t lsecheno block anci contiguous ill 
lkuywa block (Figures 2, J and 4). Flight range was recorded between 1.1 1-5 .30 meters and was 
significantly higher in lsecheno than lkuywa. This study reveals th<J t A. pilnd<J tends to distribute 
its egg-clusters uniformly over the lower ilnd middle crown of B. micrantha with a preference to 
eJstern localisation. Knowledge on egg distribution allows greater precision in the location of 
eggs in the m inimum time (Pottinger and LeRoux, 1971: fvlcmoirs of £he Entomological Soci~ty 
of Canada, 41 7 pp.). Geertsema (1975: Annale v,m die Universitefl va n Stellenbosch, pp. 1- 1 71) 
made simiiM observ<Jtions in the Vyeboom and Klui tjieskraal plantation near Cape Town, South 
Africa. 
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Figure 2. Dispersion pattern of Anaplle panda host plant Brldella micran(h,l in the Kak;~mega forest 
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Figure 4. Dispersion paucrn of Anaphc panrla egs-cluslers in 1he Kakameg;~ forest 

5. Studies on cocoon characteristics of Gonometa postica (Lepidoptera: 
Lasiocampidae) from farmers 1 sites in Mwingi district 

Participating scientists and students: E. N. Kioko, 5. K. Raina, K. F. Okwae, B. M. Ngoka 

In Mwingi, Gonometa poslica offers the greatest opportunity for utilising wild silkmoths. Farmers 
from v<J rious sites in the district (Nguni, Muumoni, lmba, Nuu and Katuuni) have been trained on 
the farming of G. postica. The farming involves rearing of the first three instars in net sleeves to 
protect them from predators. There is need to monitor the cocoon characteristics over time as this 
will give an indication of the perform01nce of the silkmoth and farming effects on sil k yield over 
time at the various sites. TI1e data is also important in the differentiation of the sex of cocoons in 
the field, which is key in the setting up of grainage for continued egg production. The cocoons 
are the raw material for silk production and monitoring their parameters is important. This study, 
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which is ongoing, determines the differences between cocoon parameters in females and mt~les 
oi G. poseica from four sites in Mwingi, the frequency of observed cocoon parasitism and if 
cocoon parameters differ between the study localities. 

The preliminary results have shown that G. postica shows sexual dimorphism in regard to cocoon 
weigltl, length and width. The cocoons can, therefore, be et~sily sexed in the field for grainage 
purposes and abundance studies. Out of a sample of 2634 cocoons randomly collected from the 
farmers in the crop of October to December 200S, 988 were fema les and 1646 were m<l les. Out 
of these cocoons, 764 were parasitised as evidenced by presence of parasitoid emergence holes. 
The levels of parasitism varied <~cross the sites (T<Jble 4}: 29.6% par<Jsitism was recorded for the 
fc111<11e cocoons and 28.7% for the mille cocoons, while ;;~n overall parasitis111 ra te of 29%• was 
recorded for all the cocoons collected. 

Cocoon c:hilrilcteristics var iability between samples from the different loc<tlities showed significant 
differences in some of the parameters as shown in Table 5. 

Table .4. Paraliliam rahn recorded In oocoon aomplea from fanners in Mwlngl ot the end of the 2005 lhort rain a aeoaon 

Poroaitiaed % Parasilised % 
No. of No. of femola parasitism No. of malo parcsillim 

Site ~o,oom females ,o,oans in lamoloa of moles cocoons in males 

Ndithi 141 64 29 45.0 77 37 .18 
I mba 527 163 ll 6.7 36.1 20 5.5 
Nguni 1418 426 139 32.6 992 283 28.5 

6.!.7 Kotuuni 271 138 58 42.0 133 86 
Kathioni 277 197 55 27.9 80 46 57.5 

Table 5. Ccmporlson of parameter means measured on emerg•d oocoon ah•lla token on samples from 
four aile a In Mwin11i 

Cocoon co,oon Silo 

paromoler• ; e,x lmbo Kathioni Katuuni Nguni 

1.61 ± 0.05 A 1.36 ± 0.04 l\ 0.83 ± 0.03 C 1.43 ± 0.03 8 
0.90 t 0.04 o 0 .87 :!: O.Q2 o 0.58 t 0 .02 b 0.85 :!: 0 .03 o 

Weight (~) of Fomale 
inta, l' ell Mole 

5,02:!: 0.05 A 4.83 :!: 0.05 8 4.21 :!: 0.05 C 5.03 :!: 0.05 A 
4.o7 ;t; 0.05 a J.n ;t; 0.07 a 3.53 ;t; 0.03 b 3.99 ;t; 0.04 a 

length (em) Female 
Ma le 

:ua:!: O.oJ A 2.20:!: 0.04 A 1.89 t 0.02 8 2.24 :1: 0.02 A 
1.67 ± 0.02 0 1.69 ± 0.02 0 1.52 :!: 0.02 b 1.70 ± 0.02 0 

Width (~ml Fe mole 
Malo 

Cle aned shell Fomole 1.22 ± 0.04 A 1.03 ± 0.03 l\ 0.62 ± 0.02 C 1.14 ± 0.03 A 
weight (g) Mol~ 0.76 t 0.02 o 0.69 :!: 0.02 b 0.40 :t 0.01 c 0.65 :t O.OJ b 

Means plus ~tondard errors lollowod by ihe sam~ lowor '0$8 letters In tha soma ~ row and ~•" oro not 
signir.~ontly different (Me•l P < 0 .05). 

O ngoing studies by a PhD scholar (Ken Okw~e) <~ re addressing four objecti ves ~s follows: 
(i) To find out the abundance and distribution of C. postica on different Acaci<J spp. in lmha 

ilnd Muumoni forests of Mwingi district; 
(ii) To establi sh the diversi ty of parasitoids and their pMasitism r~tes on C. postica found on 

different species of Acacia; 
(iii ) To determine the li fe cycle of do111inant parasitoids of G. postica; 
(iv) To investigate the roles of host pl<~nt and host odours in host location and selection by 

mt~jor parasitoids of G. poslica. 
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DEVELOPMENT OF SERICULTURE AND APICULTURE PRODUCTS FOR THE POOR 
IN FRAGILE EcosYsTEMS USING THE VALUE CHAIN APPROACH 

Background, approach and objectives 

Sustainable livelihoods can be achieved in Africa through access to a range of livelihood resources 
which are combined in the pursuit of different livelihood strategies. The I FAD project on wild and 
domesticated silkmoth rearing for silk production (sericulture) and honeybees rearing for beehive 
products (apiculture) is one such attempt to attain sustainability in rural incomes. The project was 
inifiated by IFAO through icipe research initiatives in 1996. This has resulted in development of 
eco-friendly technologies being utilised by the smallholders in the marginal land areas in Africa 
to raise their sources of income and improve their economies. The project has created a sense of 
ownership to the local communities for their lands and resources. 

Seve.ral attempts were made in the past by various international and national players to introduce 
01nd improvise these income-generating options. These efforts had been constrained by a lack of 
research and training bases in Africa for these technologies. It was only after IFAD's intervention 
through icipe's technical backstopping efforts that these technologies on silkmoth and honeybees 
conservation and utilisation have been implemented and realised. This action research has 
enhanced the off-farm income of the rural poor and promoted IFAD's mandate on poverty 
.;!leviation. The main bottlenecks, (resolved in Africa by the IFAD project in Phases I and II), for 
technologies successes in the fields were: (1) scattered embryonic organisations or no groupings 
of the community in any enterprise development; (2) the lack of breeding programmes for 
selection of appropriate races in both silkmoth and honeybees adoption process and enterpris~;: 
development; (3) inappropriate on-farm and in-house training facilities (or no facilities provided) 
by NARS for the farmers and extension workers; (4) lack of marketplaces and processing facilities 
for the produce; and (5) no access to the local and international market chains for the farming 
households. 

The overall goal of this project is that the I FAD loan projects are strengthened through collaborative 
management with rural poor communities. The objective of the project is to demonstrate that 
remunerative links between smallholders and emerging apiculture and sericulture markets in East 
Africa can be created and that these models for sust<~inable livelihood can be adapted in the Near 
East <~nd North African (NENA) region and other African countries. 

The detailed objectives of the I FAD and co-financer's research components are to: 
• Provide an understanding of marketing information system of honey- and silk-based 

products. 
• Develop operational models in various ecosystems for honey and silk and empower 

communities to operate marketing channel as an integrated system. 
• Incorporate molecular, hormonal and semiochemicals interventions at various levels 

of adaptive research to enhance the commercial production of silk- and honey-based 
products in the farmers' fields. 

• Assist I FAD projects in the NENA region to develop community-driven income-generating 
integrated use of commercial insects in the Sudan, Yemen and Egypt through AFESO/ 
KFAED/IsDB and in western Kenya and Tanzania through Movimondo and SFML. 

• Complement the GEF project in developing incentives for community participation in 
forest conservation through the use of commercial insects in Kenya. 

• Develop a framework for the analysis of the dynamics of rural livelihoods including 
income-generating options provided in the project. 

• Provide effec;:tive project administration, coordination and monitoring to enable timely 
and efficient implementation of project resources. 

Figure 1 shows the basic framework of the project. 
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Figure 1. Components of a territorial approach to rural business 
development 

Participatmg sc1enttsts ;md students: ~ - K. Maina, V. V. Adolkar, 1:. N. Kioko, 1:. M . Muli, E. K. 
Nguku, /. Gordon, B. M Ngoka, N . Mhahln, K. Okwae, S. Sande 

Assisted by:/. K. fvfacharia, G. Kamau. C. Owino, /. Auma, F. kiilv, R. Mac:haria, 8. Wanjiru, 
/. Ng'any'a 

Donors: /FAD 

Collaborators: KENYA: National Musevms of Kenya for bio-indicator studies; Nairobi 
University, Kenya for pollinator bee race selection and support to prodvction for royal jelly; 
Kenya Agricultural Research lnstiWCC, for information on agricultural i!Clivfcy at project 
sites. RWANDA : ISAR Rwanda. Ministries of agriculture: Yemen, Egypt, Sudan, Uganda, 
Solllhern Sudan, Madagascar. Tanzania, Rwanda, Cameroon, Ghana. Coordinators of 
!FAD loan projects in Yemen. Egypt, Uganda and Southern Sudi.ln. Private traders: BIOP 
Kenya Limited, Viking Limited, Wild Living, Paperazzi Limited 

Work in progress 

7. Establishment of silk and honey enterprises 

Participating scientists and students: 5. K. Raina, V. V. Adolkar, E. N. Kioko, £. M. Muli, E. K. 
Nguku, I. Cordon, B. M. Ngoka, N . Mbahin, K. Okwae, S. Sande 

Using il stepwise approach, and with IFAD's Technical grants support, icipe has developed and 
v<Ji idated apicu lture and sericulture technologies and est<~blished several training bases in Africa. 
At th is point more than 13,000 farmers, NGOs and NARS h;lVe been given long- <Jnd short-term 
training courses to modernise the traditional apiculture practices and introduce <J new silk farming 
culture. As a result of icipe's reset~rch backstopping and IFAD's financit~l support on th is action 
research, four mMketpl~ces have emerged each supported by 300-2000 farm families. These 
marketplaces have become fully operational where farmers bring their raw materia l, cocoons 
and honeycombs which are then processed in a central location to develop final products for 
the market. The groups have democratically elected a chairman and were given full ownership 
to run their own business. These marketpi<Jces are located in Kenya (K) and Ugandil (U) in East 
Africa; Hoima (U) and Mwingi (K) for honey and Siaya/Othoro (KJ and Bushenyi (U) for sil k. With 
additional support from I FAD these can be adapted and replicated in different ecologica l climates 
in the NENA Region and other parts of Africa . 
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2. Performance of the silkworm 
Bombyx mori (Shaanshi Bv-
333) bivo/tine hybrid race using 
various cultivars of mulberry 
(Morus spp.) 

Pi!rficipating ·scientists and assistant: \1. \1. 
Adolkar, S. K. Raina, D. M. Kimhu 

The perform<Jnce of Bombyx mori L. b ivol tine 
hybrid (Shaanshi BV-333), WilS ev;]luated on 
six mu I berry cultivars of Morus spp., b<tsed on 
economic chamcters in rearing and mulberry 
leaf quality (Figure 2a-c). The growth rate 
and morphological .characteristics for al l 
the cultivars were studied using several 
parameters. Several characters such as 
disease resistance, survival percentage, 
cocoon weight, pupal shell weight, and single 
cocoon filament lehgth were recorded during 
the rearing of silkworm larvae. Kanva-2/MS, 
Thailand, Thika and S-36 cultivars exhibi ted 
superiority in rearing performance over other 
cultiv<Jrs tested. Thailand fed to silkworms, 
showed highest SLJrvival percentage in 
the short (51) and lo ng (52) ra iny seasons 
as compared to o ther cultivars (Figure 3). 
However, Embu exhibited lowest mortality 
during the dry season ($3) while S-41 showed 
the lowest surv ivill rate in all seasons. Embu 
had signific<Jntly higher filament length and 
cocoon yield compilred to the other cultivars 
during 53. However, S-41 performed poorly 
in survival percentage, cocoon yield, silk 
reeling and pupal shell weight. Waller­
Duncan K-ratio t- test grouping confirmed 
that all c ultivars were sign ific antly different 
in all parameters tested (P < 0 .05). 
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Figure 3. Survival rate of the bivolline hybrid (Sha<~nshi 
BV-333) race of Bombyx mori reared on various 
mulb(my cultivars during short (S 1 ), long (52l and dry 
(53) seasons. F·value: 51 "61.89, 52 = 30.16 and S3 
• 33.60 (labulated F • ••.•. a. 1s). n • 4. Mean bars (:tSEl 
followed by the same fetter(s) arc not significantly 
different In each c;ultivar, W<~ller-Duncan K·ratio t-lt!St 
at u = 0.05 significant level was used 
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3. Performance of bivoltine Bombyx mori L. (Lepidoptera : Bombycidae) 
silkworm strains in Kenya 

Participating scientists, students and assistants: E. K. Nguku, S. K. Raina, V. V. Adolkar, D. M. 
Kimbu, K. Mburugu, 0. Mugenda 

M ulberry sericulture, being a new venture in this region, depends to a large extent on the 
introduced breeds and the stability of the si lk industry greatly relies on the locally adapted breeds. 
In this study field performance of selected bivoltine si lkworm, l3ombyx morl strains, namely icipe 
I, Chun-Lei x Zheng Zhu (C x Z), Qui Feng x Baiyu (Q x B), Quingsong x Haoyoe (Q x 1~), 5uju x 
M inghu (5 x M) and 75xin x 7532 (75xin), was conducted in two lociltions 51 (laboratory) and 52 
(field) during the long rains (LR) and short rai ns (SR) seasons. The study was set to analyse larval 
development, their performance and identifica tion of suitable characteristics of these strains for 
si lk production in Kenya. 

Reari ng of all the silkworms was done following the procedures of Jolly (1987: ICTRETS, p. 75) 
and Ullal and Narasimhana (1987: Handbook of Practical Sericulwre. Third Edition. Central Silk 
Bonrcl, B<l nga lore, India. 166 pp.). The selected larvae were reared individually in the fifth instar 
and fed on mulberry leaves. A comparison of the average larval weight (LW) and average weight 
of the consumed food (FC) from the two locations (51 and 52) was done. Weight of the consumed 
food Wi:IS c<Jiculatcd <IS a percent;:~ge of the i!Verage l<trval weight to verify tha relationsh ip between 
l arv~l weight and amount u( food consumed. Testing for the cocoon layer ;md pupal weights was 
done. 

This study indicated that the larval instar duration for the differer1t strains varied, although the 
duration of the second instar was two days irrespective of the strain, location or season. There 
were no major variations in the larva l stage duration in the six strains during the two seasons 
in the two locations. The larval duriltion was between 26 and 31 days for silkworms reared in 
location 51 during LR and SR. 

The amount of food consumed was reflected in the larval weight. It was also noted that in location 
S 1 average amount of food consumed as a parcentage of larval weight was higher for all the 
stra ins. It was apparent that icipe I was able to convert the highest percentage of consumed food 
into its weight. 

The relationship of the weight of cocoon shell and the amount of food consumed is important 
to determ ine which strain gives better percentage of silk production to the a'mount of mulberry 
leaves actually consumed . This study showed that icipe I had the highest cocoon sh.el l w eight 
(CSW) in locations 51 and 52 respectively. It was also evident that there W<JS <J positive relationship 
between the food consumed and the cocoon weight {Tables 1 and 2). It was evident that there 
were sign if icant differences in the cocoon, shell, pupal and larv<JI weights across the strains 
rC<~red, seasons and locations (Table 3). The resu lts indicated that ic;ipe I strain performed better 
than the other five strains in most aspects. The study also established that silk yield ;;md qu<Jiity 
were diffarent in the experimental silkworm strains, seasons and lociltions. Results confirn1eci thilt 
it is profitable to breed si lkworm varieties wi th high silk production efficiency in Keny01 <Jnd icipe I 
is by f<Jr the best breed for the field. 

Tobie 1. RolotlanJhlp of ~o~oon weight (CW) a11d cocoon sh•ll weight (CSWlto the quonlity of food con1umed 
in loca!lon S 1 

Co~o;11;m weight Amount oF food CWQ$ CSW a• 
Silkworm strain (CW}(gml con$Vmod (Cf){gm) o/o of CF CSW (gm) % oiCF 

Chun lei x Zhon Zhu 1,95 3.8.4 50.57 0.33 8.59 
Qulngsong 11 HQyo' 1.9.4 3.69 52.57 0.35 9.49 
Qulfeng x Boiyu 1.8.4 3.69 49.86 0.32 8.67 
75xin x 7532 1.73 3.17 5A .I7 0.30 9.46 

Suiu x Minghv 1.80 3.57 50.42 0.35 9.80 
IC!PE I 2.14 4.10 52.20 0.38 9.27 
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lobi• 2. R•la~omhlp of cocoon w•ight (CW} and cocoon ahell w•lght (CSW) to th• quantity of food eonaum.cl 
In location 52 

Cocoon walght Amount of food cwa~ CSWos 
Silkworm strain (CWI(gm) consvmed (CF){gm) %of Cf CSW(gm) % ofCF 

Chun Lei x Zhon Zhu 1.89 3.64 51.93 0 .31 8.52 

Quingsong x Hayoe 1.89 3.57 52.94 0.32 8 .93 

Ovifeng x lloiyu 1.83 3.53 51.84 0.31 8 .78 

75xin x 7532 1.74 2.99 58.19 0.30 10.03 

Suju lC Minghu 1.78 3.50 50.85 0.35 10.00 

ICIPf I 2.09 3.91 53.45 0.36 9.21 

Tabl• 3. R•lalionthip of cocoon, pupol, ah•ll and lcu•val woighll in th• laboratory (S 1 J and R.ld (52) during tho long rolns (ll!) 
and ahort raina (SR) 

Strain Saason Laeotion Mean CW Mean PW Mean SW Mean LW 

75xin x 7532 LR 51 2.013 ;1: 0.014 c 1.731 :t 0.011 e 0.283 ;1: 0 ,005 e 3 .869 :!:0.012 f 
LR 52 1.971 :1: 0.016 d 1,685± 0.015 d 0.284 :t 0 .004 c 3.682 :!:0.014 0 

5R Sl 1.454 :!; 0.030 b 1.1.42:!: 0.253 b 0.314 :!: 0.007 d 3.608 ± 0.026 f 
SR 52 1.517 :!: 0 .026 c 1.190 :!: 0.024 cd 0.325 ± 0.005 c 3.335 :!: 0 .022 e 

Chun Lei x Zhen Zhu lR S1 2.204 ;1: 0 .011 b 1.878 ;t; 0.010 be 0.324 ± 0.005 c 4.552 :!:0.014 b 
LR 52 2.136 t 0.013 c 1.831 ;I; 0.013 c 0.307 ± 0.003 b A.A55 :1:0.019 b 
SR 51 1.705 :1: 0.035 a 1.318 :1: 0 .032 a 0.338 :!:0.006 c 4.244 :1:0.012 c 
5R 52 1.640 :1: 0.033 b 1.260:!: 0 .029 b 0.320 ;I; 0.007 c 4.088 ;1;0.018 b 

ICIPE I LR 51 2.531 :!: 0.01.4 o 2.150:!: 0.012 0 0 .379 ;I; 0.007 a 4.725 ;I; 0.010 0 

LR 52 2 . .158 ;1: 0.009 a 2.130 ± 0.008 0 0.331 :!:0,004 a 4.566 ±0.012 a 
5R Sl 1.7.4 1 ;I; 0.031 a 1.369:1: O.Q28 a 0.371 :1: 0.006 b 4.539 :!: 0.009 0 

SR S2 1.728 ;I; 0.030 a 1.352:!: 0.027 a 0.387 ± 0.005 a 4,164 :!: 0.034 0 

Quingsong lC Hayoo LR 51 2.196 ;1: 0.012 b 1.851 :1: 0.010 d 0.347 :!: 0.006 b 4.345 :!:0.013 c 
LR S2 2.142 ;I; 0.010 c 1.837:1: 0.008 c 0.303 :1: 0.004 b 4.228 :t 0 .041 c; 

SR 51 1.697 :!: 0.030 a 1.3AO ;1: 0.028 a 0 .362 ± 0.005 b 4,286 ± 0.008 b 
SR 52 1.636 :!: 0 .030 b 1.291 t 0.027 ob 0 .342 :1: 0 .005 b 4.180 ±0.013 a 

Ouilong x Baiyu LR 51 2 .195 ;1: 0.013 b 1.858 ± 0.011 ed 0.328 :1:0.007 c 4.301 :1:0.012 d 
LR 52 2.185 :!: 0 .01;! b 1.878;1; 0.011 b 0.305 ± 0 .003 b 4.201 ±0.015 cd 
SR 51 1.483 :1: 0 .027 b 1.171 :t 0.026 b 0.305 ;1: 0.005 d 4.196 ±0.007 d 
SR 52 1,468 ;1: 0 .027 e 1.162 ± 0.02A d 0.314 :1:0.005 c 3.990 ;1;0.019 c 

5uiu x Minghu LR S1 2.195 :!: 0.015 b 1.886;1; 0.012 b 0.301 ± 0.005 d A.128 ± 0.012 e 
LR 52 2.181 :1: 0 .01A b 1.873:!: 0 .014 b 0.308 ;I; 0.004 b 4.159 ± 0.015 d 
SR 51 1.712 ± 0.03A o 1.33:2 :1: 0.030 a 0.390 ;I; 0.007 0 3. 985 ;I; 0.011 e 
5R S2 1.63 :1:0.025 b 1.240 ± 0.023 be 0.388:!: 0 .005 0 3.857:!: 0 .0 15 d 

Flt 4 oo~. 7,lsl lR 51 117.61 118.94 33.48 4 16.24 

F .. . oos., 7,Ht LR 52 113.87 105.42 11.24 165.02 

F,. .. oo.s, r,H' SR 51 11 .99 8.29 21.34 378.87 

F • . oo.5, 7.l.U SR 52 8 .11 5.37 27.09 156.00 

Meon& Followod by the same feller~ In the soma column are not signiAcontly differont (t.test, a - 0.05}. CW, cocoon weight; 
PW, pupal weight; 5W, shell weight; lW, larval weight. 

4. Evaluation of raw silk produced by bivoltine silkworm Bombyx mori L. 
races in Kenya 

Participating scientists and student: E. K. Nguku, S. K. Raina, II. II. Ado!kar, K. Mburugu, 0. 
Mugenda 

The finest quality raw silk and the highesl fibre production come from the commonly domesticated 
si lkworm, 8. mori, (Shelagh, 2004: Chinese Silk: A Cultural History, British Museum Press). Although 
there are several commercial species of silkworms, B. mori is the most widely used and intensively 
studied, and techniques for its rearing ;:~re the most improved. The steadily growing demand for 
silk in the silk consuming countries indicates excellent opportunities for any country to increase 
her silk production, a valuable opportunity for Kenya to embark on. Consequently, to secure this 
opportunity, it is important for production of silk products to be of the highest quality. 

In this study, evaluation of raw silk produced in location Sl (laboratory) and 52 (field) was 
assessed during the long rains (LR) and short rains (SR seasons), using selected bivoltine Bombyx 
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mori silkworm strains. They included Chun 
Lei x Zen Zhu (C x Z), Quifeng x Baiyu (Q 
x B). Quingsong x Haoyoe (Q x H), 75xin x 
7532, 5uju x Minghu (S x M) and icipe 1. This 
study aimed at eva luating the quality of raw 
si lk produced by the domesticated silkworm 
B. mori L. in Kenya. Silkworm rearing was 
done foll owing the procedure of Jolly (1987). 
Setting of the silk quality control lab was done 
following specifications from the Chinese 
Academy of Agricultural Sciences (CAAS) and 
the International Silk Association (Lee, 1999: 
FAO Agricultural Services Bulletin No. 136). 

Raw si lk characteristics were evaluated and 
performance tested to determine its suitabi li ty 
for si lk production. Quality tests of each 
postharvest production process were carried 
out to establ ish the over<~ ll quality of the 
product. Silk winding breaks varied among the 
different strilins, w ith icipe I having the least 
counts w hile 75xin recorded the most counts 
13, 16, 12 and 12 during/in 5R 51 , 5R 52, LR 
51 and LR S2 respectively (figure 4). 

--o- Split ends 
- -&-- Size deviation ..l(A'll.. A 

,' 1rlf ». .. 
' ~~"&. / 

~ 

Figure 4. Comparative w inding breaks count during lhe 
long rains (LR) and short rains (SR) in lhc labor.1tory (51) 
and fi~ld (S2) 
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Slll(worrn str~ln 
Figure 5. Percentage elongilt ion during I he long r~ins (I Rl 
and short rains (SRI in the laboratory (51 I and field (52) 

Elongation percentages differed 
between the seasons and strains, 
between 18 and 20°,{,_ It was also 
observed that si lkworm strains wi th 
high elong<ltion count had the least 
number of windi ng breaks. icipe I had 
an average elongation of 20% and an 
average of 5 winding breaks counts, 
whereas iSxin had 18%, and 13 of the 
same respectively (Figure 5). 

Toblo 4. Moon ~loanlinou and noolnou% during tho long ralnt (LR) and 
1hort roin1 (SR) 10010n1 

C leanlin~ss and neatness percentages 
differed a111ong' some of the strains in 
51 and 52 during LR and SR; however, 
!hey were within the acceptable 
ISA stand<trds but not<Jbly icipe I 
cleanlines~ Jnd neatness percentages 
were higher than the other silkworm 
strains during the two seasons, 96 and 
93'Yo respective ly (Table 4). The data 
obtained identified icipe I as a more 
economic;al strain to rear for quality 
production of raw silk and yarn. 
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Str<:>in S~:~c$<;>n 

75xin x 753:1 LR 
u~ 
SR 
SR 

Chun lei x Zhen Zhu lR 
LR 
SR 
SR 

ICIPE 1 lR 
lR 
SR 
SR 

Ouing1ong >1 HoyoQ LR 
LR 
SR 
SR 

Qulfeng x Boiyu lR 
LR 
SR 
SR 

Suiu x Minghu lR 
lR 
SR 
SR 

F •• o.o1.1Jn LR 
F. - o.o5, 1,112 LR 

Mean 
lo~ction (ie(lnlinen 

S1 92.8 :t 0.13 e 
S2 91.0 ;t 0 .21 • 
51 92.0 ± 0 .21 d 
52 91.2 :!: 0.36 c 

51 94.4 ± 0.16 b 
$2 94.0 ;I; 0.21 b 
Sl 9<~ .0 :1: 0.21 b 
52 92 .9 ± 0.23 b 

51 97.0 ± 0.33 0 

52 96.2 ± 0 .36 0 

S1 96,0;1:0,21c 
S2 96.0 ;t 0.26 Q 

S1 92.6 ;t 0.29 ~ 
$2 92.0 t 0.30 d 
51 92 .2 ± 0.13 d 
52 90.2 ± 0.33 d 

S1 89.9 ± 0.38 d 
S2 66 .3 :t 0.26 f 
Sl 90.0 ± O.j3 e 
52 88.0 :!: 0.42 8 

51 94.1 ±0.23b 
52 93.0 ± 0.21 c 
Sl 92.9 ;t0. 10c;; 
S2 90.6 :t 0. 13 c;; 

Sl 172 .96 

52 184.21 

Mean 
Neclness 

87. 1 ± 0. 18 d 
65.0 ;I; 0.21 d 
67.1 ± 0.36 <;; 

85.0 ± 0 .26 c 

88.9 ± 0 .1 8 c 
68.2 ;I; 0 .25 b 
88.0 ;1: 0.26 b 
67.0 ± 0.21 b 

93.0 ± 0.39 0 

92.9 ± 0.18 c 
94,3 ± 0.30 c 
93.3 ;I; 0.47 c 

66.3 ;I; 0 .30 c 
68.2 ;I; 0.29 b 
67.9 ± 0.31 b 
87.3 :!: 0.30 b 

89.1 ±0.41 b 
88.0 ;I; 0.26 b 
88.1 ± 0.18 b 
87.2:!: 0.39 b 

87.4 ± 0 .40 d 
87.3 ± 0.40 c 
88 ,0 :t 0.33 b 
65.0 ;I; 0.26 <; 

97.12 

194.41 

F •• oos,,m 5R 51 201.58 282. ~0 

F •• D,Dl,1, 17l SR S2 183.34 288.21 

M•on1 fol!ow•d by lf>o 1om• i•ttorl in tho 1ome ~olumn ore not significantly 
different (1-le•l, a- 0.05). 
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Output 

journal articles 

Raina S. K. and Kimbu D. M. (2005) Variations in races of the honeybeeApis mellifera (Hymenoptera: 
Apidae) in Kenya. International journal of Tropical Insect Science 25, 281 - 291. 

Muli E. M., Raina S. K. and Mueke J. M. (2005) Royal jelly production in East Africa: Performance 
potential of the honeybees, Apis mel/ifera scutellata and Apis mellifera monticola in Kenya. 
Journal of Aplcu/tural Research 44, 13 7-140. 

Other scholarly publications 

Raina 5. K. and Nguku E. K. (Eds) (2005) Integrating Sericulwre and Apiculture Technologies with 
Regional Development Operations. Proceedings of the Trainers Course andThird International 
Workshop on Conservation and Utilization of Commercial Insects. icipe Science Press. ISBN 
92 9064 14 1 X, 272 pp. 

Reports to donors 

1st and 2nd Technical Reports, 2005. Developing Incentives for Community P<lrticipation in Forest 
Conservation through the Use of Commercial Insects. UNDP ID-KEN/04/G35. 

1st and 2nd Technical reports, 2005. Technical Support on Apiculture and Sericulture at Arabuko­
Sokoke. Sub award No: NK-icipe-01-0004. 

Conferences attended 

Conference on the Growth of the Organic Movement in Z;;~mbia. 7-10 February 2005, Zambia. 
Attended by: E. K. Nguku. S. K. Raina, V. V. Adolkar and E. N. Kioko. 

The 16th Conference of the African Association of Insect Scientists held at Noguchi Memorial 
Institute for Medical Research, 6- 10 June 2005, Legan, Accra, Ghana. Attended by: E. N. 
Kioko, S. K. Rainil, B. M. Ngoka. 

Research proposals 

Research proposals submitted for funding to Arab banks, OPEC Fund, FAO, Ethiopia (Oromia), 
Rwa nda, Southern Sudan and Toyota Foundation. 

Consultancies 

IFAD, FAO, UNOP-GEF. 

Capacity building 

Training ~ourses 
527 awareness and 220 intensive training for farmers, NGOs and government officials at icipe 
in sericulture and apiculture. 20 onsite farmers' training in Samburu, West Pokot, Tana, Taita 
Arabuko-Sokoke, Kakamega, Mwingi in Kenya; Hoima, Bushenyi in Uganda; Tanga in Tanzania; 
Kigali in Rwand;;~; Yei in Southern Sudan. 

PhD students 
E. Muli (Kenya) Breeding of the honey bee (Apis mellifera L.) and its potential for royal jelly 

production in Kenya. Kenyatta University, Kenya, 2004. 
E. Nguku (Kenya) Assessment of the quality of si lk fibre and fabric using bivoltine si lkworm, 

Bombyx mori, in Nairobi, Kenya. Kenyatta University, Kenya (awaiting PhD defence). 
B. Ngoka (Kenya) Relative abundance of the wilq silk moth, Argema mimosae on different food 

plants and behavioral host selection by parasitoids. Kenyatta University, Keny;;~ (PhD research 
in progress). 
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N. Mbahin (Cameroon) The ecology and economic potential of the wild silkmoth Anaphe panda 
(Biosduval) in the Kakamega forest of western Kenya. Keny<Jtta University, Kenya (ongoing). 

1<. F. Okwae (Ghana) Biology and ecology of the major parasitoids of Conometa poslica Walker 
(Lepidoptera: Lasiocampidae) on different species of Acacia in Mwingi, Kenya. Kenyatta 
University, Keny<~ (ongoing). 

S. Sande (Kenya) Honey bees and forest conservation : A case study of the Arabuko-Sokoke Forest 
Kenya. Kenyatt<l University (ongoing). 

MSc students 
M . N. K. Gathumbi (Kenya) Effects of fertilisers and mulberry (Morus alb<J L.) variety on cocoon 

and silk quality in Kenya. Nairobi University, Kenya (awaiting MSc defence). 
J. Macharia (Kenya) Rel ative abundance, queen rearing and colony characterisation of stingless 

bees in Kakamega forest of Kenya. Jomo Kenyatta University of Agriculture and Technology, 
Kenya (ongoing). 

Impact 

CIP projects have developed the capacity of the NARS, NGOs, universities and private industries. 
Operational models in various ecosystems for honey- and silk-based products are being developed 
and communities empowered to operate marketing channels as integrated systems. I FAD projects 
in the NENA region will be assisted to develop communi ty-driven income-generating integrated 
use of commercial insects in the Sudan, Yemen and Egypt through AFESD/KFAED/1508 and 
in western Kenya and Tanzania through Movimondo and SFML; Rwanda and Southern Sud<1 n 
through intervention from the CGIAR consortium. The GEF project in developing incentives for 
community participation in forest conservation through the usc of commercial insects in Kenya is 
generat ing synergies with forest conservation. 

Economic returns to smallholder apiculture and scriculture practices will generate revenue in a 
number of ways and increase their production and income. For example, CIP interventions in 
Mwing i have doubled honey prices paid to fanners and increased production from J tonnes in 
19911 to over 35 tonnes in 2005. Quality honey and wax have ready and established 111arkets. The 
wax has commercial and industrial value, especial ly in the cosmetic and candle industries. The 
sale of colonies by queen rearing wi ll provide additional income. Other high value products, such 
as roy<~ l jelly, bee venom, propolis and pollen are in high demand by pharmaceutic<~ I companies · 
and may be produced at a later date. During nectar and pollen gathering, honeybees effect 
pollination and improve the quality and quantity of crops. 

Sericulture is a lucrative product. Cocoons or raw silk provide a regular income (the cycle may be 
as little as 30-40 days). As well as feeding silkworms, mulberry leaves can serve as animal feed 
and prov ide fruit. After reeli ng, silkworm pupae can be used as fish or chicken feed. 

Economic values are enhanced by quality control procedures for sericulture and apiculture 
products. A quality control laboratory is testing honey, hive products, cocoons, raw silk, twisted 
yarn and silk cloth, to ensure the products meet the industry standards. Marketplaces in several 
focal points in East Africa are being established with full ownership of the rura l communities, with 
SO% women representation and m<1rket linkages for the various products are being developed 
through private entrepreneurs. 
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E. Grass/ Arthropod Diversity 
CoNSERVATJON OF GRAMINEAE AND Assoc1Ano ARTHROPODS FOR 
SusTAINABLE AGRICULTURAL DEVELOPMENT IN AFRICA 

Background, approach and objectives 

From the point of view of human nutrition and population growth, the Gramineae (grasses) with 
about 10,000 species is the most important family, of plants. Cultivated cereal crops (maize, rice, 
wheat, sorghum, millet, etc.) provide most of the world's food supply, and numerous grass species 
provide fodder for domesticated ungulates. Grasses are directly responsible for providing the 
substrate for carbohydrate metabolism, and indirectly for thct of protein and fat (through livestock 
conversion of grass into meat and milk fat). In short, grasses are the foundation upon which hum01n 
civilisation has been built. Grass species can also be serious weeds, spreading invasively, often 
following the unwise introduction of an alien species into a new habitat. Most of the thousands 
of grass species, however, are of no immediate, or obvious, importance to humankind. They go 
about their business in the background, invisible to the average person. 

With few exceptions (arrowroot, banana, potato, etc.), cereals are the staple diet of people in 
the developing world. Small-scale farmers depend heavily on cereals, and their fortunes rise 
and fall with the success or failure of seasonal yields. Human population growth has meant that 
the best land for growing cereal crops has already been taken. Increasingly, marginal lands are 
being converted to agriculture, with or without irrigation. Since most grass species are plains or 
open woodland species, cereals are replacing non-cereal, native grasses. In some countries wi th 
high human population densities (e.g. Burundi, Rwanda) nearly all arable land is under cereal 
production and grass biodiversity has been severely reduced. The same is tr,ue, to a lesser extent, 
throughout the world. Wild, native grasses represent an enormous reservoir of potential value, 
both as sources of genetic characteristics for improving existing cereals and for possible breeding 
of wild species into new cultivars. Our project was designed to address the issue of conservation 
of native grasses in the face of continuing human population growth. 

In our project, we approached grass conservation from a few different perspectives. First, we 
focused on field collection, deposition and, ultimately, conservation of native grass germplasm 
in national genebanks. Second, we publicised the va lue of native grasses and their conservation 
through brochures, handbooks, farmers' field days, and radio and television programmes. 
National programme officers and technical staff were educated through training sessions in 
grass 01nd insect identification, and methods of manipulation and rearing of stem boring insects. 
Finally, working with farmers' groups, we actively encouraged grass conserva tion by initiating 
grass weaver's cooperatives and by introducing a new technology incorporating native grasses 
into traditional farming methods. 

The project objectives were to document the diversity of Gramineae and associated insects in 
different selected agroecosystems and socioeconomic surroundings, and their adjacent natural 
habitats in Ethiopia, Kenya and Mali; to understand the relationships between certain grasses and 
insects; and to develop and promote the practical application of this knowledge ('best practices') 
in self-regulatory pest management and sustainable agriculture. Ultimately, we hoped the project 
would nurture a culture of conservation of native grass species among farmers, the group mostly 
responsible for their destruction. 

Participating scientists: Z. Khan, A. Barrion, R. Copeland, N. Yaro (Mali Country Coordinator), 
A. Hamadoum (Sikasso Site Supervisor), A. Kodio (Mopti Site Supervisor, lnstitut 
d'Economie Rurale, Mali), F. Muyekho, N. Ng'ang'a (Kenya Agricultural Research 
Institute) 

Assisted by: 5. 0. Orim<J., E. Kidiavai, P Offimo, R. Odhiambo, M. Watiti, C. Msando, C. 
Oyugi,· B. Sangare and P. Konate, IER 

Donor: Global Environmental Facility/United Niltions Environment Programme 
Collaborators: ETHIOPIA: Ethiopian Institute of Agricultural Research; the Institute of 

Biodiversity Conservation and Research, Addis Ababa, Ethiopia; the National Herbarium 
at Addis Ababa University. Ethiopia; the Ministry of Agriculture, Addis Ababa, Ethiopia. 
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MAL/: lnstitur d'Economie Rurale, Mali. KENYA: International Plant Genetics Research 
Institute, Nairobi; Hyacinth Crafts, Kisumu, Kenya; Green Development Croup, Kisumu, 
Kenya; Crop Plant Genetic Resources Centre, Genebank of Kenya; KARl; the National 
Museums of Kenya; East African Herbarium,· Environment Liaison Centre International 

Work in progress 

1. Farmer evaluation of native grass-row borders on yield of maize and millet 

Activ ities conducted during 2004- 2005 buill on work completed eorl ier in the project. Fdrmers 
in three Kenyan and two Mali districts were interviewed and asked to select favoured native 
grass species for use in on-farm experiments to evaluate the effects of native grass-row borders 
on yield of maize and millet. Farmers selected native grass species that had recognised value 
for them, as fodder, thatch, green manure, for weaving, and as a saleable commodity. In Kenya, 
these gr<Jsses were Themeda triandra, Pennisetum purpureum, Panicum maximum, Hyparrhenia 
rufa and Cynodon dactylon. In Mali, native grass species chosen were Andropvgon gayanus, 
Pennisewm pedicellawm, 5choenefeldia gracilis ;:md Schyzachlrivm sp. 

Preliminary, randornised block design experiments were conducted on small (6 x 6 m) plots. 
Border rows o f native gr<J sses, chosen by the farmers, were planted around field crops (maize or 
millet). Toward the end of the growing season, farmer's field days were held at all experimental 
sites. There, fa rmers were interviewed <lnd evalu;;~ted the condition of the plots. Fanners then n1et 
and selected the native grass(es) they wished to evaluate in large plot (30 x 30 m) experiments. 

In Kenya, fie ld days were held at the three study sites: Busia, Machakos and Suba districts. One 
hundred and fifty-six participants attended. Activities at the Suba district field day were covered 
by Ci tizen Radio <Jnd Television, which aired programmes on both media. 

Following farmer evaluat ion of the small plot tria ls, preferred native gra ss species were selected for 
large plot (30 x 30 m) experiments. As was expected, there was substantial variation in results within 
ilnd between sites. However, the trends 
were clearly positive, with maize yield 
consistently higher in plots surrounded by 
native grasses than in control plots (maize 
surrounded by rows of maize). In Suba 
District, for example, maize grain yield 
was 36' ond 38% higher in Hyparrhenia 
rufa-surrounded and Panicum maximum­
surrounded plots, respectively, compared 
to controls (J .13 vs 2.30 tons/ha in the 
former and 3.08 vs 2.23 tons/ha in the 
latter experiment) (Figure 1 ). 

Treatment 

Figure 1. Effect of grass borders on maize grain yield in Suba 
district during the 2005 long rains 

These encouraging experimental resul ts provided the scientific basis for proceeding w ith the 
development of a manual on best practices for integrating border rows of native grass species 
into traditional methods of cereal crop fa rming. The manual provides step-by-step instructions for 
using the technology and contains many photographs that clearly illustrate the steps involved in 
establishing and mainta ining grass border rows. A final draft of the manual was completed . 

2. Progress on grass weaving cooperatives in Busia and Suba districts 

In Busia district, 21 farmers were trained in grass-weaving techniques by Ziwa Creations, an NGO 
based in Kisumu. Ziwa had previously trained weavers in Suba district. Suba farmers received 
their first order, and their products were purchased by Ziwa for sale in Nairobi. 

3. Receipt of computerised identification tool for grasses from Ethiopia, 
Kenya and Mali 

The consultant completed and handed over an initial version of the 'Grasses Key' CD. The key 
was edited for accuracy and ease of use. Follow ing the model of recent examples of electronic 
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identificiltion guides, the interactive CD uses a multiple-entry format, to enable users to key 
in values for characters they are certain of, leaving out those they are unsure of. Oescnptions 
Jnd images of 502 grass species from the project target areas of Ethiopia, Kenya <'lnd Mali are 
included, as is an extensive glossary with accomp<~nying illustrated plates. 

4. Additional collections of wild grass germ plasm made with further 
accessions in National Gene Bank of Kenya 

Staff of the National Gene Bilnk of Kenya collected <'ldditional grass germplasm, replacing 
species collected earlier that had failed to display a satisfactory level of germination. Twenty-four 
additional accessions were made, representing 19 grass species. 

5. Handbook for the identification of grass stem borers and associated 
parasitoids in Kenya 

A fi rst draft of the handbook was completed. In addition to the extensive l ine drawings illustrating 
the handbook, it was felt that the addition of high resolution images of the genitalia of stem· 
boring moths would greatly increase its va lue for researchers and field workers. In general, moth 
stemborers are inconspicuous, straw-coloured or brownish species, blendinS into their grassland 
background. Many species are similar-looking as adults and can be exceedi~gly difficult to identi fy, 
pi.l rticu larly if rubbed of surface sca les. Morphological characters occurring on the genitill ia of 
male and female adults are the gold standard of moth identification, as they are for many insect 
groups. Prep;~rations of genitalia are simple to prepare and easy to interpret under a dissecting 
microscope. Yet, until now, there have been no publications w ith high quality photographic 
images providing this information. When publ ished, the handbool< will fi ll that void, and be of 
great value not just in Kenya, but throughout East and Central Africa. For the handbook, images 
were captured using the photomontage system at the US National Museum of Natural History. 

6. Activities in Mali 

The regional co-ordinator made •• 12-day trip to M ali from 26.August- 6 September 2005, visiting 
IER headquarters in Barn<tko to discuss the status of activi ties in Mali with the country co-ordin<ttor, 
Dr Niarnoye Yaro, and to visit the two areas in which activi ties are being conducted; Sik<tsso 
and Mopti. The project is far less developed in M<tli than in Kenya, due largely to <Jn extended 
drought, but also to a lack of trained entomologists/taxonomists at the managerial and technica l 
levels. Nonetheless, farmer enthusiasm for the project was very positive. 

Output 

Reports to donor 

Quarterly reports for 2004- 2005. 

Capacity building 

Training of 156 farmers and local extension officers in using 'grass-rows technology' to enhance 
yield of cereal grasses W<Js carried out. 

Impact 

The 32 farmers from three districts in Kenya who were participating in the field trials <tCCessing 
the efficacy of grass-row borders were interviewed by the socia l scientist. A ll but one indicated 
that they were going to continue to use the method after the on-farm tri<tls ended and direct icipe 
involvement was terminated. 
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F. Gene Flow from Cultivated to Wild Plants 

CoWPEA GENE Ftow 

Background, approach and objectives 

Transgenic crops are increasingly becoming a dominant feature of the agricultural landscapes, 
and genetical ly modified crops (GMCs) hold potential for increasing food security in Africa 
where traditional fa rming is based on mixed cropping with low agricultural inputs. However, the 
potential release of GMCs in Africa raises severa l concerns, i.e. toxici ty of GMCs to non-target 
organisms, development of insect popui<Jtions resistant to the toxins expressed in the GM plants, 
<tnd more important in the case of crops with wi ld relatives, gene flow from cultivated to wild 
and weedy plants. As emphasised by Rich<Jrd Cowan in an interview to Fortune (2 1st February 
2000), 

the most serious envi ronmental risk is the possibility that implanted genes wi ll escape from cult ivated crops 
into wild relatives, resulting in the production of super weeds. It's not clear that escaped genes would remain 
in w ild relatives and cause adverse ecological effects. Only l:!xlensive field tests will give us answers on this. 

Beyond extending bilsic knowledge on the relationships between an import;~nt African crop, i.e. 
the cowpea, and its wild progenitor, the ultimate goal is to provide reliable information in the 
areas of ecology and popui<Jtion genetics to allow for well planned deployment of genetically 
modified (GM) cowpei! in Africa, where insect-resistant varieties are desperatel y needed. Since 
wild relati ves of cultivated cowpea are widespread in Africa, and in some places very common, 
the current research on gene flow between cultivated and wi ld cowpea is fully justified. 

However, studying gene flow in cowpea is not restricted to the pollen-flow from cultivated to 
wild pl(lnts. Although pollen flow is an important component, post-ferti l isation events also need 
to be taken into consideration. Moreover, one needs to keep in mind that both pollen flow 
directions can lead to hybrid pl;~nts able to backcross with other wi ld plants. Therefore, pollen 
competitivity, fitness of hybrids and of the hybric.J progenies, as well as seed predation and seed 
flow, are phenomena that need attention. Indeed, every piece in the chain, from flowering of 
the cultivated pl;~nt to the seed predation of j BC2 introgressed wild plant, ne~d to be st~died . 
Although one element seems very helpful so '5r for a GM cowpea deployment, 1.e. the pollt n'ator 
behaviour and the low pollen flow, not a single elei11ent alone wi ll provide a zero-risk clearance 
for the release of GM cowpea. Each step of the process leading to gene establishment in a wild 
population needs to be examined to be sure that no major problem remains somewhere, which 
would hamper the release of GM cowpea. 

This work is enti rely done within the Molecular Biology and Biotechnology Department and 
Muhaka Field Station (coast<~l Kenya). 

Participating scientists and students: R. 5. Pasquec, Y. Feleke (PhD student), E. Kouam (PhD 
student), I. Rabi (MSc student), C. Ager (MSc student) 

Assisted by: B. Elesani, A. M . Gunia and V Odero 

Donors: Rockefeller Foundation, USA/0 (BBI program) 

Collaborators: University uf California, Department of Agronomy and Range Science, Davis, 
USA; Lund University, Department of Chemical Ecology and Ecotoxicology, Sweden; Ohio 
State University, Departmenc of Evolution Ecology and Organismal Biology, Columbus, 
O hio, USA; INERAICREAF, Ouagadougou, Burkina Faso 
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Work in progress 

1. Analysis of pollen flow between domesticated cowpea and its wild 
relative: Phase 1 

The first phase of the project was focusing on pollen flow between domesticated (potentially 
GM) cowpea <md its wild relative. Pollen flow can only occur through few large-sit.:ed pollinators 
(several Xylocopa and megachil ids). Pollen flow can be important in some instances, especially 
when a few w ild plants are in the middle of a cowpea field. So far, there is no way to prevent 
pollen flow. Competitivity of the various pollens, flower colour or segregation distortion in the 
progeny of a hybrid cannot be used to prevent gene escape. 

The fitness of the wild-domesticated hybrids and their progenies was checked. These hybrids 
;Jre more fitted th;m wi ld pl;:mts, especially the hybrids from a domesticated plant fertilised by 
wild pollen. In addition, these hybrid plants and their progenies can take advantage of insect 
protection to boost their seed production. 

Seed predation and wild plant population regulation 

/\s there is no way of preventing gene 
csct~pe Md wild plants introgressed with 
Bt genes w ill likely. produce more seeds, 
focus shifted toward seed pred<Jtion 
and wild plant population regu lation. 
The future introgressed wi ld plants wi ll 
produce more seeds, but wi ll this be 
enough to turn wi ld cowpea into invasive 
weeds? 

Vicleot;:~pes show that <Jnts (as well as 
beetles and locusts), birds (Francolinus 
c:oqui and Streptopelia capicola), rodents 
(gerhi ls, FigurEl 1) and large mammals are 
illl seed predators. 

v ( 'd d h f ' Figure 1. A I eating a domes! cowrea 
ery ew ants were VI e~tape • t ere ore of the seed lt:Sta (topl show the seeds alreJdy eilten. During the 

w_e can not assess thetr role as seed same night, one seed was half-eaten by a beetle (honoml. This 
dtspersers yet. But beetles and locusts picture was originally frurn a videotilpe 
w~re clearly seed predators. 

The role of rodents is more ambiguous. They eat seeds in situ, and these seeds are clearly 
destroyed. However, they are also removing and caching seeds. Since they do not locate seeds 
buried deeper than a fe'« centimetres, we can expect that the seeds they are caching are lying at 
a depth where they can germinate. Since rodents are reputed for forgetting the location of some 
of their caches, we ca n expect that they are also involved in seed dispersion. 

Although not yet taped on video, large mammals (cows, goats, horses and pigs) are seed predators, 
in addition to beiflg important grazers. Preliminary feeding tests showed that if birds seem to 
be total predators, large mammals are destroying only 60 to 90% of the wi ld seeds ingested. 
Domesticated seeds are entirely destroyed by digestion while few hybrid seeds (produced by 
F, hybrid plants) are surviving the tests. However, in normal conditions (i.e. the dung is not 
immediately buried for manure), dung beetles are burying most of the seeds in their dung balls at 
depths where the seeds ca nnot germinate. A first very rough estimate would be that a maximum 
of 1 ou/r_, of the ingested seeds are dispersed. Large mammals, although important predators, seem 
to be the primary long distance seed dispersers. 

Predation by birds (Figure 2) is in general very low. Birds do not seem to have a preference for any 
type of seeds. From video sequences, they seem to start with small sized seeds, but they usually 
consume most of the seeds offered when they come across a station. 
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Figure 2. Predati9n of seeds by birds, rodents and arthropods according to ecolo&y, 
predator and seed type (c, cultivilled, h, hybrid or w, wild) 

Predation by arthropods is also low. However, arthropods seem to prefer domesticvted seeds. 
Seerls 01re e01 ten in situ and not removed. 

Predation by birds is not very important and it is 01lso not regular. With birds, all the seeds cvn 
be e.:~ten in one day, and sta~' untouched for the next two days. On the other hand, once rodents 
have found a location with seeds, the place is visited regularly (every following night). Therefore, 
with rodents, we see a progression from day 1 to day 3 which does not appear with birds (F]gure 
3). Obviously, rodents can adapt fairly quickly to an increase in offered seeds. ·· 
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Figure 3. Predation of seeds by birds and rodent~ on 
conSt!cutivc days (3 g WdS offered) 

In effect, rodents would be the perfect predators 
if their predation was not strongly ilffected 
b~• vegeta tion and soi l cover. Figure 4 clearly 
shows that although birds may prefer reliltively 
open spaces, rodents a~e avoiding areas with 
bare soil. 

To c larify this, we did a similar tria l in which 
seeds were dispersed on a transect from a 
bushy area (Figure 5, clark area) to <1 bare soil 
area (Figure 5, light area). After 4 rn of bare soi l, 
predation dropped sharply. 
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figu re 4. PredJtion of seeds by birds and rodents according 
to soi l cover and vegetation (3 g was offered) 
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For the moment, these results should be Figure 5. Predation by rodents according to soil cover (3 

considered as very preliminary. However, they S was offered) 

look encouraging for the future release of Bt-cowpea in Africa. 
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We know that if Bt-cowpea is released in Africa, the Bt-gene will move to wild plants and the wild 
plants wi ll produce more seeds; although we do not know how much more they will be ahle to 
produce with the help of just the Bt-gene since we have no Bt-plants to test yet. 

Regarding pred;Jtion, rodents and large mammals seem to have potential for destroying the extra 
seeds produced by Bt introgressed plants. This wou ld suggest that rodents would be able to keep 
n~tural populations at a low level. However, . the situation is expected to be less dear for the 
weedy population developing in fields. It is obvious that rodents will not be as effective as in 
mttural populations. 

Output 

Journal articles 

Thulin M., Lavin M ., Pasqvet R. and Delgado-Sa linas A. (2004) Phylogeny and biogeography of 
Wajira (Leguminosae): A monophyletic segregate of Vigna centered in the Horn of Africil 
region. Systematic Botany 29, 903- 920. 

Pasquet R. 5. (2004) New synonyms of Vigna luteola Oacq.) Benth. (Leguminosae-Pap il ionoideae­
Phaseoleae). Kew Bulletin 59, 637-638. 

Pclsquet R. S. (2004) The African centers of domestication, pp. 304- 306. In Encyclopedia of Plant 
and Crop Science (Edited by R. Goodman). Marcel Dekker Inc., New York. 

Capacity building 

PhD students 
Y. Feleke (Ethiopia) Cowpea (Vigna unguicvlata) cpDNA polymorphism as a tool to assess gene­

now directions between cul tiv<~ted and wi ld cowpea. Kenyatta University, Kenya (awaiti ng 
defence). 

E. Kouam (Cameroon) Cowpea gene-pool organisation. Kenyatta Un iversity, Kenya (ongoing). 

MSc: students 
I. Y. Rabi (Kenya) Molecular estimation of breeding system and gene flow of w ild cowpea IVigna 

unguiculata (l.) Walp.l from coastal Kenya. Kenyatta University, Kenya (March 2004). 
C. A. Ager (Kenya) Chemica l composi tion (volatile ;;~ nd nectar) of cowpea flowers. Kenyatt<J 

University, Kenya (awaiting defence). 

Impact 

Data on ecology of wi ld cowpea w ill be necessary to regulatory agencies to authorise Bt­
cowpea. 
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G. Metapopulation Study and Management 

METAPOPULATION DYNAMICS AND MANAGEMENT. I. CoNNECTIVITY 
ENHANCEMENT FOR EcoSYSTEM SERVICE ENHANCEMENT AS CAsE STUDY 

Background, approach and objectives 

The objective of the Population Ecology and Ecosystem Science Department project is to make 
available a methodology that allows study and management of metapopulations consisting of 
a group of spatially separated populations of the same species which interact at some level. 
In the project, the state and spatial occurrence of various fruit tree species and varieties are 
assessed, the services th<Jt they confer to people are evaluated and recommendations are made on 
strategies aiming 01t enhancing their services. In fact, human societies may derive many benefits 
including the production of a diversity of ecosystem goods, or extractive benefits, such as food, 
timbe1~ biomass fuels, and precursors to many in- fundamental life-support processes including 
pollination, water purific<ttion, renewal of soil fertility and climate regulation. Ecosystem services 
include life·fvlfilling functions, encompassing aesthetic beauty and the cultural, intellectual and 
spiritual values derived from nature. Finally, preservation of the option to use these (or new) 
services in thr.! future is also an important service in itself (Daily and Dasgupta, 2001, In : Levin, S. 
(ed.) Encyclopedia of Biodiversity, Vol. 2, Academic Press, London, New York, pp. 3 53-361). 

Participating scientists: j . Baumgtirtner, M ._ Bieri 

Work in progress 

The case study consisted of 720 patches composed of 361 fruit trees, some sm_all i!pple pl<tntations 
and 359 hedgerow point measurements, display 258,840 connections and yield connectivity 
indices for dispersal coefficients of littl e mobile birds ilnd butterflies, respectively. Four strategies 
to place 75 additional trees for connectivity enhancement h<tve been evaluated. They 0111 le<Jd 
to higher overall connectivity relative to the current connectivity, but the establishment of ~n 
orchard provides the highest gain in relative connectivity. The second best result is obtained by 
randomly placing the trees into open agricultural, land. The strategy of planting the trees for shade 
provisidn <tlong roads and paths yields a result similar to a strategy with placement of trees on 
transects through open agricultural land. The strategy of planting trees along paths and roads is 
preferred since interference with agricultural activities is minimal. In a metapopulation context, 
the connectivity for representative taxa should be seen as a necessary but insufficient parameter 
ior species conservation purposes in particular and biodiversity augmentation in general. 

The encouraging results obtai ned in this work can be seen as a further confirmation of the validity 
of Mitsch and jergensen's observation (2004: Ecological Engineering and Ecosystem Restoration. 
Wiley, New York) that ecological engineering has now matured to a point where it needs to have 
a prescriptive rather than descriptive aspect. 

The project was concluded in 2005, but is the basis for the following species conservation 
project. 

Output 

A publication on fruit tree ecosystem service provision and enhancement has been written. 
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METAPOPULATION DYNAMICS AND MANAGEMENT. II. APPLICATION OF 
INFORMATION THEORETICS TO SPECIES CoNSERVATION AS CASE STUDY 

Background, approach and objectives 

The first objective of the Population Ecology and Ecosystem Science Department project is to 
overcome the limitations of frequentist approaches and introduce information theoretics methods 
into study and management (see Ecolosical Applications 16, 1-116). This is important since 
traditional statistical inference methods appl ied to data from designed experiments seriously 
restrict work in modern ecology. 

The second objective is to make available a methodology that allows study and management of 
metapopu lations consisting of a group of spatially separated populations of the same species which 
interact at some level. Many species at risk of extinction suffer from decreasing abundance and 
deteriorating habitats. In fact, the degree of habitat fragmentation and the quality of environments 
that connect the habitats become critical factors for species persistence. Metapopulation models 
with explicit spati<~ lity can consider combined environment<~ ! effects <1nd hence, 01re useful for 
representing the dynamics of populations. Nevertheless, these models ar.e rarely studied with 
respect to derivation of useful indices for evaluation of population conservation str<Jtegies. Some 
of the model features including the duration until the expected extinction or the cap<~city of 
metapopulation persistence have serious limitations that constrain model use for the evaluation 
of different management options. In ~his work, we <!pply an incidence function model OMF) 
for the <~mphibians Bufo bufo and Rana temporari<J and focus on the direct comparison of the 
estimated incidence associated with different intervention scenarios. For this purpose, we suggest 
an approach based on the Kullback-Leibler information, a quantity which is well-known in 
statistics but has only been recently used in ecology. 

Collaborators: f. Baumgartner; G. Gilioli, Universila Mediterrane<J di Reggio di Calabria, 
Italy; A. Bodini, Consiglio Nationale perle Ricerche, lslituco dl Malematica Applicata e 
Tecnologie lnformatiche, Milano, Italy; J. Hartmann, Amt filr Natur und Umwelt, Chur, 
Switzerland 

Assisted by: P. Weidmann, Alragene Fachgemeinschaft fur Standortskunde und Oekologie, 
Chur, Switzerland 

Work in progress 

The combination of a metapopulation model w ith the Kullback-Leibler (KL) i nform<~tion is 
illustrated by the evaluation of intervention strategies aiming at the conservation of amphibians 
in the alpine Rhine valley (Canton of the Grisons, Switzerland). The KL information resulted to 
efficient ranking of conservation strategies obtained in cases where the Incidence Function Model 
(IFMl was i!pplicable. Importantly, the method is readily applicable to the results of other models 
that produce scenarios for further evaluation. The existing data allowed us to rapidly analyse 
the actlJal situation and make suggestions for conserving two species out of a community of 
6 species. Noteworthy, one of the two (B. bufo) is seen as endangered in the region, and rapici 
interventions may change this state. 

The results are expected to allow rapid eva luation of methods for species conservation and permit 
strategy ranking on solid quantitative ground for discussion among a wide array of stakeholders. 
In this context, we recommend the improvement of data collection and the .establishment of 
a monitoring system that (a) provides time series data th<~t allow conti nuous assessment of the 
state of the population with particular reference to risk of extinction, (b) permits continuous 
evaluation of possible conservation strategies, and (c) allows revision and possible corrections of 
rnanilgement procedures as the project evolves. These activities fall into the adaptive management 
system that continuously improves the understanding of the system and produces more efficient 
decision support tools. 

The encouraging resul ts obtained are seen as a further confirmation of the val idity of Mitsch 
and J0rgensen's observation (2004: Ecological Engineering and Ecosystem Restoration. Wiley, 
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New York) that ecological engineering has now matured to a point where it needs to have a 
prescriptive rather than descriptive aspect. 

The results ill so demonstrate the opportunities provided by inform<~tion theoretics and the need to 
go beyond traditional appro<~ches of control led experiments <~nd statistical inference methods. 

Output 

The project was concluded in 2005, and a piiper has been submitted to <1 high ranking and 
refereed ecologic<~! journal. The work is the basis for ongoing work on met<~population models 
and information theoretics approaches to study and management of pest metapopulations. 
Moreover~ a concept note has been written for mammal population conservation in the lower 
Tana river area, Kenya. 

Conferences attended 

GRASPA (Gruppo di ricerca perle applicazioni della statistica ai problemi i!mbientali) Conference 
200.r;, 21 - 30 April, Bertinoro, Italy. Attended by: J. Baumgartner, A. Bodini and G. Gilioli. 

Societa ltaliana di Ecologia. Congresso Nazionale, Torino. 12-14 September, 2005, Universita 
degli Studi e Politecnico. Attended by: G. Gil ioli, A. Bodini, j. Baumgartner, P. Weidmann 
and j . Hartmann. 

·. " 
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H. Gut Symbionts of Termites 

BACTERIAL DIVERSITY IN THE INTESTINAL TRACTS Of FUNGU~CULTIVATING 
TERMITES MACROTERMES MICHAELSEN! (SJOSTEDT) AND 0DONTOTERMES 
SOMALIENSIS (SJOSTEDT) 

Background, approach and objectives 

Termites are an important group of insects that harbour a complex community of gut microbes, 
which contribute to digestion, termite nutrition and gas (methane, carbon dioxide and hydrogen) 
emission. The abundance of microbial communities in the intestinal tracts of two fungus­
cultivating termites Macrotermes michaelseni (Sji:istedt) and Odontotermes somaliensis (Sji:istedt) 
were investigated by the Molecular Biology and Biotechnology Department using plate counts. 
Diversity was assessed by DNA fingerprinting using restriction digestion and sequencing of the 
165 ribosomal DNA (rONA) genes and the identity of the microbes determined by comparison of 
these sequences with those in pub I ic databases. 

Participating scientists and student: W Lwande, E. Osir, H. Boga 1
, A. MuigaP, C. Toledo3, M. 

Keller:l, L. Makenzi 

Donor: Diversa Corporation, San Diego, USA 

.Collaborators: 1/omo Kenyatta University of Agriculture and Technolog)~ 2Kenya Wildlife 
Service, 3 Diversa Corporation / 

Collaborating department: Molecular Biology and Biotechnology Department 

Work in progress 

7. Harnessing resources in symbiotic microbial communities for research and 
development 

Counts based on most probable 
number (MPN) showed that there 
were on average > 1 0, 000 cells of 
Macrotermes michaelseni (Sji:istedt) 
and -500 of Odontotermes 
somaliensis (Sji:istedt) per termite 
gut. Both termite species contained 
bacteria of genera Proteobacteria, 
Cytophaga -Fiexibacter­
Bacteroides, some low G+C gram­
positive bacteria, Anaerobaculum 
thermoterrenum and spirochetes. 
Some unique sequences · showing 
very low similarity to known 165 
rONA were also found. The results 

Figure 1. Fingerprinting of recombinant plasmid clones containing 
the 165 rONA gene using a cocktail of 6 restriction enzymes. M, 
DNA size marker; lanes 1-24, individual plasmid clones showing 
restriction patterns generated after digestion 

reveal an enormous diversity of bacteria in both termite species, some species that were unique 
to the two species, and many new uncultured species unknown to microbiologists. 

Figure 1 shows an example agarose gel of recombinant plasmids containing the 165 rONA 
digested with a cocktail of 6 enzymes, with both unique and similar fingerprints displayed. 

Capacity building 

PhD student 
l. M. Makenzi (Kenya) Diversity of microorganisms in the intestinal tracts of fungus-cultivating termites 

Macrotermes michaelseni (Holmgren, 1909) and Odontotermes somaliensis (Holmgren, 1912). 
jomo Kenyatta University of Agriculture and Technology, Kenya (completed). 
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I. Insect Identification Services 

INSECT IDENTIFICATION AND TAXONOMIC INFORMATION 5fRVICES 

Background~ approach and objectives 

The Biosy~tem<Jtics Support Unit laboratory combines services and research activities in providing 
the necessary taxonomic support for lcipe activities and to a lesser extent to other institutions. 
The laboratory provides basic taxonomic infrastructure at icipe t.o support both identification 
and targeted taxonomic research. This infrastructure includes a reference collection, literature, 
laboratory facilities and expertise at research and technical levels. The laboratory also provides 
networking to the world taxonomic communi ty. The objectives are to provide quality identification 
and information services to icipe and other institutions, and to provide research capacity to resolve 
taxonomic problems as needed such as the morphological and molecular studies of the recently 
detected invasive fruit fly species, Bactrocera invadens, which is currently underway. 

P.1rticipating scientist: M. K. Billah 

Assisted by:}. N. Gitau 

Collaborators: Primary in-cnuncry coiiJboration is with the NalionJI Mvseums of Kenya, 
while primary external cnllaborations are with the Natural History Museum, London, 
Royal Museum of Central Africa, Tervuren, Belgium and the Plant Protection Re.~eilrc::h 
Institute, Pretoria, South Africa. The BSU has also established a network of taxonomists 
in the followine institutions who collaborate in lhe identification of specimens: .Kenya 
Agricultural Research Institute; Cofll=e Research Foundation, Kenya; Pl;;nt Pmtection 
Research Institute. Agricultural Research Council. South 1\frica: CAB International. 

London, UK; Texas A&M Universit)~ USA; South Africa 
Tablo I. Summary of ld~on~Rcallon services 1 1 
in 200 .. _2005 Museum, Cape Town; Wageningen A~;:ricu lura University. 

Proie~t/Ciient 

AFFI 
itipA Ac;tivitiot 
Ugonclo 
Kenya 
Tanzanio 
Ghana 
Zanzibar 
Nigeria 
Ethiopia 
Madagascar 
Sudon 
Sri Lanka 
India 
AFFI aubtoh:~l 
Sl•mbor•r Group 
h:lpo Activitie~ 
Uganda 
Tanzania 
Mt~lowi 

Zimbabwe 
Zambia 
Cameroon 
Ethiopia 
WAU aubtotal 
Commor~ia! ln1ecl' Programme 
<::IP svbrotol 
Other lns!ltutlona 
lndu Farm 
01erian Development Company 
Oth•r inalitution1 1ubtolol 

Total no. ohp•~imna 

~nvironmelital healrh 

No. of 
specimen~ 

109,158 
51,693 

5406 
3795 
1571 
2567 

:37:3 
295 
1.13 
63 

440 
1910 

177.41.4 

~0,8:l3 

3321 
3230 
,1973 
1768 
452 
200 

20 
31,787 

148 
1.48 

432 
46 

.478 
209,827 

The Netherlands and the Royal Museum of Central Africa, 
Tervuren, Belgium 

Work in progress 

Over 209,000 specimens were identified for v;;~rious clients 
and projects as in Table l . The fruit fly collection has been 
maintained and databased as in Table 2. 

The following donations have been received or donated to 
other institutions: , 
• 100 Cer;;.cicis rosil specimens to Australia through the 

Director General's office; 
• 57 Bactrocera invadens specimens toAREU, Mauritius to 

help in the quick identification of the invasive species; 
• 51 B. zonaca from AREU, Mauritius for incorporation 

into AFFI/icipe collection. 

Table 2. Summary of fruit Ry collect;on al!d cla!GbQJe 

No. of 
Statu' 

Dry o~~·~~ioned enttie~ 
Wet a~ceuioned entries 
Total databa1e entrie1 
A~~•nion•d, but not ent•red 
Total Q~~onionocl •po~mon$ 
tdentlfled, but not a~cessloned 

specimens 

9312 
244,059 
253,371 
135,731 
389,102 

All, A 14+ 
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Capacity Building and Institutional Development 
CAPACITY AND INSTITUTION BUILDING IN INSECT BIOSCIENCES 

Background, approach and objectives 

No me;:~ningful difference can occur in the lives of target beneficiary communities, unless capacity 
nc~ccis oi the v,1rious pl;;~ycrs in the development continuum are identified and addressed and the 
we<Jk links between the institutions are strengthened. It is for this reason that fcipe's Capaci ty 
Building and Institutional Development Programme (CB&ID) works to build capacity through 
resc<Jrch tr<~in i ng so ilS to enh<Jnce the ilcquisition <Jnd application of knowledge, strengthening 
of skills anci the ch<mgi ng of mindsets. The programme's main goal is to capacitate individual 
researchers .-.nd institutions in Afric;;;~ to initiate problem-solvif"!g research and development 
activities, <~nd by including marginalised groups such as women and the youth empower 
commun ities to ;;~clopt and utilise eta-sustainable technologies for integrated development. 

To meet this goal, the CB&ID programme's focal activities are focused on building human resource 
capacity in insect science and related areas, that is well trained, highly motivated and able to 
respond to the arthropod-related development needs of the African constituency. 

O ne of the key elements of the training programme is the emphasis on 'hands-on' experience 
and regular contact With the target communities, be it through training of farmers or training of 
tra iners (ToT) and extension workers. icipe believes that this contact is pivotal in ensuring that the 
troining remains relevant and that the trainees are aware of the pressing on-the-ground problems 
of technology implementation 'and adaptation in Africa. 

The capacity building programme activities are complemented by collaborative arrangements 
with universities and reseo rch institutions in developed countries. The training programmes ore 
structured along the following 111ajor thrllsts: 

• Higher degree training for leadership in scientific rese<ir<;h and pol icy formul<:~tion. 
The postgraduate training is held at PhD and MSc levels through the African Regional 
Postgraduate Programme in Insect Science (ARPPIS) and the Dissertation Research 
Internship Programme (DRIP). 
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• Non-degree -training mainly targeted to practitioners in the national agricultural and 
health research and extension systems; 

• Professional development programmes, where postdoctoral fellows, research associates 
and visiting scientists come to icipe to develop and share expertise; and 

• Interactive on-site training, through collaborative research work carried out with icipe's 
national partners. 

Participating staff: icipe 's capacity building activities are implemented by staff in various 
programmes and projects, and coordinated through the CB&/0 programme, under the 
general guidance of the Director of Research and Partnerships, Professor Onesmo ole­
MoiYoi. 
(i) Research supervision and training: iclpe scientists based in the various programmes 

as indicated in Tables 1 and 2. 
(ii) Oversight of student affairs: Through icipe's Board of Training and Postgraduate 

Studies. Appointed in February 2005, the Board composed of Dr /an Cordon, Head 
of Environmental Health Division, icipe (Chair); Prof. Achola Pala, Head of Social 
Sciences Department, icipe (Vice Chair); Prof. Penina Aloo·Obudho, Chairman, 
Department of Biological Sciences, Kenyatta University; Dr Esther Kioko, Scientist, 
Commercial Insects Programme, icipe; Mr Willis Awori, Human Resources Manager, 
icipe; Or Markus Knapp, Project Coordinator, Tomato Red Spider Mite Project, 
icipe,· Dr josephac Shilllu, Scientist, Human Health Division, icipe; Dr Sunday 
Ek.esi, Scientist, African Fruit Fly Initiative/Arthropod Pathology Unit, lclpe; Dr }. 
P R. Ochieng'-Odero, Network Coordinator, ARPPIS and Head, Capacity Building 
and Institutional Development Programme, icipe; Ms Lucy M. Theuri, Assistant 
Programme Manager, Office of the Director of Research and Partnerships, icipe; 
Ms Lillian lgweta, Training Officer, icipe (Secretary to the Board); Dr Ellie 0. Osir 
(February-july, ZOOS); Dr Slawomir A. Lux (February-June, 2005). 

(iii) Office coordination/secretariat to ARPPIS: Programme coordination activities are 
provided through }. P R. Ochieng'-Odero (Overall Network Coordination), L. M. 
Theuri (Administrative Function), L. lgweta (Training and Logistics), L. A. Omondi 
(Secretarial and Documentation Services), M. Ochanda (Clerical Services). 

Donors: icipe's craining programmes, which include the network activities of ARPPIS, 
are funded through a consortium of donors. These Include the German Academic 
Exchange Service, the Dutch Programme for Cooperation with International Institutions 
(Netherlands-SIIJ, the Kirkhouse Trust of the United Kingdom, the International Centre 
for Scientific Culture-World Laboratory of Switzerland who provide fellowships. Other 
donors providing support to the training programmes include Dupont Aid to Education, 
Gatsby Charitable Trust, /FAD, IFS, NIH, Slngeberg Foundation, Rockefeller Foundation 
and WHO·MIM/TDR. 

Collaborators: The University members signatory toARPPIS are the main collaborating partners 
in implementing the postgraduate training programmes. These include universities in 
the following countries: Cameroon: Dschang; Egypt: Assiut; Ethiopia: Addis Ababa, 
Alem01ya; Ghana: Cape Coast, Ghana,· Malawi: Malawi; Kenya: Egerton, Jomo Kenyalla 
University of Agriculture and Technology, Kenyatta, Maseno, Moi, Nairobi; Namibia: 
Namibia. Nigeria: Ahmadu Bello, Enugu State, lbadan, University of 1\griculture Makurdi, 
Nnamdi 1\zikiwe, Ogun Stale, Rivers State University of Science & Technology; South 
Africa: Pretoria, North West University; Sudan: Cezira, Khartoum; Rwanda: National 
University of Rwanda; Tanzania: Sokoine University of llgriculture; Uganda: Culu, 
Makerere; Zambia: Zambia,· Zimbabwe: Zimbabwe. 

O ther collaborators include national research organisations in African countries signatory 
to the icipe Charter, international agricultural research centres, academies of science and 
networks such as the Third World Academy of Sciences, Third World Organization for 
Women in Science, African Network for Agriculture, Forestry and environment Education 
and Forum for Agricultural Research in Africa programme on Building Africa's Scientific 
and Institutional Capacity for Agriculture and Natural Resources 

icipe biennial scientific report 2004-2005 



Work in progress 

7. Postgraduate training 

The African Regional Postgraduate Programme in Insect Science (ARPPIS) 

ARPPIS continues to be the major regional training framework for building human capacity 
aimed at providing leadership and policy inputs in the area of insect biosciences. The success of 
this innovative programme is predominantly due to the fact that it combines the excellence of 
icipe's research and development agenda with the academic experience of i ts 31 partner African 
universities. With very few exceptions, ARPPIS graduates have remained to work in Africa. A 
number of alumni have risen to policy-innuencing positions and have maintained linkages with 
icipe through the ARPPIS Scholars Association (ASA). These ildvances have been achieved despite 
the continent's loss of human resource capabi lity through 'bril in drain'. The success of the ARPPIS 
programme has resulted in an annual increase in demand for postgr<Jduate tra ining with requests 
coming from around the continent. 

(i) Strengthening and revitalising the ARPP/S Network 

Following the recommendations of the Strategic Review of icipe regarding aspects of the 
capacity building programme needing attention, the programme initiated early in 2005 a close 
consultation process with its university network partners to determine strategies for strengthening 
and revitalising the entire network including the sub-regional MSc centres serving East, West and 
Southern Africa. The ultimate aim is to strengthen the universities' role as capa~ity building 'agents 
of change' in the context of contributing to meeting appropriate Millennium Development Goals 
(MDGsl through implementing training programmes in insect biosciences. 

n,e three major areas targeted for improvement are: 
• Enhancing university participation in the network: W ithin the frt~mework of the ARPPIS 

arrangement, participating African universities have played largely administrative and 
faci litative roles in the past. There was need therefore to revise the programme structure 
to enJble the partner universities be more active participants in the conception of student . 
research projects and student supervision, as well as in providing fac ilities for a substantial 
part of student reset~rch activities at the universities. 

• Modernising the curricular and teaching methodology: Building university capability 
to offer quality higher education, especially in the area of biosciences is a major 
preoccupation of the programme. Strengthening the postgraduate training programme 
therefore needs to incorporate inter-linkages between key disciplinary competencies 
including modern approaches in population ecology and ecosystems science, genomics, 
computational biology, socioeconomics, behaviour<~ I and chemical ecology, conservation 
biology, biodiversity, insect pathology and environmental biology. This modernisation 
w ill significantly contribute to high-level trained brainpower, which will in turn undertake 
further training and hence sustain quality postgraduate training. 

• Facilitating information access: Since the universities have listed capacity limitations in 
terms of ready access to scientific information, especially journals, there is need for icipe 
to facilit<Jte the provision of on line journals access to the universities participati ng in its 
training networks, as a way of building institutional capacity to undertake research, and 
hence contribute to solving critical national and regional problems. 

As a result of the <1bove, and in an effort to develop a revi talisation and capacity strengthening 
strategy, two key meetings related to ARPPIS were held in 2005. Based on outcomes of discussions 
at these two meetings, the following were identified as key areas that are being addressed in the 
revitalisation of the training programme: 

• Enhancing university participation: The icipe Board of Training and Postgraduate Studies 
(IBTPS) discussed modalities of enhancing university participation in ARPPIS. Based on 
wide consultations, the Board has implemented a number of changes in the operation of 
the ARPPIS training programmes in a number of key aspects, especially: 
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More participation of universities in student selection to PhD programmes; 
Improvement in the quality of supervision; 
Timely thesis examination; and 
Enhanced collaboration in lcipe's programmes resulting in the devolvement of more 
research and training activities to the universities. 

• Ensuring sustainability of the network: Since funding continues to be the biggest and 
most immediate threat to the sustainability of ARPPIS, the establ ishment of long-term fund 
mobilisation plan and the diversification of the resource base are of high priority. Proposals 
were made on cost areas where the universities can make signific<lnt contributions, 
especially in respect to tuition and management-related costs in implementing the 
ARPPIS academic programme. Discussions are ongoing with the university partners on 
how they can contribute, especially through fee waivers. 

• Providing institutional strengthening support to the university partners: In response 
to demand, and in an effort to strengthen university capacity to undertake research in 
insect biosciences, icipe has been requested to develop an institutional strengthening 
component, based on maximising complementary partnerships to contribute to the long­
term revitalisation of university capabi lity to offer quality higher education. The project 
component will assist in modernising the teaching of insect biosciences by integrating 
the newer approaches and scientific discoveries into the curricula. Initially, focus wi ll 
be on building rese<Jrch and training capability of four carefully identified universities 
by providing key institutional support to upgrade research and training facilities, staff 
development, and communication capacity. It is expected that th is intervention wi ll 
significantly contribute high-level trained brainpower, which will in turn undertake 
further training and hence sustain quality postgraduate training. The project is expected 
to serve as a model that can be replicated in the other collaborating universities in future 
programmes. Since this institutional strengthening intervention essenti<JIIy builds on 
complementary p<Jrtnerships, the determination of the willingness of the universities to 
cost-sha re in the long-term running of the programme is critical. 

• Modernising and upgrading the Network programmes: A specific institutional 
strengthening initiative to assist the partnering universities build up capacity that enables 
them to effectively utilise online digital resources for postgraduate training and research 
in insect biosciences was proposed and approved. Modalities of implement<Jtion and 
funding 01re being worked on, but will incorporate aspects of open and distance learning 
(ODU. 

(ii) University membership in ARPPIS 

During 2004 <Jnd 2005 t~e membership of the ARPPIS participating universities rose to 31 _ The 
new members are: 

• Gulu University (Uganda) 
• North West University (South Africa) 
• Maseno University (Kenya) 
• University of Namibia (Namibia) 

(iii) Award of regional training fellowships 

During 2004 and 2005, nineteen (19) PhD scholarships under the ARPPIS programme were 
awarded (See Table 1 ). 

Fifteen (1 5) MSc scholarships were provided to the West Africa ARPPIS Sub-Region;~ I Centre 
based in University of Ghana and two (2) to the southern Africa Centre based in the University 
of Zimbabwe. 

(iv) Introductory coursework for ARPPIS 

The ARPPIS programme has initiated a mandatory introductory coursework programme for 
scholars to update them of advances and new frontiers of knowledge. The need to have the 
introductory courses was necessitated by the fact that scholars come from a variety of educational 
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backgrounds and gaps had been noted when the scholars began their research work. These courses 
are structured as lectures, practicals and seminars in a number of areas and are categorised in 
two groups: 

Between September-December 2005, three short courses were held. Basic Taxonomy and 
Systematics, Biostatistics including introduction to statistical software and Science Writing, 
Communication and Oral Presentation Skills were conducted by resource persons drawn from 
icipe, National Museums of Kenya (NMKJ and universities within Nairobi. 

Euenlial coun•• Additional couuea 

Basic Taxonomy and Sy~lemoliCJ Chomieol Eeology 

Blostati&tica Prin,ipol• of Integrated PestfVedor Management 

Science writing and communi,alion Bie.informotiCJ 

Functional ond Population E~ology 

Project Management 

IT and Acceu lo Online Digital R•Jourc•• 

The Dissertation Research Internship Programme (DRIP) 

The Dissert;~tion Research Internship Programme (DRIP) is a comp lementary programme 10 

ARPPIS, offering PhD and MSc degree training for students registered in universilies anywhere 
in the world. Funding for the student's scholarship and research comes either from a sponsor or 
from one of icipe's projects. icipe provides the students with rese<Jrch projects :tnd facilities as 
well as supervision. It is a highly flexible programme that has no limitation on age or nationality. 
Nine (9) PhD and twenty-five (25) MSc schoi<Jrships under the DRIP programme were awarded 
in 200~ and 2005 (see Table 2). 

2. Non-degree training 

Technology dissemination to NARES through group training courses 

Technology dissemination to the national system through the extension and education 
establishments working in various ;~reas (health, agriculture, livestock or environment) is il critical 
function of research institutions with a mandate to build national cap<!dty. Over the years, the 
capaci ty building programme has hosted a scheme that sponsors Africa-wide Group Training 
Courses and Workshops for technologists and practitioners of nationa I programmes. These courses 
specifically aim to disseminate integrated pesVvector man;~gement (IPVM) technologies to people 
on the ground by educ;~ting extension personnel and end users of the available technologies. The 
courses also offer a forum to appraise national policy-making personnel on current methodologies 
and arthropod div~rsity issues to facilitate decision-making for development planning. The 
ultimate aim is to en;~ble the beneficiaries of the courses to effect technology transfer through 
training of trainers (ToT). Impact is, therefore, achieved through a multiplier effect. The courses 
run for 3-6 weeks ;~nd are held either at icipe or in any country in Africa, in collaboration with 
a locally based national or international institution. The courses are designed to be application­
oriented, and include laboratory and field components as well as hands-on demonstrations. 
Nationa I authorities undertake nomination of course participants as part of their role in this 
collaboration. 

An International Group Training Course on Fruit Fly Management, was held on 17 to 28 October 
2005 in Nairobi, Kenya. Twenty-eight participants drawn from Kenya, Tanzania (Mainland and 
Zanzib;~r), Uganda, Sudan, Benin, Nigeria, Mozambique, Mauritius and South Africa attended 
the meeting. The course was designed to build national and regional capacity in various aspects 
of fruit fly management to enable quick, timely and efficient response to the numerous challenges 
imposed by the fruit pests. This was a co-sponsored activity with the African Fruit Fly Initiative 
(AFFI) with funding from !FAD. 
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Short-term internship programme 

icipe believes that classroom learning alone is not enough, and hence provides undergraduate 
students and trainees from various colleges with the opportunity to put theory into practice in the 
area of insect biosciences. 

The trainee is provided with training assignments together with facilities and materials necessary 
for the work. A supervisor is nominated to develop the training progrilmme, coach the trainee, 
give intellectual guidance ;md assist in evaluating performance. Facilities are provided for the 
preparation of the post-training report, which must be submitted before departure. 

During the period 2004-2005, a total of 91 students were aw<Jrded short-term internships for 
periods ranging from 3- 6 months. These students came from African universities (32), polytechnics 
(45), collaborating institutions in Africa (2 ) i!nd from other collaborating inst illltions from outside 
the continent ( 1 2 ). 

3. Professional development programmes 

The Postdoctoral Fellowship Programme 

The professional development programmes at icipe allow doctoral and postdoctoral scientists 
to advance their cilreers in diverse fields in arthropod science in ;:m interntJtional research 
environment. 

Two postdoctoral fellows joined icipe during the reporting period. Dr Ben jacobs from the 
University of Illinois joined in May 2005 to undertake research work on anopheline mosquitoes 
fur;ded by the NIH. Dr Laure Weisskopf joined in September 2005 from the University of 
Neuchatel, Switzerland to study ihe effects of lupin on striga, under sponsorship of the Swiss 
National Science Foundation. 

Output 

Conferences attended 

African Technology Policy Studies Network (ATPS) Policy Dialogue, 12 Januilry 2004, Nairobi, 
Kenya. Attended by: ). P. R. Ochieng-Odero. 

Nairobi Workshop on Cilnada-Africa Collaboration in 1-iigher Education, 12-13 February 2004, 
Nairobi, Kenya. Attended by:). P. R. Ochieng-Odero and 0. K. ole-MoiYoi. 

Workshop on National Science and Technology Policy, 17-1 A February 2004, Nairobi, Kenya. 
Attended by: ). P. R. Ochieng-Odero. 

2Hth Meeting of the Committee of Directors of ASARECA, 23-24 Februilry 2004, Nairobi, Kenya. 
Attended by: 0. K. ole-MoiYoi. 

An11ual Meeting oi the European Association for International Education, 15-17 September 2005, 
Krakow, Poland. Attended by 0 . K. ole-MoiYoi. 

First Regionil l Conference of Vice Chancellors. Provosts and Deans of Science Engineering and 
Technology, 14-1 7 November 2005, Accra1 Ghana. Attended by:) . P. R. Ochieng-Odero. 

Con!'f:!tences organised 

Planning Meeting of the ARPPIS Sub-regional Coordiniltors, 20-21 June 2005, Nairobi, Kenya. 
A Satellite Planning Meeting of the ARPPIS Scholars Association (ASA), 20-21 june .2005, 

Nairobi. 
J2nd meeting of the ARPPIS Academic Board, 3-4 October 2005, Nairobi, Kenya . 
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Proposals 

Promoting Women Participation in Postgraduate Research Training in the Biosciences: A Gender 
Analysis of the African Regional Postgraduate Programme in Insect Science (ARPPIS) May, 
2005. Submitted to Rockefeller/FAWE. 

Building Institutional Capacity for Postgraduate Research and Training in the Biosciences 
November, 2005 submitted to UNESCO. 

Impact 

The success in the implementation of capacity building programmes is ultimately gauged by its 
impact. The impact can be gauged through a number of indicators, but largely through its ability 
to capacitate national programmes to engage in further capacity building, thereby replicating 
the output of the initial investments. In terms of human resource capacity, it is the creation and 
retention of a new generation of scientists that will ultimately generate the multiplier effect 
resulting in longlasting impact. However, merely increasing the number of trainees is not the 
only factor in the equation. If training programmes are to make a significant impact, they must 
take a critical and holistic view of all the factors that continually erode and threaten individual 
and institutional capacity. These include a deteriorating infrastructure, lack of trained human 
resources, inadequate funding, isolation of African scientists from innovative work carried out 
elsewhere, and poor remuneration. All these factors must be addressed to stem the 'brain drain' 
phenomenon that continues to deprive African institutions of the much-needed human resource 
base. 

From a perspective of building human resource capacity, icipe's training programmes have 
significantly increased the numbers of trained scientists and practitioners in insect science. As 
at the end of 2005, some 180 PhD students from 29 African countries had been trained since 
the inception of ARPPIS. Through the sub-regional centres of ARPPIS based in Harare, Accra 
and Addis Ababa some 120 students had received training at MSc level. In addition, a fUI'ther 
235 postgraduate students have been trained from other countries through the Dissertation 
Research Internship Programme (DRIP). Partner institutional capacity has been built by awarding 
of research grants and 're-entry' grants to newly graduated ARPPIS alumni. The success of this 
innovative programme is predominantly due to the fact that it combines the excellence of icipe's 
R&D agenda with the academic experience of its partner African universities. With very few 
exceptions, icipe's graduates have remained working in Africa . A number of graduates have risen 
to policy-influencing positions within their governments and have maintained linkages with icipe 
through the ARPPIS Scholars Association (ASAl. 

In implementing its capacity building programmes, icipe begun discussing with its' university 
partners a framework for strengthening of institutional capacity to deliver quality training 
programmes, in two major aspects: 

• Availing specialised research equipment and facilities to network universities through: 
Upgrading the research laboratories both at icipe and the universities; 
Upgrading communication and IT support structures; and 
Modernising and equipping the central ARPPIS information resource centre. 

• Providing more support for staff training, infrastructure maintenance and collaboration. 

A needs-assessment exercise has been carried out for universities participating in the ARPPIS 
network, and their response is being analysed with a view to developing a joint proposal for 
funding. 
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... Table \. ARPPIS Pas1graduate Researd. Fell~, 201M-2005 

" "' Name dGS.S. Donor Tille of The>is I.CIPE Su_pervi>or• Univenity Supervis.ors Regis.lered UniYenity 

• Eric B. Kouam 2004, OAAO 
(C<lmeroan) 

Cowpea fVisna unguic11foto) gene pool orgoni>olion 
artd Wl1ckrop romplex dynamks 

Or Remy Pasq11et Dr Geoffrey Mulu"i l<t!nyo11a Unin rs<ty. Kenya 

~ Simon M. Muriu 2004, DAAD lmpacl of vector control on malaria 1r<ln•miuion in a Dr Jasephol Sh~ilu Prof. l~t<y lrungu University of Nairobi, Keny<l 

~ 
{Kenya) riceland e<OS}'11em Dr John Gi1fnrre 

S11s.an Sonde 2004, DAAD Beekeeping a11d fore sl conseNatian: A c:ase stmly of Or S11resh Roino ProL Robin O:ewe Univenity of Prell)fia, 

= (Kenya I Arabulco-Sololce fares1, Kenya Dr ian Gordon Prof. Site Nichol>an Solllh Alrico 

l\'<ln Rwomushana 2004, OAAO 6ioecology of lhe new irrvas<ve Bodrocero ;,,.,oJens Or Sunday Ekesi Dr Collislvs Ogol Kenyatta University, Kenya 
(Ugartda) (Diptera: lephrilidae) and. its inlerodion with Dr lan Gordan 

indigenous frvit lly spe-cies 

Sleven G. Nyonjom 2004, Ne!hMLond..SII Characterisation of l>el>e olfactory re-ceptor proteins Prof. Ahmed Hossonoli Or Peter lomo lome Kenya11a Univers<ty of 
I Kenya) aucc:ialed wilh repellency; fhe u>e ol f11nctional Dr Daniel Masiga Agri-culture and Technology 

genomics and ligand-protein brnding st11dies tJKUA n, Kenya 

David 8. Mugisho 2004, Nelherland..sll The potential of palhogenic fungi in the oontral of Dr Markus Knapp Dr Hamadi Boga Jamo Kenya Ita Uni\'ersity of 
(Democra!ic Repub5c of CoAga] economically important spider ...Ute .species Or Nguyo K. Manionia Agrkullure and Te-ch.nol.cgy 

[J KUA T), Kenya 

David M. Mwongi 20~, Netherlonds-511 Me-chanism of fungu~va;danc:e behaviour of termites Prof. Ahmed Ha >>anali Dr linu• Gitongo Jomo Kenyal1a University of 
[Kenya] and iden~Scation of the m.edi.o~ng signals Dr Nguya K. Maniania Or Mary Nd~>r>g'u Agricllllvre and Technology 

VK.UAT), Kenya. 

Wycliffe Wanzala 2004, Nethetloncfs..SII Evalualion of the effed• of natural procluds 11>ed for Prof. Ahmed· Has.sonoli Dr Wolfgang Multabana UniYenity of Nairobi ill 
{Kenya) the management of lick infestation on livutoc.lt by the (University of Nairobi) collobar<ltian with Wogeningen 

18ukus·u people of weotem Kenya Dr Will em Tal<hn University 
{Wageningen Univers<ty] 

Norber Mbohin 2004, OAAD The ecology and econormc palenlial of I he w;ld Or SvTesh Raina Prof. Jones M. M11eke Kenyatta Uni-Yer$lty, Kenya 
;::;· ICameroonl si[ltmalh A.naphe pom!a (6io•duvol) in the K.altamega Dr Esther Kiolo 

"'6" fo re sl of western. Kenya 
Ill 
o- Ouna M. Mailallya 2005, OAAD A~s.ment <>f the oivenity, ecological preferen-ce and Dr Bruna le Ru Or Eunice Kairu Kenyalla Univers<ty, Kenya ;s· (Nigeria) polential ·af nalural e.nemies a~socioled wilh Or frilz Schuhhess :::. 
:::. indigenous lepiclaphuan slemborers in Ke nyc Dr Paul-All eire Cal alayvd ... - Or Stephane Oupos 
"' " ;;;· Lefule..Je N. lebesa 2005, DAAD Control of blis!er beetles on Desmorlium spp. by Dr Zeyour Khan Or Kirsten Ktuger University of Pretoria, ::. 

~ (leso1ha] 11nderslonding vhool c11es and -chemica I ecology Prof. Ahmed Hassancli Saulh Afri-ca. 

~ 
Fathlya M. Khami• 2005, DAAD Comparali'Ye slvdies on the morphological and Or Sirrtday Eke.si Or Ocmiel Mosiga Kenyolla Univenity, Kenya 

0 
{K .. nyo) genetic divei'Slly of a new Baclrocero species in in Or Maxwell Bilah 

::l aboriginal hame and in Afric:a 

"' 0 Henri Z. Tannon'g 2005, OAAD Madelfing of parasite-hast system dynamics and it• Prof. lev N edorezov Prof. Horace Ochanda University of Nairobi, Kenya 0 ... (Cameroon) ~:~pplkolion to diamondback moth Auduations Dr Bernha rd lahr Prof. John Owino I ..., 
6asi> of hoot reoognition by lhe l.crvol endopcuito.ids 0 Meshack Obanyo 2005, DAAD Dr Paul-Andre Cala.tCJ)'Vd Prof. Johrtnie Van Den North West University, 

~ [Keny<l) Cotes>o Rovipe• ancl Cotesia sesomiae Or Fritz Sch"'the•s Serg South Africa 
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Table 1 c:ontinwd 

Name Cla..s, Donor 

fening O~wCle Ken 2005, DAAD 
(Ghana) 

Khogo~ l.lclris 2005, DAAD 
ISvdonl 

Faith J. ToroitKh 2005, Netherlands-51! 
(Ken}'<~} 

Felix Nchu 2005, N.etherlands-Sif 
(Comei'O()n] 

Sabino W. Wochiro 2005, Netherlonds-SII 
[Kenya) 

Title of Thesis ICIPE Supetvisors l!niversily Supervisors Ragi~tered Univeuity 

Behaviour and e<ale>gy of parasitoich of Ge>nomero Dr Suresh Raina Pror. Jones M. M.ueke Kenyolto Universily, Kenya 
specie~ (Lepidoptera: lasiocompidoe) based on their Dr Esther K.io~o 
ho~t plant~ and ~pec:ie~ diversity in Mwingi, Kenya 

Development and evaluation of habitat monogeme.nt Prof. Abdel G. Bobikor Universily of Geziro, Svdan Dr Zeyaur Kho:n 
.slrategie~ for sorghum- one! millel-ba~ed Ianning ProF. Ahmed Han<Jnali ProF. A.M. Hamdoun 
systems lot diier area~ of northern Africa 

Assenmenl of the biodiversity of African lettonychid Dr Ma~u~ Knapp Prof. Pieter D. Theron Notth West University, 
miles ..sing conventional and m.olecular IOJ<Onomic Or Edd ie Ueckermonn South Africa 
methods Or Mario Navajos 

Development of formulo1rons and delivery ~yllei'M for Dr Nguyo I(. Maniania Prof. Kobus Eloff University of Pretoria, 
en1omopoothogenic fun.gi and botanical• for central of South A.hicCl 
Amblyomma voriegatus 

ldenlincotion of ovipoli~on semiochemicot. of Prof. Ahmed Honanoli Dr Mary Ndung'u lama Kenyollo Univenity oF 
Anophe.r•s gombioe and exploration ol thecir pofentiol Dr Peter Njagi Agriculture and Technology 
in oontrol IJKUAl). Kenya 



..., 
Table 2. DRIP posigraduoote resean:h fellows (2004-2005) " Cl> 

Nam.e D-uta'lio n Sponwr Ti~e ill Thesis University of Regislration ICI!'E Super~iscm • (a) Training at PhD t-el 

(_® Ruth Kahuthio-Gothu Jon 2004 to IIMZ The role o f wikl cruciFers in the management of diamondback moth and University of He nnover Or Bemhotd tohr 

® 
(Kenya) December 2006 ib porositoids Germany 

Elechi F. A:!awolom Novem~• 2004 to TWOWS Evalua~on of pk1nt p roduds for the c:onltol ill Sitophilus zeamail Michael Okporo Univetsity ill Prof. Ahmed Ho»anali 

Cl [Ni¥ria) May2006 "MotschN jColeoptero: Curwtionidoe) maize weevil Agric11lture, Umudike, Niguio 

Jane Gatune November 20().<1 Ia SIMA An o"eument of gender differe nces in pteventian, treatment onc:l U niveuity of Nairobi, Kenya Dr John Githure 
(Kenya) Odober2005 impad of mala ria in Mwea, Kirinyaga District Prof. Ahmed Hassanoli 

Rilphael Wonjagu September 2004 to SIMA Altennoling cuiJi,.alion ol rice a ncl soybean as agroecosy.tem strategy University of Nairo bi, Kenya Or Jo hn Githure 
[Kenya) Augus.t2005 fen enhancing household incomes and re·duclng ma.1ario-v.,ctor Dr J asephot Shi~lu 

br..e<iing hobito~ 

Bonaven ture 0. Amiln January 2005 to Kirkho11s.e Trust Biologic:ol conlrol of the larger groin borer Nor1h Wes.t University, Dr Fril~ Schulthess 
[Kenya) Deoember2007 Sovth Africa 

Benjamin Muli July 2005 to BMZ The bio logy o.nd ecillogy olthe maize ear-borer Mussiclia spp. HD<th West Univer.ity, Or fri~ Schulihe~> 
(Keny<J] June 2008 [Lepidoptera: Pyrolidael and oswciated natural enemies in Kenya South Africa 

Paddy likhoyo Augu~ 2005 to KARl Isola tion and purification of 8oci11us lhuringi<>ltljs [St] and development K~nyoHo Universi ty, Kenya O<r Nguya K. Mo niania 
(Kenya) Jon11ary 2006 of assay p rotocol 

So lo mon Asfaw September 2005 to BMZ Economic impa ct of food safety standa rds on smallholder fresh e.xport Univenily o f Hannover. Dr Dagmar Mitl>iifer 
[Ethiopia) September 2006 produce in Kenya.: lin'king conlroct forming, farme·r health and ruto'l Germany 

poverty 

Goun.ou Sake N~ember 2005 to BMZ The performance of new crnd old a ssociation natural enemies o n West University of Hanne>ver. Dr Frit~ Scbuhhe .. 
[Benin) Odober 2006 African cereal slemba<er species Germany 

i=i• {b) Trainift9 at MSc Levwl -s· 
Betty Mbotio January 2004 to WHO/TOR functianoal genomic• of fset>e-trypanosame interactions University of Nairobi, Kenya Dr Ellie Osir "' o- [Kenya) December 2004 ;;· 

::. Cecilia Nzau· Februo.ry 2004 to USAIO App&c:otian of modern bie>lechnology in agriculture: A risk one .. ment University of Nairob<, Kenya Dr Ell ie Osir ::. 
~ (Kenya) Febrvory 2005 study on the effects of Bocil/us lhuringif!ntis (BI) toxin• on nodulation of ... the common be an, Pl.aseolus vul.garis g. 
~ William Gi.chohi March 200.4 to COLEACP-PIP Evalt>ation of odaplo.tion to climate regimes, host h.abltal preference Mai University, Kenya Dr Srini...,son Sithanantham 

~ (Kenya) December 2004 •Dudutech and performance polen~ol of Trid.ogtommo species for Gommerciol moss 

.g produdion in Kenya 

c Faith J . Toroitich March 2004 to BMZ The susceptibility o f the t ed spider mite TetronycF.us evonsi Ia commonly U niversily of Nairobi, Kenya Dr Maricus Knapp 
:l 

(Kenyal Feb<uary 2005 used insecticides ond acilricid es 
"' 0 

April200.4to Rod<efeller The elfioocy of entomopalhogenic lungu• BeOl/Veria bassiana in the University of Nairobi, Kenya 0 Sopher Ondiako Of Nguya K. Maniania 
"" I [Kenya] Morch2005 Foun<lolion management o f swee.t palolo weevil Cyjas punclicolfis, a pest ..., 
c infesting sweet potato (Ipomoea balota) tubers c 
"' 
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Nam.e Ouratie>n Spon.ar Til le of Thes[s Universi ty of Reg.istralion ICJ PE Supem"'m 
o- Jane W. Mwa1hi Moy2004 to Rock efeller lsola lie<n and evolua1ion of local isO<la les of Baarlus rl1uri"9ie-nsis e>gain~l Kenyatta Univer.sily,. Kenya Dr Nguya K. Maniania t: 

~ ~Kenya) Aprii20D.5 Foundation tl,e lar ge.r g;rcrin bore,r (Ptostephonus fru'll'CcrltJ-sj, o po~t harYest storage 
;:, pes I 

0':: 

"' Meshoclc Obonyo June 2004 to DGIS Perfo rmance of Cotesia llovipes (Hymenoptera: Brocon[doe) on Jomo Kenyana U niversily of Dr Fnh Schullhes.s ;:, 
Q.. {Kenya] Moy2005 ~tembore-r species foon d on cereal crops and wild gros,.,.s Agricullu•e ond Technology Dr Paul--Andre Calcta.yud s- [JKUAT}, Keny<J "' ~~ 

Nicnolas A. Otieno Vegetafi9o mo~aic, divers~y ond obvndonce of wild host plants Jomo Keny<Jtta Univen,ily of <:: June 2004 to IRD Dr Sruna Le Ru g- (Kenya) June 20().5 IPoaceoe,. Cyperoceae, Typha<:eoe) of lepidopteran ~temborers in Agriculture a:nd Tech nology => 
'=:. Kaka mega fo rest and ils "'""irons [Kenya ~ [JKUAT), Kenya 

~ Jame·s Kab~ Seplem~· 2004 to Diversa Molecular f>hylogenelic. chOJ"aderizalion of symboolic microbiota in the Kenyatto Universily, Kenya· Dr Wilber Lwande 
< .., (Ke11ya) September 2006 Co-rporation intestinal tra cts of wild lep idopteran stembo.rer fldana SOCCDOnBO' Dr Danrel Masigo 
i5" 
~ Wallcer (Pymfldae] 
3 

Glo.dys N _ Mo~uo SeP.tember 200·4 to l't!~lochemicaf irwestigaJion of anti-larval ocfivily <>-f the genus Vilex ,. WliO Kenyon., UniYersily, Kenya Prof. Ahmed Hr:mancli 
~ I Kenya) September 2005 (V. payos and V. scni[;.,b.,nii) og:ain>l A~ophel"s gombiae 

Philip Ngumbi Odobe• 2004 lo KEMRI Experimenlo.l control of sandmes {Dipte~o-: Psychodi-dae) using University of N.airobi, Kenya Dr Nguya K. MaNonia 
(Kenya) September 20().5 entanwpolhogeoic £ungi ~ hyphomycete~ ~ in coptivily and in the ~,elr:J 

Morlan Golhumbi Odobe.- 2004 to Self Comparative f>eff'o-rmance of three m<Ji berry va<ieties (Me>rus sp.} on silk UniYer~ily o£ Nairobi, Kenya Dr Suresh Raina 
[Kenya] Se:plemh er 20().5 cocar:>n and fibre quo61y in CenJrar P'rovin.ce r:>f Kenya Or Vijoy Adollr:m 

On.e~u• Mulinda November 20().4 lo SIMA An evolu·a~r:m of tJ>e economic potential of rice- S<lya bean rolali'on Universily of Nairobi, Kenya 'Dr John Githure 
(Kenyol October 2005 Dr Josephal Shililu 

f·eler Ng' ang' a November 2004 lo SIMA A lludy of fadors a £feding lhe fmpiementafioo of malaria vede>r cxmlral U niversily of Nairobi, Kenya Dr John Gil bure 
(Kenya) October 2005 measure~ in Mweo Oivi,jo-B, Kinnyago Ditlrid Dr Jrisephal Shili[u 

Falxice Gem November 2.004 to Univenily o f lnves.ligo.1ing the extenl to which bee-keeping activities under lhe GE'F- Universlly of Genero, Dr lon Gordon 
(Switzerland] June 2005 Gen.-e-Ye ~ ICI PE pro jed beneliit from I he presence of I he fore sl, using n<>rc'l Switzerian.d 

Swilzerland calendan, pollen analysis of ~oney q uoli ly an-d quo:ntily in honey· from 
hive-s at different distances from the laTest 

Jormu Nonoh January 2005 lo Dupr:>nt· tsola1ton, cha ract6isction and i r:Je nti~camon of miuoorganisms from Jomo Ke nyatta Universi ty of Dr Wilb-er lwande 
I Kenya) December 2006 various hablloi's the>t suppress seleded planl pathogens AgricutttJre and r echnology 

II 
{J KUAT}, Kenya 

JaonAwino J une 2005 to AFFI/IFAD The susceptibility of fruil Aies specie~ lo M .,ra r~i.rium anisopliae wluu• x .... yana U niverscly, Kenya Dr Sunday Ekesi 

~ {Kenya] Ma.y2006 reore<:l on differenl mang<J varielie-~ 

@] Oba:dioh Mucheru J une 2005 to DulchEmba»y Kost .r·crnge anr:l interspedlic compelilion of lwo races of o la<hi:nid Kenyatta U niversily, Kenya Dr f<ilz Schullhes 
(Kenya,} June 2006 (WAU Project ~ poraslic ny· Dr Nanqirlg Jiang a Netherlands 

Delaide Mungai July 2005 1o Nelherlcnds-Sit, Chemical >ig-nols medlaling predalion o-f spiders on' mosquitoe.• Joma Kenyalla Universily of D·r Robert Jocks.on 
t-..l (Kenya) June2006 GOYt o l' N.ew Agriculture and Technology Prof. Aluned Ha•~nali '-1 

"' ZMiand (JKUAT], Kenya 
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Name 

Bi:z.ob.lh Ouna 
jl<enyo} 

Martina KaUer 
jAullrin) 

lucia Akinyi Ouma 
!Kenya) 

IAtcnard Knmaru 
(Kenya] 

Kai Mav . .ch 
(Germany) 

Kennedy 01wosi 
(Kenya) 

Duration 

July 2005 to 
May2006 

A~gu•t 2005 to 
January 2006 

August 2005 to 
March2006 

September 2005 to 
April 2006 

Novem!M.r 2005 to 
February 2006 

December 2005 to 
September 2006 

Sporuor 

IFAD/Affl 

University of 
v;enna 

K•myalto 
UniverU!y 

SIMA 

BMZ 

BMZ 

Title of Thesis University of Registration 

Biological «H~~ral of fruit mes using hyphomycete> fungi Ken yalta Univenity, Kenya 

Oired and indirect eJfed of the hosl plant on the performance of the University of Vien.I>D, Austria 
predatory mile Neosei.Jfus colifomiclll throuogh the Pfey T etronyc~ur evans1 

Choro.cteri..ation and e><pression of variant surfo-ce glyc:op·ro1ei n {VSG] Kenyatta University, Kenyo 
gene> in Trypanosoma I>Tucei rhodesi~tnse i>olotes from Eoll Africa 

Econ.omic: assei.Sment of alternating rice ond soya bean cultiva tion at 
Mweo 

lmpacl> of EurepGAP standards on medium- and lc.rge-.cale Fruit and 
vegetable export produoe in Kenya-A literature review and case studies 

Eggoloying behaviour, li f~Hable statistics and parasitism of diomondbo'* 
moth (PfuleHo xylosleflo l., lepidoptara: Plutellidoe) on commercial 
crucifer cu~ivors in Kenya 

University of Nairobi, Kenya 

University of Honn~. 
Germa.ny 

Egerton Univenity, Kenya 

ICIPE Supervi>ors 

Or Sunday Eke•i 

Or Markus Knopp 

Dr Daniel Mosiga 

Dr Josephat Shililu 
Dr John Gith.we 

Dr Dogma< Mithofer 

Ot Bernhard Lohr 



Animal Rearing and Containment Unit 

Background approach and objectives 

The Animal Rearing t~nd Containment Unit (ARCU) provides cost-effective quality services from 
it5 insectaries, animal breeding and containment services to support research activities <I t icipt,o 
lahnriltories found at Duduvi ll e ;wei at its icipe-Thomas Odhiambo campus at Mbita Point in 
western Kenya. Some services were provided to icipe collaborators including NARES, schools, ilnd 
local universities. A number or students worked with ARCU tts interns on att;1chment, and were 
assigned specific projects aimed at improving rearing techniques in relation to quc1l ity assessment 
and control. Performc1nce of laboratory-reared insects and animals was monitored regularly to 
ensure that only those that met the stringent quality criteria were supplied for resec1rch . 

The conta inment of introduced exotic organisms functioned through the provision of a functional 
Biologically Secure Laboratory Facili ty (BSLF). The facil ity is designed to facilitate the introduction 
and study of exotic natural enemies of insects and arachnid pests for use in classic;;~! biological 
control programmes at icipe, following approval by the Kenya Standing Technica l Committee 
on Imports and Exports (KSTCIE); and also to prevent any accidental escape of these organisms 
from the faci lity. The unit, in liaison with the Kenya Plant Health Inspectorate Service (KEPI-liS), 
assures that only biological control agents authorised for release in Kenya leave the BSLF. A ll 
other organisms that arrive with the shipment are destroyed by incineration. 

Participating scientists:}. P R. Ochieng'·Odero, F. 0. Onyango 

Assisted by: /. H. Ongudha, J. W. Otsieno, M. M. Mili, A. M<~janje, P. 0 . Wag<Jra, 1\. C. 
Nyang'wara (Mbita-b<Jsecl), M. W. Gitau, }. A. Ojucle, }. 0. Kaleb, }. 0 . Ochieng 

Donors: icipe core fund donors; project funding for v;;uious research projects p rovided by 
the Netherlands Government, /FAD, Gatsby Charllable Trust, 1\ustrian Development 
Agency 

Collaborators: NI\TIONAL RES£1\RCI-/ INSTITUTES: Kenya Agricultural Research lnslitute; 
Kenya Medical f~esearch Institute; Kenya Trypanosomiasis Research Institute; National 
Museums uf Kenya; National Beekeeping Station, Kenya; Ministry of Agriculture Mel Rural 
Development, Kenya. UNIVERSITIES: University of Nairobi; Jomo Kenyatta University of 
Agriculture and Technology; Kenyatta University; Egerton University (Kenya); University 
of Newcastle upon Tyne (United Kingdom) . INTERNATIONAL RESEARCH CENTRES: 
lntern<Jtional Livestock Research Institute; lncernational Maize and Wheat lmprovemenc 
Centre. REGIONAL ORGANISATIONS: Desert Locust Control Org<JnisMion for Eastern 
Africa; International Red Locust Control Organisation for Central and Southern Africa 

Work in progress 

Services rendered by the Uni t were of three types, narnely insectary, animal breeding, and 
containment. 

7. Insectary Services 

l nsect;;~ry services involved the rearing and supply of both plant-feeding (phytophagous) as well 
as the blood-feeding (haematophagous) arthropods. 

Cereal stemborers 

During this period, four cereal stemborer species in culture were supplied for rese()rch and 
training. In Duduville, Chilo p<Jrtellus, £3usseola Fusca, Sesamia calamistis and Eldana saccharina 
were reared on a large scale. At Mbita, small colonies of C. parte/Ius, B. fusca and S. calamiseis 
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were maintained <JS a back-up to the Duduvi lle cul tures as well as to cater for the local dernt~nd. 
Moreover, sorghum (cv Seredo) and maize (cv Hybrid 513) were cultivated at Mbita <Jnd 6-week­
old leaves processed into respective powders for compounding artificial diets for rearing all the 
$lemborer species both at Ouduville and Mbita. 

In general, quantities of cerea l 
sremborers supplied in 2005 reduced 
by son;., compared to 2004 (figure 1). 
Nearly 70% of the stemhorer~ supplied 
comprised eggs. 

l1 ,000,000 
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• Chilo parte/Ius: Quantities of C. J 
parte/Ius supplied to different -~ 
resea rch projects in 2005 was ' 
reduced by 50% compared 
to 2004 . The demand for eggs ~ 1 

increased in 2005 compt~red to w 
2004, whi le that of I<Jrvae t~nd Year 

•Chilo parte/Ius 
ll!!IBusseola fvsce 
lllllliSessmia ca/amistis 
Q E!dans saccharine 

pupae decreased. Figure 1. Quantities of cereal slemborers supplied in 2004/2005 

• Busseola (usc:a : The quanti ties 
of B. fusca supplied in 2005 decreased by 70'Yo compared to that of 2004. Over 80% of 
the C]Uantities supplied comprised eggs. 

• Sesamia calamistis: Nearly three times more 5. ca lamistis of assorted stages of development 
were supplied in 2005 compared to 2004. About 90°/c, of these were eggs. 
Eldana sacc:harina: A small colony of the sug<Hcane borer E. saccharina Wils maintained 
in 2004/2005 to cater for incidental requests. 

• 

• Artificia l d iets: O n average, ;;~bout 7000 litres of artificial diet for rearing cereal sternborers 
was prepared during 2004/200.'l. Some of the diet was supplied to users for ma intaining 
experimental insects ilS well as for bioassays. The remaining diet was used at the insectary 
for colony production and maintenilnce. 

Desert locust 

Two separ~te colonies of Schistocerca gregaria (ex-Sudan and ex-Addis) in their gregClrious and 
soli tiliY ionn s as well as Locusta migratoria migratorioides (ex-Senegal) were maintained at the 
Duduville insectaries. It is anticipa ted that the culture of Locusta migratoria capito will soon 
be introduced from Madag<lscar and maint<~ined in the facil ity once i mport~tion protocols t~re 
formalised. 

Mosquitoes 

Three species of mosquitoes (Figure 
2) were rnaint01 ined at the Duduvi lle 
insectaries. These were the miliaria­
causing Anopheles gambiae (Mbita 
strain) and A. arabiensis (Mwea strain) 
as well as the filariasis-causing Culex 
quinquefasci<Jtus . The mosquitoes 
were fed either human or mice blood. 
The quantities of A gambiae and C. 
quinquefasciatus supplied decreased in 
2005 compared to 2004, though that of 
A arabiensis sl ightly increased. More A. 
g<Jmbiae were supplied than any of the 
remaining two species. 

202 D @§O 

•Anopheles gambia(! 
tz::lAnophe/es arablensis 
llliDI C!lfex qulnquefasclstus 

Yoar 
Figure 2. Quantities of mosquitoes supplied in 2004/2005 
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Tsetse flies 
'i 

In 2004-2005, lim ited colon ies of Glossina Fuscipes and Glossina morsitans were maintained 
in vitro using pig blood procured from a local abattoir. The level of production was deliberately 
reduced due to the low demand from users. During the year, on ly a few pupae were supplied for 
student. research in molecular b iology. Rearing of G. ausleni was phased out at the end of 2004 
due to ll;sck of dem;;~nd for them. 

Ticks 

Tick rearing was terminated in July 2004 . However, small cultures of Rhipicephalus appendiculaws 
and Amblyomma varieeatum were initiated in 2005 due to demand. During 200S, about 1000 
adult R.. appendic:ulatus and A. variegatum were maintained. It is anticipated t hat ,t l~e rearing of 
R.. evertsi and Boophilu.~ decoloratus will be initiated in the ncar future. 

2. Animal breeding services 

In 2004- 2005, a small number of rabbits; mice and rabbits was maintained. The r;;~bb its we(e 
used for maint<Jinjng tick colonies, the mice for feedi ng mosquitoes and the ra ts for tsetse, r.eseilrch 
bioassays. 

3. Biologically Secure Laboratory Facility (BSLF) 

Cultures of exotic parasitoids maintained in the BSLF during 2004 included Sturmiopsis par,1sitica 
(from Benin via South Africa), Diadegma mollipla (from South Africa), Telenomus isis (from 
Benin) and Cotesia plutel/ae (separate cul tures from Taiwan and South Africa). In August 2005, 
the predatory mite Phytoseiulus lonsipes of the red spider mite (RSMJ Tetranychos"evansi was 
introduced into the BSLF from Brazil. Arrangements ilre underway to introduce from' Mexico, the 
predatory beetle Teretrius nigrescens of the larger grain borer (LGB) Prostephanus truncatus. 

4. Recharges on ARCU services 

Income accruing from recharges decreased by 40% in 2005 compared to 2004 . The shortfil ll in 
2005 was due to protr<~cted problems encountered w ith 8. fusca oviposit ion between· December 
2004 and March 2005. During this period, the few eggs which were laid by B. Fusca moths 
did not hatch although larval survival and development appeared normal. This problem was 
attributed to the unprecedented low humidity a~=~d atmospheric pressure which affected fecundity 
o:~nd ·egg hatchabil ity adversely. The problem was overcome by introducing a new colony in o:~n 
air conditioned rearing room specific<;~lly for B. fusca. The fai lure to supply U. Fusc.1 as demo:~nded 
resu lted in less revenue being collected from recharges. 

Capacity building 

The ARCU continued to provide training opportunities for both resident gradu o:~ te scholars (e.g. 
ARPPIS) and students requiring short attachment. There were no trainees in the unit during 2004 . 
However, in 2005 three tertiary college students received training on insect rearing on specific 
projects aimed at improving the existing insect rearing techniques in relation to laboratory-reared 
insect qual ity assessment and control. These were: 

Maureen W. Mwaura, Nairobi Technical Col lege, CJn training attachment 18 August to 16 
December.:WOS. Her research project was "Effect of brewer's yeast on survival, development, 
and reproduction of the maize stemborer Busseo/a Fusca" . 

Phoebe A. Midigo, Nairobi Technical College, on tra ining attachment 20 September to 16 
December 2005 . Her research project was "Effect of <Jscorbic acid on surviva l, development. 
and reproduction of the sorghum stemborer Chilo parte/Ius". 

AnneN. Chege, Nairobi Technical College, on training attachment 26 October to 16 December 
200S. Her research project was "Effect of sucrose on surviva l, development ilnd reproduction 
of the maize stemborer Busseola fuse a". 
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Impact 

To provide cost-effective quality services from its insectaries, animal breeding and containment 
services as well <~sin capacity building, the Unit: 

• Provided insects and small laboratory mammals for experiments to icipe research projects 
and local universities, thereby enhancing their research capabil ities. 

•• Trained scientists, scholars and technicians in insect and animal rearing/handling 
techniques. 

• Guided icipe staff on importation and exportation protocols for biological organisms. 
• Supplied schools, colleges and local universities with learning and examination 

specimens. 

Future plans 

The improvement of the existing as well as developing new and appropriate techniques for 
insectary services, animal breeding and containment services will continue to be the future focal 
points for the Unit. In th is regard, ARCU wilf work towards: 

• Enhancing research and development (R&D) activities at icipe, national agricultural and 
extension systems and national universit ies by providing qual ity experimental insects 
and animals as required. 

• Training of scientists, scholars and technicians in insect and <~nima l rearing/handling 
procedures. 

• Developing appropriate, cost-effective insect and animal rearing procedures. 
• Supporting learning institutions with teaching/learning and examination specimens. 
• Guiding the Centre on importation and exportation protocols for biological organisms. 
• Exploring how the Biologially Secure Laboratory Facility (BSLF) can be funded in 

future. 
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pp N X 2: 
icipe Arthropod Pathogen Germplasm Centre 
icipe Arthropod Germplasm Centre (IAGC) is a repository for African arthropod pathogens (fungi, 
viruses, bacteria and protozoa) and makes them available to investigators. Its activities include 
training, isolation, culture, identification and preservation. It also makes available a catalogue of 
all pathogen samples through the Internet. 

During 2004-2005 the IAGC provided several fungal and Bacillus thuringiensis isolates to MSc 
and PhD scholars from University of Nairobi, Kenyatta University and University of Pretoria, RSA, 
for research on sweet potato weevil Cylas puncficol/is, larger grain borer Prosteph,m us truncatus, 
fruit fly Bactrocera invadens, ticks Rhipicephalus and Amblyomma spp., mites Tetranychus 
evansi and T. urticae and termites. Training on management and conservation of germplasm to 
participants from IITA (Benin), Ministry of Agriculture (Ethiopia), Kenya Agricultural Research 
Inst itute, Kenyatta University, Osha Chemical Industries (Kenya), Ministry of Livestock (Sudan) 
and T-Stanes (India) was offered. The traini ng covered the following areas: (i) pathogen survey 
ilnd efficacy testing, (ii) techniques in management and conservation of microbial diversity and 
(iii) molecular characterisation of Metarhizium anisopliae and Bacillus thuringiensis. IAGC also 
carried out identification of over 100 funga l isolates from Mauritius. 

Participating scientist: N. K. Maniania 

Assisted by: E. 0. Ouna, R. Rotich 

Donor: icipe core fund donors and USA/0 

Output 

Conferences attended 

Control of Locust and Grasshopper Project Sma ll Group Meeting, l 0- 11 October 2005, Dakar, 
Senegal. Attended by N. K. Maniania. 

Third ,UNEP/FAO Expert Meeting on Termite Biology and Management, 1-4 February 2005, 
Geneva, Switzerland. Attended by N. K. Maniania. 

Capacity building 

PhD students 
D. M~angi (Kenya) Mechanism of fungus-avoidance behaviour of termites and identification of 

the mediating signals (second year, ARPPIS). 
F. Nchu (Cameroon) Development of formulations and delivery systems for entomopathogenic 

fungi for control of Amblyomma varlegatum (first year, ARPPIS). 
P. Ngumbi (Kenya) Experimental control of sandflies (Diptera: Psychodidae) using hyphornycetes 

fungi in Kenya (second year, DRIP). 
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- PPENDIX 3: 
Information and Publications Unit 

Background and objectives 

lnforrnation and Publ ications Unit (IPU) is an ama lgamation of several sections, its main 
responsibility being the publishing (in print and electronic format) and printing of information 
about cipe and its projects. It also hosts the International journal of Tropical Insect Science (IJT) 
Secretariat. (Du ring the review period, IJT was co-published on behalf of icipe and AAIS by 
CABI Publishing, UK.) Expertise within the Unit constitutes writing, editing, graphics support and 
printing of all official documents such as annua l reports, business plans, brochures, proceedings, 
posters and stationery. The Unit works closely with the Public Relations Office and the Information 
Technology and Bioinformatics Unit. 

The Unit is divided into 5 sections which are: 
• Editorial and Information Services 
• International Journal of Tropical Insect Science (IJT) Secretariat 
• ic:ipe Science Press and Printing Services 
• Publications 
• Information Resources Centre (Library) 

Staff: A. Ng'eny-Mengech, I. Ogendo, D. Osogo, f. Ma/ombe, A. Ndung'u, /. Kisini, C. 
Sanginga, £. Wasike, /. Lago, W 1\mbaka, E. Mung'aya, /. Oburo, M. Kageche 

Donors: icipe core fund donors, CTI\, Jrd party clients 

Collaborators: CAB/ Publishing~ UK; INASP-PERI 

Work in progress 

I. Editorial and Information Services 

Participating staff: 1\. Ng'eny-Mengcch, D. Osogo, A. Ndung'u 

This Section is involved in the writing and compilation of information on icipe's projects and 
activities, as well as providing editorial assistance to icipe scienti fic staff. The main responsibility 
is to ensure that all scientific manuscripts undergo preliminary editing and internal peer review 
before subm ission to international journals, as well as editing project proposals and donor reports. 
The unit head also contributes information for the web page as well as other PR materials for the 
institution; not forgetting provision of information about ic:ipe activities to the general publ ic, 
media and scientific collaborators. 

2. International journal of Tropical Insect Science (IJT) 

Participating staff and consultant: H . R. Herren, A. Hassanali, A. Ng'eny-Mengech, B. Le Ri.i, 
C. Sanginga, J. C. Nsengimana, D. Osogo, I. Ogendo, A Ndung'u 

The maiden issue of the International Journal of Tropical Insect Science (IJT) !formerly Insect 
Science and Its Application (ISA)J was published in 2004 under the aegis of icipe and the African 
Association of Insect Scientists (AA IS). As an international peer-reviewed scientific journal, it 
serves as a forum for original research findings on tropical insects lind related arthropods and 
their sustainable management, conservation and utilisation. 

The journal has been co-published under a collaborative agreement with CABI Publishing (UK) 
and distributed by CABI on behalf of icipe. This agreement aimed to take advantage of CABI's 
special ised publishing services and its expansive distribution network. From 2004 to 2005, 8 
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issu.es have been published. icipe continues to host the I)T Secretariat and perform the screening 
6f manuscripts, selection and appointment of peer reviewers, as well as the scientific editing of 
the manuscripts, and liaises with the journal 's Editorial Board who determine the journal's policies 
in-dependently of icipe. I)T is available online via the CABI website but will soon be co-published 
and hosted by Cambridge University Press. IJT is also accessible under the AGORA scheme. 

Hans Herren served as Editor-in-Chief with Ahmed Hassanali and William Overh<)lt as Associ;;~te 
Editors for Volumes 24 (2004) and 25 CWOS). For Volume 26 (2006) Christian Borgemeister was 
appointed Editor-in-Chief, together with four Regional Editors ;;~nd a new 24-member Editori;;~l 
Board. 

3. icipe Science Press (ISP) and printing services 

Participating staff: j. lvlalombe, E. lvlung'aya, j . Oburo, M. Kageche, /. Kisini 

Started in 1988, with an aim to promoting scientific writing and publishing in Africa, the Press 
publishes work for the Centre's core departments, project-reluted activities und thirrl party 
cli£~nt5. 

Thi s has been a cost-recovery unit for the past several years and all work done is quoted and paid 
for, either by icipe or by third party clients such as 8irdlife InternationaL Regional Centre for 
M;;~pping of Resources and Development, USAID and jaramogi Oginga Odinga Foundation just 
to mention a few. 

This Section printed the majority of the icipe stationery, name cards, dupllc.lte and order bonks 
and programmes. The Section also printed Development <Jnd Oisseminacion of /PM for Veget<Jbles 
in Eastern Africa book, a proceedings and other miscellaneous publicutions. 

4. Publications section 

Participating staff: A. Ng'eny-Mengech, I. Ogendo, D. 0.-ogo. A. Ndung'u, /. Kisini 

Important reference books wrinen by icipe staff and edited for production were the Biennial 
Scientific Report, Annuai ·Report Highlights, the ARPPIS Calendar, and the Push-pull and IPM 
manu<~ Is. (Several IPM manuals were produced by consultants.) 

The Graphics Section assists in the production of some of the documents, <IS well as posters, 
brochures/fliers, Powerpoint presentations and other materials, including stt~tionery. 

(See the list of icipe Science Press pub/icalions in the general icipe publfcalions lists .) 

5. Information Resources Centre 

P;trticipating staff: E. Wasike, }. Lago. W. Ambaka, M. Kageche 

The lnformution Resources Centre (icipe Library) serves as Africa's insect science information hub 
and offers a wirle rt~nge of services. These include Current Awareness (CAS) by providing tables 
of contents of e-journuls vi<J e-rnails sent to scientists, reference services, circulation of books 
to users, training of users in the use of ei£~Ctronic resources, document delivery service and also 
reprographic service <Jt <1 small fee. 

The Library not only serves the icipe scientists, but also caters for visiting scientists, postgraduate 
and MSc students, and other students on attachment from tertiary institutions. Over the review 
period, about 5500 users were served and 150 literature searches were done. About 2500 m<Jterials 
were borrowed with 300 new titles being added to the 12.000+ books housed by the Library. 
There are currently 20 entomology journa ls accessible online and several CD-ROM dutabases. 
Fifteen titles were received in print format. 
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The staff at the Library analyse all current publications in the icipe's research interests and enter 
them into the Pest Management Documentation and Information System and Service (PMDISS) 
database which is av<~ilable to all clients. Over the review period, the Library maintained an active 
resource-sharing policy with other research centres and organisations. The IRC is a member of the 
Kenya Libraries and Information Services Consortium (KLISC) which was established during this 
period. The Library provides updated information to FAO, which in turn avails its AGRIS database 
in CD-ROM format to icipe. This is done in exchange for International Journal of Tropical Insect 
Scic~nce. 

6. Work done in liaison with the Public Relations Office 

Consultant: E. Ng'ang'a 

A Press Officer was recru ited on a consultancy basis, commencing duties in February 2004. 
During the review period, the Press Office facilitated the wri ting and publication of over 100 
articles, as well as the airing of news items on various icipe activi ties, in both the local, regional 
and international media . This free publicity amounted to over US$1 00,000 in advertising vlllue. 
In addition to maintaining general liaison, 01nd ensuring good relations w ith the media, the Press 
Office also worked with the Public Relations Office with the organisation and publicity of events. 
These included the renaming of the Thomas Odhiambo Campus, Mbita Point in May 2004 and 
the events surrounding the departure of the former Director General, Dr H;ms R. Herren. 

7. Work done in liaison with the Information Technology and Bioinformatics 
Unit 

Participating staff and consultant: G. Sequier<J, I. Ogendo, K. Keba<Jra 

A consultant had been hired in Nov/Dec 2005 to update the web page content. So far, the latest 
ic;ipe highlights have been put up ,1nd also profiling of icipe staff has been done. 

Output 

Publications 

(See thl! lise of icipe Science Press Public<Jtiuns in tht! general iclpe Publications lists.) 

Conference report 

Report of the Symposium fort he Enhancement of Scientific Coll<~boration inAfric<~. The symposium, 
org<~nised by the Johns Hopkins University School of Medicine and icipe, was held on 7- lJ 
August 2005 at icipe, Duduville. Attended by: Annalee N. Mengech and D. Osogo. 

Capacity building 

A one-week course on science communic<Jtion was offered to ARPPIS and DRIP students in 2005. 
Several attachment students/interns have also received on-the-job training in editing, printing t~nd 
information science. 

Impact 

• Providing cost-effective quality services to icipe and third party clients; 
• Increased activity in PR liaison with general public and the media, and organisation and 

publicity of events; 
• Improved web page content and accessibility; 
• Increased use of library facilities to both internal and external users. 
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icipe Publications for 200.4 (a$ at 31 December 2005) 

A. ARTICLES PUBLISHED IN REFEREED 
JOURNALS 
(icipe staff namos. including visiting -~<:ientis(s, scholars 
and technicians ', aro italicist!d. Pu!J/ic,ltion's with a 2003 
date !hilt have not previously been reported in the icipe 
Publication.~ List are included here. Reprints of artie/(•$ 
with ,, C:<J II number at the end of the citation can hP. 
ordered fmm the Doc:umentalist, icipe. The list includes 
peeNC!ViC!wf!d online jovrna/s.) 

Ba F. S., Pasquet R. S. and Gepts P. (2004) GanPtic 
diwr~ity in cowpea I Vigna unguiculata (l.) W,1lp.l 
• ts rcvc,1lcd by RAPD mark~rs. CenP/ic: Resources 

Crop 'Evolution 51, 539-550. 
B.lliraine F. N., Bnnizzoni M ., GuJ.Jiiehnino C. R., Osir 

f . 0 ., L1,1x S. A., Mulail F, J,, Gomulski l. M., 
Zhcng l., Quilici S., Gasperi G. ilnd Millacrida 
II. R. !20041 Populnlion genc:tic~ or the potentially 
invasiv~ Afric<~n fruit fly species, Cera/ills rus,1 
ancl Cf'mtitis t"asnv(•lllri' (Dipteril: l"ephrilidael. 
1\folecu/ar EcoiOf;Y 1.1. (,R~I-(/)5 . 04-1 7H<I 

8awny.'irtncr /., Gctachew T., Mcli1ku C., Sciarretta 
A., Shifa B. and Trematerra P. (2003) Cases for 
.uf,,plivc ~~c;nlogici•l systems nliln~gemenl. NED/A 

LXXXVI, 1(,5-1 72. 0 l-1771) 

Rousema J, T., GoU<l1JIIil L. C., Drakelcy C. J., 
Meut~lege A. M ., Okech 8. A., llkim I. N. J,, Beier 

). C., Cithute j . I. and Sauer.vein R. W, (;!004) 

Plasmodium falclparum gametocylt~ cilrriilge in 
a5ymptomalic children in western Kcny<L M;,l;uia 
/(l(lfi1<Jf 3, 18-28. . 04· 1816 

Carlson J., llyrd B. D. and Om/in F. X. (:.!004) Field 
assessments in western Kc:n)•a lir1k mal:ui;, vu<:;tors 
to environment<tlly disturbed habitats duritlg the 
dry seilson. /JMC Public Health 4 .. 33- 39. 

D•l-1895 
Carlson J,, Keatir1g J., Mbogo C. M., Kahindi S. and 

Beier ]. C. (2004) EcologiGtl limil<tlions on 
aqualk m osquito predat(Jr col1;ni:.:nlion in the 
urban environmenl. loum<JI of Vector Ecology 29, 
:m-339. 04· 1915 

Chabi-Oii!ye A., Fiaboe M. K. and Schulthess F. (2004) 
lio~t ~uit;;~bi lily ;~nd thermal ri;!CJuirements of 
Lai/Jmmeris ovicida Rlshcc. (Hymenoptera: 
Trichogmrnmalldae), nn egg parasiloid or cereal 
stembvrers in Africa. Uiological Conrrol 30, 61 7-
623. 04· 1755 

ChinW<Jda P., Overholt W. A., Omwega C. 0 . <~nd 
Mueke ). M. (2004) rliolngy nf Swrmiopsi~ 
pa.,asiric:a (Diplera: Tachinidae) nnd suit<~bili ty of 
three ceren l stem borers (Lepidoptera: Cr:~rnbidac. 
Noctuidae) for its developmenl. Annals Df the 
EnwmologicaiSociety nf/lmerica 97, 153- 160. 
(14-1 72 1 

,,ppenc/i.~ 4 

Depinay J. M. 0., Mboga C. M., Killeen G., knols 
B., Beier J, C., Carlson J., Dushoff J,, Billingsley 
P., Mwambi H., Gitlwre j., Toure A. M . and 
McKenzie F. E. (2004) A simulatinn model of 
Afric;;iln Anopheles ecology and popviAtion 
dynamic;;:; for the analysis or malaria transmission. 
tv/,1lar/a lourna/ 3, 29. 04-181 7 

Dimbi S., Maniani,l N. K., Lux S. A. and Mueke J, 
K. (2004) Err~c l of c;nnstilnl temperatures on 
germination, radial growth ilnd virulence of 
M etarhizium iJIJisopliac to three Spr.!cif)S of Africiln 
tephritid fruit flies. UloContro/49, 83-94. 

04-1 729 
Fiabo~ K. K. M., de Mnrae~ G. J, <~nd Gondim Jr M . 

G. C. (2004) A n~w g1mus and a new species 
of ph)•losei id mile (Acari : Phytoseiid:u~) from 
1;orlhe<Jstern Hr<tzil. Zootaxa 599, 1-4. 04-1 fl04 

Cf!lu E., Overholt W.A. <~nd Kairu E. (2004) C:ornpamlivc 
sludi~;s on tlw influence of relative hllmidity 
.1nd tcmpc:mtuw on lif1~ t <~hhJ pilrJmeters oltwn 
popul<llions or Cot<J.~ia {/;JVipe~ (Hymef".'Optera: 
Hraconidae). /Jiocontrol SciL•tlCC• and Ti!c·hnClftl[.;)' 
1 •1, 5Y5-fJ0 5. 04-1 fiCJil 

Cilioli C., R,wmg<'irlner /. and Vacantc V. (20o:l) 
flinlngkill t·ontrol i!S oln ecosystem m.1nngemen1 
tool for 1;nhilm; ing cnvironment<tl suslainability. 
REIJ/11 LXXXVI. 17:1-1115. 03· 1777 

GotlilgtM L. C., Ferguson H. M., Oke,ch R. A., Killeen C. 
F\, Kabiru E. W., Beiet j. C., Githure j . I. i'lnd Yan 
C. (2004) l'lasmodium falciparwn malaria discMI;' 
'11ilnife:;t.ltions in hum<tns and lmnsmission to 
Atwplwle~ g.ln,J/;i;u:~ : A field study in western 
1:eny.1. Para$itnlogy 128, 235- 243 . 04· "1736 

Gouagna L. C., Okech 8. A., Ob.1re P., Miyare P., 
Ombonya S., Kabiru E. W., Beier j. C., Y.m C., 
Knols B. G. J., Githurej.l. and Killeen C. F. (20()4) 
Se<tsonality of l'lasmodium falcipi.lwnt infeclim1 
11nd risk f<1ctors for g<~metocyte carriage in patients 
allending il nlral he<thh centre in western Kenya. 
ft:J$11\friran M edical /ourn,ll80, 627- 634. 

Gounou S. and Schulthess f 12004) Spati<tl distribution 
of lepidopll.:rous ~lem bmer~ on indigenou~ host 
plants in West Arrica and its implications for 
s<~ mpling ~chemes. African Entomology 12. 171-
1 i O. 04· 18CJ7 

Hernandcz-Valladares M., Naessen$ J., Gibson ). P., 
Musoke A. J., Nagda S., Rihet P., ofe·MoiYoi 0. K. 
and Iraqi F. A. (2004) Confirmation and disst:!clinn 
of QTL controll ing resistance to malariil in mice. 
M,1mmalian Cenome 15, 390-398. 

Hernandez.Valladare$ M . H., Rihet P., ole-MoiYoi 
0. K. and Iraqi F. A. (2004) Mapping or a new 
quantitative trail locu~ (or resistance to malaria 
in mice by a compamtive approach o( human 
chromosome 5q3l ·q33 . Immunogenetics 56, 
11 5-117. 04 · 1 843 

lmpoirwil D. E., Kongere j. 0 ., f~;~ster W. A., Njiru 8. N., 
Killeen G. F., Gilhure j. 1., lleier J, C., Hass:mali 
A. and Knols B. G. j. (2004) Ft:!eding and survival 
of the m<tlaria vector Anopheles gambiac on 
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!Jinnts growmg 111 Kenyn. Mediql anJ Veterinary 
hrtomnlogy 18, 108-1 15. 04-1737 

/ i.mg N., Setamou M., Ng i-Song A. and Omwega 
C. (2004) Performance of •..:otesia f/avipr.!S 
11-i)'nlennpter.l: Braconid;~c) in parasitizing Chilo 
rwtclht.~ !Lepidoptera: Cramhidae) as affected by 
temrx•~<~ ture find hmt stage. Biological Cnmrol J 1, 
151)-164 . • 04· 1762 

Kanya /. 1., Ngi·Song A. f., S~tamou M. F., O verholt 
W., Och oti'l J. and Osir E. 0. (2004) D iversit)• 
of nlternativc hosts of maize stcrnborcrs in Trnns­
Nzui:~ distri<:t of Kenya. Environnwmal Uiosafety 
f~t'5PMCil ), 159- J6fl. 04·17/9 

Keatin~; J., Macintrye K., Mbogo C. M., Githute }. I. and 
fll!ier / . c. (2004) ChilfilCterization or pot~ntiJ I 
lllrv<tl hilhitats for Anopheles mosqui•or.:s in reltllion 
tu urb11n l<1nd -usc in Millindi, Ken~\1. International 
lourn.1lofHealtll Geographies J, 9- 12. 04- 1815 

Kenya E. U., Osir E. 0 ., lmbuga M. 0. Jnd Manohar 
R. !1004) ll)e eff~t of fJaciltu,\ thuringiensis 6-
Pndotoxin on midgut ATF'ilse from the tsetse fly, 
Glossina mor.~ililtu centrali.~. Journal of Nature 
Cnmt•rv.ltors 16, :ZJS-2111. 04-176(, 

Kithusi G. C., Kr1app M ., Shibairo S. 1., Nderitu J. H. 
and Njoroge K. (2004) Effects of four hiopc~ticides 
<m th<~ spider mite Tetr,111ydws cNiltJsi Baker i!nd 
f'ritch;ucl in tlw labomtory. l'httophaga XIV, 549-
!11)(,. 04-11J25 

Masig., D. K. :~nd lsokpehi R. D. (2004) Opponunitics 
in Airicil for tmining in genome science. llfrican 
loum.r/ o{(limechnology J, 117- 12:!. 04- 1767 

URL: hup://www .• tC,)dcmicjourr1als.org/AJI3WDF/ 
1-'di201l4/Fehi M.tsiga%20and'V.,201sokpehi.pd f 

M.1thenge E. M., Omweri G. 0., lrungu l. W., Ndegwa 
P. N., W<~ lcz;~k E., Smith T. A., Killeen G. F. and 
Knnl~ B. G. r::W041 C.ompilriulvc field evi! lua tion of 
th~ Mhita trap. the Centers ior DiseilSP Control light 
trilp. t~nd the humi111 l.1nding catdl fnr s.trnpling 
<If rnJ IJria vectors in western Keny~. 1\nwric:.ul 
/ourml ot' 1mpic,ll Medicinl! and Hygienf! 70, 
3J-.l 7. 

M idega C A. 0., Ogu l C. K. P. 0. and O verholt W. A. 
1:!0041 Effect of .1groccosyswm diversity on natural 
ctwmics of maize stemborcrs in coast<~l Keny<1. 
lntem.ltirm,JIIoumul o{TropicJIInsecr Science 24, 
:2!10-21"16. 04-1 771 

MMramed M. H., Khan Z. R., O verll(l/1 W. A. and 
Elizabeth D. K. !2U04l HehaviotJr and hiology of 
Chilo parcel/us {lepidopter;~ : PyrJiidac) on maize 
;1mJ wild grarnincous pl;mts. International Journal 
ofTropica/lnsec;t Scienct· 24, 2!!7- 297. 04-1768 

Mukabitnii W. R., Takken W., Killeen G. F. and Knols ii. 
C . (20041 AllomonJI efiect of breath C(llltribures to 
diffcJrCn ti~ l ilttractivcness of hum11ns to the Afric;m 
m~l<tri;t vector AnophrAcs gambiae. Mal;uia 
Jdurn.1l 3, I . 04-1759 

M usyoki J. M ., Osir E. 0 ., Kiara H. 1<. and t<okwaro E. 
D. (20{>4) Comparative studies M the infectivity of 
Theileria parva in ticks (ed in vitro ilnd those fed 
on catt le. /;xpcrimentaland Applied Acarillogy 32, 
51-67, 04· 1710 

M ulero C. M., Kabutha C., Kimani V., Kabuage L., 
Gitau G., Ssrmnyonga /., Cit !Jure J., Mulhami L., 
Kaida A., Musyoka l ., Kiarie E. and Oganda M. 
12004) A tmnsdisciplinary pcrspe<.'live on the links 
between malaria and agroecosystems in Kenya. 
Acta Tropir;a !19, 171-1 8&. 04-1728 
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Mulero C. M ., Ng'ang'a P. N., Wekoyela P., Gill111re 
f . and Konradsen F. (2004) Ammonium sulph<~tC 
fertiliser irKreasC!s larval popul;,tions of Anopheles 
,1fabiellSis Md culicine mosquitoes in rice fields. 
Acta TropiC.l 89, 187- 192. 04-1720 

Mw;mgangi J. M., Mbogo C. M., Nzovu J. G., Kabiru E. 
W., Mw;unhi H., Cithure /. 1. and Beier/. C. (2004) 
Relationships between b'>dy size of Anopheles 
mosquitoes Jnd Plasmodium fi! lr;ipawm 
spnrozoite rates nlong tlw Keny<1 co<tst. loumal of 
the Anerican Mosquito Control llssnciation 20, 
390-394. 

Ndung'u M. W., Kiloneka B., Ha55::mali A., Lwandc 
W., Hooper A. M., T.1yman F., Zerbe 0 . and 
Torto 8. (2004) New mosquito lilrviddal 
tetranortritcrpcnoids from Turri.lea wakeflc-/dii and 
Turraeil florihund.l Journal of 1\gric:u/tuml and 
Food Chcmi~try5l, 5027- SOJ I . 04-1826 

Ndung'u M., Tcrrto 8., Knots fl. G. /. <'l!ld Hassanali A. 
!20011) Labowtory cvaluJtion of some East African 
MeliaceJe .ts smrrces of larvicidal botanic;~ls 
for Anopheles !]<lmhiar.!. lntemationill Journ.1l of 
Tropic,rllnsPct ScienCL' 24, 311-3 1 B. 04-1 771 

N('!lorezuv L. V. and Sadykov A.M. (2004) Influence of 
winter conditions ir the dyn;~mics nf <tn isol;~ tccJ 
popui;:Hion nf insect~ . Euro-llsian Entumolot;ic.al 
/Ollflr.l/ ) , 1 (,9-1 71. 

NiyihigirJ E. /., O verholt W. A. and Stouthamer R. 
!2004a) Cotcsia {/.wipes C11n1ernn .1nd Cotesia 
sesamiae Cameron (Hymenoptcrll: BrilconidJc) 
dn not exhibit complementary sex dctcrminiltion: 
Evidence from field populill ions. 1\pplit•r/ 
Entomolog)' Jnd Zoology 39. 705-71 5. 04-1 'l01 

Niyiblgir,l E. 1., O verholt W. A. illld Sluuthamer R. 
(2004b) (.,u.-si.l flavtpcs C~meron (Hymcnopter;~: 
lirJconidttc) docs not el(hibi t compl!!rnentary 
sex determination {ii) Evidem.e from l<1bor.1tory 
cxpcrimcnts. 1\pplir.!d Enwmology and l.oology 
VJ, 7 17-725. 04- 1900 

Oker:h 8. A., GOUi.lt;nil L. C., Kabiru E. W., Wt1/cz,1k E., 
Beier J, C., Y.m C. and Cilhure/ .1. !20011 l Resist11ncc· 
o( Cilrly rnidgut stagcs ol n:tturJI Plilsmorlium 
f.1lcipJrum parJsiU!!. to high temperatures in 
experimentally infected Alloplu~les g,1ml>ia~: 
(l)iplera: Culicidrte). The loum,1/ of l'ar.1sitology 
90, 764-76!1. 04-1 001 

Oket;h 8. A., Gouagna L. C., Knots 8. G. /., l<abiru E. 
W., Killeen C. F., Beier f. C., Yan G. and Githutc 
f. I . (20011) l nfl~rencc of indoor rnicroclir11Jte 
;~nd diet on survival of Anopheles gamhiac s. s. 
!Diptcra: Culic;idae) in village house t.onditior1S 
in western Kenya. lntemational lournal of "fmp/c,,l 
Insect Science 24, 207-112. 04- 1769 

Okech 8. A., Gou;~gn.l L. C., Walczak E., Kabiru E. 
W., B11ier J. C., Yan G. and Gilhure f. I. {2004) 
The development of Plasmodium falc:iparom 
in experirnent11ily infected AnDphele.~ gambiac 
(Diptera: Culicidne) under c1mbient microh<tbitat 
temperature in westc:rn Kenya. Acta Tropica 92, 
99-108. 04-1820 

Omo/o M . 0., Okinyo D., Ndiege I. 0 ., Lwande W. and 
Hassanilli A. (2004) Repellency uf essential oils of 
some Kenyan plants ilfl<linst Anopheles gamhia.e. 
Phytochemistry 65, 2 797-2802. 04-176 l 

Shi W. P. and Njagi P. G. N. (2004)_ Disruption of 
aggregation behaviour of oriental migratory locusts 
(Lor;usta migratoria tmnllensis) infected w ith 
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NnR'm" loc::v.~t.1e . /ovrnal of Appliecl Emomology 
I:Hl, 414--41 8. 011-1 749 

Slli/ilu J. 1., Ghebremes,kel T., Seulu F., Mengistu S., 
Fekadu H., Zerom M., Asmelash G. E., Sintasath 
D., M bogo C., Cithure }. 1., Brantly E., Beier }. 
C. ;md Novak R. J. (2004) Se<Jsonal <tbundance, 
vector behavior, <Jnd m:tlaria p<~ril site tr;~nsmission 
in Eritrea. tovrnal of tile American Mosquito 
Control Association 20, 1SS-164. 04-1 i.\07 

Shililu }. 1,, Grueber W. B., Mbpgo C. M., Gi thur e 
}. 1., Riddiford l. M. and Beier / . C. (2004) 
Oewlopment Jnd surviv.11 uf Anopheles gambial· 
eggs 1n drying soil: Influence o( the rate of dr)' •ng, 
L'AA <tgc. and snil type. /numal of the Aml!ric,l/1 
fl itisquiio Contml A$~ociiltion 20, 243- 247. 

04-lfiO(; 
Sumbil L. A., Gucla T. 0., Deng A. l., H,1ssanali A., 

Beier J. C. and Knofs B. G. J, (2004) (Short 
Con1municatlon) M(ldi ;~ tion o( oviposition 
~ itP selection in the Africiln mul<lriil mosquito 
A11()pheles gamblae (Diplcra: Culid dueJ by 
seminchemin tls of micmbiJI origin. lntern,ltional 
/n11mal ofTrop/c.Jilnsecr Science :!4, 260-265. 

04- 1770 
Sumba L. A., Okoth K., Deng A. l., Githure / ., Knol~ 

B. G. J., Beier J, C. and Has~anali A. (2004) 0 .1ily 
1Wip1 1 ~hion pJtternsofthcAfrk:iln mill« ria mosquiin 
A.nopht>lt•s H•1mbi<1e Giles (Dipter;t: Culicidae) 
nn diift!rt!nl types of ilqucous sub~trati'S. /numal 
of Circ.Jdiall Rhythms 2. 6 ( 1.3 December 200,1). 
t\v;tililble online at: hup://www.jcirudianrhythms. 
colll/contenl/2/1/6. BioMcd Cfo'ntr;~ l Ltd. 

04-176~ 

W,;mzala W., NoelS. f. K., GuleS. and Hassan01.liA. (20041 
Allrilctive ancl repellent host odows glllde ticks to 
lh(lir respecllve feeding sites. Chcmoocolugy 14, 
229-2:12. 04-1760 

W,lJ:ener 8., Reineke A., Lohr B. and Zebitz C. P. W. 
12004) A PCR-based npproach to distinguish 
importMtl DiJdegma species (Hymenoptera: 
lchnctn110ii idao) ilssociated w ith diamondback 
moth, Pluwlla xylostel/a (l epidoptt:ril: Plutellidae). 
Bulletin of Enw mC)Ingici!l l~e,searcll94 , 465-47 1. 

04-1902 

B. Books and Other Publications 
(/nc/urlP:; pJpers irr published confllrMCe proceedings, 
l>ook5. chJpters in books. parents illld review ilrtic/e.s. 

Barrion A. and Khan z. R. (2004) How to Handle Grass 
Seem Borer Larvae. Development Communication 
Ltd, Nilirobi. Kenya. ISBN 996(,.98S6-J. I . 37 pp. 
632.7(03 61 BAR 

Birch N., Whearly R., Anyango 8., Arpala S., Capalbo D., 
Getu D . E., Fonlt!S E., Kalama P., Lelmen £., Lovei 
G., Melo I. S., M uyekho F., Ngi-Song A., Ochieno 
D., Ogwang J,, Piii!IU R., Schuler T., S~tamnu M ., 
Sitlum antham S., Smith J., Van Son "1., Songa 
J,, Sujii E., Tan T. Q., Wan F •• H. and Hifbeck A. 
t:/004) 13iodivers i t~' Jnd non-target i!np;~cts: A 
c:.se study o( Bt maize in Kenya, pp. 11 7- 18S. 
In Environmerltnl Risk Assessment of Genecir:ally 
Modified Organisms. Volume 1: A Case Study ()( 
Ht Maize in kenya (Edited by A. Hilbeck <Jnd D. A. 
Andow). CABI Publ ishing, U K. 

Burgess N., Safehe J., Dogg~rt N., Clarke G. P., Cardon 
1., Sumbi P. and Rodgl!rs A. (2004) Coastal fow~ts 
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of e<tstcrn Africi!, pp. 2J0-2J9. In Hot5pnt.< 
Revisited. CEMEX. Mexico City. 

Copeland R. S., While I. M., O kumu ft'l., M.1chera P. and 
Wharton R. A. !2004) l r'l~ccts <tssndiltCd w ith fru its 
of the Olea~eae (Astericlac: Lami<~lcsl in Kc•'Y·•· 
wi th special reference to the Tephritid;tc f!JiplerJI. 
D. f/mn H.1rdy MCmCJrial \lnl11me: Comrihvtion5 
to the SySlf'mJlics ,wd Evolution nf /Jipt1•t,1 !Ecliu•d 
hy N. L. Evenhuis Jnd K. Y. Kan~,.oshirol . IJishop 
Mvseum /Jullatin CJ( [ ntomo/oJjy 12. 1 I 'i-1C>4. 

Fitt G., i\ndow D., Carriere Y., Moar W., Schuler T., 
Omoto C:., Kanya J., Okech M., Arama P. and 
Maniani.1 N. K. (2004) Resistance ri~k~ ~nd 
man.1gemcnt associnted w ith IJt m.1izc in Kl!nyil. 
pp. 20'1-2 ~0. In Erl vm>nmPn/,11 ~isk ASSI.'S~ml'nt 
n( CCIIC!lrCilll)' Modilied Or~;.rnisms. Vn/um£• I : 
A Case Study of Bt Maiz(• 111 K1my.1 ltdited by A. 
Hilbeck and D. A. Andow). CAB I Publishing, UK. 

Hilbeck A., Andow D. A., Birch N. E., Fitt G. P., Johnston 
J., Nelson K. C., O.~ir f.., Songa J., Underwood 
E. and Wheatly R. 12004) Risk 01ssessmcnt of llr 
milize in K~:ny;1: Synthesis <tnd r!-!Cnmmcndations. 
pr. 251-2 71. In l:nvir•mmcllCJI Risk 1\ssessmt·nt 
(1{ Cenetic.11iy Morlified 0/'fl.lllism.\, Volume• I: 
1\ Case Study 11f Bt M,1ize Ill Kcny,, !Edited hy A. 
Hi lheck 01nd D. A. Andowt. CABI Publishing, UK. 

j ackson R. R. !2004) Blnncl-rhirsty spiders ;md syringes 
w ith w ings. Natur<' E.J~t Afric·,l .14, J0-35. 

KhJn z. R. <1nd Pickett J. A. (20041 The 'push-pull' 
$ll.1legy for stembort-r tn<tnilflcment: A CiiSe study 
in exploiting biodiversity and chemical ecology. 
pp 155-164. In l;cological E11ginP!'fin~ for l'e51 
Mnnagement: Adv;rnces in Habitat M.1rripvl<ltion~ 
for Artbropods (Edited hy G . Gurr, S. D. Wriltten 
.tnrl M. A. Altieri). C.SIRO, Australi<t ilnr.l CABI 
Publishing, UK. 

Masiga D. K. nnd Turner C. M. R. (10041 Amplified 
(restriction) (mgmenl length polymorphism (AFLI') 
;1n~lysis, pp. 173-211(,. In Methods in Molecular 
lliology: l'arasite C~;~nomics l'mtoco/s (Euitcd hy S. 
~- Melvi lle). The 1-lum;Jnil Press Inc.. USA. 

· Muyekhn F. N., Barrion A. T. •md Khan z. R. (L0041 
A Pnmf!r on Gr.Jss ldwlliflc:alicm and Tllcir Uw., 
ill Kenya. Development CnmmttRicution Ltd. 
Nuirobi, Keny<~. ISHN 9966-9856-0-:l. {14 pp. 

Saini n. K. (2004) New technologies (or tscl~c !o'Oiltrnl­
ncvelopmenl o( repellent col l <~rs. Agfnx Rcsm•rn• 
J)iiCk. (hllp ://W\VW.ilgfilx.nct/l WI{ EN Medin. 

Saini R. K. (2004) l~epellents: A h;umnnious approach, 
pp. 32-3~. In Recent ; \dv,lnce,; in Livestot:k 
Keeper-bdsecl Tsetse Control: The W,1y ForwJrd 
(Edited by 5. P,umt and G. Ink). Pmgat Oifset 1-'vt 
Ltd und Sue H:tinsworth Publishing. UK. 

Saini R. K. and Hassan:t/1 A. (2004) A novel mer hod for 
contro lling tsetse (lies <1nd other blood feeding 
inse<.is. l'iltent No. KE00 185. Keny.t lndustriJI 
Property O rg<JnisJtion (KIPO). 

Sith;matham S. (2004) Oevelopment and Dissemllwtinn 
of IPivf for Vel:!~'lnbles in Easl!-!rn Africa. (K. Kebailfil. 
Ed.). icipe Science Press, N<Jirobl. 5 1 pp. tSBN 92 
9064 166 5. 

Somers D. A., Andow D. A., Amugune N., Aragao 
F., Chosh K., Magiri E., Moar W. and Osir E. 
(2004) Transgene locus structure and expression 
o f Bt maize, pp. 83-11 6. In Envirommmt,ll Risk 
Assessment CJf Genetically Modified Organisms, 
Vo/(lme I : A Case Study of IJ t M<Jize in Kenya 
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(Ediled by A. H ilbeck and D. A. Andow). CABI 
Publishing, UK. 

Torto B. (2004) Chemical sign<~lsas attractants, repellents 
<1nd 11ggrcgation stimulants. In EncyclopediJ of 
Life Support Systems rEOLSS), developed under 
the :~uspices of the UNESCO. Eolss Publishers, 
Oxford, UK, lht1p:www.eolss.netl 

Varela A. and Seif A. (2004) A Guide to /PM and 
Hygien~ Standards in Okra Production in KenyJ. 
(K. Kebnara, Ed.). ;,·ipe Science Press, Nairobi. 
1 I r, pp. +Colour insert. ISBN 92 ()064 161 5. 
fol5.648(676.~l VAR 

C. PUBLICATIONS BY icipe SCIENCE 
PRESS 

journal 
lntemat!oMJ Journal of '!topical Insect Science 

(formerly /uscct Scicucc nm1 /ts ApplicntiOit). Founded by 
Thomns R. Odhi.1mbo. Editor-in-Chief; H. R. Herren. 
ISSN 1742-75!!4. Published by CAB! Publishing, a division 
<of CAB lntemiltionnl on behalf uf icipe and A A IS. 

(I Volume z,l (2004), Number.; 1-4, pp. 1-344. 
(V<Jiume 24 , Number 1-SpPCial issue-Afri<:an 

l'nl/ini'l/i(ln Ecology. Guf•st Editors: Barburil 
C:emmi/1, Connal Desmond Eardley. WJnjJ 
Kirw tfliil .md Dino /. MatlillS) , 

!Also avail,1ble as electronic version.) 

Pest Management and Other Field 
Guides 
• A Guide 10 IPM ;~nd Hygiene St~ndards in Okra 

Production in Kenya. lly A. M. V3rd~ and A. Self. (K, 
Keb.l,VJ, Ed.). 11 6 pp. of Colour in~ert. tSBN 92 9064 
llil 5. 

Annual Report 
• icipc Annual Scienlific Report 2002-2003. 

lnternationill Centre of Insect Physiology tllld Ecology 
ficipf'). !Compiled and Ediled by A. N. Mengech). 
271 pp.ISBN 92 9064 165 7. 

D. DoCToRAL AND MAsTERS 
THESES 8Y GRADUATES ()f 

icipe 's PosTGRADUATE TRAINING 
PROGAMMMES 

PhD Theses 

Elt~taifi I. E. (2004) Ecological viability in nccm 
groW1h, oil and limonoids in the Sudan. (DRIP). 
Gezira University, Sudan. icipe Supervisor: Prof. 
A. Hass<~ n<~li. TH 582.6(624) ELT 

Kane C. M, H. (2004) Cross-stage physiological effects of 
the desert locust, Schistocerca grcgaria <~ggregatlon 
pheromones on their behaviour and susceptibil ity 
to control agents. (ARPPIS). Kenyatta University, 
Kenya. icipe Supcrvisor(s): Prof. A. Hassanali, Dr 
P. G. N. Njagl. 
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Mohamed M. H. (2004) Stud ies on the i nter<~ctions 
between Slliga lrermonthica (Del.) Benth, maize 
(Zaa mays L.) and stemborer Chilo parte/Ius 
(Swinhoe) (Lepidoptera: Pyralidae). (ARPPIS). 
Kenyatta University, Nairobi. icipe Supervisor: 
Prof. A. Hassanali. 

Sumba L. (2004) o ·viposition behaviour of the African 
malaria mosquito A11opheles gambiae Giles 
(Dlptera: Culicidae): Influence of el<lernal factors 
on oviposition site selection. (ARPPIS). Egerton 
University, Kenya. icipe Supervisor: Prof. A. 
Hassanali. 

MScTheses 

Amenya D. (2004) Lectin expression associated with 
pl11smodium infection in Anoplieles species. 
(DRIP). University of Nairobi. iclpe Supervisor: Dr 
E. Osir. 

Bosibori G. (2004) Characterisation of cell cycle 
regulator genes in m11ture in vitro Plasmodium 
fa lciparum gametocytes. (D RIP). University of 
Nairobi. lcipe Supervisor: Dr E. Osir. 

Burr.rgu M. W. (2004) Exprcs~ion of the lectin-trypsir1 
gene in tsetse flics and other haem11toph:~gous 
arthropods. (DRIP). Kenyattta University. icipe 
Supervisor: Dr E. Osir. 

Lelmen E. (2004) Effect of lJacillus thuringiensis 
6-endotoxins on the diversity and iunction o f 
Glomalean funsi forming arbusculilf my<:orrhlzae 
w ith maize (lea mays) <1nd sorghum (Sorghum 
bicolor). (DRIP). Jomo Kenyatta University oi 
Agriculture and Technology. icipe Supervisor: Dr 
E. Osir. 

Mbarak F. (2004) Studies on biochemical ch;ms;es 
associated with pheromone· induced miltcrnal 
transfer of gregarious phJse to offspring in the 
desert locust, Schistocerca gregari;J . (DRIP). Jomo 
Kenyall3 University of Agriculture and Technology. 
icipe Supervisor: Dr E. Osir. 

Ng'ayo M. !2004) Molecular chari1cterisilfion of 
trypanosomes in small rumin<Jnts 11nd pigs from 
W. Kenya. (DRIP). Kenyaua University. icipe 
Supervisor(s): Dr E. O sir, Dr D. Masiga. 

Ngei C. N. (2004) Responses of Chilo p.1rtellus 
populations in Kenya to Bacillus th r.rringicmls 
formulations. (DRIP). University of Nitirobl. lcipe 
Supervisor; Dr E. Osir. 

Ochieno D. W. (2004) Effects of ~t toxins on non-target 
anhropods. (DRIP). University of Nairobi. icipe 
Supcrvisor(s): Dr E. Osir, Dr A. Ngi-Song. 

Odalo }. 0 . (2004) Biochemical examin<1tion ;md 
identific<~tion of bioactive botanicals from the 
coastal region of KenY3 against adult Annphclos 
gamblae. (DRIP). Kenyalla University, Nairobi. 
ic ipe Supervisor: Prof. A. Hassanali. 

E. OTHER PuBUCATIONS BY icipe 
SciENTISTS 
(Publications by lclpe stJif on work not directly 
related to icipe and scholars' pvbficiiltions done under 
icipe'$ ARPPIS postgradvate sub·reglonJI MSc tr(lining 
programme.) 

Bruce A., Gounou S., Chabi-Oiaye A., Smith H. and 
Schulthess F. (2004)The effect of neem (Azadirachta 
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indica A. )uss) oil on oviposition, development 
and reproductive potentials of Sesamia c:Jiamistis 
Hampson (Lepidoptera: Noctuidael and Eldana 
saccharina Walker (Lepidoptera: Pyralidae). 
Agricvltura/ and Forese Entomology 6, 223- 232. 

Chabi·Oiaye A., Fiaboe M. K. and Schulthess F. 
(2004) Host suitability ilnd thermal requirements 
of Lathrumerls ovicida Risbec (Hymenoptera: 
Trichogrammatidae) egg parasitoid of cereal 
Stl;!mborers in Africa. Biological Conl!ol 30, 61 7-
(i23. 

Hernande:r:.Valladares M., Naessens J., Nagda S., 
Musoke A. J., Rihet P., ole-MoiYoi 0. K. and 
Iraqi F. A. (2004) Comp~rison of pathology in 
susceptible NJ and reslst;u;t C5713U6J mice after 
infection with different suh·Strains of Plasmodium 
ch~baudi. Experiment:JI Pilrasitology (USA) 108, 
134-141. 

Omondi·Aman 8., Obeng-Ofori D., Danquah E. Y. and 
Offei S. K. {2004) Genetic diversity and oviposition 
h.ost preference of Bernisiiil wbaci (Gennadius) 
{Homoptera: Aleyrodidac) infe~;ting four crops in 
Gh;ma. Journal of the Ghana Scilmce Association 
6, 105-116. 04-1803 

Pasquet R. {2004) The African centers of domestication, 
pp. 304-306. In Encyclopedia of Plant and Crop 

appendix 4 

Scler'lce (Edited by R. Goodman). Marcel Dekker 
Inc., New York. 

Pasquet R. (2004) New synonyms of Vignaluteola Oacq.) 
Benth. (Leguminosae-Papilionoideile.-Phaseoleae). 
Kcw Bulletin 59 (4), 637-638. 

Sc:hulthess F., Chabi-Oiaye A. and Gounou S. (2004) 
Multi-trophic level interactions in n cnss<~va­
rnaize relay cropping system in the humid tropics 
of West Africa. Bullccll'l of Entomological ReSI!arth 
94, 261-272. 

Schneider H., Borgemeister C., Setamou M., Affognon 
H., Bell A., Zweigert M. E., Poehling H.-M. and 
Sclwlthess F. {20041 Biological ~nntrol of the 
larger grain borer Prostephanus l runcatus (Horn) 
!Coleoptera: Bostrlchidae) by its predator Tcretriu.~ 

niyrescens Lewis (Coleoptera: H isteridae) In Togo 
and Benin. Biological Contm/30, 241-255. 

Setamou M. and Schulthess F. (2004) Pest status o f 
Mussidia nigrivenel/a Ragonot, a cob-borer of 
maize in western Africa, p . 980. In Enc;yc/opedia 
of F.nt'Jmology (Ediled by J, L. Capinera). Kluwer 
Academic Publishers, the Netherlands. 

Thulin M., lavin M., PJsquet ll. and Delgado-Salinas 
A. (2004) Phylogeny and biogeography of Wajira 
(Lcguminosae): A monophyletic segregate of Vigna 
cer11ered in the Horn of Africa region. Systematic 
Botany 29, 903-<J20. 
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icipe Publications for 2005 (as at 31 August 2006) 

B. ARTICLES PUBLISHED IN REFEREED 
JoURNALS 
licipe staff names, inc:ludlng visiting scientists. scholars 
and redmicians·. arc lrJ/icised. Reprints of articles with 
<1 c.1// rwmber ar rite· end of the cit;uion can be ordered 
fmm tlw IJocurnentaiL~t. icipt!.) 

Ayuh M., Smulski C., Nyamhega B., Becovich N., 
Masiga D., Va:~:quez M., Aguilar C. F. and levin 
M . J. (2005) Protein-protein interaction map of the 
Trypanosoma CrtJ7.i ribosomal P protein complex. 
C:tonc357, 129-1 36. 

Billah M. K., Kimani-Njogu 5., Overholt W. A., Wharton 
R. A., Wilson D. D. ;md Cobblah M. A. (2005) 
TI1c cift!<;t of host l;:~rva!! on three Psyua/ia species 
t 1-1 111111~m •pter,l: 13r;tcuniclne), p;:~ril silo ids of fr\Jit­
init·~ting flies (Dipt~ra: Tephritu lild. llllernational 
/mmJJiat Tropir.allfiSeCt Scienw 25, I (>H-17.'5. 
t)5- 17<JO 

Cupc/;md R. S .• Okeka W., Freidllerg II., Merz 8., White 
I. M ., De Meyer M. and luke Q. (20051 Fruit flies 
(l)iptcl'il: Trophrititlnc) of K.Jkarnega Forest. Kenya. 
/otrrrlJI of Fa~t 1\frrcan Natur,,/ History '14 . 247-
278. 05- 184 1 

Cross F. R. :~nd Jackson R. R. 120051 (Cummentilry) 
Spitler hcunst i c~. !Jdr,winurall'mccssscs r,q, 125-
127. 05-1829 

De Meyer M. and Copeland R. S. <200.'i ) Description 
o f JWIV Ceratitis M;u' l c;,y (Dipll•ra. TcphritidJe) 
sph It"!> 11ol11 Airic;~. /ow11al of N,1tur.11 Hiswry 39, 
12H.I-I ~q7 05· 11144 

Ekesi S .. M,rniania N. K., Moh.1merl S. A. and Lux S. 
A. 1200'il ~ fft:l. t ot snil ,1pplit..11inn of rtiffcrenl 
(opnul~tJon~ ,Jf Metarllilium ,mi~(Jp/i,il! on 
Alnran tc:phfitid frui1 fiJQ~ <~nd thPi r a~sociJted 
enrlop<~r<tsitnids. /Jiological (nntml 35, 83- 91 . 

05-ltl38 
Ferguson 1-1. M., Cou.,gna L. C., 0/)<lfe P., Read A. F., 

Bahikl!r H., Gitlwre f. and Beier f. C. (2005) TI1e 
pmM:nce of 1' /,,smm.Jium falcip.1rum gametocytes in 
humJn bloorl increases the gwvidily of Anophules 
gaml>iill! rnm qtli toes. f\m f;!r!C,lll Journ,,/ ofTrc>pica/ 
t'vlerhr'in.: ,md Hygiem• 73. J 12- 320. 05-1823 

Furtc1do I. P., Kreiter S., de Moraes G. J., 1ixil:!r M.-S., 
Fletchmann C. 1-1 . W. and Kn.1pp M, (2004) 120051 
Pl<1nt mites (Acari) from northeilsl!lrn Brazil, with 
descriptions of two new species of the family 
PhylOseiid;:u;! (Mesostigmata). 1\carologia XLV. 
1"11-14]. 05-1800 

Gilioli C., B,wmgiirtner j . and Vacante V. (2005) 
TemperJture influences on the funclional responsf:! 
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in Kenya, 16 November 2002, Nairobi. Kenya 
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(Edited by S. Silhanan tham, C. Kariuki and J. Baya). 
icipe Science Press, Nairobi. 

Sithananth;~m S., Zebitz C. P. W., Monje J- C., Hassan 
S., Matok;~ C., Kariuki C., Njlhia S., Ogwang J,, 
Mohamed 0., Pc~llangyo B. and Ensami E. (2005) 
Regiona l initiatives for promoting the util isation of 
native egg parasitoids for biocontrol of the African 
bollworm in vegetable-b;~sed cropping systems 
in eastern Africa, pp. 35--42. In Helicoverpa 
fvtanag(!ment in Kenya: Rosaarclr StillUS and 
Need>. Proceedings of the KARI-icipe Workshop 
on Bioconlrol-based IPM of the African Bollworm 
in Kenya, 16 November 2002, Nairobi, Kenya 
!Erlited by S. Sithananlham, C:. K;uiuki and 1. Bay a). 
icipe Scir.!nce Press, Nairobi. 

Varela A. M., S11.if A., Nyambo B. and Lohr B. (2005) 
A Guide to /PM in Cot Flower Protluction in 
Kenya. (Edited by K. Kebilar;~), icipe Science Press, 
Nairobi. 128 pp. ISBN 92 9064 1 &7 3. 

C. PUBLICATIONS BY ICIPE SCIENCE 
PRESS 

journal 
• International Journal of Tropical Insect Science. 

Editor-in-Chi!!f: H. R. Herren. ISSN 1'742-7513<1. 
Volume 25 (2005), n11mbers I lo 4, pp. 1- JOO. 
Co-publ ished w ilh C.A fll Publishing, UK. 

Pest Management and Other Field 
Guides 
• A Guide to IPM in Cut Flower Production in Kenya. 

Vnrcla A. M., Seif A .. N yambc) 13. anrl Li\hr B, 
(Keba<t ra K., Eu.). 200 5, 128 pp. ISBN 92 ~or,4 
167 ) , 

• A Guide to II'M in Mango Production in Kenya. 
VMela A. M . and Sci( A. (Sections A- Fl. (van 
HclUien H., Ed.). 2005, 66 pp. ISBN 92 9064 167 
J . (First edit ion). 

• A Primer un Planting and Managing ' Push-Pull' 
Fields for Stemborer and Sttiga W eed Control in 
Maize-A Stt!p-by-Step Guide for Farmers. Khan 
Z. R., M u}•ekho F. N ., Njugun;~ E .. l'ic:kctt J. A., 
Wadhams L. J,, Dibogo N., Ndiege A ., Genga G. 
.u1d Lu:;w eti C. (Ngeny·Meng!!Ch A., Ed .J. 2005, 
48 pp. ISBN Y2 <:J06•t 170 3. 

• Commercial lnsi!Cls: A Practical Guide for Raising 
and Utilizing Silkmoths and Honey Bees in Africa 
Volumes l - 3.Threebookspublished in ?languages 
(English, French, Kiswahili, Spanish, Lugand;~, 
Arabic and Amharic). Raina S. K. !Compiler); 
Overholt K. (Ed., English); Jones H. R. (Qverilll Ed., 
Internationa l Bee Research Association, UK). 2004, 
(173 pp.) ISBN 0 !36098 2•16 7 English, French, 
Swahili; (183 pp.) ISBN 0 86098 241 & English, 
Spanish, Lugandan; (192 pp.J ISBN 08&098 247 5 
English, Arabic, Amharic. 

Training Manuals 
• Training Format for IPM in Mango Production in 

East Africa. Nyambo B. (van H oulcn H., Ed.). 
2005, 20 pp. ISBN 92 9064 171 &. 
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Conference Proceedings 
• H~licoverpa M anagement In Kenya: Research Status 

and Needs. Sithanantham S., Kariuki C. and Baya 
J. (Eds) 2005, 113 pp. ISBN 92 9064 169 X. 

• Integrat ing Sericuliure and Apiculture Technologies 
w ith Regional Development Oper;~tions. Raina S. 
K. and Nguku E. K. (Eds) 2005, 272 pp. ISBN 92 
9064 141 X. 

Books 
• Development and Dissemination of IPM for 

Vegetables in Eastern Africa. Silhanantham S. 
(KebaMa K., Ed.) 2004, 51 pp. ISBN 92 9064 166 
5. 

Miscellaneous Publications 
• ARPPIS: Training Programmes in Insect Biosciences 

(2005-2007). African Regional Postgraduate 
Programme in Insect Science (ARPPIS), lcipe. 
Ochieng·Odcro J. P. R. (Coordinator); Osogo D. 
(Ed.). 2005, 71 pp. ISBN 92 9064 173 8. 

• African Insect Science Bulletin. Bu lletin of the 
African Association of Insect Scientists (AAIS). 
Amadou Bocar Bal (Ed.), 2005, 43 pp. 

• icipe Annual Report Highlights 2004/5. Compiled 
and edited by Ng'cmy·Mengech A. 2005, 132 pp. 
ISI~N 92 9064 174 6. 

• icipe Annual Scientific Report 2002- 2003 (Reprint). 
International Centre of Insect Physiology and 
Ecology (icipe). Compiled and edited by Ng'eny­
Mcngech A., 2004, 271 pp. ISBN 92 9064 165 7. 

• icipe Puhllcations from 2000 to 2004 with 
Addendum to Sl!ptember 2005 . Compiled and 
edited by Osogo D. 2005, 72 pp. ISBN n 9064 
175 5. 

• icipe Securi ty and Transport Manual (Reprint). 
International Centre of Insect Physiology ~nd 
Ecology (icipe). 2004, 16 pp. 

D. DoCTORAL AND MAsTERS 
THESES BY GRADUATES OF 
icipe 's PosTGRADUATE TRAINING 
PROGAMMMES 

PhD Thesis 

Billah M. K. (2004) Biosystematic studies of Psyllalia 
species (Hymenoptera: Braconidael: Par~.sitoids 
illlacking fruit·infesting flies !Dipwa: Tephritidae) 
in Africa. (ARPPIS). University of Ghana, Legon· 
Gh;ma. (icipc Supervisors: S. Kimani-Njogu and 
W. Overholt). TH 595.77 BIL 

MSc Theses 

Juma C. (2005) Role of the plant's volatile and surface 
mct~bolites in mediating host selection of Bussi!Oia 
t'USCif !Fuller) (Lepidoptera: Noctuidae). (DRIP). Jomo 
Kenyaua University of Agriculture and Technology 
(IKUATI, Kenya. (icipe Supervisors: P.-A. Calatayud, 
A. Hassonali). 

Kilhusi C. G. (2005) Ev;~luation of biopesticldes in control 
of red spider mites (Tetranychus evansi) on IOmi!tOOS 

298 8 @@)0 

fLycoperslcon esculentum). (DRIP). Univerlsty of 
Nairobi, Kenya. (icipe Supervisor: M. Knapp). 

Machini J, M. (2005) Study of the efficacy of Oberon 
240c (spiromesifen) and DC·Tron Plus on red 
spider mites (Tetranychus evansi Baker & Pritchard) 
on tomatoes (Lycopersicon escul~li'tum) and their 
effect on predatory mites (Phytoseilus perslmllis 
Athias-Henriot). (D RIP). University of Nairobi, 
Kenya. (icipe Supervisor: M . Knapp). 

Murungi L K. (2005) Chemical composition and 
i!ctivity of volatile compounds and essential oils In 
tomato accessions against the tobacco spider mite, 
T~;tranychus evansi (Baker & Pritchard). (DRIP). 
jomo Kenyana University of Agriculture and 
Technology OKUATI, Kenya. (icipe Supervisors: M. 
Knapp, A. Hassanali). 

Obonyo 0 . M. (2005) Performance of Cotesia flavipes 
Cameron (Hymenoptera: Braconidae) on stem 
borers of cereal and w ild crops. (DRIP). Jomo 
Kenyatta University of Agriculture and Technology 
(JKUAT), Kenya. Uclpe Supervisors: F. Schulthcss, 
P.-e.. Calatayud). 

Onyambu C. K. (2005) n1e role of trichomes and 
non·volatile phytochemic.1ls in the rc.-sistance of 
Lycopersicon speci!IS to the tobacco spider m ite 
(Tf:'/ranychus evansi Baker & Pritchilrd). (DRIP). 
Jomo Kenyatta University of Agricu lture :tnd 
Technology (JKUAn, Kenya. (iclpe Supervisors: M. 
Knapp1 A. Hassanali). 

Wekesa V. W. (2004) Evaluation o f pathogenic fungi 
Be;wveda bcls.~i;ma and Metarhizium aniJop/i,u: 
for the control of tobacco spider mite, Tctranyc:hus 
evansi 13aker & l'ritchard (Acilrina: Tctranychidilcl 
infesting tomatoes. (DRIP). Jomn Kcny<~ttil 
University of Agriculture and Technology (JKUATI, 
Kenyil. (iclpe Supervisors: N. K. MJni11nla, M . 
Knapp). 

f. OTHER PUBLICATIONS BY ic:ipe 
SctENTtsrs 
(PublicCJlions by ic:ipc st,1ff on work tro t diu.:ctly 
rel,1ted to lcipe and scholars' public<llions done urldcr 
ir:ipe's ARPPIS postgrildv:rtc sub·regional MSc training 
programme) 

Alachi P., Sekloka E. T. and Schulthess F. (2005) 
Study on some bioecological <1spects of Eldana 
~accharinil Walker (Lep.: Pyralid;u~) on Zc.1 mays 
L .1nd alternative host pl<~nts. journal of Applied 
Entomology 129, 447-455. 

Cerveira A. M. ;md jackson R. R. (20051 Specialised 
predi!tion uy f'alpimanus sp. on jumping spiders. 
JournCII of East African Natvral History 94, 303-
317. 

Chabi-OiayeA., Nolte C., Schulthess F. and Borgemei~ter 
C. (2005a) Abundance, dispersion and parasitism 
of the stem borer Ousseola fusca (Lepidoptera: 
Noctuldae) in mono· and intercroppcd mili zc 
in the humid forest zone of southern Cameroon. 
Bulletin of Entomological Research 95, 169- 177. 
05-1787 

Chabi-OiayeA., NoheC.,SchiJit!Jcss F. and Borgemeister 
C. (2005b) Effects of grain legumes and cover crops 
on mai:l;e yield and plant damage by Ousseola 
fusc;r (Fuller) (Lepidoptera: Noctuidae) in the 
humid forest of southern Cameroon. Agriculture, 
Ecosystems & Environment 108. 17-28. 
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Chabi-OiayeA., NolteC.,Schulthess F. and Borgemeister 
C. (2005c) Relationships of intercropped maize, 
stem borer damaga 10 mai:~;e yield and land· 
use efficiency in the humid forest of Cameroon. 
Bulletin of Entomological Research 95, 417-427. 
05-1799 

Gachoka K. K., Obeng-Ofod D. and Danquah E. Y. 
(2005) Host suitability of two Ghanaian hintypes 
of Bemisia tab..1Ci (Homoptera: Aleyrodldac) orl 
five ~;ammon tropic;~ I weeds. !nterniltioncll Journal 
ofTtopical lnsect Science 25, 236-244. 

Hondelmann P., Borgemelster C. and Poehling H.-M. 
(2005) Restriction fragment-length polymorph isms 
of different DNA region~ as genetic; milrkers in the 
hoverfly Episyrphus balteatus (Diptcra: Syrphidae). 
Bulletin of Entomological Research 95, J49- 3.'i9. 

Jaramillo J., Borgemeister C., Ebssa L., Gaigl A., Tob6n 
R. and Zimmermann C. (2005) Effect of combined 
.:~pplica t ions of Matarhi:dum ilnioopliae (Metsch.) 
Sorokin (Deuteromycotlna: Hyphumywtes) strain 
CIAT 224 ;md different dos.:~ges of lmidacloprid on 
the subterranean burrower bug Cyrtomenus bargi 
Froeschner (Hemiptera: Cydnid;~e). /Jiological 
CotJtro/34, 12-20. 

Jaramillo J,, Bustillo A. E., Montoya E. C. and 
Borgemeistcr C. (2005) Biological ~;ontrol of 
the coffee berry borer Hypothenenws hampei 
(Ferrari) (Coleoptera: Curculionidae, Scolytinae) 
by i>hymastichus coffea LaSalle (Hymenoptera: 
Eulophid<~e) in Colombia. Bulletin of Entomologi~·a/ 
Rosearch 95, 4&7-472-. 

Lambson 8., Nene V., Obur<~ M., Shah T., Pandit P., ola· 
MoiYoi 0. K., Delroux K., Wellburn S., Skilton R., 
Oe Villiers E. and Bishop R. (2005) Identification 
of C(lndidille sialome components cxpre~sed in 
ixodid tick salivary glands using se<:retion signal 
complemerltatlon In mammalian cells. /meet 
Molecular Biology 14, 403-414. 
0')-16112 

Lehmann t. and Kioko E. (2005) Lepidoptera diversity, 
floristi~; composition and structure of three Kaya 
forests on the South Coast of Kenya. JoU!nal of East 
African Natura/1-fiswry 94, 121-163. 

05-1812 
Mulwiwa U. N., Borgemr'!i~ter C., von Elsner B. and 

Tant:au H.·J. (2005) Effects o( UV-absorhing plastic 
films on the greenhouse whitefly Trialeurodes 
vaporariorum (Homoptera: Aleyrodidae). Journal 
ol Economic Entomolc)[;y 96, 122 1- 1228. 

Nedorezov L. V. and Sadykova D. L (2005) Application 
of simplest discrete models to the description of 
green nak tortrix fluctuations, pp. 138-139. In 
Proceedings of the Fifth European Conference 
on Ecological Model/ing- ECEM 2005, 19- 23 
September 2005, Puschino, Russia, !Edited by A. 
S. Komarov). IPI3SS RAN, Russia. 

Nedorezov L. V. and Utyupin Yu. V. !2005) About 
cor) t i nuous-discrete model o( predator-prey system 
dynamics wi th saturation ef(ect, pp. 14o-141 . In 
Proceedings of the Fifth European Conference 
oi1 Ecological Modelling-ECEM 2005, 19-23 
September 2005, Puschino, Russia, (Edited by A. 
S. Komarov). IPBSS RAN, Russia. 
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Ogembo J. C., Kunjeku E. C. and Sithanantham S. 
(2005) A preliminary study on the pathogenic ity 
of two isolates of nucll!()pnlyhP.droviruses 
infecting African bollworm, Hcllcoverpa armigera 
!Lepidoptera: Noctuidae). lntemation.11 Journal nf 
Troplcallnsi!Ct Sc;ienc:e 25, 218-222. 05· 1 795 

Omondi B. A., Obeng-Ofori D., Kyerematen R. 
and Danquah E. Y. (2005) Hosl suitability and 
preference of some selected crops (or two 
biotypcs o( Bemisia t,,baci in Ghana. Entomologia 
Experimcntah:~ et Applic:Ma 115, 393-400. 

05· 1785 
Omondi B. A., Sseruwagi P., Obeng.Ofori 0 ., Danquah 

E. Y. and Kyercmaten R. (2005) Mating interactions 
between okra and cassava hintypt.'S of /Jemisia 
tabaci (Homoptera: Aleyrodid~!C!) on r.:f:gplant. 
International Journal of Tropical lnSt!ct Scilmc:e 25, 
159-167. 05-1709 

Premachandra D. W. T. S. D., Borgemeister C., Achilles 
T. and Poehling H.-M. (2005) Distribution .1nd 
population dynamics of Curarothripoidf's c/,lratris 
(Thysanoptera: Thripidae) on tomnt(){.'S in Thaili'lnd. 
fnvimnmental Elllomology 34, 883- 090. 

Premachandra D. W. T. S. D., Borgemcistcr C. and 
Poehling H.-M. (2Q{l5l Effects of neem nnd 
Spinosad orl CM1torhripoides claratris (Shumsher) 
(Thysanoptera: Thripid<u;)), an importJnt- ve!Jelable 
pest in Thailand under laboratory ilnd greenhouse 
conditions. Journal of f;c:onomic Entomology 98, 
1138-448. 

Premachandra D. W. T. S. D., Borgl.!mei~ler C., Maiss 
E., Knierim D. and Pochling H.·M. (2005) 
Ceratothripoidf's c/arattis, a new vector of a 
capsicum ch lorosis virus isol<1te infecting tomatoes 
in Th;~iland . Phytopathology 95, &59- 663 . 

Sarr M., Manianic1 N. K., Russell-Smith A. and Niassy 
A. (2005) (Mini Review) Diversltd de-s tcrmil<::s 
(lsnrtera) au Senegal et leurs d6g.'il~ ~ur ll~~ culh rres 
et pcrimctrcs rl:!hnises. International Journal of 
Tropical Insect Sci!!nce 25, 147- t 58. 

05-1792 
Tounou A.·K., Gounou S., Borgemeister C., 

Coumed:~:oe Y. M. D. and $chulthe.~s f. (2005) 
Susceptibilit)' of Eldana SJN-hrrina (I epirlnptcra; 
Pyralirlile), /Jusscola fusca and Se~ .. unt.1 Falamistis 
(Lepidoptera: Noc;luidae) to /Jacil/us tllurlnglcnsis 
Cry wxins a nti potcnt i;~l side effects on the lnrval 
p<~r;~sitoid Coto~ia .~e.~,,miae (Hymenoptera: 
Rr<1conidae). /Jiocontrol. Scifmc;e clncl lc•chnology 
1.5. 127-137. 

van Schayk I. M. C. j ., Agwanda R. 0 ., Cithure }. 1., 
Beier J. C. and Knols B. G. J. (2005) El Nii\o cau~s 
dramatic outbreak of Paederus dermatitis in Easi 
Africa, pp. 240-247. In Climate Change and Africa 
(Edited by P<lk Sum Low). Cambridge University 
Press, NewYork. 05·181 1 

Yano E., Jiang N., Hemerik L., Mochizuki M., Mitsunaga 
T. and Shimoda T. (2005) nme alloc<Hi()n of O rius 
~auteri in <1ttacking Thrips palmi on an eggpl<~nl 
leaf. Enwmologia Experimentalis et Applicatil 117, 
177-184. 05-1 904 
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-P .. DIX 6: 
icipe Collaborations 

ARis/NARES 
Ethiopia 
llt,:nsh<tnRul Gumuz Bureau of Agriculture 
Ethiopian Institute of Agriculturar R<!search 

France 
lnstilut National de Ia Recherche Agronomique 

Ghana 
Plilnt Protection and Regulatory Services Directorate 

Kenya 
Coffee Research Foundation 
Genebank of Kenya 
Kcny;~ Agricultural Research lnstitutf! 
Kenya Forestry Research Institute 
Kenya Plant Health lnsper;torate Services 
National Beekeeping Station 
Tei! Research Foundation 

Kazakhstan 
K.1Zakh Sc:icntific Research Institute for 

Plant Protection 

Madagascar 
Centre National Antiacridien 
M;~lagasy Researr;h Centre 
Projet de Lulie Preventive Antiacridienr\e 

Malawi 
Avumhwe Agricultural Research Station 

Mali 
lnstitut d"Ec:onomie Rurale 

Mauritania 
C(mtrc pour Ia Lutte Antia.cridienne 

Niger 
Centre Regiona l de Formation et d'Application en 

Agromctcorologie et Hydrologie 

Republic of South Africa 
Plilnt Protection Research Institute 

Russia 
Institute of Sysrematics and Animal Ecology 
V. N. Sukachev Institute of Forestry 

Rw~mda 
lnstitut des Sciences Agronomiqucs du Rwanda 

Sudan 
Plitnt Protection Directorate 

Tanzania (Mainland and Zanzibar) 
Agricultural Research lnstitull!! 

Uganda 
Kawanda Agricultu ral Research Institute 
Ni!tioMI Agricu ltural Research Org!'nisation 
National Forost Authority 

United Kingdom 
Rothamsted Research 

USA 
US Department of Agriculture-Agricultural Research 

Service 

Joo U @§O 

Zimbabwe 
Plant Protection Research Institute 

RESEARCH l.A80RATORIES 
Burkina Faso 
Laboratoire d'Entomologie Agricole de Kambolnse 

Ethiopia 
Institute of Biodiversity Conservation and Research 

France 
Centre National de Ia Recherche Scientifique 
lnstitut de Recherche pour le Developpement 

Germany 
Max Planck lnstitut filr Chemische Okologie 

Kenya . 
Kenya Medical Research Institute 
Kenya Trypanosomiasis Research Institute 
Veterinary Investigation Laboratories 

Russia 
Inst itute of Molecular Biology and Biophysics 

Switzerland 
Swiss Federal Institute of Technology 

United Kingdom 
i he Wellcome Trust Sanger Institute 
Centre (or Ecological Entomology 

MINISTRIEs/GovERNMENT AGENciES/ 
LocAL CouNCILS 
Cameroon 
Ministry o( Agriculture 

E8ypt 
M inistry of Agriculture 

Eritrea 
Ministry o( Agriculture 
Ministry o( Health 

Ethiopia 
Ethiop1an Social Rehabili tation and Development 

Fund 
Gurage Zone Administration 
Ministry of Agricu ltum 

Ghana 
Ministry of Agriculture 

Kazakhstan 
Ministry of Agriculture 

Kenya 
Arabuko-Sokoke Forest Management Team 
Kenya Prisons Service 
Kenya Wildlife Service 
Mbeere County Council 
Ministry of Agriculture and Rural Development 
Ministry of Education, Scienr;e and Te<;hnology 
Mlnistryof Environment and Natural Resources and 

Wildlife 
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Ministry of Health 
Ministry of livestock and Fisheries Development 
Municipal Council of Malindi 
Naiional Environmental Management Authority 
National Irrigation Board 
National Malaria Control Programme 
Tana Delta Irrigation Project 

Madagascar 
Ministere de I' Agriculture 
Ministere des Universites et de Ia Recherche 

Rwanda 
Ministry of Agriculture 

Sudan 
Ministry of Agriculture 

Tanzania (Mainland and Zanzibar) 
Ministry of Agriculture and Fond Security 

Uganda 
Ministry of Agriculture, Animal Industry and Fisheries 

Yemen 
Ministry of Agriculture 

NGOs 
Ethiopia 
S3sakawa Global 2000 

Kenya 
Busin~ss Services Market Development Project 
Environment Liaison Centre International 
Heifer International 
Kenya Gatsby Trust 
Kenya Institute qf Organic Farming 
Nature Kenya 
Pact Kenya 
Population Services International 
Pride Africa 
Ter.;hnoServe-Kenya 

Tanzania 
Tanzania Forest Conservation Croup 
Wildlife Conservation Society of Tanzania 

I,Jganda 
Africa 2000 Network 

USA 
Critical Ecosystem Partnership Fund 

PRIVATE ORGANISAnoNs 

Kenya. 
ADI-fEK Ltd 
Africert Ltd 
Agribusiness and Allied Ltd 
Antioch Ellterprises Ltd 
BIOP Kenya Ltd 
East African Growers Ltd 
Freshlink Ltd 
Frigoken Ltd 
Green lands Agroproducers Ltd 
Green Development Group 
!-lyacinth Crafts 
lnduFarm (K) Ltd 
Kenya Honiculture Exporters Ltd 
Myner 6xporters Ud 
Paperazzi Ltd 
Ukulima East Afrlca.Lid 
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Viking ltd 
Wild Living 

USA 
Diversa Corporation 
Valent BloSciences Corporation 

MusEuMs 
Belgium 
Royal Museum of Central Africa 

Kenya 
National Museums of KenY<I 

Republic of South Africa 
South Afric;11 Museum 
Transvaal Museum 

United Kingdom 
Natural History Museum 

USA 
Missouri Botanic;~! Gardens 

NETWORKs/CoNSORTIA 
African Network for Agriculture, Forestry and 

Environment Education 
African Forum for Health Sciences 
African Malaria Network Trust 
Forum for Agricultural Research in Africa programme 

on Building Africa's Scientific and Institutional 
Capacity for Agriculture and Natmal Resources 

Pan African Tsetse and Trypanosomosis Eradication 
Campaign 

Third World Academy of Sdem:es 
Third World Organl2:ation for Women in Science 

INTERNATIONAL ORGANISATIONS 
CAB International 
Centro lnternaclona l de Agricultura Tropical 
Centro lnlernadonal de Mejoramiento de Maiz y 

Trigo 
Conservation International 
Food and Agriculture Organization of the United 

Nations/Emergency Prevention System 
International Atomic Energy Agency 
International Crops Research Institute for the Semi­

Arid Tropics 
Japan International Research Centre for Tropical 

Agric;ultur;~l' Sciences 
Japan Society for the Promotion of Science 
International Institute ofTropical Agriculture 
International Livestock Research Institute 
International Plant Genetics Research institute 
lnternatio(lal Water Management Institute 
United Nations Development Programme/Global 

Environment Facility Small Grants Programme 
World Agroforestry Centre 
World Health Organization 
World Vegetable Centre 
World Wide Fund for Nature 

REGIONAL 0RGANISATJON$ 
African Union 
Desert Locust Control Organisation lor Eastern Africa 
Ea.st African Herbarium 
East African Wildlife Society 
.International Red locust Control Organisation for 

Central and Southern Africa 
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Re~ional Centre lor · Mapping of Resources for 
Development 

UNNERSmfs 

Brazil 
University of Sao Paulo 
Universidae Federal Rural de Pernambuco 
Universidae Federa l Rural de Cariri 
Universidade de Lavras 

Cameroon 
University of Dsch;mg 

Egypt . . 
Asslut Un1vers1ty 

Ethiopia 
Addis Ababa University 
A lemaya University 

Eritrea 
Univ!,!rsity of Asmara 

France 
Ecole Nationale Superieure Agronomique 

Germany 
Univet"slty of Gottingen 
University of Hannover 

Chana 
University of Cape Co<Ist 
University of Ghana 

Kenya 
Egerton University 
jomo Kenyatta University of Agriculture and 

Technology 
Kenyatta University 
Maseno University 
Moi~niverslty .. 
University of Nai robi 

Italy 
University of Reggio di Calabria 

Malawi 
University of Malawi 

Mozambique 
Eduardo Mondlanc University 

Namibia 
University of Namibia 

Norway 
University of Oslo 

Nigeria 
Ahmadu Bello University 
Enugu State University 
University of lbadan . 
University of Agriculture at Makurd1 
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Nnamdl AzikiWe University 
Ogun State University 
Rivers State University of Science and Technology 

Repub1ic of South Africa 
North1West University 
University of Natal 
UIJiVersity of Pretoria . 
University of the Western Cape 

Russia 
Novosibirsk State University 

·Rwanda . 
National University of Rwanda 

Sudan 
University of Gezira 
Khartoum University 

Sweden 
Lund University . 
Swedish University of Agricultural Sc1ences 
Uppsala University 

Syria 
University of Aleppo 

Tanzania 
Sokoine University of Agriculture 
University of Dares Salaam 

The Netherlands 
University of Amster~am 
University of Nijmegen . 
Wageningen Agricu!Jd'ral University 
Wagcningen Univ~fs.ity and Research Centre 

Ugand~ . 
Gulu Umvers1ty 
Makerere University 

United Kingdom 
Gla.sgow University 
Oxford University 
University of Greenwich 
University of Newcastle upon Tyne 

USA 
Mij\mi University 
OHio State University 
New York State University 
Tllxas A&M University 
Tulane University 
L'11iversily of California 
University of Illinois 
University of Virginia 

Zambia 
Universily ol Zambia 

Zimbabwe 
University of Zimbabwe 
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Seminars at icipe during 200.4 

2.1 September 

2 11 September 

I 6 Novt•mher 

:?3 November 

appendix 8 

Presenter 

I. Baumgartner 

V. I. Adolbr 

A. Barrion 

Bri.ln M!!din. Abbot 
i..Jboratories. C:hi c;<~go , 
Il l inois, USA 

A. Ngi-Song 

IN. Lwandl' 

Dennis Gr.lh. lohns 
Hopkins Universit)• 
School of MedkirH•, 
B,1 1timort•, USA 

J, Shil ilu 

lui ius Arinaitwc 
(Birdlifc l 

R. Snini 

Title 

Ecologic<ll System M,tnt1gement 

Strat!!t;if;!S for Development of Org<~nic Silk F.1rming in 
Kenya 

1-brnes~ing Gril~~ ;.~nd Insect DiVI'rS ity: A C.lSe of 
Livelihood Improvement Through Ecology 

Production of Luvicidu~ fo r Agriculturnl .1nd Public 
Health Usu 

Assessment of the Pulcnti<ll Risk 11f C"lassic:1l 
Riologicn iCorwol of Ccreill Stc:mbm crs on Non­
lil rget Lepidnptcrct in Keny.1 

Tow<trds Conservn!ion of Montane and R;tinforests in 
Keny:~ trrtrl Uganda 

Tnw<1rds Susl,,ini!ble Ruril l Liv('lihoud initiiltiw~ for 
African fMmcr~ 

Tnking ;1 Tryp Aero'~ till' Humnn Blo()( I-Rri!in B;:micr: 
A New AdveniUre! 

Mode ol Action ni Plwnylac:etonit riiC' on Nvmph01l 
5. grf!~,, riil: Some l'hysiologic<tl l:ficLls 

M01l<1ri<l ilnd Vuctors: H ighlight of Natural Regul. tt ions 
ot Vectnr C:nrnpctence .1nd Pm~pct ts lor Mal.1ri.1 
Control 

Vcdor Ecology and Contro l: lmpl iriltion~ f()r M<1l01riil 
Control 

Hirds. Pcoplt• and the Environment: !dens ior 
Sustainable· N;~tural Resources Management in Africa 

Repellents inr Integrated Tsetse M;~nugcmcnt 
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Seminars at icipe during 2005 

D<~te 

26 April 

24 May 

31 Mily 

9 August 

23 August 

I 3 September 

20 September 

2 7 September 

l H October 

1 Novemher 

8 November 

15 November 

304 -~~0 

Presenter 

Milton l ore 
Bridgeworks Africa 

Ellie 0. Osir 

Peter Roesingh 
University of 
Amsterdam, 
The Netherlands 

Solomon Asfaw 
University of 
Hannover, Germany 

Cyrus Watuku 

I. Ogendo 

S. R<Jina 

). Baumgartner 

Gianni Gilioli 
Universit5 
Mediterranea eli 
Reggio Calabriil, Italy 

Title 

Bridgeworks- Cornmercialising Research at 
idpe 

Candidate Genes for Paratr<Jnsgenesis of Disease 
Vectors 

Chemoreception in lnsec:ts: The Locks and Keys 
of Speciation 

Economic Impact Assessment as a Decision· 
Making Tool for Resource Allocation in 
Horticultural Research in East Africa 

Introducing the leave Management Software 

Creating a PowerPoint Presentation 

Endocrine Regulation and Behavioural Physiology 
of Stingless Bees, Meliponula sp. of Coastal 
and Rainforests in Keny<~ 

Ecosocial System Management: Some Principles 
<Hu:l Their Application 

Epidemiology Modelling Within An Ecosocial 
System Framework 

z. Khan, A. Hassanali Desmodium in the Control ofWitchweeds (Striga 
spp): Status of Downstre<Jm and Upstream R&D 
at ic:lpe 

). Shi lilu 

I. Gordon 

V. Adolkar 

Juliana Jaramillo 

Managing Malari<J in a Rice Agroecosystem: The 
Case of Mwea Irrigation Scheme, Kenyo 

Conservation through Livel ihood Support: Docs 
It Work? 

Establishment of Grainage for Silkworm Races in 
Mbita Point Field Station 

Biological Control of the Coffee Berry Borer 
Hypothenemus hampei (Ferrari) (Coleoptera: 
Scolytinae) by Phymastichus coffea LaSalle 
(Hymenoptera: Eulophidae) 
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Audited Financial Statements 200.4, 2005 

.~ppendix 9 

BALANCE SHEET 
AS AT 31 DECEMBER 2005 

NON-CURRENT ASSETS 

Property and Equipment 
Joint Venture Project 

CURRENT ASSETS 

Consumable Stores 
G rants Receivable 
Debtors and Prepayments 
Bank and Cash Balances 

TOTAL ASSETS 

CURRENT LIABILITIES 

Creditors and Accruals 
Unexpended Operating Grants 

LONG TERM LIABILITIES 

Provision for Staff Separation and 
Relocation Pay 

TOTAL LIABILITIES 

TOTAL ASSETS LESS TOTAL 
LIABILITIES 

Fl NANCED BY: 

Accumulated surplusl(deficit) 

2005 (U$$) 

571,682 
45,084 

616,766 

109,481 
1,254,963 
1,5 15,93S 
1,523,564 

4,403.943 

5,020,709 

2,263,810 
2,530,970 

4,794,780 

223,687 

5,018,467 

2,242 

2,242 

2004 (US$) 

606,987 
65,084 

672 ,071 

94,328 
1,106,248 
1,356,450 
1.334,()59 

3,891,685 

4,563,756 

2,223,738 
2,164,27$ 

4,388,016 

415,589 

4,803,605 

(239,849) 

(239,849) 
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INcoME AND ExPENDITURE AccouNT 
FOR THE YEAR ENDED 31 DECEMBER 2005 

.. .. 2005 (US$) 2004 (US$) 

INCOME 

Unrestricted Core Grants 2,662,892 2,941,320 
Restricted Projects Grants 7,810,62 7 6,941.874 
Miscel laneous Income 628,607 474,548 
Currency Trt~nslation Gain 4,893 90,220 

Total lnc;ome 11 ,107,019 10,447,962 

EXPENDITURE 
Project and Support Costs 

Centre Management 959,704 922,449 
Research and NRES Strengthening 8,239, 149 7,619,004 
Internationa l Cooperation 333 
Administration and Fi,nance 649,654 766,526 
Other Support Units 554,945 520,745 
Utilities 585,919 618,601 
Overhead Recovery (446,459) (455,355) 

Total Project and Support Expenses 10,542,912 9,992,303 

Purchase of Fixed ~ssets 

Scientific Equipment 15,066 15,661 
Office Equipment and Furniture 73,694 34,801 
Others 28,163 1,705 
Vehicles 205,093 98,977 

Total 322,016 151,144 

Total Expenditure 10,864,928 10,143,447 

SURPLUS FOR THE YEAR 242,091 304,5 15 
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SCHEDULE OF GRANTS (2004) 
DONOR 

UNRESTRICTED GRANTS 
Danish International Development Agency (DAN IDA) 
French Government 
Japanese Society for the Promotion of Science USPS) 
Kenya Government 
Norwegian Government 
Swedish lntern<~tion<~l Development Agency (SIDA) 
Swiss Government 

Tolal unrestricted grants 

RESTRICTED GRANTS 
Austrillian Centre for lntern<Jtional Agricultural Research (ACIAR) 
Biovision Foundation 
CAB International 
Conservation International 
Department for International Development (DFID), UK 
Diversa Corporation 
DuPont Corpor;;~tion 
European Union 
Finnish Government 
rood and Agriculture Organisation oi the United Nations (FAOl 
Ford Foundation 
Gt~tsby- Charitab le Foundation .. 
German Act~demic Exchange Service (DAAD) · - · 
Gern1<1n Federil l Ministr>' of Economic Co-operation, Germiln Tcchnicill 
Cooperation (BMZ) 

International Centre for Scientific Cu lture-Worl~f Lnboratory, Switzerland 
International Fund for Agricullura l Develorrl)ent (IFAD) 
lntern.ational Fund for Agricultural Development (IFAD)-ictpe/ ILRI/KETRI 

Co ll<1borative Tsetse Project 
International Institute ofTropical Agriculh:rre (IITA) 
International Water Management Institute (IWMI) 
)Jpan International Research Centre for Agriculturtll Sciences (JIRCAS) 
MacArthur Foundation 
Nationil l Institutes of Health (N IH), USA 
National Science Foundation (NSF), USA 
Netherlands Government, Director<~tc for NCO, International Educ<~tion 
ilnd Research Programme (DPO) 

Rockefeller Foundiltion 
Sundry Grants 
Swiss Government Specia l Grant 
Texas A&M Research Found01tion 
United Nations Development Programme (UNDP) 
United Nations Children's Fund (UNICEF) 
United Na tions Environment Programme (UNEP) 
United States Agency for lnternation;;~l Development (USAID) 
U nited States Department of Agriculture (USDA) 
World Health Organisation (WHO) 

Total restricted grants 

Total operating grants 

appendix 9 

Income (US $ ) 

496,690 
]~J,UOU 

6,000 
I),J 14 

288,163 
1,09.1,5 46 
1,001i,607 

2,941,320 

2,505 
444,1:l0 

12,530 
248,%9 
2lll,827 

79,483 
_lJ4, 169 

· 53.52H 
146,547 

(,[!,097 
lJB 

425.477 
140,040 

744,708 
17,(J24 

301 ,JJ 1 

:!49,32 1 
767 

h4,544 
203.784 
'64,4CJ2 

4(14,7"!2 
33,657 

I, 152,661 
165,664 
2SCJ, 1 70 
149,006 

1,464 
203,046 

17 
238,600 
256,812 
12 1,186 
251,899 

6,941,874 

9,883,194 

II~@JO 307 



SCHEDULE OF GRANTS (2005) 

DONOR 

UNRESTRICTED GRANTS 
Danish International Development Agency {DAN IDA) 
French Government 
JapJn International Research Centre for Agricultural Sciences (JIRCAS) 
Kenya Government 
Swedish International Development Agency (SIDAl 
Swiss Government Special Grant 

Total unrestricted grants 

RESTRICTED GRANTS 
African Fund for Development 
Biovision Foundation 
Conservation International 
Department for International Development (DFID), UK 
Diversa Corporation 
DuPont Corporation 
European Union 
Finnish Government 
Fond and Agriculture Organisation of the United Nations (FAO) 
Ford Foundation 
French Government 
Gatsby Charitable Foundation 
German Academic Exchange Service (OAAD) 
German Federal Ministry of Economic Co-operation, German Technical 

Cooperation (BMZl 
International Centre for Scientific Culture-World Laboratory, Switzerland 
lnternation<JI Fund for Agricultural Development (IFAD) 
International Fund for Agricultural Development (IFAD)-icipe/ILRI/KETRI 
Col laborative Tsetse Project 

International Water Management Institute OWMI) 
Japan International Research Centre for Agricultural Sciences (JIRCASl 
National Institu tes of Health (NIH), USA 
Nation<JI Science Foundation (NSF), USA 
Netherlands Government, Directorate for NGO, International Education 
and Research Programme (DPO) 

Rockefeller Foundation 
Sundry Grants 
Swedish International Development Agency (SIDA) 
Swiss Government Special Grant 
Texas A&M Research Foundation 
Toyota Foundation 
United Nations Development Programme (UNDP) 
United Nations Children's Fund {UNICEF) 
United Nations Environment Programme (UNEP) 
United States Agency for International Development (USAID) 
United States Department of Agriculture (USDA) 
World Health Organisation (WHO) 

Total restricted grants 

Total operating grants 

Income (US $) 

475,231 
58,784 

6,000 
13,344 

1,036,040 
1,073,493 

2,662,892 

808 
690,708 
267,625 
179,271 
54,290 

132,421 
23,833 

178,251 
19,130 

166,744 
34,188 

412,642 
207,636 

932,118 
8,568 

595,054 

142,279 
163,396 

5,918 
434,513 

28,965 

1,353,687 
166,357 
81 7,762 

15 
15 

1,559 
69,785 

292,110 
16,564 

165,884 
62, 159 

107,056 
79,316 

7,810,627 

10,473,519 
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icipe Staff and Governing Council Members 
(as at 31at December 200A) 

RESEARCH MANAGEMENT 

Office of the Director General 
Hans Rudolf Herren, Director Generill and CEO 
Enock Kimnnzi Nguthu, Internal Auditor' .. 
Susan Kariuki, Executive Officer 
Eliz~beth N. Ng'ang'~. Consvltant i'ress Officer 
Kristine Wamhui Karanja, Receptionist ... 
Francis Omondi Ujiji. Dri11er 
Fredrir;k Chir;hi M<~khukJ, OtYice Assistant 

Office of the Director of Research and 
Partnerships 
Onesrno K. oi~-MoiYol, Diri.?Ciclr of Rt!.~f!.Jrclr artd 

nutnershlps 
Lucy M. Theuri, llssistilnt /'mgr<Jmme M;milger 

RESEARCH DIVISIONS 

Plant Health 
Bernhard Li'lhr, Principal Sdemlst and Division Head 

Staple Food Crops 
Frit7. Schuhhess, Prinr.:ipill Sc:ientist ilnd CoordinMor, 

Biological Control of Cereal Stemborers in Eastcm 
and Southern Af"rica. f>roject 

Z!·!yaur R;1hman Kh~n, Prinr:ipal Scientist 
Ch.1rles • Omambia Omwega, Senior Scientist and 

f~PRional Coordinator, Biological Control of Cereal 
Stcmhotf.!rS irt Eastern and Southern Afrir::~ PmjeCI 

Adele Josee Ngi·Song, Scientist•• 
Nilnqin Jiang, Research Scientist 
ls<1ac Nj<1c:i, Project Documenta/ist••• 
~ric MllC:.hugu, GIS 5pecia.list 
Joseph Owino Ochieng', Technir;i;m 
Daniel Kiny;mjui Mungai. TechniciMIDrlver 
Gerph11~ Okuku Ogola, Technici<m 
Peler Omolo Owuor, Teclmic,,J Assistant 
I lell!"n He}'il Mw<1Clime, Technical Assistant 
Julius Obonyn Ochij,!ng, Technic,JIAssist,lnC 
C;:~rolyncJ Ak<1l. l'roject Secretary 
!Jilt! W,1cer<1 Ki<lrie, TechniC,l i A~5istant• .. 

Horticultural Crops 
Bl'rnh~~rd Li.ihr. /' rindp;J! Sc:ienti.~l ,1nd /-lead. Horticulwral 

Cmp.l Sub·Division 
)lawon, ir Anion i Lux. /'rincipal Scientist and African Fruit 

Fi)' fnltiativf' Pm;.;mmme l,eader 
Sriniva~an SilhananthJm, Senior Sc/ontist and African 

Bollwnrm Egg l'arasilOid Project Leader· • 
Markus Knapp. Scletltist and Tomaw Red SpidP.r Mite 

i'mi~'ct /,(•<Jder 
An<l Milen<1 Varela, CortSultilrtt 
Ahdurilbi Seif, Consu/tanc 
Andtt:!<l RO$~b~ch, Visiting S~·ientist 

Susanne Michalik, Visiting Scientist 
fi·Sayed El-13anhilwy, Visiting Scir:'ntist>•• 
Paul Mbugua, Visiting SciMilst .. • 
Linus Gitonga, Visiting Scientist•·· 
G<llilm;t Cic;hini, Seninr RP$e,1fch As.~i5Ci'lnt ... 
Ibm him M.Kharia, Research Asslsta.nt 
l 'eterson War.:hiril Nderitu, Research 1\Histant 
Consl;mc,;e Andeyo Muhnlo, Res~arch Assistant•• 
Caleb Mose Momanyi, Research Assistant. PCJsticidC! 

Initiative Programme• • 
Nk:hcJiil ~ Mur1gula Mwikya, T~c:hnician 
Miriam MwJrani<~ Kungu, Technicia.n 
Bern~rd Musemhi Muin, Tec;hnici,1n 
Failh Wamurango Nya.mu, Technician 
Gideon Jira Chigunda, Technicia.n .. 
John Mhi!lhil Kiilu, Tec:Jmic:ill NSJ$t;Jnt 
Andrew Wanyonyi, Technical Assistant•• 
Judith Mumo Kiluvu, Technic;illl\ssistant .. 
Raphael Mukiti, Technical Assistant 
Carlos Maweu, Technical Assistant 
Lydii! Vutsigwa Masilmbv, fechnit<~l Assistant/Survey 

Data Processing and Documentation•• 
M<1rtin Amugune Wanyonyi, Technical Assistant•• 
Gladys Kemunto Onynmbu, Technic,,/ 1\.~sist;mL ... 
Everlyne Nafula Wosula, Technical Assistant• .. 
Chorles Muchina Ki!nyi. Driver/Mechanic 
Geoffrey Gachanja Kinyanjui, Drivf.!r 
Peris Karimi Macher<l, Technical Assistant•• 
Joseph Gachugu Mucheru, Driver"• 
Rose A ticno Ogolla, SC!CrC!Iary 
Beatrice Muthoni Gikaria, Secretary 

Mbi~<t Point-based 
George Gengil, Technician 
P..,~s~l Agola O reng. Technical Assistant 
Aloicl! Ouma Ndlege, TC!chnica/ AsSi>tant 
Dickens Nyagol, Technical Assistant 
Nahashon Ogongo Otienc.J, Field As.~i.~tani/Driver .. • 

Locusts and Migratory Pests 
Ahmed Hassanali, Principii/ Scientist and He<ld, Lowsts 

and Migratory Pests Sub-Division 
Yoshida Takao, Coordina.tor, icipe-1/RCAS Project•• 

Port Sudan Field Sta1ion·based 
Milg.toub Omer B11shir, Con.wltilnt and Scientist-in-

Charge. Port Sudan Field Station 
Sidi Ould Ely, Visiting Scientist 
Abdul Rahim W. Bashir, Techrticiart 
Haidar H. Korena, Technician 

Animal Health 
Rajinder K. Saini, Principal Sclemist and Ag Division 

Heild; Tsetse Research Programme Leader 
john Akiri Andoke, RC!search Assistant 
Peter Nthale MuJsa, Technical Assistant 
Richard Ouma Turnb~. Tcchnir.:ill Assistant/Driver 
Carolyne MlJthoni Muya, SC!crotary 
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~gururnan.based 
ilariaso ole Pukare, Technic;~/ Assistant .. 

f.luman Health 
ohn Githure, Visiting Scientist Jnd Ag Divi$ion Head 

(seconded hy KEMRI) ; M,,/aria Vectors Programme 
Leader 

John Beier, Visiting Scientist-University of Miami, USA 
Josepha! Shi lilu, Visiting Scientist 
Guiyun Yan, Visiting Scientist·S/iltC University of New 

York, USA 
Ulrikc r-lllingcr. Visiting Scientist• • 
Weiner Splllelcr, Visitirtg Scientist•·• 
~mcla Bc;~trlce Seda, Research Assistant 
Peter Haraza Wekoyela, Rese<uch Assisrant• .. 
Ephi!ntU~ Juma Muturi , Research As.~lstar'll" .. 
Milc:;,h Gitau, Technician 
Enock Mp;,nga, Technician 
Chitrles Muriuki, Tcxhnlc,,/ Assistant 
Nelly G11twiri Citonga, Tcchnica/1\ssistant 
r;'llth Kycngo, Secret,lry 

Mbita !'oint-based 
Louis Gour,gn~'• Visiting Scientlst-OCEAC. CJmeroon .. 
Davitl Simon, Visiting Scientist .. • 
Rnhcrt R.1y l<~cksnn. Visiting Scientist 
Evans Malhenge. Visiting Scientist•• 
B;1silin Ngmi Njiru, Technician 
J<Kkton Arija, Tee/mica/ Assistant 
PeM 0. Ohare. Technica/llssiStilnl .. 
L<~wrence Ornukuba, Technical Assistant' • 

ICisii-based 
Fr<1n<;ois Om lin, Visiting Scientist, Cape Town University. 

RSA 
Ernm;'lnuel Mushinzimana, ColiSvltant 
Snmsun Kiriri Gichia, Research Assistant•• 
Wydiife Lumumb<1 Miglro, Technician•• 
J;mxl Kaund;~ Aroko, !)river/Mechanic•• 
Abel Omari Mainya, Driver•• 
Eric: Ollelo Odhiilmbo, Field Nsisrant" 

ICiliri-based 
Ch~rles Mbogo, Visiting Scientist, K£M~I 

Mwea-based 
Nicholas Cachiki Kamari, Field Assistant••• 
Martin Ngigi Njigoya, FieldA$Sist~nf"• • 
Charles Chomba Kiura, Field Assist<Jnt .. . 
Susan Wanjiku Mugo, Field A$sistant .. . 
Christine Wangari Maina, Field Assistant••• 
Nelson Muchlri Maingl, Fi(!/d Assistant~ .. 
Isabel Wanjiku Marui, Field Assistanc••• 
Peter Muriuki Mutiga, Field Assistant••• 
William Waweru Michiri, Field Msistant••• 
Paul Kibuchi Mwangi, Field Assistant• .. 

Environmental Health 
tan Gordon, Principal Scienlisi and Division Head 
Alberto Barrlon, Scientist and Head of Biosystemallcs 
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Support Unit; Assistant Coordinator CEF Grass 
Project"" 

Suresh Kumar Raina, Principal Scientist and Commercial 
Insects Programme /.l!ader 

Wilber Lwande, Senior Scientist and Progr<Jmme Leader 
Kakilmega!Echuya F0res!S ConseNalion Projects 

Vijay Vishnu Adolkar, Sc;ientist 
Esther Ndals! Kioko, Sdentist 
Robert Copeland, Vtsiv'ng Scientist-TeXil5 A&M University, USA 
Bruno P. Le Ru, Visiting Scienlist-lmtitut de Recherche 

pour Deve/oppement 
Paul-Andre Cal;ltayud, Visiting Scitmtist-lnslitut de 

Recherche pour Oeveloppement 
Scot1 E. Miller, Visiting Scientist 
Viola Cl;,usnitzer. Visiting Scientist 
lhornas Bergsdolf, Visiting 5c:ientist 
Guy D'leteren, Visiting Scientist 
B11rbel Bleher. Visiting Scientist 
Nina Farwig. Visiting 5cieniist 
Lucie Rogo, Visiting Scientist 
James C. Register. Visiting Sclenrist•• 
Rafael Hermman, Visiilng Sciefltisc•• 
Bill McCutchen, Visiting Scientist 
Ronald Fl;mnagan, Visiting Scientist• • 
Martin Keller, Visiting Scientist .. 
James Pesnail. Visiting Scienrist•• 
Eric Jan Mathur, Visiting Scientist"' 
Leif Pierce Christoffersen, ViSiting Scientist•• 
Sus.1n Alison Wren, Visiting Scientist ... 
Rolf Gloor, Visiting Scientist 
Matilda Okech. Senior Research Assistant 
jael Auma Lumumba. Tec:/mic,11 Assistant 
Benard Nixon Onyimbn, Technical Assi.~ tant 
George Owino Oduor, Technica/llssistant 
George Kamau Nyakiring~. Technica/1\ssiSianl 
james KimJni Ng'ang'a, Technic.~/ Assistant 
Boaz Kimanzi Musyoka, Technical Assistant 
Joseph Ndungu Gitau, Technic,1l Assi.~tam•·• 
Beatrice Wanjiru Njuguna, Technical Assistant"• 
Rose Anyango Onyango, Administrative Secr~Jtary 
Everline Alison Ndenga, Administr.1tive Assistant 
M~rcy Giclchu Ndwigil, l'roject Assistant ... 

Mbita Point-based 
Zcyaur R<~hman Khan. Principal Sdenrist and Grtml 

Arthropod Diversity l'roject Coordinator' . 
Robert Copeland, Visiting Scientist· Texas A&M UnivefSity. 

USA and 1\ssis/Jnt Coordimtor. Gril$s/Arthropnd 
Diversity Project 

Francis N. Muyekho, Visiting Scientist. KARl .Kita~e; 
Covrttry Coordinarnr Crass/Arthropod DIVersrty 
Project•• 

Shins<~ku Koji, Visiting Scientist•• • 
Nancy Mwihaki Ng'ang'a, Social Scientist, KARt•• 
Stephen Onyango Osorl:!, Web Page Designer• 

Busia-based 
Peter Odhiarnbo Ollimo, Tcchnician 

J(itale-ba5ed 
Naphtall Ochieng Oibogo, Technica/Assiswnt 

Madlakos-based 
Eshmael Kidiavai, Technician 
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CAPACITY BUILDING AND 
INSTTTUTJONAL DEVfLOPMENT 
PROGRAMME 

James Patrick Ochieng'-Odero, Head, Ci.!pi.ICity lJulldlng 
,1nd Institutional Development Programme 

African Regional Postgraduate 
Programme in Insect Science (ARPPIS) 
Scholars 

PhD Scholars 
Daniel Ndem Am in, Hortance Manda (Cameroon); Abebe 
Yonas Feleke, Ferede Melaku Wale, Gashawbeza Ayalew 
(Ethiopia); Maxwell Billah (Ghann); Anderson Kipkoech, 
C~therlrla Wanjiku Gitau, Charles Aura Midega, Esther 
Mwih<~ki Njuguna, Janel TI1eresa Midega, Leunitil Asande 
Sumba, Man hews Kipchumba Ben, Salome Guchu, Spa I <~ 
Ohilga Oduor (Keny<~); Cugala Domingos (Mozambique); 
Arun<~ Manrakhan (Mauritius); Alioune Toure (Senegal); 
Ch11rles Kihampa, Innocent Ester (Tilnzania); Bruce Yaovi 
Anani, Fiaboe Komi Mokpokpo (Togo); Andrew 1<.1lyehi, 
Teddy Kauma Marama (Ug;mda) 

MSc Scholars 
Olivi<i AchuMduh (Cameroon); Cham Samuel Kahindi, 
Jacinter Alieno 0 . Odhiambo (Kenya); Audu Abdullah!, 
Zakkil Usman (Nigeria) 

Dissertation Research Internship 
Programme (DRIP) Scholars 

PhD Scholars 
Elliud Muli Maundu, Emmah Omulokoli, Everlyn Kamene 
Nguku, Joseph Ms:uuu Baya, Joseph Odhiamho, Maurice 
Vir1Ccrii ·Omollo, Paul Odhiambo Mircji, Ruth Gathu, 
Wilfred lnjeril (Kenyil); RadoslawT. Brzezowski (Poland> 

MSc Scholars 
AlxfJIIJh Ali, Allen Mwl!ke, Cecilia Nzau, Consolilta 
Alieno Agcr, DcMis Wanyama Ochieno, Evans Okoth, 
F.1ith Toroitich, FrJnsciscil Mal(;!nge, Gerald Juma, J~mes 
lreri Kany~. )am~~ Mutuku Mutunga, Jamleck John 
Muluri. John Bwire Ochollil, Jos~ph Qdero Owino, 
Joseph K. Th.-.mlllCl, Lucy Kanani Murungi, Lu<.y Kibe, 
lur.;y Mwcncle M:•ckcnzie, M.1rion Wariga Rurugu, P.dtrick 
Slu~m. Philip Waiula MJyeku, Pri~r.;ill :u Mumo Mutungi, 
SJmucl KarengJ, Selwyn Aloo, Sopher Ondiako, Stephen 
Milknli Musyoka, Timorhy M;~inil Rimu, Vincenl Owino 
tKenyJJ 

/Note thai postgrJduate stvdenu .uc rtat officially iclpe 
stali but <1re m<Jjor contributors to icipe's R&D effort./ 

SciENCE DEPARTMENTS 

Behavioural and Chemical Ecology 
Department 
Ahmed Hnss.1nali, Principal Scientist and Department 

Hec1d 
Wilber lw<~ndc, Senior Scientist ,md Progr<Jmmf! Leader. 

Applied Bioprospec:tirtg 
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Peter Njagi, Consultant 
Yoshida Takao, Coordinator, icipe-JIRCAS Project•· 
Nicholas Gikonyo, Visiting Scientist, Univenicy of 

Nairobi 
Muniru Tsanuo Khamis, Visiting Scienci.~t. JKUAT 
Mary W. Ndungu, Visiting Scientist. /KUAT 
Aklilu Seyoum, Visiting Scientist, Addis Abab~ Untverslty 
Isaac Mwanto, Visiting Scientist, Keny;~m University 
B. Onesmus Kaye Wanyarna, Senior Rese<~rch As.sist:Jnt 
Edward Nyandat, Senior Researc~ /\s#st.lrll 
Lamberts V. Moreka, Research Assistant 
Martin Collin~ Koko, Technician 
David Mbuvi Mbesi, TecfmiC<1/Assistant 
Ber' Sylvester Olukohe, Tec:hnical AssisCJtll" • 
Rose Muthoni Marubu, Technical Assist.lnt• «• 

Charily Waruinu Mwangi, SPcretilry 

Mbita Point-based 
Zeyaur Rahman Khan, Principal Scientist and Habitat 

Management Programme Leader 
Stephen Ony;mgo Osore, Webdesigner" • 
Samuel Ezekiel Mokaya, Technic:i.ll Assistant/Driver 
Stephen Gwendo Ogechi, Technical Assi.lt,mtl I) riVf;',..~ 
Elisha l<ongerc, Tedmica/ Assistant/Driver 
Philip Salim Juma, Field Attendant/Driver 

Port Sudan Field Station·based 
Magzoub Orner Bashir, Consultant and ·sci&~t!tisr-in­

C!Mrge, f'ort Sudan Field Station 

Molecular Biology and Biotechnology 
Department 
Ellie Osir, Principal Scientist and Unit Head 
Remy Pasquet, Principal Scientist 
Daniel Masiga, Visiting Scientist 
Mathayo Mangwe Chimtawi, Rese 
James Gitari Knbli, Research Ass/scant 
Mark Gacau Kimondo, Research Assi.~tatil 
Violet Jepchumba, Research Assistant•• • 
Rosekellen N. Njiru, Data Input Clerk 

Muhaka·based 
Athum;~ni Gunia, Rl!search Assistanr 
Be.arricc EICS<~ni. Field Assistant 
George Okoth Ny<1mbach, Field Assistant••• . 
Milsudi Mohamed KojJ, Field Assiswm•• • 

Population Ecology and Ecosystems 
Science Department 
Johann B;~umgiinncr. Principal SciC!fllist and Dep..:~rtment 

Head 
Gctachew Tikl1bet, Consvlt;mt .1nd Scienti~t·in-<:l!ar~e. 

Ethiopia Cuuntry Office · 
Gianni Gilioli, Visiting ScientiM 
Melaku Girmn, ConsultMt, Bim•lllage l>rpjcct .. 

RESEARCH SUPPORT UNITS AND 
SERVICES 

Arthropod Pathology Unit 
Nguya Kalemba Mani;mia, Senior Scienri~t and Unit 

Hei.ld 
Sunday Ekesi, Research Scientist 
Xiang Xie, Visiting Scientist, /Jt Project 
Elizaberh Awuor Ouna, Research Assistant 
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Biostatistics Unit 
Lev V. Nedore:ocov, Senior Scientist and Unit Head 
Anthony Klbira Wanjoya, Senior Research Assistant 

Information Technology and 
Bioinformatics Unit 
Yunlong Xia, Head, Information Technofogy and 

8ioinformatics•• 
Glenn M<uk Sequeira, Webmaster 
John Mureithi Mwangi, Network Administrator 
Allan Anthony Kamau, Programmer/Web Develope,.. 

Mblta Point-based 
Fredrick Ochieng Orwa, fOP Specialist, IT 

Social Science Unit 
Achola Pal a Okcyo, Principal Scientist and Unit Head••• 

Animal Rearing and Containment Unit 
)ames Patrick Ochiimg'-Odcro, Senior Scientist and Unit 

/<lead 
Fr:~nc.is Omeno Onyango, Senior Research Assistant/ 

Coordinator of Insectary Services 
John Wabwire Otsieno, Technician 
James Henry Ongudha, Technician•· 
Miltthcw Mugwcru Miti, Technlcaf Assistant 
Jnmes Henry Ongudhil, Technician•• 
Alphonse Majanje, Technica/1\sslstant 
l~ul Odawo Wagara, Technical Assistant 
Raphael Odhiambo Agan, Technical Assistan~· 

Mblla Point-based 
Amos Cadi Nyangwara, Technical Assis/imt 

TechnoiORY Transfer Unit 
Brigine NyamlJo, Srmior Sciemist and Unit Head 
janet Nguna Maundu, Reset~rch Assistant 

MWea-based 
fnm~.KMiuki Kabunyi, Technical Assistant 

Mbita Poinl-ba.sed 
BcrnJrd Mulwa Musee, Driver/Mechanic (Biovision 

Projecti 

Information and Publications Unit 
Annalec Ng'eny-Mengech, Principal Science Editor and 

Urfit Head; Mant~ging Editor. International Journal 
ofTropical Insect Science (IJT) 

)can Clnudc Nsengimana, Consultant Science Editor, 
International Journal ofTropicallnsect Science 

Irene A. Ogcndo, Graphics Artist 
Dolorosn Osogo, Editorial Assistant 
joseph Mwanthi Malombe, Printing Technicit~n 
Edward lsay.1 Mung'aya, Assistant Print Finisher--• 
Joshua Mbithi Kisini, Clerical Assistant 
Gilbert Mwaura Kagechc, Driver 
Anndaire Muthoni Ndungu, Secretary 

Information Re5ourcM Centre 
Eddah Wasike, UbrJry Assistant 
)oJsh Ada lago, Library Assistant 
Wellington Ambaka, Cferic:JI Assistant 
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ADMINISTRATION AND fiNANCE 

Christopher Geoffrey Hill, Director, Finance and 
Administration 

Rnance 

ACCOUNTIN(l 

Dinah Wairimu Njoroge, Financial Controller 
Patrick Ngahu Ndiangui, Project Accountant 
Cyrus Kimani Watuku, Systems Analyst 
Eustace Njuma Mbuthia, Treasvry Accountant 
Peter Nyakeri Onsongo, Management Accovntant•• 
George Muchuku Kiondo, Assistant ProjcctAccount<Jn! 
Peter Ossmy Ngugi, Assistant Accountant 
Nnncy Wangui Mwangi, Accounts Assistant•• 
ZL-cna Adams Ahmed, Project Ass/stan~·· 
Alphonse Bubusi, M;~il Cletk 

Mbita Point-based 
Hen I)' Victor ligedere, Assistant Accountant 
John Muhia Kibera, 1\ccounts Assistant 

PROCVR~OO 

Peter Dickson Kamau Ndirangu, Procurement 
Supervisor 

Daniel Oduor Owino Olalo, Storekeeper 
Patrick Mathcri Munyui, Administrative Assistant 
Elias Maikuri Aosa, Pvrchasing Officer••• , 
Millicent Wanjiku Mburu, Dat<J Input Clerk"•• 
Tobias Odongo Oloo, Purd 1asing Officer-• 

Mbita Point-based 
John Odongo Combe, Purchasing Officer 

Administration 
HUW.N ROOURCfS 

Duduvllle-based 
Willis Harrison Awori, Human Resources Manaser 
Lucy Wangari Macharia, Specialist/Benefits 

Compensation 
Purity Ngima KawcrL, Recruitment Specialist 
Titus Musyoki Kaviti, Cfericaf Assistant 
Simprose Oyola Oyugi, Receptionist/Telephone 
. Supervisor 
Dominic Ogcmbo ~ogcni, Recept!onist/Telephonist 

.Josephine Akoth Op1yo, Receprlontst/Telephonist 
Elijah Asami, Mail Clerk 
Syprine Amolo Abongo,/anitorial Assistant 
Esinas Jcptum 1ir?P•. Office Attendant 
GeorgeS. K. Kariuk1, OFfiCii! Attendant 
Benard Mila Okech, Office Attend:mt 
Elias Ondeyo, Office Attendant 
Lucy Wanjiru Mwaura, Office Attendant 
Phoebe Siva, Office Attendant 
Richard Musyoki Masaka, Office Attendant 
Anne Wanjiku Karanja, Office Attendant 

Muhaka-based 
Douglas Charo Kalume, Office Attendant 

Security 

Duduville-based 
Isaac Adika Agola, Security Supervisor-•• 
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Mblta Point-based 
Mustafa Juma Hamisi, Security Supervisor"•• 
Samuel Ojako Okumu, Secvrity Guard 
Peter Otieno Kisaria, Security Guard 

Nguruman-based 
Joseph Saningo ole Soinkei, Camp Auendant 
Joseph Naata Tanchu, Camp Security Guard 

Transport Unit 

Zakayo Kimathi Mun~ania, Fleot Svpervisor 
David Marangu Mbu1 Kimotho, Transport Assistant 
Umar Ibrahim, Artisan Assi.~tant 
Donald Mwachoni Nyambu, Mechanic 
Anastasia Kabur.J M.lCharia, Mech;mic 
Walter Kariuki Warui, Mechanic 
Joseph Raphael Makumi, Driver/Mechanic 
Henry Njornge Njachi, Driver 
John Mweu Mutunga, Driver 
Richard Muiruri Mugi, Artisan Assist;mtH 
Daudi Mutua Muumbi, Assistant Storekeeper" .. 
Josephine Mueni Mayale, Transport Clerk••• 

Workshop Services 

Abdul R<1zaq Abdalla, Workshops M.1ndger 
~'<ltroba Nyi!chieo, Senior Artis.1n 
Andrew Makheti Wi!nynma, Artisan/P/umb~;~r"• 
Dominic Owinyo Wanjara,llrtisan/Woodwork 
John l'ilncras Nyonges<l, Artisan/Carpenter 
Dick Mutbya Kakuku, Artisil(l/Meta/, Plastic Fabric·ator 
John Musyuka Mutua, Electri'i::i:m 
John N jeri Wawcru, Artisan -
Christopher !Jernard Wasikc, Artisan 

Mbitil Point-based 
Tony Linus Ngutu, Mechanic 
Robert Mutunga Nzioka, Artisan Assistant 
El iud Oguok Ndiao, Artisan Assistant 

SPECIAL SERVICES 

Kurt Benjamin Hen, General Manager, Guest Centres 

Duduvil/e International Guest Centre 
Simon Mailethia Aritho, Assistant Accoulllant 
Joseph Omari Mukhobi, Chef 
Ruth Molly Wekesa, Exec;u!ive Receptionist 
Petronila Achleng Ocholla, Ex€!cutive Housekeepor 
Si las Owiti Ojwnng', Storekeeper 
Dilvid Nyaribo, Receptionist 
Marystella Mutasta Wanjala, l'astry Cook 
M.1ry Nycusi Etuku, l'astry Cook 
D~vid Otieno Orinda, Barman/Waiter 
Nilomi Mwendwil Stephen, Waitress 
Tabitha Akeyo Ogongo, Room Stewi!rdess 
loan Auma Awich, Room Stew.1rdess 
Jane Adlsa Asabil, Room Scewi!rdess 
Charles Odera Nyagaya, Room SteWilrd 
John Nalisi Kipscrem, Laundry Assistant 
Nilorni .I fire, Laundry AssiS!iilnt 
Moses Kasembeli Wepukhulu, Kitchen Assistant 

MPFS International Guest Centre 
Wilson Mahindu Esirenyi, Head Cook 
George Gichuru, Chef 
Johnstone Okal Koyaa, Catering Oflicer 
Francis N~moyo Omutsebi, Laundry Assistant 
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FIELD STATIONS 

icipe-Mbita (Thomas Odhiambo 
Campus) 
Ch~rles Mwendia, St.ltion Administrator 
P:ltrick 0 . Sawa, Medical Officer 
Pew Willi<1n1 K. Nyong~sil, Farm Supcrvisor 
John Mongare MotJari, Security Supervisor .. 
Will iilm Nngenda Omino, Transport A~sistant 
Zc;'flekia 13oilz Ooko. Technical Assr'stant 
Barack Ouhiambo Okudo. A~sist;;rnt Electdcian 
Mohamed Ony.1ngo Aum.l, Assistant GeneratOr 

Operamr 
Uenedict Onyango Juomho, Tracwr Oper,1tor 
GC<)rgo Kh;~emba Khis,l, Telephonist/RccL'ptionist 
Susan Akinyl Akelo. Clerical A~~i~ t,mt 
Susan Adhiilmbo Otil<r, Cleaner 

Port Sudan Field Station 
Magzoub Omcr Bilshir, Scientist·in·Charge 

Ethiopia Country Office 
Getachcw Tlkul~t, Scientisc-ln·Ch,lrge .. 

Republic of Chad 
Hassane Mahamat, Vlsltirtg Scientist and Country 

Represenrative 

Democratic Republic of Congo (DRCJ . 
Guy d'lcteren, Visiting Scientist and Country 

R.epresentative 

AFFILIATES 

International journal of Tropical Insect 
Science (IJT) Secretariat · 
(IJT is hosted by lcipe but has its own independent 
Editorial 8otJrd ;md policy. It is co-published by icipe and 
CAB/. UK in association with the African Association of 
Insect Scientists.) 
Web Link: http:llwww.cabi-publishlng.org/ift 

Hans R. Herren, Editor·in-Chief 
Ahmed Hassanall, Associate Editor 
Annalee Ng'eny-Meng'cch, Managing Editor 
)ean Claude Nsengiman<J, Cortsult;;rnt Science Editor 
Bruno l e Ru, French Editor 
Charlotte Sanginga, Secretariat Manager 
Dolorosil Osogo, Editorial Assistant 
Irene Ogcndo.-Graphics Artist 

Southern Environmental and 
Agricultural Policy Research Institute 
(SEAPRI) 
(SEIIPRI focuses on issues ranging from patents, 
biological materia/ transfer and collaborative agreements 
to negotiations rvlating to biological resources. Its projects 
are based on a 'ground·vp', or ficld·oriented philosophy 
because SEAPRI believes effective policy and legal 
systems are developod from a thorough vnderstandirtg of 
the field to be reyvlated, and the needs and aspirations of 
the intended beneficiary.) 
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Kent Nnadotle, Director 
Robert Lewis-Lettington, Deputy Director 
Peter Munyi, Chief Legal Officer 

PARTNERS 

lnstitut de Recherche pour 
Developpement (IRD) 
(IRD performs research and manages scientific 
programmes centred on the relations between humans 
;md their environment in the tropk;s.J 
Web Link: http://www.ird.fr/ 
(See staff under Environmental Health visiting scienliscs 
in icipe main list.) 

AfriCert Ltd 
(AfriCert is a local certification body assisting and 
providing non·discrimin;~tory competitive certification 
services to the agricultural sector to ensure compliance 
to ISO standards.) 
Web Link: http://www.hoquality.com/afriCM 

Ruth Nyagah, Managing Director/Lead Auditor 
FmncisAkivaga, Quality Direc:tor/Auditor 

Bridgeworks 
(Bridgeworks Is a privately owned Swiss· and Kenya·based 
enterprise whose mandate Is .to commercialise all new 
developments coming out of lclpe research at affordable 
prices to developing countty farmers. Bridgeworks is the 
majority shareholder in BIOP Company Ud.) 
Web Link: http://www.Bridgc"t-VOrks.ch/ 

Andreas Schwyn, Director 
Edi Theiler, Director 
Martin Lore, Managing Director 

8/0P Company Ltd 
(nle mission of BIOP Company Limited is to produce 
affordable, eco·friendly natural products and promote 
their use to improve human, <mimal, plant and 
environmental health.) 
Web Unk: http://www.neemkenya.com/ 

Lucy Muchoki, Managing Director 

••Left in year 2004 
... Joined in year 2004 

GoVERNING CoUNCIL MEMBERS (2004) 

Prof. Peter Esbjerg 
Chairman, lcipe Goveming Council aod 
Chairman, Executive Board 
Professor, Agricultural Entomology 
Royal Veterinary and Agricultural University 
(Denmark) 

Dr Dunstan Spencer 
Dunstan Spencer and Associates (Sierra Leone) 

Dr Michael Porter Collinson 
Vice-Chairman, idpe Governing Council 
(UK) 

Dr Hiroyasu Aizawa 
President 
Hiro Research Consultancy Inc. Oapan) 

Dr jorge Soberon 
Chairman, Programme Committee 
Sec:reatrio Ejectivo 
CONA~IO (Mexico) 

Ms Nancy Andrews 
Chairperson, Audit Committee 
Pri;!Sident, Low Income Housing Fund (USA) 

Dr Shantanu Mathur 
Chief Economist 
International Fund for Agricultural Development 
(Italy! 
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Prof. W. K. Kilama 
AMANET Managing Trustee 
Chairman cum Coordinator 
African Malaria Network Trust 
(Tanzania) 

Dr Sylvia BJ(imel 
BFL, Institute of Phyiomedicine 
(Austria) 

Dr ldah Sithole-Niang 
University of Zimbabwe 
(Zimbabwe) 

Mr Donald W. Kaniaru 
Environmental Lawyer and Manager 
(Kenya) 

Pror. David P. S. Wasawo 
(Kenya) 

Mr Nicholas P. Retsinas 
Director, Joint Center for Housing Studies 
Harvard University 
(USA) 

Dr Hans R. Herren 
Ex-Officio Member 
Director General, cipe 
(Switzerland) 
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APPENDIX 11: 
icipe Staff and Governing Council Members 
(as at 31st December 2005) 

RESEARCH MANAGEMENT 

Office of the Director General 
Chtistian Borg@meister, Director General ;md CEO, 

joined on 116/05 
Han5 R. Herren, Director General, left on 30/4/05 
Susan Karluki, Executive Officer 
Elizabeth N. Ng'ang'<~, Consultant Press Officer 
Enock Klman:d Nguthu, Internal Auditor"• 
Kristine Wambui Karanja, Receptioni.~l 
Fr,mcis Omondi Ujiji, Driver 
r rc:drick Chichi Makhulo, Office Assisti!nl 

Office of the Director of Research and 
Partnerships 
Onesmo K. ole-MoiYol. Director of Research and 

f>,J ttncr:;hip.~ 
LUC}' M. n,curi, Assistant l'rogrcmmw M.m,1ger 

RESEARCH DIVISIONS 

Plant Health 

Staple Food Crops 
Frirz Schulthuss, Principal Scientist and Coordinator. 

molouic,,f Contml of CP.r~1al Stemborcrs in E,1stem 
,Jrlll SouthC!m Africa f'roject; Divisional He.~d 

Zl'Yilllr 1-:;~hnwn Kh<m. Princ:ip<JI SdMiist ilflcl Programme 
Lu<Jt!P.r, HahiUJt M,1flagement or" Slemborers ,md 
Striga l'rojt>ct 

Ch~rh • .os Om<tmhin OmwP.ga. Sr:!flior Scientisr and 
R~:gional Coordinator, Biological Control of Cereal 
Stcn11Jorers in Eastern <Jnd Sot.JthP.rn Afric!J Project 

Nanqin ji;~ng, Research Scientist 
Lilure Weisskopf, Postdoc10r,11 FeiiCJw 
l ~aac Njad, PmNct D(JC:t.Jmentalist 
Eric Muchugu. GIS Specialist 
lo~eph Owino Ochieng', Technician 
Cerpha~ Okuku 0Rola, Technician 
Peter Omolo Owuor, Technical Assistanr 
Andrew Wanyonyi, Technical Assistant 
Hellen Hcya Mwadime, Tee/mica/ Assistant•• 
luliliS Obnnyo Ochieng. rechnic<JIAssi.~tant 
Charles Wahmne Kal'tlonjo. Technical Assistant••• 
l<me W«cer<~ Kiarie, Technical Assistant .. 
Daniel Kinyflnjlli Mungai, Technic!JI Assistant/Driver 
Charles Oyugi, Field Assistant••• 
Ci!rolyne Aka I, f>roject Secretary · 

Cameroon-based 
r~ose Nge~ Ndemah, Scienti.~l <Jnd Regional Coordinator. 

/PM (){ M<1ize Stemborers In Western Africa 
Project .. •• 

Horticultural Crops 
Bernhard LIShr, Principal Scientist and Head, Horticu/tur<JI 

Cmps Svb-Division; Division Head to june 2005; 
Diamondback Moth Project Leader 

.1ppendlx II 

Slawomir Antoni Lux, Principal Scientist and African Fruit 
Fly Initiative Programme Leader•• 

Markus Knapp, Scientist <~nd TomMo Red Spieler Mire 
Project Leader 

Sunday Ekesi, Scientist and African Fruit Fly Programme 
Leilder from 9105 

Dagmar Mithofer, Scientist and Co-ordinator. Economic 
Impact 1\sse.~sment, DBM Projecra 

EI-Sayed EI-Banhawy, Visiting Scientist••• 
Sa mira Mohamed, Consultant 
Paul Mbugua, Visiting Scientist 
l.im.1$ Gitc)nga, Visiting Scientist• .. 
Gatama Gichir.i, Senior Research Assistant 
!brithim Macharia, Resfi!<'lr,-h ll$$i$1ant 
Peterson Wachira Nderitu, Research Assistant 
Constance Andeyc) Muho lo, Re:;l;!arch Assisi!Jnt 
Eddah Makinia Nang' ole, Research Assistant••• 
Nicholas Munguia Mwikya, Technicicm 
Miriam MwMania Kun0u, Technici,ln 
Bernard Muscrnbi Muia, Technician 
F~ith W<1~1uran.go Nyamu, . Te~~nichm 
G1denn '"" Chcgunda, Techn1cran .. 
John Mb<1tha k iilu, Technical Assiswnt 
Andrew W;myonyi, Technical Assistant•• 
Judith Mumo Kiluvu, Technic<JI A.~sisWnl .. 
R11phael Mukitl. Technical Assistant 
Carlos M<lweu, Technical Assistant 
Emm;muel Fadhili Mia to, Tec:hnica/ Assistant ... 
Gladys Kcmunto Onyambu, Technical Assistantd 
Everlyne Nafula Wos~llit, fedmic;,llll.~.<isWnt 
Ernmanucl Fadhili Mlato, Technical Assistant 
Charles Muchina Kilnyi, Driver/MeciJ<!nic 
Geoffrey Gachanja Kinya,,jui, Driver 
Joseph Gachugu Muchcru, Driver 
Rose Atieno Oflolla, Ser.:rewy .. 
Beatrice Muthoni Gikaria, Secretary 
Lucy Mutheu !<iifl,, AdministrflliveAssisl<.ml~ .. 

Mbita Point-based 
George Genga, Technician 
?.lsc;a l Agola Oreng. Technicalll$sisranr 
Dickens Nyagol, Technical Assistant 
Nah«shon Ogongo Otieno, Field 1\:;siswnt/Driver 

Bungoma·Based 
Aloice Ouma Ndiege, Technical Assistant 

Locusts and Mi8ratory Pests 
Ahmed Hassanilli, Prmcipal Scientist and Head. Locusts 

and Migratory Pests Sub-Division 

Port Sudan Field Station-based 
Magzoub Omer Bashir, Consultant and Scientist-in-

Charge, Port Sudan Field Station 
Sidi Ould Ely, Visicins Scientist 
Abdul Rahim W. Bashir, Technician 
Haidar H . Korena, Technician 
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Animal Health 
Rajlnder K. S~ini, Principal Scientist and Ag Division 

Head: Tsetse Research Programme Leader 
John Akiri Andoke, Research Assistant 
Peter Nthale Muasa, Technical Assistant 
Richard Ouma Tumba, Technical AssistanUDriver 
Carulyne Muthoni Muya, Secretary 

Human Health 
John Githure, Visiting Scientist and Ag Division Head 

Malaria Vectors Programme Leader 
Jn~cphat Shllilu, Visiting Scientist . 
Guiyun Yan, Visilin8 Scientist-Siate UnivetStty of New 

York, USA 
Weiner Spitteler, Visiting Scientist .. 
Charity Kabutha, Visillng SciM!ist 
Luq Kabuage, Visiting Scientist 
Violet Kimani, Visiting Scientist 
Pamel;~ Be;, trice Seda, Research Assistant 
)Jeter 13araza Wekoyela, Research Assistant 
Ephamus Juma Muturi, Research Assistant•• 
Milc;;th Gitau, Technician 
Enock Mpang;,, Technician 
Ch;,rles Muriuki, Technical Assistant 
Nelly G;,twiri Gitonga, Technical Assistant 
Faith Kyengo, Secretary 
Nelly Njokl Njeru, Administrative Assistant 

Mhlta Point-based 
Richard Mukhabana, Visiting Scientist 
Robert Ray jackson, Visiting Scientist 
David Simon, Visiting Scientist 
BMilio Ngari Njiru, Technician 
J:~ckton Arija, Technical Assistant 
Lawrence Omukuba, Technical Assistant•• 

Kisii·ba~ed 
l·ranc:;ois Omlin, Visiting Scientist. Cape Town University, 

R.'>A 
Annabel How<~rd, Visiting Scientist .. ' 
Emmanuel Mushin:dmana, Consultant"'" 
Samson Ki riri Clchia, Research Assisl1lnt 
Wycliffe Lumumba Migiro, technician 
)~red Kaunda Aroko, Driver/Mechanic 
Abel Om<~ri Mainya, Ddver 
Eric Olielo Odhlambo, Field Assistanr 

Kilifi-based 
Charles Mhogo, Visiting Scientist 

Mwea-based 
Ephantus juma Muturi, Rese<~rc:h Assistant 
Peter 13arasa Wekoyela, Technical Assistant 
Nicholas Gachiki Kamari, Field Assist<Jnt 
Martin Ngigi Njigoya, Field Assist<Jnt 
Charles Chomba Kiura, Field Assistant 
Susan Wanjiku Mugo, Field Assistant 
Christine Wangari Maina, Field Assist.Jnt 
Nelson Muc:hiri Maingi, Field Assistant 
Isabel Wanjiku Marui, Fif!ld Assistant 
Peter Murluki Mutiga, Field Assistant 
William Wawetu Michiri, Field Assistant 
Paul Kibuchi Mwangl, Field Assistant 
Irene Kamau, Field Assistant••• 
Naftaly Clchuku Manegene, Field Assistanr•• 
Gladys Muthoni Karimi, Field Assistant""" 
Julius Murimi Mvthike, Field Assiscanr•• 
James Ogaa Wauna, Driver ... 
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Environmental Health 
ian Cordon, Princip<~l Scientist and Division Head 
Suresh Kumar Raina, Principal Scientist and Commetclal 

Insects Programme Leader 
Wilber Lwande, SeniOt' Scientist and Pf08ramme Leader 

Ki.!kamega/Echuya Forests Conservation Projects 
Vi jay Vishnu Adolkar. Scientist 
Esther Ndaisl Kioko, Scientist 
Robert Copeland, Visiting Scientist, Texi.!S A&M University, 

USA 
Bruno P. Le Ru, Vlsilin8 Scientist, lnslitut de Rechcrd1e 

povr Developpement 
Paul-Andre Calatayud, Visitlng Scientist, lnstiwr de 

Recherche povr Developpemcnt 
Sabine Calatayvd, Visiting Scientist, lnstitut de Rechercho 

pour Developpement 
Scan E. Miller, Visiting Scientist•• 
Viola Clausnitzer, Visiting Scientist 
TI1omas Bergsdolf, Visiting Scientist 
Guy D'leteren, Visiting Sclentist 
Rolf Gloor, Visiting Scientlst-vp to 3113105 
Kava kit Mukoni Watai, Visiting Scientist"'"" 
N<~thalie Erbout, Visiting Scientist••• 
Matilda Okcch, Senior Research Assistant 
John Bwire Oc:holla, ReseilrCh Assistantn• 
Mary Nelima Ondiaka, Research Assistant••• 
Joseph Kimunge Macha ria, Tcclmician 
)ael Auma Lumumba, Technical Assistant 
Benard Nixon Onyimbo, Technical Assistant 
George Owino Oduor, Technical Assistant 
George Kamau Nyaklringa, Technical Assistilnt 
James Kimani Ng'ang'a, Technical Assisl!lnt 
Boaz Kimanzi Musyoka, Technic<II Assistant 
Peter Ahuya Obonyo, Technical Assistant ... 
Joseph Ndungu Gitau, Technical Assistant 
Beatrice Wanjiru Njuguna, Technical Assistant~ .. 
Rose Anyango Onyango, Administrative Secret.1ry 
Ewrline Alison Ndeng;~, Administr<Jtivc Assist,mt 
Mercy Gicichu Ndwiga, Projer;t Assistant 

Mbita Point-based 
Zeyaur Rahman Khan, Ptincipal Scientist and Gr,15sl 

Arthropod Oivctsily Project Coordinator 
Robert Copeland, Visiting Scientist Tex<ls A&M University, 

USA and Assistant Coordinator, Cr<~ss/Arthropod 
Diversity Project 

Kamal Moustafa Ibrahim, Consultant 
Shinsaku Koj i, Visiting Scientist•• 

Busia-based 
Peter Odhlambo Ollimo, Technici<~n•• 

Kitale·based 
Naphtali Ochieng Dibogo, Technical Assistant 

Machakos.based 
Eshmael Kidiavai, Technician•• 

CAPACITY BUILDING AND 
INSTITUTIONAL DEVELOPMENT 
PROGRAMME 
james Patrick Ochieng'-Odero, Head, Cap<~city Building 

and Institutional Development Progr<~mme 
Lilian Karimllgweta, Training Officer"•• 
Lisa Omondi, Data Input Clerk••• 
Margaret Alunga Ochanda, Office Assistant••• 
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African Regional Postgraduate 
Programme in Insect Science (ARPPIS) 
Scholars 

PhD Scholars 
Daniel Ndem Amin, Eric Koum, Felix Nchu, Honance 
Manda, Norber Mbahin, Tonnang Henri !Cameroon); 
11;wld Bugeme M ugisho (Democratic Republic of CongoJ; 
Abebe Yonas Feleke, Ferede Melaku Wale rEthiopiaJ; 
Ken Fening Okwae (Ghana); Anderson Kipkoech, 
Bonaventure Aman Omondi. Catherine Wanjiku Gitau, 
David Mwangi Mburu, Esther Mwihaki Njuguna, Faith J, 
Tmoitich, Fathiya Mbarak, );met Theresa Midegil, leunita 
Asande Sumbil, M;~llht:!ws Klpchumba Bett, Meshack 
Obonyo, Sabin<~ Wachira, Salom e Guchu, Simon Muriu, 
Spal:1 Ohaga Oduor, Steven Ger Nyilnjom, Susan Sande 
IKenyal; Lefulesele L~besa (Lesotho); tug;~l;~ Domingos 
(Mozambique); Dun<~ Mailafiya (Nigeri;~); Khogali lz%eldin 
ltlris (Sudan); Charles Kihampa, Innocent Ester (Tanlilni;~ l; 
!~rut:e Y<1ovi An11ni, Fiaboe Komi Mokpokpo (Togo); lv<tn 
Rwomush11na, Teddy K11uma Matama (Ugand~) 

MSc Scholars 
Olivia Achuonduh (Cameroon); Comfort Obeng, Daniel 
As hi~ KcJtl~y, Ern£;!St Felix Appi<th, Lily Pilemk,lh, N<tthaniel 
Kofi Tsiltsu (Ghana); Ch;~ro Samuel Kahindi, ):lCintcr 
Al ieno 0 . Odhi<tmbo (Keny<~); Leonilrd Dand:~lo (M;~Iawi); 
Auclu Ahdullahi, Zakka Usman (N igeriil); Ni!mllkilnzye 
N;m1~Jch i1nha (l<!mbiill 

Dissertation Research Internship 
Programme (DRIP) Scholars 

l'hD Scholars 
Gnunou Sitka (Beninl; lmeuda Peixmo rurt:ldn !Br<~:li l ); 
Solomon Asfaw (Ethiopia); Emm;~h Omulokoll, Jane 
Ciitune, Joseph Odhiambo. M aurice Vincent Omollo. 
Joseph fv\wMgagi, ?.1ddy Likha)o, l'.lu l Odhiambo Mireji, 
Philip Ngumbi, l~aphael Wanjogu; Ruth Gathu-K11huthia, 
Wil(re<J lnjera (Kenya); Elechi As<tw~lam !Nigeria) 

MScScholau 
Martina Koller (Austria); Caroline Cochin, Y<tsmine 
Ar~alar1~ (France); Abdallah Ali, Benjamin M ull, Cecilia 
Nzilu, Consolata Atieno Ager, Del;~ide Mungai, Dennis 
Wany11ma Ochieno, Elizabeth Ouna, EvansOkoth, Gerold 
Juma, Gl<~clys Mokua. james Nonon. Jane Wamaitha, joan 
Awino, John Bw ire Ocholla••, Joseph Odero Owino, 
Joseph K. Thaimuta, Leonard KJmaru, Lucy Kanani 
M urungi, Lut.y Kibe, Lucy Mw(,!nde Mackenzie, Marion 
Gathumbi, Meshack Obonyo; Obadiah Mucheru, Pilmela 
Sc,'t.!a, P<ltrick Shem, Peninah Munyua, Peter Ng'ang'a, 
Philip Wafula Mayeku, Priscill<tr Mumo Mutungi, Samuel 
Karenflil , Selwyn Aloo, Sopher O ndiako, Stephen Makilli 
Musyok<t, Timothy Maina Rimu, Vincent Owino (Kenya); 
F~brice Gem (Switzerland) 

/Note that postgraduate students are not officially icipe 
st;:J![ bvt are major contributors to icipe's R&D effort./ 

SCIENCE DEPARTMENTS 

Behavioural and Chemical Ecology 
Department 
Ahmed Hassanali, Principal Scientist and Department 

/-lead 

Wilber Lwande, Senior Scientist ,md Prowamme Leilder. 
Applied Bioprospecting 

Peter Njagi, Consultant 
Nicholas Gikonyo, Visiting Scientist 
Muniru Tsanuo Khamis, Visiting Scientis~· 
Mary W. Ndungu, Visiting Scientist, JKUAT 
Paul Mungai, Consultant 
Isaiah Ndiege. Visiting Scientist 
Weiner Spitteler, Visiting Scienci;~· 
B. Onesmus K11ye W11nyama, Senior Research Assistant 
Edward Nyandat, Senior Research Assistant 
Lamberts V. Moreka, Research Assist;mt 
M;utin Collin~ Koko, T~c;hnici<Jn•• 
David Mbuvi Mbesi, Ter.:hnic:,~/ Assistant 
Rose Muthoni Marubu, Tee/mica/ Assistant 
Ch;~ri ty Waruinv Mwangi, Secretary 

Mbita Point-based 
Zey;~ur Rahm11n ~han, Prir!Cipa/ Scientist and Hahiwt 

M<tnagement Programmf'! Leader 
Charles A, Midega, l 'ostdoctoral Fellow••· 
Samuel h(,!kiel Mokaya, Technic.llll$sisrant/Drivf;!r 
Philip Salim Juma, Field Atlendam/Driver 

Port Sudan Field Station·based 
Magzoub Omer Bashir, Consultant Md Sc:i~•nt1;~t·in· 

Charge. P()rt Sudan Field St!ltinn 

Molecular Biology and Biotechnology 
Department 
Ell ie O~lr. Principal Sci(,!n/lst and Unit Head .. 
Remy Pilsquet, Principal Scientist 
Dilniel Milsiga, Visiting Scientist 
Mathayo M;~ngwe Chiml(lwi, Re.~f'!(lrch /\ssist,lntu 
)ames Gilari Kabii, Rest!!ard! 1\ssistant 
M<trk Gac;~u Kimondo, Research Assistant 
Violet )epchurnba, Research Assistant"• 
Veronica Odero, Field Assistant 
Rosekellen N. Njiru. D<lt<J lnpvt Clerk 

Muhaka.based 
Athumani Gunia, Rest!!atch Assistar!l' • 
Beatrice Elesani, Field Assistant 
Omari Juma Mwanguta, Field 1\ssistan~· 
George ·okoth Nyambach, FiC!Icl Assistant .. 
Masudi Mohamed Koja, Field Assistant• • 

Population Ecology and Ecosystems 
Science Department · 
Johann Baumgartner, Prlnclpa/Scientist and Department 

Head 
Gianni Gllioll, Visiting Scientist 

RESEARCH SUPPORT UNITS AND 
SERVICES 

Arthropod Pathology Unit 
Nguya Kalemba Maniania, Senior Scientist and Unit 

Head 
Sunday Ekesi, Research Scientist 
Elizabeth Awuor Ouna, Research Assistant 
Richard Kipngetich Rotich, Technic;~/ Assistant 

Biostatistics Unit 
Lev V_ Nedore:wv, Senior Scientist and Unit Head 
Anthony Kibira Wanjoya, Senior Research Assistant 
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Information Technology and 
Bioinformatics Unit 
Glenn Mark Sequeira, Webmcuter 
John Mureithi Mwangi, Network Administrator 

Mbita Point-based 
Fredrick Ochieng Orwa, EDP Specialist, IT 

Social Science Unit 
Achola Pala Okeyo, Principal Scientist and Unit Head 
Matilda Oul}la, Research Assistant 
Elish:! ~ongere, Technical Assistant/Driver 

Pokot-Based 
Rolr Gloor. Scientist 

Animal Rearing and Containment Unit 
james Pittrick Ochieng'-Odero, Senior Scientist and Unit 

Head 
Francis Omeno Onyango, Senior Research Assistant/ 

Coordimltor of Insectary Servi~;es 
John Wilhwire Otsieno, Technician 
lcremi:~h Adoyo Ojude, Technician•-­
Mi'!llhew Mugweru Miti, Technical Assistant 
Alphonse Majanje, Tet;hnical Assistant 
1-'nlil Odilwn Wagara, Technical Assistant 
Justo Otiur1o Kaleb, Technical A.~sistant 

Mbita Point-bi!S@d 
A mils Gadi Nyangwara, Te~;hnlcal Assistant 

TechnoloRy Transfer Unit 
Brigitte Nyamno, Senior Scientist and Unit Head 
Harrigan Mukongo Howatd, Visiting Scientist ... 
Janet Nguna Maundu, Researr;h Assistiult 
Hcrnard Mulwa Musee, Driver/Mechanic (Biovislon 

Project) 

Mwea-based 
James Kariuki Kabunyi, Technical Assistant 

Information and Publications Unit 
Annalce Ng'eny-Mengech, Principal Science Editor i!nd 

Unit Head; Managing Editc>t. International journal 
orTropical lnsect Science (IJn"• 

jQan Claude Nsengim;~na, Consultant Science Editor. 
International Journal ofTropic~llnsect Science 

Irene A. Ogendo, Graphics Artist 
Dolorosa Osogo, Editorial Assistant 
Joseph Mwanthi Malombe, Printing Teehnician 
Edward lsayJ Mung'aya, Assistant Print Finisher 
joshuil Mhithi Kisini, Cleri~;a/ Assistant 
Gilbert Mwaura Kagec;he, Driver 
Annclaire Muthoni Ndungu, Secretary 

Information Resources Centre 
Eddah Wasike, Libr:uy Assistant 
Joosh Ada Lago, Ubri!ry Assistant 
Wellington Ambaka, Clerical Assistant 

ADMINISTRATION AND fiNANCE 

Christopher Geoffrey Hill, Di~eccor, Finance i!nd 
Administtalion 
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Finance 
•• J ..... 

AccouNnNC ' · 
Dinah Wairimu Njoroge, Financial Contro/le,.• 
Patrick Ngahu NdiMgui, Project Ac;countilnt 
Cyrus Kimani Watuku, System~ Analyst • , 
Eustace Njuma Mbuthia, Treasury Accountilnt 
Zecna Adams Ahmed, Project Assistant 
George Muchuku Kiondo, Ass/st,1nt · Projec:t 

Accountant•• 
Peter Ossmy Ngugi, Assistant Accountant - · 
Carolyne Wambui Ndungu, Assistant Accountant•• 
Alphonse Bubusi, Mail CIC!rk 

Mbita Polnt·based 
Henry Victor Ugedere, Assistant Accovntant 
John Muhia Kibera, Accounts Assistant 

PROCUREMENT 
Peter Dickson Kamau Ndirangu, Procurement 

Supervisor 
Daniel Oduor Owino Olalo, Storekeeper 
Patrick Matheri Munyui, Administrative Assistant 
Elias Maikuri Aosa, PurchMing Officer 
Millicent Wanjiku Mburu, Data Input Clerk 

Mbita Point-based 
John Odongo Gombe, Purch.1sing Officer 

Administration 

HUMAN RESOURCES 

Duduvilfe·based 
Willis Harrison Awori, Human Resovrces M;u1ager 
lucy Wangarl Macharia, Specialist/Benefits 

Compensation 
Purity Ngima Kaweru, Recruitment Specialist 
litus Musyoki Kaviti, Clerical Assistant 
Simprose Oyolil Oyugl, Receptionist!Te/ephc>ne 

Svpervisor 
Dominic Ogembo Mogeni, Receptionist/Telephonist'•• 
Josephine Akoth Opiyo, Receptioni5t/Telepilonist 
Elijah Asami, Mail Clerk 
Syprine Arnolo Abongo, Janitorial Assistant 
Esinas Jeptum Tirop, Office Attendant 
GeorgeS. K. Kariuki, Office Attendant 
Benard Mlla Okech, Offir;e Attendant 
Elias Ondeyo, Office Attendant 
lucy Wanjlru Mwaura, Office Attendant 
Phoebe Siva, Office Accendanc 
Richard Musyoki Masaka, Office Accendant 
Anne Wanjiku Karanja, Office Attendant 

Muhaka-based 
Douglas Charo Kalume, Office Attendant 

Security 

Duduvllle-ba5ed 
Isaac Adika Agola, Security Supervisor 

Mbita Point-based 
Samuel Ojako Okumu, Security Guard 
Peter Otieno Klsaria, Security Guard 
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Nguruman-based 
Joseph Naata Tanchu, Camp Attendant/Security Cvi!rd 
Joseph Sanlngo ole Soinkei, Camp Arrendant/Security 

Cvi!rd 

Transport Unit 

ill kayo Kimathi Mungania, Fleer Supervisor 
O;wid Mar;mgu Mbui Kimotho, Transport Assisranl 
Donald Mwachoni Nyitmbu, Transport Assisran/1 

Forvrll!.lrl 
An:.stasia Kabura Macharia, lvlechanic 
Wi!lter Kariuki WilrtJi. Mechanic 
Joseph l~aphael Makumi, Driver/Mechilnir; 
Henry N jorc)g(,! Njachi, Driver 
John Mw~u Mulunga, Driver 
Daudi MutLJJ Mu~Jmbi, A~sist.!ln l Storekueper 
Josephine Mueni Mayille, Tri!n$pnrt Clerk 
Umar Ibrahim, Artisan Assistan( 

Workshop Services 

Abdul Raz;~q Abdalla. WorkshcJps lv/,1ntJgur 
r.·11robJ Ny;~chieo, Seniorllrt(~,m 
Dominic Owinyo Wilnjar,l, Arlisan /Wooc/work 
Jnhn Pancras N}•nng~a. llrtis,1fl1Carpontcr 
Dick Mulisya Kakuku, Artisan/Mew!. /Jfaslic f.,1bric;ator 
John M usyoka Mutua, Electrician 
John Njc~ri W<Jweru. llrti.~,lfl 
Chri51!lphl1'r BernJrd W11sik(,!, 1\rti~;m 

Mllita Point-b~sC!cl 
Tony Linus Ngulu, tvtccllanrc 
Roh!/11 M~lltmgil N;:iok!!, Arti~.Jn A~~rstJnt 
El illd Oguok Nclluo, .'\rtis,ln /tss(~/,lnt 

SPECIAL SERVICES 

J<urt Bl!11j.m1in lt(•n, Cen(,!r<il MatMgur; Guc$1 Centres .. 
D<~vid W;dtl!r MaJob:t. Manager, fJuduvillc International 

Cuesl Centrei /VIbita Guest Hnuse·· • 

Duduville International Guest Centre 
Simon M;~itcth in Ari tho, Assistant Actountam 
lnseph 0111ilri Mukhohi. Chef 
Ruth Mnlly Wekesa, Executive Receptionist 
Pelrunilil Achieng Ocholla, Executive Housekqepw 
Sila~ Owili Ojwnng', StorckcC!pcr 
1);1virl Nyaribo, Receptionist 
M;uystcll:l MuiMta WanjaJ!I, P.1stry Cook 
M:Jf}' N}'eusi Etuku, f.ls-rry Cook 
Jane Wa11jiru Mwaura, ll.~sistanl Cook••• 
Wn iiPr Bulind;~, Assistafll Cook··· 
Satnw(,!J O rnLdongo Wafula, ll.~siswnt Cook•u 
Kinko Siln, Drivcr/Receptioni.~t .. • 
IJilvid O tieno Orinda, Barman/Waiter 
Anne Christine WanjirLt, Waitress/Cilshier•• 
N;~Cmi Mwl;!ndwil $1 1;!ph~!n, Waitn?ss 
T<JbithJ Akeyo Ogongo. Room Slewardess 
Jolin Aut nil Awich, Rnnm Stewardt!.~s 
I<Jne Adis;~ As,1ba, /~oom Slewardess 
Clmtlt!S Oder,1 Nyagilya, Room Steward 
John Nalisi Kipserem, Laundry Assistant 
Naomi I fire, latmdry Assi.~t;mt 

Moses Kils0mheli Wepukhulu, Kitchen llssistatll 
C<Jrero Mwakoyo, Clcianer' .. 
Saul Misiko Muchesia, Cleaner•· • 
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MPFS International Guest Centre 
Wilson Mahindu Esirenyi, Head Cook 
George Glchuru, Ch~Jf 
Johnstone Ok11l Kc.Jy!lit, Ci!U~ring Officer 
]oilnes Orwa Ogutu, 1\ssist<Int Cook• .. 
Justus Kyalo Kaloki, Front Office Assistant••• 
Savina Alieno Ouma, RecepllonistMI<Jicer••· 
Michael Amugu,,e Obondo, BJrm:m/Waiter••• 
Wilfred Alieno Arot, H<Jrman/Waiter"•• 
Francis Namoyo Omutsebi, Laundry Assistant 
T(JI<'!ri MtJgaka Motarl. Gard~n~r· ··• 

FtEtD STATIONS 

icipe-Mbita (Thomas Odhiambo 
Campus) 
Chi!rles Mw~ndia, Statlon Administrfllor 
Peter William K. Nyongesil, /'arm Supervisor 
John M ongme Moi<~Jri, Security Supervisor· · 
Wi lliam Nagcnda Omino, Transport Ass/slant 
Zedekia l!naz Ooko, Tc~hnical A$$i$t;mt 
B<u~ck Odhiambo Okudo. Assisc,,nt Cler:Crician 
Mohamed Ony;~ngo Auma, Assistant Generator 

Opfltillor 
Henedic;t Ony;mgo ]liOmbo, l'r,lCtor Oper,11or 
George 1\haemba KhisJ, Tclvphonist/Receptionist 
Su~~n 1\kinyi ;\k~ln, C/f!ri~·J/ 1\Ssi~ tant 
Sl!Silll Acihi<~mbo Otili!, C/P.mer 

St }udes Clinic, icipe·Mbita 
l'atrick 0 . SJWJ, Medical Officer 
GL~lrgc Oguri O tnwl!ri, Medical Lalwratot)• 

Tcx hnician • • • 
NicndcmLIS Osnngo M;Jkin, l~t'J{ist t•red Nvr•e 

Port Sudan Field Station 
Magl mlh Om~r Boshir, S<:if'ntist-in-Chmgc> 

Ethiopia Country Office 
Getachcw Tikuhel, Curli.!CI 1"-.•r.~on 

Republic of Chad 
Hassanc Malmmal, Visirins Scierltist .uJd Country 

l<epresentalive• • 

Democratic Republic of Congo (DRC) 
Guy d' leteren, Visiting Scienli~t ,,nd Cnvnt1y 

Repr!!SC:·mative 

AFFiliATES 

International journal of Tropical Insect 
Science (I}T) Secretariat 
(/IT is hosted by icipe but has its own independent 
Editoriill Uoard and policy. II is co-published by icipe and 
CAB/, UK irl ;,ssociation with tile African Association of 
Insect Scfcntfsts.J 
Wf'b Link: http://www.c,lbi-pvblishing.urg/ijt 

Christian W, Uorgemeister, Edilor-in-Chic,. .. 
Hans R. Herren, Editor-irl·Cilief .. 
Ahmed Hassanali, Associate Editor 
William A. Overholt, llssociilte Ed ito,..· 
Annal!:!e Ng'en)•-Mengech, Managing Edilor 
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)t~an Cl<~ude Nscngimana, Consultant Science Editor 
BruM Le Ru, French Editor 
Chi!rlotle Sanginga. Secretariat Manager 
Dolorosa Osogo, Editorial Asslstilnt 
lr~me 0Hendo, Graphics Artist 

Southern Environmental and 
Agricultural Policy Research Institute 
(SEAPRI) 
(SEAI'R/ focuses on issues ranging from patenu, 
hio/ogica/ materia/transfer and collaborative agreemenu 
to negotiations relating to biologic ill resources. Its project.s 
,1rP based un .~ 'ground·up', or field-oriented philosophy 
because SEAPRI believes effective policy and legal 
system~ are developed from a thomugh vnderstanding of 
the 1/e/d to be regulated. and the needs and i!Splrations of 
the i11tended beneficiary.) 

Kent Nnadm:ic, Director 
Robert Lewis-Lenington, Deputy Director 
Pt~ter Munyi, Chief Legal Officer 

PARTNERS 

lnstitut de Recherche pout 
Developpement (IRD) 
(IRD performs research and mMages scientific 
programme5 centred on the relations between humans 
ant/their environment in the tropics.! 
Web Link: hctp:l/www.ird.fr/ 
(See staff under Environmental Health visiting scientist$ 
in icipe main list.) 

AfriCert Ltd 
(AfriCert is a local certification body ~sisting and 
providiflg non-disctimlnatory competitive certification 
services to the agricvltural sector to ensure compliaflce 
to ISO standards.) 
Web Link: http://www.hoquality.com/afrlcert 

Ruth Nyagah, Managing Director/Lead Auditor 
Francis Akivaga, Qvality Director/Auditor 

Bridgeworks 
((Jridgeworks is a privately owned Swiss· and KMya-based 
enterprise whose mandate is to commarcialise tJ./1 new 
developments coming out of icipe research at affordable 
prices to developing country fJrmers. Brid8eworks is the 
majority shareholder in fJ/OP Company Ltd.) 
Web Unk: http:/ / ww.v.Bridgeworks.ch/ 

Andreas Schwyn, Director 
Edi Theiler, Director 
Milton Lore, Managing Director 

8/0P Company Ltd 
(The mission oi BIOP Company Limited is to produce 
affordable, eco-friendly niltvra/ products and promote 
their vse co Improve hvman. animal, plant a11d 
environmental health.) 
Web Link: http://ww.v.neemkenya.com/ 

lucy Muchoki, Managing Director 

· •Left in 2005. 
•••Joined in 2005. 

GovERNING CouNciL MEMBERS (2005) 

Prof. Peter Eshjerg 
Chairman, icipe Governing Council and 
Chairman, Executive Board 
l'rnfl;!ssor, Agricultural Entomology 
Royal V(;!tcrinilry and Agricultural University 
(Dcnrl'lark) 

Dr Michael Porter Collinson 
Vice-Chairman, icipe Coveming Council 
!United Kingdom) 

Or HirO}'<lSU Aizawa 
President 
Hiro K~~Scarch Consultancy Inc. (Japan) 

Dr Sylvia BlOme! 
Chairperson, Programme Committee 
BFL, Institute of Phytomedicine (Austria) 

Dr ldah SiJhole·Niang 
Chairperson, Nominating Committee 
Univursity of Zimbabwe (Zimbabwe) 

Prof. W. K. Kilama 
AMANET Managing Trustee 
Chairman cum Coordinalor 
African Malaria Network Trust Cfanzania) 

Prof. David P. S. Wasawo 
Chairman, University of Nairobi Council 
University of Nairobi (Kenya) 
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Mr Nicholas P. Retsinas 
Director, Joint Center for Housing Studies 
Harvard University (USA) 

Mr Donald Kaniaru 
Environmental Lawyer and Manager 
Kaniaru & Kaniaru Advocales !Kenya) 

Prof. )unichi Yukawa 
IFrom December 20051 

Director 
Kyushu University Museum Uapan) 

Prof. john Anthony Picken 
I from December 2005) 

Head of Biological Chemistry Division 
Rothamsted Research (UK) 

Prof. Christian W. Borgemeister 
!From June 20051 

Ex-Officio Member 
Director General. icipe (Germany) 

Dr Hans R. Herren 
Term finish!!d April 20051 
Ex-Officio Member 
Director General, icipe (Switzerland) 
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APPENDIX ~ 2: 
Acronyms and Abbreviations 

AFESD 
AGRIS 

AREU 
ARPPIS 

ASARECA 
ASFCMP 

ASFMT 
AU 

BBSRC 
BEAF 
BMZ 

Bs 
BSMDP 

Bti 
CAAS 
CAB I 
COM 
CfES 
CEPF 

CGIAR 
CIAT/TSBF 

CNRS 
COLEACP-PIP 

CPIIPM 
CTA 

CSIRO 
DAAD 

DRM 
OED 

DFID 
DGIS 
DRIP 
DSO 

EU MRls 
EurcpGAP 

FAO·EMPRES/CR 

FAO-TCP 
FO 

fFS 
FPEAK 

GEF 
GIS 

GMO 
CPS 
GTZ 

I-IACCP 
HH 

IACR 
IAEA 

ICRAF 
ICRISAT 

ICSC 
IDRC 

IER 
IFADTAG 

IFS 
liT A 
ILRI 

INASP,PERI 

INERAICREAF 
INRA 
IPGRI 
IPVM 

appendix 12 

Arab Fund for Economic and Social Development 
The intero<~tiooal information system (or lhc ttgricultural sciences Jod technology. c:ruatcd h)• the 
Food and Agriculrure Organization of the United Nations (FAOJ 
Agricultural Re5earch and Extension Unit (Mauritius) 
African Regional Postgrilduate Programme in Insect Science (icipeJ 
Associiltion for Strengthening Agricultural Research in Ea5tern Jod Cenlral Afnca (Ug;mrbJ 
Arabuko-Sokoke Forest MJnagement Jnd Cor1servation Pliln 
Arabuko·Sokoke Forest Management Team 
African Union (Ethiopia) 
Biolechnology and Biological Sciences Research Counci l (UK) 
Advisory Service on Agriclrllural Reseilfch for Development 
Bundesminislerlum fi.ir Wirtsc:haftliche ZusamrnenarbeH (Germany) IFedeml Ministry of Ec::onorni r:: 
Cooperation and Development! 
Bacillus sphaericus 
Business Services M.1rket Development Projcct 
Bacillus thuringiemis isr,lelensls 
Chinese Ac.1demy of Awic:uhural Sciences 
Commonwe<~hh Allricultur.11 Hureaux lnternalion.liiUK) 
clean develupmenl mach~nism 
TI1e Centre for Ecologic.ll ~ml Cvolution<~ry Synthesis (NorwJy) 
Crltic:ul Ecosys t~m P.1rtncrship Fund Cof Conserv.1tiun lnternilt ion~l. Cl) 
Consui!Jtive Group on lntcrnil tinnJI AgricuhurJI ReseJI'ch 
Centro lntern.lcion,ll de Agricullura Tropic:~lffropic<ll Soil lliology :~nd ~ertili l)' ProgrJrnmc 
(Keny.1l 
Centre Niltional d!' )J Recherche Sclentifiquc (Fr.lncc) 
Etlfope/Afrlc.l-CJribhe:in-1-'ilCific Li;~ison CommiUee Pesllclde lnit i~live l'rogrJmtne 
crop production ;~nd inregr.1ted pest rni'lni'lgenumt 
Tcchnic.11 Centre ior Agricuhur.1l ,,nd Rur.1i Cooperation (the Nath1~rlilndsJ 
CommonweJhh ScientifiL .1nd lm.lustrbl kesParch Org;mis.11iun (Auslrilliil) 
Germ;~n Academic E~ch,1nge Service 
diJrnondback moth 
Gem1;~n Development Service 
Department for lnternation.1l Development (UKl 
DiroctorJte GenerJI (or lntcrnationill Cooperilt ion Clhe Nclherlands) 
Dissertation Reseilrch lntPrnship ProgrJmme (/c/pl') 
Direct Support to Training Institutions in Developing Countries Progrilrnmc 
Europeiln Union's mJximtrr11 residue levels 
Europeiln Re1.1ilcrs Prowumme on Good AwicuhurJIJ'ractices 
Food ilod Agril:;uhurc OtflJ111Ziltion oi the United N.1tions-Emerr,ency Prevention Sy~tl)m/CentrJI 
Regior1 Programme 
Food ;lnd Agricullure Organization of the United Nillions·Technic<l l Cooper.ltion Progr.1mmc 
Forest Department 
F.1rmers' Field School 
Fresh Produce Exporters Associ,llion (Kenya) 
GlohJI Environment Facility 
8eogrnphic information system 
ger1elically modified orgilnism 
globill positioning sysrern 
Gesellschaft fi.ir Technische ZusJmtnenarbeil (Germanvl 
hil~Jrd Jnalysis crilicJI conlrol point 
households 
Institute of ArJble Crops Research (UK) 
lnternatiOnill Atomic Energy Agency (Austria) 
World Agroiorestry Contre (Kenya) 
International Crops ReseJrch Institute for the Semi-Arid Tropics (India) 
lnlematlonal Centre for Scientific; C~.Jhure-World Liii.Joratory CSwilzeriJnd) 
lntcrnalion<~l Development Research Centre (Canad~) 
lnstitut d'Economie Rurnle (Mali) 
International f und for AllriculturaJ Development (lt<~lyJ technic<ll .1sslslance grilnt 
International Foundation for Science (Sweden) 
International Institute ofTropic.ll Agriculture 
International livestock Research lnstitule (KenyJ) 
International Network for the Availability of Scientific Publications-Programme for the 
Enhancement of Research ln(orm~tion (UK} 
Laboratoire d'Enlomologie Agricole de Kamboinse (Burkinil Fi!so) 
1t1slitut National de I~ Recherche Agronomique (France) 
International Plant Genetics Research Institute 
Integrated pesr and vector milnagement 
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IRO ln~ritui de Rec;herche pour le Developpement (rr<1ncel 
ISAR lnstitut des Sciences Agronomiques du Rwtn1dJ 
lsDB Islamic Development B;~nk 
ITN insecricide-tre~ted net 
IVM integrated vector man;~gement 

IWMI hllernntional Water Man;~gement Institute (Colombo) 
JIRCAS Japan Jnrerniltional Research Centre for Agricullurill Sciences 
JKUAT Jurno Kenyaiin University of Agrlcuhure and Technology (Kenya! 

ISPS J;~pan Society for rhe Promotion of Science 
KARl Kenya Agricultural Research lnslllute 

KEFRI Kenya Forestry Research Institute 
KEMRI Kenya Medical Rese;1rc;h lnstitule 
KET!U Kenya Trypanosomiasis Research Institute 

KFAED Kuwait Fund for Arilb Economic Development 
MDGs millennium development goals 
NARS national .1gricultural research systems 

NARES national agrlcuhural rl!search and extensiur1 systems 
NEMA Nation:tl Environmental Man;~gement Authority (Kerlya) 
NCO non-governmental nrgansiation 

NIHIICIDR National Institutes of Heahh/lnternation<~l Collaborallon in Infectious Disease Research program !USA) 
NIH/NIAID National Institutes of Heahh/Nation<1llnstltute o( Allergy and Infectious Diseases (USA) '• 

NRES national research extension and education systems 
N!U Natural Resources Institute (UKl 
NPB nymphal pheromone blend 

OPEC Organis;Hion of the Petroleum Exporting Countries 
PATIEC Pan Afric:tn Tsetse and Tryp<mosomosis Eradication Campaign (approved by the Africiln Union 

under the NEPAD Initiative) 
PBARC US P<lcific Basin Agricultural Research Centre (Hawnli) 

PLPA Projet de Lutle Preventive Antlacridienne (M;:~dagascar) 
R&D research and development 

SFML Sustain<1ble Forest M~nagemcnt limited <UK) 
SIDAISAREC Swedish International Developmenl Cooperation Agency/Department for Rese<~rch Co-oper.1tion 

SIMA Systemwide lnili~tive on MJiarla Jnd Agriculture 
TARDA T.1na <1nd Athi River Development Authority (Kenya) 

TDIP T~na Delta Irrigation Project <Kenya) 
TRNPR Ti'lna River National Primate Reserve (Keny,,l 
TWAS Third World Academy of Science5 

TWOWS Third World OrgJnitation for Women in Science 
UNDP United N;lliOrlS Develnprnenl Programme 
UNEP United Nations Environment Programme (Kenya) 

UNESCO United NJtions Educational, Scientific and Cultural Organiz~tion 
UNICEF United Nations Children's fund (USA) 

USAID/AELGA United States Agency for lnternatloni'll DevelopmenVAssisrance for Emergency Locust/Grasshopper 
Ahatement (USA) 

USDA-ARS United Stiltes Department of Agricuhure-Agricuhural Research Station 
· WAU Wageningen Agricultural University (The Netherlands) 

WHO/AfRO World Health Organization/Regiona l Office for Africa 
WHO/MIM World Health Organizntion/MultilaterJI Initiative on Malaria Research in Africa 
WHO/TOR World Health Organization/Special Programme for Research and Training in Tropical Disei'lses 

Research 
WWF World\Vide Fund fur N<~ture 
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