. .
A
N
- .
.
. Y
&' .
. &
o * ~
Yo
N
“s
- .
« v 7 .
. M
. v .
l; L
.
.

o .
o
. B
]
' , .
. N
o N
. "
. . .
f .-
f
\ Y-
. [
»

HH L
\Hl\\\lh\\{,
-l NIRE Ol
*\\H ’H\\M(xl\
'\\.[)unum

s,

L)

O

g
.
-,
.-
. .
@'
;-
e
- 1)
.
4
Y
L]
o
te
PR
’ .,
Lt
S
4




THE
INTERNAI'TONAL
CENTRE OF
INSECT PHYSIOLOGY
AND ECOLOGY

THIRTEENTH
ANNUAL
REPORT

1985

ICIFPE SCIENCE PRESS
The International Centre of Insect Physiology and Ecology
Nairobi, Kenya



Governing Board

1986 Retirement class (April 1986)

Professor Donald E.U.Ekong*/*** 1982,1983 (C,D)
(completed term of Prof. G. Camus, which
should have endedin April 1983)

Dr. P.T. Obwaka**/*** 1982,1983 (K,I)
(completed term of Mr. Peter Nderu which
should have ended in April 1983)

Dr. Munyua Waivaki*/*** 1982,1983 (K.D)
(completed term of Dr. T. Arap Siongok
which should have endedin April 1983)

Professor Dr. H.C. Weltzien**/*+* 1982,1983 (C))
(Chairman. GB)
(completedterm of Prof. Al G. Johnels,
which should have ended in April 1983)

Professor Aristides A.P. 1.cao™* 1983 (C,)
Ir. L. Razoux Schultz* 1983 (S,1)
1987 Retirement class (April 1987)

Professor {..K.H. Goma** 1981 (C,11)

Professor Peter T Haskell*® 1981 (F.I1)
(Vice-Chairman, PC)

ProfessorJohn H. Law** 1981 (F.IT)
(Chairman, PC)

Mr. W.A.C. Mathicson*/**** 1984 .0

(Chairman, NS-C)
1988 Retirement class (April 1988)

Dr. BoM.I. Bengtsson®*/*** 1985 S,
(Vice-Chairman, NS-C)
Professor N'Diaye Alassance Salif**/*** 19841985 c)

(completed term of Dr. Saydil Toure which
should have ended in April 1985)

Professor Lynan M. Riddiford** 1985 (C,Dh)
Professor Tetsuya Ohtaki** 1985 (N}
Mr. 8. Zagorin®/*** 1983;1985 (S,

(Vice-Chairman, GB)
(completed term of David A. Munro, which
should have endedin April 1985)

Ex-Officio Member
Professor Theraas R. Odhiambo */¢*** Dircctor/ICIPE

Notes

Each term lasts 3 years: |, First term; 11, Second term.

C, ICIPE Company norinee; F, ICIPE Foundation nominee; K, Kenya Government nomince; S, Sponsoring Group for the ICIPE (SGI)
nominee; GB, Governing Board; PC, Pregramme Commitiee;

NS-C, Nomination Sub-Committee )

* Member of the Executive Committee

**  Member of the Programme Committee . .

*** _Inorder to maintain the rotation schedule, any unexpired term completed by a member is excluded from his own tenure

°*** Member of the Sub-Conmittee on Nominations of the Executive Committes.



1985 ICIPE Donors

Arab Bank for Economic Development in Africa (BADEA)

Australian Government

Danish Agency for International Development (DANIDA)

European Economic Community (EEC)

French Government

Food and Agricultural Organization of the United Nations (FAO)

Ford Foundation

German Academic Exchange Programme (DAAD)

International Atomic Encrgy Agency (IAEA)

International Development Research Centre (IDRC)

International Fund for Agricultural Development (IFAD)

Japan Socicty for the Promotion of Science

Kenya Government

Netuerfands Directorate for Non-governmental Organizations International Education and Research
{DPO)

Mo.wegian Government

OPLC Fund for International Development

Swedish Agency for Research Cooperation with Developing Countries (SAREC)
Swiss Directorate for Development Cooperative and Humanitarian Aid (DDA)
United Nations Development Programme (UNDP)

United States Agency for International Development (USAID)

World Bank

World Health Organization (WHC,

Since October 1980 the ICIPE donors have established an umbrelfa organization kaown as the Sponsoring Group for the ICIPE
(SGI1) with a Secretariat hosted by the World Bank in Washington, D.C.



Contents

Governing Board
Donors
Foreword 1

Core Programmes

Crop pests 5

Livestock ticks 23

Medical vectors 35

Tsetse 43

Research Support Units

Chemistry and bioassay 59
Histology and fine sfructure 71
Sensory physiology 77

Outreach and training 87
Biostatistics and computer service 93
Support Serviees

Communication and information 99
Management 103

Seminars 104

Publications 105

Personnel 107



Foreword

Over the last decade and a half, the International Centre of Inscet Physiology and Ecology (ICIPE) has
endeavoured to push vigorously for two components of its mandate. First, to undertake the necessary mission-
oricnted research that would lead to the design, development and demonstration of cost-effective, environmentally
aceeptable, culturally sensitive long-range integrated pest management (IPM) systems for the crucially important
pests and diseasc vectors in Africa (and other tropical regions of the world). And, second, to assist in developing
and nurturing the national capacity in pest management research and development, through training programmes,
visiting appointments, study workshops, and similar means. Both of these objectives have been pursued vigorously
and in a concentrated manner.

Because of the success being achieved in these two areas, asirong contextual framework his now been established
for the ICIPE to initiate the third component of its mandate - the establishment of an interactive research and
development (R & D) relationship between the ICIPE and selected national programmes in the tropical developing
regions of the world. In this respeet, and as a deliberate startin this problem area, the ICIPE has launched a dialogue
in recent months with policy - and decision-makers in Eastern and Southern Africa on plans to establish an African
Regional Pest Management Research and Development Network (PESTNET). Such planning was only possible
because of the operation of four main factors:

The ICIPE hus accumulated a large body of information on certain pests (crop borers, livestock ticks, and
tsetse, especially) which forms a vital knowledge base that could be utilized for the design, development and
demonstration of integrated pest management systems. The present Annual Report gives a glimpse of this
diversity and vitality of the various advances in scientific work at the Centre.

The ICIPE and the Rockefeller Foundation have jointly put together a Social Science Group specifically to
interface with the biological sciences, with the intention of assuring the appropriate effectiveness nf new
technological advances within a rescarched traditional knowledge base and within a socio-economic context
which can respond to such advances.

The ICIPE has a strong programme of training for scientific leadership, through its youthful but dedicated
Postdoctoral Rescarch Fellowship scheme, ARPPIS (African Regional Postgraduate Programme in Insect
Science), and FAMESA (Financial and Administrative Management of Research Prejects in Eastern and
Southern Africa).

The recent decision by the ICIPE that it will rely on naiional programmes to provide expertise in plant breed-
ing, agronomy, and similar applied science arcas in its interactive relationships with national programmes is a
force for building together a continuing association and a give-and-take relationship founded on mutual
respect for each party’s contribution to a common goal - which is IPM.

During the course of the year 1986, these plans will mature; and we expect that PESTNET will represent a new
quantum jump in ICIPE programme activitics from carly 1987,

In the midst of the ongoing African crisis, the Centre (and similar R & D institutions dedicated to the long-range
solutions to Africa’s multifarious problems) brings some hope - through mission-oriented rescarch, and through its
insistence that the continent must create the means to solve its own problems within the framework of international
cooperation,

THOMAS R. ODHIAMBO, Nairobi, 1 Septc nber 1986.
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Crop Pests
Research Programme

the Crop Pests Research Programme (CPRP) of the ICIPE is aimed at
developing strategies for the management of key insect pests of important crops hy
methods whicl are environmentally safe and technically as well as economically
Seasible for resource-poor, subsistence farmers in Africa and other developing
countries in the tropics. As these farmers can neither afford nor handle pesticides
which pose hazards, the pest management srategies being developed are non-
pesticidal. The cropy presently under study are sorghum, maize and cowpea. The
insect pests of these crops curremtdy under investigation indlude: sorghum and
maize stert horers (Chilo partellus, Busseola fusca, Eldana saccharing and
Sesamia calamistis) and the cospea pod borer Maruea testulalis,

The investigations undertaken are concentrated mainly on Chilo partellus and
Maruca testulalis. However, when other species of insects inchading borers and
trips attack the target crops interacting with C. partellus or M. testulalis they are
also engaged for study.

In order 1o achieve the stated goal, research is being carried out under 4 main
sections: Bionomics and Applied Ecology (BAE), Plant Resistance to hnsect Pests
(PRIP), Biological Control (80), and Insect Mass Rearing Technology (1MRT).
The broad  categories of pest management components being - developed
by these sections are schematically summarised in Figure 1.

The medhodolagies developed or standardised and the information generated (o
develop these components are summarised here: vield losses caused by C. partelius
in sorghum and maize in relation 1o mumber of larvae infesting the plants at
different stages of their development; cultural praciices including intercropping
difyceent crop varieties in relotion (o tho pest attack; reproduction and behavioar
of the Focers i relation o their managemient; levet: oj resistance in additional
sorghuint and maize genotypes and cultivars obtained Jrom various sources
including exotic ones: profiles of colonising responses of C. partellus 1o different
crop cultivars determining  their - resistunce  or susceptibility,  biology  and
reproductive potential of certain previousty wentified, promising parasitoids of the
horers; culture and use of certain pathogens, particularly the protozoan Nosema,
Jor the control of the target pests and refinement of simple techniques for mass
rearing of target insects for these studices.
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PROPOSED COMPONENTS OF PEST MANAGEMENT

THSECT
PEST

MANAGEMENT

BIONOMICS AND APPLIED FCOLOGY

Bionomics and Applicd Ecology has been engaged in
investigations on crop losses caused by the target crop
borers, their population biology, intercropping and other
cultural practices as means to reduce the pest attack, and
reproduction and behaviour of the borers 1o provide
elements which can assist in pest management. The results
of the work done during the year are discussed below,

Yield Losses in Sorghum
K Vo Seshu Reddy

The yield losses caused by the stem borer. Chilo
partellus, i sorghum (ev. Serena) were assessed during
the vear by methods standardised for this study. Sixty
sorghum plants were grown in plots of 2 X4 m cach and
covered with o white nvlon nettng, timmediately atter
emergence, to prevent external intestation. Sorghum
plants of 6 growth <tages viz. 10,20, 30, 40, 50 and o0
days after emergence (DAL, were artificially infested
with Sand 10 nconate larvae of C. partelluy pev plant. At
harvest, grain vields from these piants were tuken sepa-
rately  and  compared  with the
uninfested control.

The results showed that the grain-yvield loss in
sorghum caused by €. partellis larvae was a maximum of
(74.4-87.840) when the plants were infested at 10 DAL,
As the plants” developmental stage advanced at the time
of Larval infestation, the vield loss declined reaching as
low atevelas 2-13% at 60 DAL, There were no signific-
ant differences between the plants infested at 10 DAL
and 20 DAL nor between 20 1nd 30 DAE nor between
30,40, 50 and 60 DAL However, significant differences
in the yield losses were abserved between the fevels of
infestation, 10 larvae/plant causing o higher loss than 5
larvae/plant. Severe foliar Jamage, dead hearts and
stem-tunnelling were associated with the infestatona
subscequent yield losses dusing the first 3 growth stages.

These observations suggest that carly and simultane-
ous planting of sorghum can redu e yield losses, since

those  of

(]

the plants would be both old at the time when maximum
borer infestation oceurs and likely to have i more or less
evenly low-borer infestation. Tt may also be noted that,
for assessment of crop losses by inseet, it is extremely
important to take the plant population at the start of the
crop eyele after thinning and toassess the stand loss, the
number of unproductive and productive plants at the
harvest.

Yield Tosses in Maize
M oA Botches

Crop losses caused by Co partefluy in @ maize cultivar
(Inbred A) were assessed. The nutize plants were
infested at dwecksand S weeks after emergenee (WALE)
with 2.4 and 8 neonate C. partelius larvae. The results
showed that infestation of the plants at 3 WAE by the
larvae reduced the vield, expressed as cob weight/plant,
by about one-fifth 10 one-fourth that of the uninfested
control. The number ot internodes tunnelled was found
toinerease significanthy as well with the fevel of infesta-
tion. But, postponement ofinfestation of the plants till 8
WAL caused much less yield loss than the infestation at
WAL With reference to the number of larvac infest-
ing the plants, the vield loss increased only slightly with
the increase i the number of larvae from 2 to 8 per
plant.

Intercropping as a Component of Pest Management
Previous  reports have  shown  that  ceftain  crop
combinations in an intercropping system, e.g., sorghum-
cowpea or maize-cowpea, reduce the attack and damage to
the plants by the the stem borers whereas certain other
combinations, ¢.g.. sorghum-maize, sufter from increased
damage. On the basis of this information, further studies on
the intercropping systems  involving incorporation  of
certain borer-resistant sorghum cultivars in the mixed
cropping were carried out, as well as studies of the effect of
mixed cropping on thrips. The results achieved are
presented below.


http:e;iiise.dt
http:74.4-87.Si

Role of Resistant/Tolerant Cultivars in Intercropping
Systems
E0. Omolo

In 1984, the role of resistant/tolerant cultivars in the best
and worst combinations was studied at Mbita Point Field
Station and on Rusinga Istand. The 2 tolerant sorghum
cultivars were the ICIPE'S ICS1 and 1CS2 and the resistant
cultivar from ICRISAT was 1S4660. Two susceptible
sorghum cultivars (Serena and Ochuti-local) served as
controls. In the case of maize, the resistant variety was the
ICIPEYS maize line 1CZ1 and the susceptible control was
Katumeni  maize.  Fhe parameters  observed  were:
oviposition by . partellu, on plants in different crop
combinations, percentage of plants attacked by the crop
borers, number of the borer larvae, pupae infesting single
plants, and grain vield per plant.

The results indicoted that there were significantly more
cgg batches on Serena intercropped with the 1CIPE
cowpea 1CV2 than on the resistant 1S-4660 and tolerant
ICST and 1CS2 sorghum intercropped  with 1CV2,
Similarly, there were significantly more cgg batches on
Serena. Katumani than on Serena; 1CZ1 combinations,
When Serena was grown alone 456 of the plants were
attacked, and when grown with cowpen only 4077 showed
signs of damage, Another susceptible sorghum cultivar
Ochuti, planted alone, suffered an attack on S0 and when
intercropped with cowped the attack was reduced to 40°;
When the tolcrant cultivar [CS2 was planted alone the
attack was 3797 But, it was significantly reduced to 287
when grown with cowpei. The damage to 1CS] was also
reduced o 267 when grown with cowpea. The attack by the
podbarer M. tesudalis on cowpea was signiticantly reduced
when cowpea was intercropped with 1CST and 1CS2. Fyven
susceptible sorghum Ochuti and Serena kept the attuck by
the pod borers and other pod bugs down. hut not as
effectively as 1CST and  1CS2. These experiments
demonstrated that taz-reropping of different plant species
lowers the pest-popuiation level, and incorporation of
resisiant and tolerant cultivars further lowers this level,

The mean infes.tion during the entire plant growth
period was significantly higher on Serena (2.28) and 1S-
4660 (2.27) intercropped with ICV2 than on 1CS1(1.68) and
1CS2 (1.93) intercropped with 1CV2. The grain yield of
Serena was not significantly affected, possibly because of its
high capacity for tillesing and tolerance. The grain yield of
FCS2 was low and that of 1S-4660 was extremely low, This
could have been due to a heavy attack of sorghum shootfly
atter which sereni recovered but not 1IS4660. Some of these
resistant lines may not be good agronomically, but may
serve as sources of resistance. However, this study clearly
demonstrates thai resistant/ tolerant sorghum  cultivars
interacte:d significantly with the pest pupulation, cropping

patterns and grain yield. The data indicated that the use of

resistant and tolerant cultivars improved the situation on
the warst combination of maize-sorghum. This is helpful to
the subsistence farmers who plant maize and sorghum
together. The yield of maize was much better than that of
sorghum because the former was not affected by the
shootfly. The cultivars 1CS2 and 1S-4660 protected the

cowpea from M. tesudalis attack more successfully than
Serena.

Itis clear, in view of the above results, that incorporation
of resistant cultivars in an intercropping system offers an
advantage in reducing pest attack.

Ecological Factors Governing Flower Thrips (Megalurothrips
sjostedti Trybom) Population Density in Cowpea/Maize
Mixed Crop System

N Kvamanywa

The results of the carlier experiments (Twelfth Annual
Report, 1984) indicated that the population density of M.
sjostedti on cowpea plants was significantly lower in the
cowped/maize mixture compared to the sole crop of
cowpea. We previously studied: (i) the influence of
maize/ cowpea mixture on colonisation of cowpea plants by
M. sjostedui; (ii) responses of M. sjostedti 10 maize and
cowpea odours, and (iii) light-intensity variations in the
mixture and sole crop and its influence on distribution and
settling behaviour of M. sjostedti,

Field studies, using white and green coloured water traps
indicated that there were no significant differences in the
number of thrips per trap between the mixture and sole crop
during the colonisation phase. This suggested that the
cowpea: maize system did not interfere with the initjal
number that colonised the crop, and that the differences
observed between the two cropping systams were dot to
other Lactors and not disruption of thrips colonisation.

Choice  experiments  under cages, indicated that
significantly fewer thrips settled on cowpea plants which
were in association with maize than those that were alone.
Uhis indicated that close- range orientation of thrips to host
plant was reduced by thz presence of maize. Studies of the
responses of thrips to pure and mixed odours of cowpea and
maize plants, indicated that the presence of maize odour
interfered with responses of thrips to cowpea plant odour,

Light intensity was monitored using a quantum
radiometer.  The results indicated  that  there  was
Significantly less light reaching the cowpea canopy in the
mixture than in the sole erop. When artificial shading was
used to study the behaviour of M. sjostedti it was observed
that the pest preferred unshaded cowpea plants to shaded
ones and in fact the thrips migrated from shaded to
unshaded cowpea plants. This suggested that shading
resulting from maize plants may have significantly
contributed to the reduction of thrips in the mixture.

Reproductive Biology of Busseola fusca

G.C. Unnithan

Studies procecded on aspects of the development,
reproductive biology and behaviour of B. fusca. Inquiry
into larval development showed that it was possible to rcar
B. fusca throughout the yrar on young sorghuin stems
without any intervening diapouse. Larval feeding on mature
stems resulted in the induction of diapausc.

B. fusca males matad 3.2 £ 1.7 (mean £ SD) times during
their lifetimes. Only 90% of the females kept with an equal
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number of males mated; the mated females were inseminated
1.2 £ 0.4 times. There was no significant difference in the
longevity, fecundity and fertility among B. fusca from
different seasons/sources (first generation moths from
diapausing larvac, long and short-rain sorghum crops and
laboratory-reared moths). B. jusca showed strong
preference to sorghum for oviposition. In threechoice tests
in cages, with sorghum (Serena), maize (Katumani) and
Pennisetum macrourum, and an alternative host the
proportion of the total eggs laid on these were
0.64:0.18:0.18, respectively. This preference for sorghum for
oviposition may be a reason for the higher B fusca
infestation oa sorghum than on maize, observed in farmers'
fields.

Infestation and Carr; Over of Stem Borers in Farmers’

Fields
G.C. Unnithan and K.V, Seshu Reddy

Investigations were performed in the farmers’ fields on
Rusinga Islana during 1984-85 which involved: (a) moni-
toring of stem-borer infestation and larval/ pupal
populations on long and short-rain sorghum (Serena) crops
at Kaswanga location, and sbort-rain maize (Katumani)
and sorghum crops at Sienga location on Rusinga Island
and, (b) the role of crop residues in the carry-over of stem
borers.

B. fusca was the major stem borer affecting sorghum with
maximum infestation ol 100¢: and 90¢: on 1984 and 1985
long-rain creps. Infestation by C. partellus was extremely
low, averaging only 20 and 3.56, respectively. However,
the short-rain maize and sorghum crops were subjected to
very lieavy infestation by both B. fusca and C. partellus.
Average infestation by C. partellus on maize and sorghum
were 8207 and 67.9%, compared to 22.56; and 64,70
infestation vy B. fusca. The heavy infestation of the short-
rain crop by C. partellus was probably due to the presence
of the small, active population of the pest which survived on
the stubbles of the long-rain crop. The absence of other
sorghum or maize crops in surrounding arcas, because the
farmers on Rusinga Island do not grow sorghum or maize
during the short rains, likzly contributed as well to the heavy
infestation,

&. jusca and C. partellus populations (larvae and pupac)
surviving on crop (sorghum) residues in the farmers’ fields,
in Kakrigu, Sienga, Kaswanga and Wasaria, were
determined during the 1984-85 off-season. B. fuscasurvived
as diapausing larvae after the harvest of the long-rain ctop
(August) until the beginning of the following long-rain

season (February). Pupation of the diapausing larvae
started in mid-November and continued until the end of the
following February (Table 1). B. jusca cgg-laying on the
short-rain sorghum crop coincided with the pupation and
emergence of the diapausing iarvae. Even efter land
preparation in February, for the 1985 long-rain crop, the
stubbles s« red around contained diapausing larvae and
pupae whi.  jpeared to be the source of infestation of the
newly planted crop. Burning the crop residues before or
during land preparation would certainly reduce the number
of first generation 8. fusca and, hence, would be an effective
cultural control. C. partellus survived as an active as well as
diapausing population on stubbles, but their numers were
extremely low (Table 1),

Pheromone Biology of Chilo partellus

G.C. Unnithan and K.N. Saxena

In order to ceffectively use the female moths to trap the males
of C. partellus for monitoring the adult population, it was
considered important to study the various factors
influencing the trap catches to standardise the trapping
techniques. The following factors have been studied:
distance between traps; larval diet; number of females per
trap, and the age and mating status of the females.

The results indicated that traps with virgin females set
40 m apart attracted more males than those set 20 m apart,
Virgin females reared on an artificial diet attracted rnales as
etfectively as those reared on the natural feed (sorghum).
The number of males trapped increased with the increased
number of virgin femrales per trap up to a maximum of 4
females/trap, and thereafter, there was no increase in the
number of males trapped. The attractancy of the virgin
females declined with advance in age. After the females were
mated their attractancy was reduced and remained low for
the 5 days during which the te..s were conducted.

PLANT RESISTANCE TO INSECT PESTS

A component of pest management being developed under
Plant Resistance to Insect Pests programme involves plant
resistance to crop borers. Research is being conducted in the
following areas: (1) Evaluation ef various sorghum, maize
and cowpea cultivars obtained from different sources for
resistance to the crop borers; (2) Principles determining
resistance or susceptibility of these cultivars; and (3)
Geneties of plant resistance to insects. It is the intension of
these studies to provide information to be used by plant
breeders to develop plant varieties with increased resistance

Table 1. Busseole fuscaand Chilo partells of f-season Larval and pupal populations on crop (sorghnm) residues in the farmers” fields in Rusinga

l'npul'tlinn/ﬂ)m:( vxSE)
C. purtelluy

Lava Pupa

IsLands

1. fusca
Samphng dates Lirva Pupa
Sept. 20- Nav. 1, 1984 116.2£25.2 0.0

Nuov. 15,1984 Feb. 21, 1YRS 2994 9.0

4.241.2

11904310
0.364+0.17

1.2040.60
1iI4+0.21

*Off-+ ason populations were determined every 2 -veeks starting September 20, 1984
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in combination with other desirable characteristics. The
previous repc . qas given information on the resistance/
susceptibility levels of different sorghum, maize and cowpea
cultivars to their borer pests, the colonising responses of the
pests to a few cultivars related to their resistance or
susceptibility, and modes of inheritance of resistance
characteristics. Further work done on these aspects during
1985 is reported upon here.

Evaluation of Additional Cultivars of Target Crops for
Resistance to the Stem Borers

Evaluation of additional cultivars of sorghum and maize for
resistance against their crop borers continued during 1985
in order to identify new sources of resistance.

The methods for evaluation were standardised, using 2
categories of parameters: colonising levels of insects on
different plant cultivars; and degree of damage suffered by
them. The parameters for the colonising levels were:
oviposition (pereent eggs  laid), and number of
larvae/ pupae per plant or per 10 plaats. The damage
paramcters included: the primary damage expressions eg.,
foliar lesions (visual rating on [-5 or 19 scale), stem-
tunnelling (percent of stem height), dead heart (pereent
plants showing the symptom), and secondary damage
expressions, e.g., stalk -breakage, tassel-breakage (maize) or
head-breakage (sorghum), eardrop (maize). The com-
parisons of these parameters among the test genotypes or
cuitivars were made under natural and artificial infestations
with adults as well as nconate larvae. The results bricfly
follow,

Evaluation of Serghum Cultivars for Resistance to Chilo
partellus
K.N. Saxena, K V. Seshu Reddy

The following culiivars received from different sources
(ICRISAT and USA) were compared with respect to their
resistance or susceptibility to C. partelius: IS nos. 18520,
18363 2146, 1044; 3962; 4660; 10370; 10711; 18676; 4213;
4405; 4881, 10364; 12447: 18323; 1832¢4; 18517, Tx 28;
Tx 38;S-118;S-178. Of these, 1S-18363 has been previously
reported to be highly susceptible, 1S-18520 (Serena)
tolerant, 1S-2146, 1S-4660, 15-2205 and 1S-1044 resistant to
C. partellus (Dabrowski and Kidiavai, 1983: Pathak and
Olela, 1983). However, the methods and parameters used
for comparing their resictance or sasceptibility levels have
not been uniform for all the cultivars tested. [t was,
therefore, necessary to evaluate these again, along with the
other hitherto unevaluated cultivars, by infesting them
artificially and uniformly with larvae for larval dai.age and
with adults for oviposition, The methods used for
infestation of the plants and assessment of larval Jdamage
and adult oviposition were developed and described in the
Twelfth Annual Report, 1984,

The results indicated that, for ovipostion by the adults,
the most suitable cultivars were 1S-18363: 1S-2 146; 1S-4660;
IS4213; 1S-10364; 1S-18323; 1S-18326; 1S-18517. The
cultivars moderately suitable in this respect included:
IS-18520: 1S-18676; 15-3962; 1S-12447: S-118: Tx 28 x 3.
The least suitable were 1S-1044- 1S-10370; 1S-4405; S-178.

Crop Pesty

The larval/ pupal infestation levels in most of the tested
cultivars were quite similar to those in the tolerant check
1S-18520. But, in a few cultivars e.g., 1S-1044; 1S4660;
1S-3962; 1S-10370; [S4881; S-178, these levels were nearly
one-half and in the case of IS-10711 one-third of these in the
tolerant check.

With respect to the larval damage to the plants, the
foliar-damage rating was highest for IS-18363; 1S-18520;
1S-2146; 1S-4405; 15-10364; 15-12447; 1S-18326: I1S-18517;
S-118; lowest for 1S-1044 and medium in the remaiiting
cultivars tested. The stem-tunnelling was high in 1S-18520;
IS-18363; 18-2146; 1S-4405; 1S-10364; 1S-12447: IS-18517;
Tx 28, medium in 1S-18676; IS-10370; IS-18323; 1S-18326;
Tx 38;S-118 ana lowin 1S-1044; 1S-4213; 1S4881; 1S-3962;
1S-4660; 1S-10711; 1S-178. The ‘dead hearts’ were observed
in the maximuin percentage of plants (15-20%) in Tx 28;
Tx 38; medium pereentage (10-150%) in IS-18363; 1S-1044,
and in a low percentage (less than 5%) in the remaining
cultivars tested.

Our observations revealed that the value of certain
parameters for a cultivar could be greater and other
parameters lower than the corresponding parameters for
another cultivar. In order, therefore, to compare the overa'l
resistance or susceptibility of different cultivars, the ratio of
cach parameter value for a cultivar (o that for the check
15-18520 was calculated. The ratios for all the parameters
for each «ultivar were then added together and averaged to
give the overall resistance or susceptibility index (ORSI).
This index for the check 1S-13520 would be 1.0. The lower
the ORSI value for a cultivar (than 1.0), the greater would
be its overall resistance. Comparison of these indices (Table
2) shows that 1S-18363; 15-10364; S-118 were much more
susceptible than the check 1S-18520 which was similar to
1S-2146; 1S-4213; 154405; 1S-12447; 1S-18323; 1S-18326;
15-18517; and Tx 28. Cn the other hand, Tx 38; 1S4660;
1S-3962; 1S-10370; IS-10711; 1S-4881 were resistant and
15-1044 as well as S-178 highly resistant to the borer relative
to the check 1S-18520.

Table 2. Overall resistance or susceptibility indices (ORSI) for certain
sorghum cultivars

Cultivar ORSI* Cultivar ORSI*
1S- 18520 (Serena)
(check) 1.0
[S-1K3A3 198 S-178 0.44
IS-2146 1.30 S-11R 1.54
1S- 1044 0.40 1S-9213 1.00
1S-4660 .64 1S-4405 0.84
18-3962 .54 1S-48K1 (.64
I1S-10370 0.52 15-10364 1.50
1S-1071] 0.50 1S-12447 1.10
[S-18676 {).56 1S-18323 .88
Tx 28 102 1S-183260 0.92
070 IS-18517 1.28

I'n 3%

“The patameters measured were: per cent oviposition, no. larvae/
pupac per plants, foliar damage rating, per cent length tunnelled, and
pereent plants with *dead heart”. Rutio of each parameter value to that
for the check 1S-18520 was caleulited. The ratios of all the S paramet-
erstorcach cultivar were averaged to give the ORSE values
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Evaluation of Additional Maize Germplasm for Resistance
to Stem Borers, Particularly Chilo partellus
J.K.O Ampofo

One hundred and five maize aceessions from Pools 19; 21;
27, 32; and 47 were obtained from CIMMYT for evaluation
with C. partellus and other stem borers. The paramcters
compared among the plants were the same as previously
described.

The results revealed that mean foliar damage rating
among the accessions ranged from 2.1 in ace. no. 47t05.51n
acc. nos. 21, 24 (all from pool 19) and 89 (Pool 21).
Individual plant ratings, within 2ccessions, varied beyond
this range. The percentages of dead plants and broken stalks
ranged from 0 in several accessions to 15 (dead plants) in
acc. no. 69 and 20 (broken stalks) in acc. no. 68 (both from
Pool 32). The mean severity of rust among the accessions
ranged from 1.8 10 4.3.

Accessions with a mean foliar damage rating of 3.5 orless
and with 06 dead plants and stalk break.ze were
considered resistant. Accessions with foliar damage rating
bewween 3.5 and 4, but with percent dead plants and stalk
breakage between 5 and 10, were considered moderately
susceptible. Accessions falling outside these categories were
considered susceptible. Within cach accession, plants that
scored foliar damage ratings of below 3.5 were selected
irrespective of whether the accession was considered
resistant or not.

Table 3 lists a grouping of maize plant accessions
according to the resistance categories described above. On
the whole, 11 accessions were selected as resistant, 13 as
moderately resistant, 7 showed a good level of resistance to
foliar damage and stalk breakage but also showed high
susceptibility to leaf rust.

Table 3. A grouping of munze plant accessions in terms of resistance to
stem borers and disciase

Accession
Numbuers

KResist. tomsect

Resistant Moderately suseeptihle Susceptible
resistant to discase
3401 20019) 712 IN(19)
15(19) 16 (14 B2 191
(1Y) S(19y 8511 20419y
47(19) 2019 RATRRY Iy
H9(22) A5(19) 9h(21) 22(19)
S0(32) 16(19) 9921 24(19)
51(3)) 48(32) 100(21)
58(32) 32(32)
{32) 5503
67(32) 56(32)
10120 65(32)
72(3)

Figures in parentheses indicate the pool nos. from which these acees-
stons were extracted
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Relationship Between Borer Damage to Different Plant
Cultivars and their Yield
H. Kumar, K.N. Saxena

Although several reports proffer information on the nature
and extent of damage caused by C. partellus and other
borers to maize and sorghum, we do not have adequate
knowledge of the effects of difterent types of borer damage
to different cultivars of these crops on their yield. This
aspect was, therefore, studied with reference to maize at
Mbita, and is being reported.

Duering the long rainy scason of 1984, two experiments
were  conducted  using  the maize  lines  Inbred A
(susceptible), and Katumani, 1CZ2-CM (resistant). These
cultivars were grown in 2 solo and mixed planting patterns.
For the solo pattern, each cultivar was planted in a plot of
5.25X5.25min 8 rows 75 cm apart; cach row being 5.25 m
long, having 10 plants 30 cm apart. The solo plots of the 3
cultivars were replicated thrice and were arranged in a
complete randomised-block design. For the mixed pattern,
the 3 cultivars were planted together in a plot of 6 X 5.25 m
having a total of 9 rows 75 ¢cm apart; cach row being 5.25m
with 10 plants 30 ¢m apart. Each row of | cultivar was
planted on cither side by the 2 cultivars; the distribution of
the 3 cultivars among these rows being randomised. The
plants were allowed to receive natural infestation by C.
partellus and other borers. ‘Dead heart” damage was
expressed as the pereentage of plants showing this
symptom. Foliar damage in the form of lesions was rated on
a I-5scale for each plant. Stem-tunnelling was expressed for
cach plant as the pereentage of the stem length.

The results showed thar the toliar and stem damage in
Inbred A were much higher than those in Katumani or
1C72-CM, whereas the cob damage was almost equally low
in all. However, the stem damage to Inbred A in the scio-
planting pattern was much greater than in the mixed-
planting pattern. No such differences were observed in the
other 2 cultivars nor in the other types of damage for any of
the 3 cultivars, Thus, mixed planting +f the 3 cultivars
reduced the stem damage to the susceptible Inbred A.

In order to discern the relationship between the damage
to a plant and its grain yield, simple correlation coefficients
were computed, using the standard statistical procedures. In
the susceptible maize line inbred A, there was a significant
negative linear correlation between the yield of a plant and
the tunnel length (r2 = 0.24*). On the other hand, in 1CZ2-
CM and Katumani maize lines the relationship between this
pair of characters was not significant (r' = 0.004 to 0.01)NS,
The regression of grain yield on foliar I :sions in 3-5 week old
crops revealed no significant correlation in any of the 3
maize lines. Nevertheless, when the crop was 7 weeks old,
foliar lesions in Inbred A showed a significant negative
correlation with the yield (r2 = 0.13**). But, the correlation
coefficient for the same pair of characters was not
significant for ICZ2-CM or Katumani.

Principles Determining Resistance o: Susceptibility of
Differeat Crop Cultivars

Approach and Methodology. The approach [ollowed for
this study was the same as previously explained. The
susceptibility or resistance of a plant to an insect pest is



reflected in the inseet’s establishment on the plant. Under
otherwise identical environmental conditions, ditferences in
i inseets establishment oo Jitferent plans species ar
varteties are determined by an interaction of the insect's
responses to the plants, and the plant characters governing
these respanses.

Aninsecets colonisition of g plint s poverned by the
following 0 ain responses operating in as many stagres of
i establishrient on the plant 1 oorientation, mvolving
atttiction or tepubsion and resulting i s arrival on o
avordince of ditferent plin 2, fecding, involving
stndlation arinhihiton ol toad inrake by difterent plants;
ometahobism ol ingested tood, involving its atilization by
Hie ssect and deternning it nutrition: 4 development of
the et i the larval stage, § cey production, f in the
adult stages 60 oviposition. which may be stimulated o
ehibsred by difterent planis,

Pl plant chacacters sovering the above-mentioned
Eopoines inclades Bodistnee-pereeivihle stimual (visual,
brctosolactors s determining the msects vrientation to the

phantsc 2 contact-percenable  characters (ehemical.,
prchamead determinmg the nsect's feeding  and
Capesition. S notrtionad and Loxic  constituenls,

fetermimng the insects metabolism and thereby it survivad

omortahts
Inconsidesation ot the above, ou present stuay is heing
codertabenn 2 pats The tintinvolves o compirison o the
abave-mentoned responses ot the Lirget imnsedts to the
susevptibic i cositant genoty pes of its plants The second
amrvolves the study ol the tole of the plant chatacters in
seterniinng those responses
Vhe metheds developed tor theasi g these colonising
Srparses of tie msects o the plants and thenr chanacters
e the Bleventh and Paeltds Annug b
Roeports 1953wt 9
the e

e heen dese o
Phereaiig o rne work dore during:

toate proseriad befow

Principles Betermming the Kesistanee or Sunceptibitity of
Sorghum to Clido partelius
AV Naon

P sorehoe culinars taken up tor this study included:

TSN SCrenas IS-18304: IS-I8403Swarmn: 1S 2 1o:

IN-10410 TS 30000 and 1S-2205, OF these, the fist aae is 2
talerant cultivar commonly grown by the farmers in parts of
Renvas The second and third cultivars are belicved (o be
stceptible and the remaining ones to show varyving degrees
Qbtabtan.cto O partelhis The above colonising TESPOISCS
ob the msects rathese cultivars were compared by the
methods developed betore and deseribed i previous
teports

The ovipositionalresponse of € partelins. involved in the
inttial selection or rejection of a plant culti by the insect,
wis compared among the 7 test cultivars in the specialiy
designed 3seetor chamber (210 % 80 = 80 cm) deseribed
betore (Eleventh and Tweifth Annual Reports, 1983 and
1984 Kumar and Saxena, 1985). These cultivass were
olfered in a 2-choice situation, 1 of the 2 cultivars 1n cach
test being 1S-18520 (Serena), which served as the standard
reference, and the other selection varied. The oviposition,
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expressed as the pereentage of total number of cpes laid on
both the cultivars, was high on 1S-4660, low on 1S-1044 and
15-2205 and medium on the remaining cultivars including
the tolerant cheek 1S-18520.

The role of distance-perceivable characters of these
cultivars in oviposition was also compared by placing a
wire-net barrier between the moths in the chamber and the
plants outside, as previously described. Unider this situation,
the ovipositional response to 1S-18363: 1S-2146 was greater
than that (o 1S-18463: IS-1044; IS4660; 1S-2205 and less
than that 1o the reference 1S-18520. These vbservations
suggest that certain distance-perceivable characters of the
testeultivars can contribute to the differences in the inseet's
them, provided  that  their
perecivable characters, considered below, do not influence
the oviposition by the inseet atter its arrival on the plants,
I'he role of contact-pecceivable characters of different

Ovipusition  on contiet-

cultivars in ovipusition by . partellus was studied in
specially desipned chambers deseribed before (Eleventh and
Pwelfth Annual Report, 1983 and 1984 Kumar and
Sanena, [985). The deaves of 2 caltivars, | being the
reference IS-18520. were offered such that inseets would
Iemin i maximum contact with them during the test
period. The percentage of eggs laid on 1S-18363; IS-18443;
IS-TO4:1S-660 and 15-2205 was almost the siame as that
an the reference 1S-18520. But, on 1S-2146, the oviposition
was greater than that on the reference 18-18520.

Hias, theabove observations suggest that oviposition by
€~ purtellus may be influenced by the distance-perceivable
characters ol some cultivars and contact-pereeivable
characters ot others,

With reference to the larval responses to the test sorchum
cultivars. the orientation of the first instar larvae emerging
from the epgs laid on a plant would involve their srrest and
settling onit for feeding or departure therefrom. Such an
arrest wits fower on 1S-1044 and 1S<660 than on the
remaining cultivars, including the check 1S-18520 on which
the Tarval arrest was medium. However, the larval
attraction from outside the plants to 15-18363 and IS-18463
wis higher than that to the other cultivars including
IS-18520. Differences in the arrest and attraction of the
farviie to different cultivars would seem to contribute to
those imiheir resistance. The larval feeding on the feaves was
high on 1S-18363; medium on 1S-18520 (cheek); 1S-18463;
IS-2205: fow on 1S-2146 and very low on 1S-1044: 154660,
The larval feeding on the stem was, however, lower on
IS-T044 and 1S-2205 thaa on the rest. The larval
development was high on 1S<4660, medium on the check
IS-18520 and low on the remaining cultivars.

On the basis of the parameters cited above, a profile of alf
the measured colonising responses of the insect to cach
cultivar was constructed. The profile of none of the 7
cultivars was similar. These profiles revealed different
colonising responses in different cultivars. Such information
will prove helpful to plant breeders in developing cultivars
with increased resistance.

Principles Determining Resistance or Susceptibility of
Maize Cultivars to C. partellus

The study of these principles was undertaken initially in 3
maize cutlivars: Inbred A, 1ICZ1-CM, ICZ2-CM, the first
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being susceptible and the remaining resistant to C. partellus.
Our observations on the colonising responses of the insect
to thase cultivars in relation 1o their resistance or
susceptibility have been presented in the Eleverth and
Twelfth Annual Reports, 1983 and 1984,

Qur observations have shown varying degrees of

differences in oviposition as welt as larval arrest, attra :tion,
feeding and development on 3 cultivars contributig to
differences in their susceptibility or resistance to the i ssect.
With these findings as the basis, further investigations were
conducted during 1985 on aspeets of larval behaviour on
maize cultivars as well as a few additional resistant cultivars,
The aspects and the results are herewith reported.

Chilo partellus 1 arval Moveraent, Suivival and Development
in Relation to Resistance or Susceptibility of Different
Maize Cultivars

J KO Ampofe

Previous studies at the ICIPE showed that C. partellus
neonate larval colonisation starts i the inner-whor! tissue
and spreads to the other tissues as both plant and larvae
grow older. However, a knowledge of the details of the
larval movement and duration of stay within different
tissues has been scanty. Experiments were Cesigned during
the year to investigaic C. partellus jarv:] movement,

survival and growth on resistant and susceptible maize
plants in the whorl stage of development.

Six maize cultivars with different levels of leaf feeding
resistance to (. part+llus were planted in pots in the
sereenhouse at the ICIPE Field Station, Mbita Point. The
cuitivars  were MP30I, MP702; MP704; ICZI-CM;
ICZ2-CM and Inbred A. Twenty-three days after
emergence (DALE), cach plant was infested by placing 10
freshly emerged C. partellus neonates in the inner whorl
region and allowing them to settle. "Ven plants from cach
cultivar were randomly  selected each weck (7 days) and
were rated individually for foliar damage. The plants were
then dissected and larval location within plant, as well as
feeding activities such as cavities within stems and leaf
midribs, were measured and recorded. The larvae were
weighed individually erd head capsules were measured at
their greater widths. The head capsule widths were used to
determine instars of the larvae collected. Plant dissection
was continued for 5 weeks at which time most of the larvae
were in the ultimate instar or pupal stage.

The mean percentage of larvae recavered from the maize
cultivars 7 days after th infestation ranged from 85 in
MPT701 to 42 in MPT702. Larval establishment in MP701
and MP704, however, declined sharply during the next 7
days compared with 1CZ2-CM, Inbred A and MP702 in
which larval establishment appeared relatively stable. The
percentage of larval cadavers found in the plants was low

e whorl leaves Il Stem
7/4Sheath Ear
Tassel
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Figure 2, Larval distributior (loc sion) within plant

MP'702
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and ranged beiween 0.6 in MP704 and 46 in ICZI-CM.
The majority of dead larvae were found in the last sample 35
DAE when most of the larvae were in fifth and sixth instars.
Mean larval weight and instar dis:ribution monitored over
the various time intervals showed growth and development
to be faster on Inbred A and the {CZ cultivars than on the
MP cultivars.

In all cultivars, plant datnage start=d within the inner
wherls where the neonate larvae settied and fed on the
young leaves, Nearly all the larvae recovered from the
plants 7 days after the infestation were from this region and
larval instar ranged between first and second. As the rarvae
turned into third instar they tended to migrate from the
whorl to other tissues as these became differentiated. Thus,
if the green tassel was ready within the whorl the larvae
colonised 1t, otherwise they oore into the midribs of the
wharl ieaves or migrated throush the leaf sheaths to reach
the lower stems. Larval presence in the sheaths was
considered as transitional “ince very little feeding was
observed in such tissues.

In cases where feeding was observed within the sheaths,
the lesions or tunnels were formed as an exteasion of the
midrib tunnels. in the faster developing cultivars, e.g.,
1CZ.1-CM, 4407 of the Tarvae were found in the tassel within
the wharls 14 days after the infestation compared with the
other cultivars (Figare 2) which had the majority of larvae
still in the whorl leaves. Fifth ana sixth ipstars as well as
pupae were consistently found in the stews and develuping
cars m plants where these tissues were diffcrentiated, The
larvalinstar at 14 days after the infestation ranged from first
to tourth with the distribution varying from one cultivar to
the other. The mean lanvat instar was third in ICZ1-CM,
ICZ2-CM and Inbred A, compared with second in the MP
material. At 21 days after infestation, the larvae were
generally found in the green tassels, sheaths and siems. In
MP704, however, all the larvae were recovered lrom the
whorl tissue and in Inbred A 75¢ of the larvae were still in
the midribs of the whorl leaves compared with only 99 of
thelarvae in whorls of ICZ1-CM. Larval instar ranged from
firsttofourthin MP701 and MP704 and from third 1o sixth
inICZ1-CM and Inbred A. At 28 DAL(51 DAE) nearly all
the larvae were recovered from outside the whorls exceptin
MP704 which had about 45¢ of the larvae still in the
whorls,

The results indicate that plant-growth characteristics,
rather than the level of resistance, appear to be the major
factor influencing the movement of larvae within plants.
However, the level of plant resistance inflnenced luval
survival, growth and developmenit.

Principles Determining Resistance in Certain Cowpea
Cultivars to Maruca testulalis
S1LO. Okech

During the period under report, studizs continued on larval
orientation, feeding, growth and development on the pods
ofthe 3 cowpea cultivars namely, Vita | (susceptible), Vita s
(resisvant), TVu 946 (resistant), Some plant-morphological
characteristics influencing susceptibility/tesistance of the
resistant TVu 946 cultivar to flower and pod damage were
also studicd.
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Larval movement from one cultivar to another, that is,
Vita 1, Vita § and TVu 946 planted in alternate rows in a
plot, was studied at peak flowering time. When the first
instar larvae were released on the susceptible Vita 1, in a
combination with the resistant TVu 946, significantly more
larvae remained on Vita | a-d did not move to TVu 946.
But, when the larvae were released on ‘I'Vu 946, surrounded
by Vita I, there was a very high emigration from TVu 946 to
Vita I. Similarly, when Vita | was combined with the
resistant Vita 5, there was a higher emigration from Vita 5 to
Vita I. Emigration from TVu 946 and vice versa was not
significant. The results indicate that Vita { is more attractive
and has a stronger arrestant which causes larvae to cease
locomotion once they arrive un the plant. TVu 946 and Vita
5 may be less attractive and may be lacking the arrestants;
most of the larvae tend not to settle and, hence, move away
from the plant.

Feeding responses of the fourth instar larvae on the pods
of the above 3 cultivars showed that consumption of the
susceptible Vita 1 and the resistant TVu 946 was similar,
Vita 5 was consumed more than the 2 »ther cultivars,
However, absorbability of TVu 946 was poorer than Vita |
or Vita 5. Assimilubility and nutritive value of Vita § was
¢Iso poorer than the susceptible Vita 1. Feeding on flowers
by the first instar larvae was similar. Similarly, the area of
the eaf consumed by the first larvae was almaost identical for
the Jeultivars, but Vita ) and Vita 5 have thicker leayes than
those of TVu 946. So, the total quantity of leaf tissue
consumed on Vita | and Vita 5 might be more than that
consumed in TVy 946,

When the pods of the 2 cultivars were splitinto husk and
areenseed and fed to the third instar larvae, Vita | husk was
more suitable for larval development than the husk of Vita 5
and TVu 946 cultivars. The larval development on the seeds
was quite different from that on the husk. Vita 5 sceds were
significantly better for larval development than those of
Vita I and TVu 946 seeds. When a comparison was made
between the larval development on the husk and seeds of the
same cultivar, significantly more larvae developed to pupa
on the husk than on the seeds of Vita 1.

These results indicate that significantly lower larval
development on TVu 946, previously observed on larvae
reared on complete pods (husk + sced) from first instar to
adult emergence, was mainly due to poor husk quality. In
Vita 5, poor husk quality is supplemented with suitable
seeds and, hence, no difference from Vita | exists in the
suitability of the pod for larval development.

The resistant TVu 946 cultivar has long peduncles which
bear flowers and pods above the leaf canopy. However,
flowers are normially formed while the peduncle is still
within the canopy. The peduncle grows very fast and in 2-3
days, the flowers are pushed above the leaf canopy,
therefore, it is possible to have flowers at different positions
within the plant. Pods are usually 15-25 cm above the leaf
canopy. Experiments were conducted to test whether this
morphclogical characteristic of TVu 946 would influence
susceptibility/ resistance of this cultivar.

Tests on the position of flowers were conducted using the
first instar larvae, while the fourth instar larvae were used
for tests on pods. The treatments were such that in some
plants flowers or pods were maintained 15-25 cm above the
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canopy while in others peduncies were folded to maintain
flowers or pods inside the canopy,. In flowers, there were no
sigrificant differences in percent infestation  between
flowers which were raised above the canopy and flowers
which were within the canopy when plants were infested by
releasing first instar larvae on the leaves. However, damage
on pods was significantly higher on those wbich were within
the leaf canopy than on those which were above tiie canopy.

[t was reported earlier that flowers are the most preferred
part of cowpea plant for the first instar M. rextrdadiy a1d that
flowers of TVu 946 were less infested by larvae than the
other cultivars. These results indicate that fiest instar larvae
are quite mobile and can reach any part of the cowpea plant;
there is no Barrier in TVu 946 plants which can hinder first
instar larvae from reaching the flowers. The position of
flowers within the plants of TVu 946 (or morphology
archrtecture) may not be responsible for lower infestation of
flowers of TVu 946 compared to the susceptible Vita |
cultivar, It may, therefore, be concluded that higher
emigration from TVu 946 plants, as reported above, results
in fewer larvae staying on the plants and, hence, lower
infestation of the flowers.

Observations in the laboratory and field showed that a
majority of the older larvae (fourth instar) hardly moved up
along the peduncles of TVu 946. Most of those larvae (757¢)
which moved upwards dropped down just before reaching
the pod. It inay, therefore, be concluded that fourth instar
larvae (which mostly attack pods) may be bulky and cannot
wilk as efficiently as first instar larvae to enable them to
reach the pods. By having fong erect peduncles which carry
the pods above the leaf canopy, TVu 946 cultivar has made
its pods less accessible to M. testlelis Tarvae than those
other cultivars like Vita | which have their pods inside the
leat canopy. Also, those larvae which manage to encounter
pods of TVu 946 cultivar do not develop as efficiently as
those in Vita | pods duce to adverse effects of the husk of
TVu 946 which they have to eat through before they reach
the seeds.

Genetics of Plant Resists nce to Insects
R.S. Pathak

Gene Effects for Sorghum Resistance to the Stem Borer
Chilo partellus. Understanding ihe nature and magnitude
of various kinds of gene effects helps formulate breeding
procedures. To estimate the gene effects on a five-parameter
model, a trial consisting of five generations, Py P2 Fy; Fa;

Table 4. Estimates of gene etfects tor resistance/tolerance to stem borer, Chalo panelly insorghum, the TCIPE L T98S

Character m d

Dead heart (M) 24750 ().O8
Stemtunnel () 32980 1.16
Peduncle tunnel (n) 15.08°%° 4.0
Penducle breakage (%) 25.80°° 7.05°*
Chaffy head (% 24.00°° 303
[eaf feeding (1-9) Y gR* A0.50°
Plant height (em) TS0 16,350
Grain yield (g/hill) 14.40°° 7.49°

and Fy or the cross between tolerant cultivae Serena (Py)
and resistant cultivar 1S-2146 (P1) was conlucted in a
randomised-block design with 4 replications.,

The plant characters exanuned were: dead heary, stem-
winnel, peduncle tunnel, peduncle breakage, chaffy head,
leaf feeding, plant height, and grain yield. The results (Table
4) showed that in a § parameter model, the estimated gene
ctfects weer constant (m), additive (d), dominance (h),
dominance ¥ dominance (D and additive -« sdditive (i).
Generation-eican aniysts showed that the parameter m
wias significant for all the charecters, None of the
components showed significance, indicating an important
role of non-ullelic (epistasis) interactions for pereent dead
heart in addition to additive (d) and dominance (h) gene
effects. However, the magnitude of dominance (h) and
dominance > dominance (1) were higher than additive (d
gene eftects. This suggests thit non-additive gene elfeets (h)
and (1) are more important in inheritance of dead heart. The
low estimate of additive (d) gene effects for dead heart
stuggests slow progress under selection.

The additive gene effects (d) were significant for ail
characters, except dead heart, and were higher in magnitude
than dominance (h) gene effects. The epistasis component
(h wa significant for peduncle tunnelling and peduncle
breakage while additive X additive (i) was significant for
peduncle tunnelling, peduacle breakage, plant height and
grain vield.

The presence of significant additive (d) gene effects and
complementary epistasis for stem tunnelling suggests that
imprevement would  be  expected  through  standard
selection procedures snd that the progress would be faster
than for dead heart. For peduncle damage, additive (d) and
epistasis gene effects (1 and i) were more important than
dominance (h) gene effects. However, peduncle tunnelling
and peduncle breakage showed duplicate and complementary
cpistasis, respectively, suggesting that sei~ction based on
peduncle breakage will be more effective than selection
based on peduncle tunnelling, Significant additive (d) gene
effects and non-significant dominance (h) and cpistatic gene
effects for chaffy head indicates the fixable nature of gene
action for this character.

Although additive gene effects (d) were significant for leaf
feeding, the magnitude of dominance (h) and epistatic gene
effects (1 and i) were also considerable. This type of gene
action is an indication of obtaining desirable cross. Presence
of significant additive (d) and additive X additive (i) gene
cffects, which are fixable, associated with complementary

a | i
A1 116} 0.05
202 12.08 2800
042 35200 80l
1N7 21870 1491
.55 201 .55
0.37 0.31 0.33
.68 -67.84 -35.30°
-5.38 -1.A9 [T

*Significant at 5% level
**Significant at 1% level



epidtasis was very encouraging for both plant height and
grain yield. Selection in this situation would he highly
ctlective for increased grain yield and desirable plant height
through standard breeding procedures.

The present study has indicated the importance of
epistatic gene effects for most characters and thus shows
that this type of gene action cannot be ignored in
tormutating  breeding Considering  the
importance of hoth additive and non-additive (dominance

procedures.

and spistasis) inthe inheritance of stem-borer rosistance and
tolerinee and gram vield, recurrent-selection procedure
seetits the hest available to meet the requirements in the
prosent vase, s it will ntilise all 3 hinds of gene etfects,
Genetie Varlation of ( ‘owpea Kesistunce 1o the Lesume
Pod Borer, Martica tesidaliv. Martea canses dimaee (o
the later two heing the
mostdes wtating, Previous studies have shown that cowpea

stenm flowers, pods and seeds

resstunee to pad borer s polygenic and the level of
rosistanee usually tow to moderate. Farther studies were
andertahen to measure the penetic variation of pod damage
and seed damage ina cross between the resstant cultivir
[Va udt and susceptible cultivar 1CV 3 Continuous
satitionin pacontsac § b and o progenies confirmed that
s polygenic o inheritance, The
pareatal cultivars inv ted inthe cross represented a fairly

resistanee te Yarues
wide range of character expression for growth habhit,
tlowening time, days o maturity, number o peduncles per
plant. peduncle length, canopy height, peduncle height
above ciunopy, T00-seed weight and grain vield ver plant.
Degree ot dominance, minimum number of genes,
hentability and expected genctic adyvance for pereentage
pod damige and pereentage seed damage were estimated.
Means and degree o dominance of Fyand Fx populations
suggoested partial
resstance. Gene action governing the expression of
resistance was largely additive, The observed 2 mean Wwits

dominance  of susceptibilty  over

i close agreement with both caiculated arithmetic and
geometric I> means, The degree of dominance in Fyand F:
were similar exeept for pod damage in Fr. The degree of
dominance was greaterin Fy thanin I for both characters.
The ha vilues were lower than by, indicating confounding
effect of epistatic gene action. A minimum of 4 gene patirs
were involved in the expression of resistance. Low estimates
ol heritabilities (30 to 34¢7) and genetic advance (2.83 to
71477 of mean) suggested slow progress under selection,
Inheritance of Cowpea Resistance to the Conepea Aphid,
Apind cracervora. Pwo resistant cultivars involved in the
inheritunce studies were (1) TV 310 - an HTA cultivar, and
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(2} TCVI2 - o mutant cultivar obtained through irradiation
of IOV These resistant cultivars were crossed with the
commaon susceptible cultivar ICV1. F) showed complete
dominance resistance over susceptibility in both crosses.
The F> progenies segregated in ratios of 3 resistant: |
suseeptible, indicating that resistance was conferred by o
single dominant gene (monogenic). Back<cross breeding
may be appropriate to transfer resistance genes o
agronomically aceeptable cultivirs which are susceptible to
aphids. Further studies will include the confirmation of
monogenic inheritance in back-crosses, and an investigation
tosee whether the resistance gene in TVu 30 is the same as
that in the muatant cultivars 1TCVI and 1CV]2,

BIOLOGICAT CONTROY

Another category of companents being developed for the
mansgement of the crop borers in this project involves the
use of natural enemies for biological control. The previous
report (Pwelfth - Annual - Report, 1984)  presented
information on the incidence of various parasitoids and
pathogens of the crop borers in mono- and intercropping-
ssstems, Work on these natural enemies was continued,
with i view toward utilising them for the control of the
target pests.

Parasitoids of the Crop Borers as Components of Biological
Contro!

I'he previous reports have mentioned that the following
parasitiods infest the stem borers of sorghum and maize:
Pedichius furvas, Trichogramma sp. Apanteles sp. and
Dentichasmias busseolae. In order to use these parasitoids
tor hiological control of the crop herers, it would be
important to have a detailed knowledge of their biology.
Aspeets of their biology were studied during the present
reporting period and the observatiors made are described
helow.

Progeny Production, Development, Sex Ratio and
Longevity of Pediobius furvus
G0 Oloo

These studies were conducted on mated Pediobius furvis
females reared singly ina cage with 1 -day old to S-day old C.
partellus pupae. The parasitoid was fed a 20% sucrose
solution. There were 40 cages for cach treatment and the
experiment was carried out in the laboratory at a mean

Lable S Pertonmance of Pediobies furvas on 1= 1o teday old hulo partelles pupae

Apvofhost

pupac Percent () Progeny
fedityy) parasitism production
! REN1) 74720
2 15.0 IERE-ARR
3 R T71.5%43.1
4 16.5 625231
N 1.3 102750

[} 0 -

Incubanion penod

Ses-rati; periad*
(male:temale) (£SD)
1:6 21714
I:15 21113
1:4 20.8%0.7
L6 2006207
1:7 2.0

° Days, oviposition to emergence
**Progeny trom asingle female
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temperature of 25°C. Observations were kept on percent
parasitism, progeny production, sex-ratio of the offspring,
and the incubation period of eggs in the hosts (Table §). It
may be observed that the percentage parasitism of pupae
older than 4 days was much less than that of younger pupae.

Comparative Tests on Progeny Production and Sex-Ratio
in Mated and Unmated Female Trichogramma sp.
G.W. Oloo

Forty mated female Trichogramma sp. were reared singly in
cages with freshly oviposited C. partellus cggs. A similar
experiment  was  conducted  using  unmated  female
Trichogramma. The observations indicated that there was
no significant difference in incubation period between
mated females (9 days, n = 40) and the unmated (8.8 days, n
== 40). The sex-ratio of mated females was found tobe 1.5 as
compared to the unmated 1.3, while parasitism levels for
mated (48.4C7) was higher than the unmated (38.49)
fetnales.

Development, Progeny Production, and Sex-Ratip in
Trichogramma sp. Reared on Chilo partellus and Busseola
Sfusca

G W Ol

Forty mated female Trichogrammua sp. were reared singly
with freshly emerged C. partellus eggs. A second group of 40
females were also reared with freshly emergea . fusca epgs.
There was no significant difference in sex-ratio between
mated females of Trichogramma sp. reared on C. partellus
(1.5) as compared to mated females reared on B. fusca(1.4)
with the balunce in favour of female offspring. Similarly, in
both cascs, the average incubation period was 8.6 days,
pereent parasitism being 45.3 for C. partellus and 41.9 tor B,
Susca as the hosts,

Parasitism by A panteles sp. on Busseola fusca Larvae
G W, Oloo

Newly emerged B. fusca adults were mated, and females
allowed to oviposit on wax paper. The eggs were incubated
in the laboratory and allowed to hatch into first instar
larvae. At fourth and sixth instar, 30 lurvae were kept
individually with single, mated female Apanreles sp.
Records were kept on the number of larvie parasitised,
apparent parasitism, mortality duiing larval development,
emergence of Busseolu adults, prouuction of progeny, rate

of development and sex-ratio of the progeny. There was no
significant difference in percentage parasitism between
fourth instar (5097) and sixth instar (53.8%) host larvae, or
in their respective sex-ratios (. 2). However, the incubation
periods and progeny production for the fourth instar host
(21.6 days; 21.8 offspring) were different from sixth instar
host (17.3 days; and 34.0 4. 7.0 offspring).

Dentichasmias busseolae, the Pupal Parasite of Chilo
partellus
JW. Bahuana

Pure stands of sorghumn (Serena) and maize (Katumani)
were planted at 2 sites with the objective of studying
population fluctuations of the stem borer C. partellus and
pereentage  parasitism  due to its pupal parasitoid
Dentichasmias busseolae Heinrich.

One site selected was Opapo, 18 km on Homa Bay --
Kisii Road, where the experiment was conducted on
farmers’ fields, and under natural rainfall. The second site
wis at MPES, where the crops were grown under natural
rainfall supplemented by irrigation,

Infestation by C. partellus at both sites was first recorded
in the third week after plant emergence (APE). However,
pest numbers at Opapo were very tow throughout the short
rainy scason (1984). At MPFS, the C partelius larvae
population rapidly built up to a peak in the sixth week APE,
Thereafter, low numbers were recorded until the twelfth
week, when a second peak was reached. The pupal
population was first reeorded seventh wo:k APE and
reached a peak diirteen week APE,

Parasitism of . partellus was first recorded cleventh
week APE and reached a peak at 6007 2 weeks after. This,
however, dropped to 156 in the 14th week, rising therealter
to o maximum of 709 in the 16th week. This also
represented the maximum level of parasitism during the
season,

Pathogens of the Crop Borers as Components fer
Biological Control

The previous report provided information on the incidence
of certain pathogens, e.g., bacteria, fungi, protozoans and
nematodes which infect and kil the crop borers of sorghum
and maize. During this past year, further studics on the
following aspects of these pathogens were conducted.

Tuble 6. Larval mortality of the spotted stalk borer “hilo purteflus caused by pathogens in different instars in the ficld (long rainy sensons, 1985)

losters
Intercrop
pattern Crop [ i 1 v A PUPA
Maize-Sorghum-Cowpea Maize - 2 2 4 3 4
Sorghum - - 3 5 4 2
Maize-Cowpea Maize - - 3 5 2 .
Maze-Sorghum Maize - . ! 8 1 2
Sorghum - i 2 5 2 1
Sorghum-Cowpea Sorghum - 1 6 it 2 !
TOTAL (0%) (14.7%)  (19.8)  (44.19%) (16.28%) (15.12%)
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Incidence of Pathogens of Crop Borers in Relation to their
Mortality in Different Intercropping Systems
WA, Otieno

Results from field experiments at both the ICIPE Field
Station and farmers’ plots during the long rainy scason
1985, further contirmed and earlier preliminary observation
that microbial activities are greater in certain crop
combinations than in others. Highest mortality (13.38¢;) of
the crop borers due to pathogens was confirmed in the
sorghum-cowpea misture and the lowest {7.7577) in the
ntize-sorghum combination.

Observations on the mortality of the stem borers in
differentinstars within the mixed crapping system indicated
that the highest mortality (44,1977 ) in C. pareellus occurs
during the fourth larval instar, no diseased larvie in the first
instar having heen recorded (Vable 6).

O1 the various pathogens recovered from the stem borer
larvae, 2 hold promise for use as bio-control agents; o
nematode (Panagrolaimus sp.) and a protozoan (Nosena
spy. Weare brictly reporting on the studies conducted on
these pathogens.,

Nosema sp. a5 a Bio-Control Agent
MO Odindo

Tests were conducted in the sereenhouse to determme the
utility of this pathogen as on agent for the biological control
of €. partellus. For these tests, sorghum was planted in the
plots A, Band Cinthe sereenhouse: there were 4 replicates,
AL 2S days after plant emergence, plots A and B were
infested with neonate C. parrellus at 20 larvace per plant, and
placed direetls inside the funnels of the main plant.

I'he pathogen inoculum was prepared and purified trom
recently dead O partetles larvae which had been infected in
the lahoraory with Nosema. Three davs after infestation of
the plants, the previously infested plot A, was treated with
the Noserna suspension of [0 drops of inoculum placed into
the tunnel. Plot B, which had alvo been infested , was treated
with sterile distitled water. The third plot (Cy was the non-
treated control,

Allthe plants on the 2 plots which ad been mtested with
neonate C. partefls Tarvae showed foliar damage at 7 days
after ifestation. Treatment of plants in plot A with Nosenma
stopped further damage to plants in this plot. In the plants
inoculated with distiled water, the leat damage by ¢
partellus continaed so that at 40 days after plantemergence
67.57 of the plants display J foliar damage. Plants in plot
Cremained infestation-free throughout the early period of
the experiments, but by the fifty-first day after plant
cimergence some plants were also infesied with second
generation larvae, Similarly, formation of dead hearts wis
reduced by 6077wt 24 days after inoculation and the
proportion of plants having fully-formed heads increased
by 807t when the plot inoculated with Noserma was
compared to plot B (infestzd but not treated) and plot C
{non-infested) control plots. The damage on sorghum stems
was reflected in the size of the plants (Table 7). A high
number of larvae were also recovered from the infested
control plants (365) and many fewer (82) from Nosema-
treated and non-infested control (75). Nosema therefore
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Table 7. The size of plants after toliar application ot Nosernma s tocon-
vol Chulo parteliug

Size of plants (CM2S5D)

Divsatter

plantemergence NT* NI feioes
0 124 02167 Hnot232 102.9: 3
N 124342000 il oty ] n3.8%21.2
Ry [RUN 300 [RENIE RN

f0.4%223.7
*Nosenu treatment
CUNonsntested contiod
“ Intested non-moculated control

gave good protection of the sorghum from an antificial
infestation of C. partellus. Further tests on the factors
pertinent to the full utilisation of this pathogen for the
control of C. partellus are in progress.

Population Ecology of the Cowpea Pod Borer Maruca
testulalis in Relation to its Natural Enemies
T Okevo-Onwnor

Studies on the dynanies of M. restdalis were continued in
the field and the laboratory during 1984, The studies in the
field were aimed at further understanding the population
tluctuations of the pest and identifving natural enemics both
at the MPFES farm and at the farmers' field in the Lambwe
Valley. The results showed that, although there was
considerable overlap in the life stages, only | generation was
completed on the crop at both sites. This finding confirms
the observations made during 1983 and reported carlier.
During the period, several larval and pupal parasites were
abo recovered at MPES. These included Hyperchaleidia sp.
and Bracon sp. on pupace and Apanteles sp. on larvac. Inthe
Lambwe furmers*field, only larval parasites were recovered,
especially Apanteles sp. and Chelonus sp. At both the sites,
the impact of these parasites on M. testdalis population
was insignificant. The pathogens recovered were similar to
those of 1983 and Nosema sp. was the most prevalent. A
partgl ccological-hfe table of M. tesudalis has been
constructed from the data,

Further studies were conducted in the field at MPFS and
l.ambwe to determine the role of alternative wild plants on
1) survivorship of M. testudalis, and 2) perpetuation of the
population of the pest and its natural enemies during the dry
periods of 1984, Five wild hosts were discovered to harbour
M. testulalis, nanely Seshania seshan (1) Merr., Vigna
vexillata  (Y.)  Rach;  Crotalaria  deserticola Bak !,
Rhynchosia malacophyll (Spreng.) Boj.: and Rhynchosia
sp. ar. minima (L) D.C. all being Papilionaceae
(Leguminosae). S, sesban and V. vexillata carried the
higie « number of M. tesndalis larvae on the flowers. At
one site, Rusinga Island, the larvae recovered from S.
seshan were parasitised by Braconid parasites,

Laboratory investigations were conducted to elucidate
the role of one pathogen, Nosema sp., in determining
mortality and survival of M. restulalis. Nosema sp. was
found to be an important pathogen of M. festulalis during
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the population studies of the pest in the field. In the
laboratory studies to determine the pathogenicity of
Nosema sp. by artiticial inoculation, it was found that the
major stages of M. testudalis which were valaerable were the
Jarvae and pupace. The highest mortality was caused during
the first (1007) and second (86.7¢7) larval instars and the
farva died within 2-6 days of infection. The least suseeptible
instars were tourth (56.777) and fitth (7337 which ali died
within 6.8 days.

Both field and laboratory observations showed that
Nosema sp. is an important pathogen ot M. estudalis and
holds great potential in biological control of the pest as
compitred to the parasites and other pathogens,

The eftect ol temperature regimes on sunvival and
deselopment of Mo testtdalts was siudied in the controlled
temperature chambers, The range of temperatures tested
was [5-35 € comparable to that obtained in the ficld at
MPES and Fambwe study sites. The results indicated that
the temperatare suitable for survival and development of
M.otesndalis was between 23 and 29 C
outside this tange affected the survval and development

lemperatures

adversely, especially in the case of fvae and pupac. 0w
found that temperature regimes sigmticantly reduced the
pupal weights attemperatures below 21 Cand above 29 ¢
he highest pupalweipht was attained at 23 C Fhis finding
wis Hportant as it provided a partial explanation for the
tow population ot M. resndaliy during dryv and hot seasons
hoth in the cowpea and wild-host plants

INSECT MASS REARING THCHNOLOGY
RS Ohhueny

During 1985, our ettorts were focused 1n 2 directions, First,
itwas our desire to find adict tor Chilo partetlus thai did not
require use of certann specitic ingeedients. Second. intense
work was undertaken 1o establish o viahle colony ot
Glossing pallichipes in the faborators,

Chifo partellus
One tactor that unpedes the rearing ol this insect is the
inclusion of the leat tactorin the diet. Fhis means that plants
have to be grown throughout the vear to make available the
leaf component. 1t his alvo been observed that the leat,
although dried at 1007 Cstldl is capable of carrving tungi
with it from the field to the laborators. Yeastis particularhy
noted tor this kind of infection

AdietiTable 8y has now been developed i which the leal
tactor and Vitanun E have been excluded. The results
(Table 9) show that C. partellus survives and develops on
this diet better than on the diet containing the leat factor and
Vitamin I-. The developmental period on the new diet s
shortened and the development is more uniform than on the
previous diet. The advantages of this dict are that ane
possible source of diet infection has been eliminated and
that the cost of production is reduced. Also, this diet is
simple to prepare as there is no need to powder the beans
before use; the beans are blended directly in the blender
after soaking.

Ioote s Composmonof the DIE LY RS}

HISRTIN 039,073 ¢
Hrewersveast 13N Yiky

Ascorbicavid 15384y

Mothv pataten D95y

Sorhic aend [IAYY

bornaddehde doe, $95m)
N oV 5y

A rcrebusnlicod AT 77Tl

Glossina pallidipes
Eapenmental reaning ot G pallidipes was initiated in 1983
i grass-thatched house at MPES. The colony was started
tromew Ld thies colleeted from the field in Lambwe Valley, A
J-room improved version ot the grass-thatched honse has
been crected. The colony has been maintained in this
laboriatory structare tor the Jast 2 vears

In order to ratonalise handling, reduce tecording and
facthitate anadyvsis of colony performane:. the following
micddwations were ntroduced by the end of May 1985

- Albthe temde thes emerging daily dunng cach of the

VHO-day periods of the onth (1-10, 11220, 21-30) o
A are pooled together into 3 separate production
umits tie., 3 record-sheets per month),
Cagesfoval PYCreages with [0 or 15 males and 10 or
15 temales) and Luviposiion travs which are
holding trays are labelled o desigiate the month

(1)

and the cotresponding [0-day period when the unit
was formed.

Females are mated on day 8 or 9 following
cmergence, and the males e separated | week later,
During the tirst 20 days following initiation of the
production unit, dead flies are removed then the

an)

seaes are separated and recorded o assess carly
muortality and the netin-put into the colony. During
the reminnming 70 days, mortality s checked and
recorded at a 7-day interval every Thuisday to
reduce disturbance of the flies.

Pupatia are collected daily and weighed in 5
weight classes AL B, C DL E and the pereentage of A
cliss puparias caleulated 1o determine the quality
of puparii the colony is producing.

For the last 6 months there has been a steady
increase in the number of mated females, The colony
15 now viable, and self-sustaining. The performance
tor the last 6 months is shown in Table 0.

Membrane Feeding Techaique

I vuro teeding techmgue of the tsetse was introduced in
carly August 1985, and has been confined to wild Ries
collected from the field. Use of this technique requires that
the blood be completely sterile to eliminate contanin ating
bicteria. The stenility is best achieved by use of irradii tion
source. Siee it is not yet possible to irradiate the blood vsed
in our laboratory, it is felt that the technigue should be
confined to field-collected flies. fp2 clean flies bred in the
laboratory are fed on live animals,
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INSECT MASS-REARING TECHNOLOGY UNI UIMRT)
NAIROBI HRANCH

IMRT - Nairobi Branch is a scrvices and supply unit.
During 1985, it mass-reared and supplied target insects to
the programmes and the units as shown in Table 11, The unit
maintained colonies of rabbits, rats, mice and hamsters for
rescarch purposes as well as rearing hacmatophagous
inscets.

This vear we introduced in vitro methods for feeding
tsetse Laes using freese dried blood. We also initiated new
tetse-tecording systems adopted from IAEA Jaboratorics,

SOCTO-FCONOMIC ASPECTS OF PES| MANAGEMENT

Evaluation of Traditional Intercropping  Systems  in
Relation to Pest Control: Mbita Division

W Conell, A Dissemond

Intercropping and related cultural practices comprise the
inteprated pest manzgement package being developed by
the Crop Pests Rescarch Programme (CPRP). Before this
IPM package can be integrated into local farming svstems,
however, additonal intormation is needed concerning the
tradmonalintercropping practices emploved by small-scale
tarmers i the tegions As a fist step in this direction, the
and - Applied
rescarch e 2 tarmnng communitics located in Mbita
Diveaan, a setni-anid area of South Nyvanza Districs in
Western Kenvie Sociological and agronomic data related 1o

Bionomies Feology  Section conducted

mtercropping and pest manasgement were collected tom a
sample of 8 representatine farm bowseholds. Sample plots
chiosen from 14 fields operated by these farmers were
monitoted thioughout the season,

Chalo purtellins on pure bean dict
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Stodeviation

Mean Minimum Maximum

260.640) 23 24 3,397
27 %K) R} R A.079
56189 R 82 6,000
813 <3 121 18744
S.000 [ 10 0.793
7.543 O Y 0.0836

155,900 36 583 179.25
J.000 2 1.414
3900 2 & .99

The rescarch identified 3 key features of the local
intercrop system that will influence the design of an
improved pest minagement package. These features are:
time of planting, the pattern of intercropping and relative
population densities of the component crops,

Time of planting. 1t is gencrally recommended that carly
and simultaneous planting of sorghum and maize should be
practised to reduce the crop damage caused by insect pests
such as the sorghum shootfly and stem borers. The
plantings in this study ranged from January through mid-
April. However, most of the plantings were done within
March, which coincides with the recommended planting
time in the Lake basin. The Ministry of Agriculture
recommends that by March 15th the planting should be
comrpleted. There are a number of constraints to such a
recommendation. Among those to be investigated are:
erratic onset of the rains; difticulty of access to plough and
ptough animals for timely land preparation; localised soil
conditions making carly ploughing difficult; the cost and
availability of seed; the risk of carly armywormis infestation
insome areas; competing demands on farms' time; different
work schedules of wives in polvgamous houscholds.

imtercropping - paitern. Row  intercropping is the
experimental design most frequently utilised in the 1CIPE
farm trials. Though a few Mbita farmers alrendy use this
method, the majority employ mixed intercropping in their
fields, a practice which they feel requires less labour.
Experimental evidence has shown  that cereal-legume
intercrops have significintly lower insect-pest populations
than monocropped maize or sorghum. In the sample
farmers” fields the data on the incidence of inseet pests of
sorghum show virtually no advantage to intercropping,
simply because there were not enough legume plants in their
respective cropping patterns to make the difference between

Lale T oo sadlichipes colony dynammines and pertonmance. Maich through vugnst 1ass

March Apni
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Table U Primary users of insects and animals reared by the Insect Mass Rearing Technology Section (Nairobi Branch)

Insects and Animals Livestock Medical Teetse Chenustry - Histology and Sensory Hivlogical Other
Ticks Vectony Bicassay  Fine Structure  Physiology Cantrol lnstitutions

Tsetse (G. morsitans) X X X X X
Stem baorers

(Child partelius) X X N
House fly (Musca

domested) X

Mosquito (Aedes cegvp:d) X X
Cotton stainers

(Dvsdercus jascrans) X
Ellana saccharing X X

Armvworm

(Spodoptera exempta) X

Rabbhits X X X X b hY X X
Rats X X

Mice X X X

Hamsters X
intercropping and monoculture. over the season rather than planting carly and

Density of component crops. A key reason for the poor
performance of farmers’ intercropping as a pest-control
measure appears to be the relative population of the
component crops found in most fields. In the ICIPE
experimental plots, the ratio of sorghum:legume is usually
I:1. In contrast, because cereal production is their main
priority, farmers typically plant a very high population of
sorghum and a relatively low proportion of legume. The
proportion of sorghum to legume in 4 sample fields in Ufira,
for example, averaged about 5:1. The low proportion of
legumes in these intercropping systems failed to benefit the
armers in terms of insect-pest control.

Discussion and conclusions. Research has identified
several basic differences between the intercropping systems
being developed by the CPRP and the current practices of
small-scale farmers in the Mbita Division. Due to a variety
of constraints, local farmers tend to stagger their planting
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simultanecusly. They typically utilise mixed rather than
row intercropping, and, because of their emphasis on cereal
production, plant very low populations of cowpea or green
gram in their cereal-legume mixtures.

In developing intercropping systems for improved pest
control, the prioritics and constraints of small-scale farmers
must be identified and incorporated into the design of new
technologies in order to facilitate adoption by these farmers.
In the Mbita area, for example, research suggests that it
would be useful to evaluate the pestcontrol potential of
mixed intercropping and the planting of lower, but still
adequate, proportions of legume in the intercrop system in
orderto develop a package that is both effective as a means
of pest control and acceptable to farmers. A similar
sociological and agronomic evaluation of intercropping
systems in other agro-ccological zones in the region is
recommended.
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Livestock Ticks
Research Programme

The recent developments in nck-borne disease control make possible the use of
other methods of controlling ticks besides the frequent application of acaricides.
The main aliernatives to saturation dipping or spraving of acaricides are greaily
increased intervals benweer applications of acaricides and the stimulation of both
natuerally acquired and artificially induced host resistance 1o the tick.

The 1CIPE Livestock Ticks Progranune has concentrated its efforts on the
host-meune response followine initially successful demonstrations of immunity
in rabbits and carde in controfled-paddock experiments against Rhipicephalus
appendiculatus. s hecoming evident from further work in mived tick challenge
situations that the remforcement of naturally acquired host resistance 1o one
spectes does notstimulate sufficient immumisy 1o prevent losses in productiviiy.
A considerable budld up in the tick population can occur and cross resistance
between species is nosuplicient to provide broad-spectrinn control of all species.

The programme hay thus increased its efforts 1o isolate antigens whicl are not
normally presented to the host during feeding, b will induce host antibodies
thar significandy interfcre witlt the tick Ife evele when injected parenterally into

the host.

ASSESSMENT OF HGST RESISTANCE BY
INTRADERMAL TEST

PB. Capstick, J.J. de Castro, M. Nvindo

Binta and Cunningham described the use of Rhipicephalus
appendiculanes  larval  extract to  demonstrate  an
intradermal response in cattle which had been exposed to
tick feeding. The response was of the immediate
hypersensitivity type. It was proposed that this reaction
could form the basis of a field test that could be used to
select tick-naive animals for further immunisation
experiments, or assess the immune status of herds of cattle.

A comparison wi made of 3 antigens in both tick-naive
and tick-exposed cattle. R. appendiculatus larval and tick
salivary gland extracts were prepared by grinding in
phosphate buffer saline (PBS) and centrifuging at 3000
rpm for 10 minutes to remave gross debris. Tissuc culture
extract was prepared by sonicating cells from cultures of
embryonic R. eppendiculats. Protein levels in each antigen
were estimated by the method of Lowry and were between
8.0 and 16.0 mg/ml.

Tenfold dilutions of each antigen were prepared in PBS
and 0.1 ml of each dilution inoculated intradermally into

both sides of the neck of 3 susceptible and 3 “exposed”
cattle. The skin thickness was measured before inocula-
tion and at 30, 60, 90 minutes and 24 and 48 hours after
inoculation.

Results

Time of maximum response. All 3 antigens induced
responses as rapidly as 10 minutes after injection. This
reaction was an cedematous swelling which increased in size
for up to 60 minutes and was reduced by 90 minutes. By 24
hours the response had disappeared.

Level of response. The reactions to the antigens werc
taken as positive if there was anincrease in skin thickness of
4 mm over the original measurernent. Using this as a basis
the responses to the dilution of antigen arc presented in
Table 1.

Neither larval nor tissue-culture extract reacted at the
undiluted level in the nzive animals, but both extracts
reacted to a dilution of approximately 1 in 500 in tick-
exposud animals. Salivary gland antigen reacted in tick-
naive animals to a similar dilution level as in tick-cxposed
animals, and was judged to be unsuitable for use in a
discriminatory test between naive and exposed animals.
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Table | Responses of sia cattle to the intradermal inoculation of dilutions
three R. appendiculans antigens

Cattle Antigen Reaction to dilutions moculated
history type
inoculited
: (VR VR (VI VR (T
Salivary
eland 66 S 16 06 06 06
Tick Larval
nane extract (1) 06 b6 06 U6 06
Tissue
culture 06 06 (1) 06 06 06
Salvary
pland ND 66 56 I 6 06 06
lick Lanval
exposed extract \ND 22 66 16 06 06
Tissue
culture 22 14 56 16 06 06

* No.reacting No.osites mpected

Both tissue-culture extract and larval-tissue extract have
potential as a source of antigen for a discriminatory test to
detect previous exposure of cattle to R. appendiculans
ticks.

IMMUNISATION OF RABBITS WITH SOLUBLE ANTIGEN
FROM EMBRYONIC CELI. LINES GF
RHIPICFPHALUN APPENDICUIATUS

M. Nvind»

A soluble antigen was prepared trom cell lines of embryonic
cells of Rhipicephalus appendicidatus grown in culture for
400 days. Cells were detached fromn the tissue culture flasks,
and spun down into a pellet. The medium was discarded
and the peliet was washed 3 times in 50 m! volumes of
phosphate buffered saline (PBS) pH 7.4. After the last wash
cells were resuspended in 20 ml PBS. Cells were
disintegrated by sonication. Particulate matter was
removed by centrifugation and the soluble fraction was
used as the antigen.

A group of 8 New Zealand White rabbits, aged 6 months
«nd weighing approximately 3 kg each, were selected for the
immunisation experiment. Rabbits numbered 18, 19 and 20
were placed in the experimental group, rabbits numbered

24,25 and 26 served as control and rabbits numbered 30 and
31 were injected with adjuvant and were designated as
adjuvant control. Each of the experimental animals was
inoculated with 15 mg soluble protein in PBS emisified in
an equal volume of Freund'’s Complete Adjuvan. (FCA).
Two injections were administered, 1 to cach hind .eg as a
deep intramuscular injection, Ten days later similar
injections of the protein in Incomplete Freund's Adjuvant
(IFA) were given. A period of another 10 days was allowed
to elapse and then a second booster of the antigen in 1FA
wis given.

Animals in the adjuvant control group were injected with
FCAund TFA without the p otein materials; animaly in the
control group were not injected. All animals were
challenged on day 30 with 100 farvac of R. appendiculatus
on | ear and 25 male and 20 female R. appendiculatus on
the other ear. Mcan engorgement weight of the larvae and
adults, percent cgg hatchability and moulting of larvae were
determined.

Table 2 summarises the results of the experiment.
Inoculation of the rabbits with the soluble protein from the
cell lines did not provide protection to tick challenge with
either the adult ticks or the larvae. Experiments are in
progress to determine whether intact cells from primary
cultures would be a better source of antigen,

PRELIMINAKY FINDINGS OF A THEILERIOSIS
IMMUNISATION TRIAL AT Ol PEJETA

J.J. de Castro, T T, Dolan

Four hundred Boran (Bos indicus) heifers, after
iminunisation against theileriosis, were allocated to §
groups which were subjected for 12 months to the following
tick regimes:

Group | — Spraying it coumaphos twice each week.

Group 2 — Spraying once a week.

Group 3 — Spraying oncer every 14 days.

Group 4 — Application of ear tags

(lindane/ pyrethrum).
This group is not considered in the analysis.

Group 5 — Ten cattle with no tick control.

All animals were weighed every 2 months. Ten cattle were
selected from each group to have all the ticks on one half of
the body collected and examined for species and numbers
present. Rainfall had a profound influence on tick
population and this may be seen in the marked rise in total

Table 2 Results of challenge exposure of rabhits moculated with soluble antigen from cell nes ot R appendictdanes

Mean engorgement wt (myg)
Rabbit No.  Ireatment Adult I arvae Y 0 Larvil
hatchisbility moult

18 Vacenated 1558 £ 858 0.48 98 94
19 " M9 L TR6 045 98 95
20 - 3080 £ 981 048 96 oY
24 Control 299 1 1067 047 98 €n
25 - St e4s 0.5} 98 94
2 b T 2788 0.52 98 9
kY] Adjuvant control 2395+ 1225 0.51 95 100
kI - 2025+ 739 0.52 98 9

24
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Figure 1, Mean total tick counts per month on 4 groups of experimental
cattic at O Pejeta runch

tick burdens on cach cattle group following the onset of the
rains in late September (Figure 1).  Rhipicephahus
uppendiculanes was the predominant tick species collected
from the cattle. Low numbers of Rhipicephalus evertsi and
Boophilus decoloratus were also recorded,

The number of standard R. appendiculatus females
reeorded suggests that tick control was very efficient with
twice-a-week spraging, except in the period of the second
tick rise ftom December 1984 to February 1985 The tick
infestarion on Group § varied little from that o' cattle ona
ld-day spraving interval for the first § raonths. but
subsequently they appeared to control their tick burdens at
alevel very similar to cattle sprayed once each week.

Weight gains of the different groups of cattle are
presented in Figure 2. No significant differences. among
groups were recorded at the end of the trial. However, what
was of considerable interest was the performance of Group
5. These cattle weights fell to the lowest level in Septerber
and March, but ultimately compensated for the loss and

Group 5
i Group3
& :Gétg1
“0r o Growp 2
201
wn -
(o]
X
0
_2 -
May Jan July
1984 1985 1985

Figure 2. Mean cumulative weight wains for 4 groups of experimental
cattle at O Pejeta ranch
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showed a capacity to control their tick burdens while
suffering very few disease problems.

The trial was part of a KARI/the ICIPE collaborative
programme, coordinated by Dr. T.T. Dolan of VRD,
KARL

FIELD STUDIES ON NATURAL RESISTANCE TO
RHIPICEPHALUS APPENDICULATUS IN CATTLE

J.J. de Castro

Following the successful development and use of reliable
methods of immunisation against theileriosis, it has been
possible to assess the potential use of host tick-resistance as
an important component of an integrated approach to the
control of ticks and tick-borne diseases.

This report presents our study of the development and
establishment of natural tick resistance to Rhipicephalus
appendiculatus in cattle undergoing a mixed field tick
challenge of varied lengths of time. An electrified paddock,
with the purpose of excluding alternative wild tick hosts
from the cattle pastures, has been erected and the cffects of
tick-resistant and tick-naive cattle on the natural tick
population present in the paddock are being monitored.

The area

The work is being carried out at Intona Ranch in the
Trans-Mara Division of Narok District, Kenya. The area’s
average altitude is 1800 m and its rainfall, approximately
1300 mm per annum, making it ideally suited to the survival
and development of ticks. Several species are present,
ramely Amblyvomma cohaerens, A mblyomma variegatum,
Boophilus decoloranes, R. appendiculans and Rhipicephahus
evertsi which are vectors of anaplasmosis, babesiosis,
heartwater and theileriosis. A lethal challenge of 1009 due
to theileriosis is known to oceur.

The trial
A paddock of approximately 32 hectares, conventionally
tenced and reinforced by 1 strands of electrified wire, was
built and sub-divided into 4 separate sub-paddocks as
illustrated in Figure 3,

Boran (Bos indicus) cattle from northern Kenya vare
obtained and shown to be tick-naive on arrivel at the farm
in May 1984. Ten animals were selected and 3 monthly
applications of 500 irradiated adult R. appendiculatus were
used to reinforce the natural development of tick resistance.
A moderate level of resistance was detected in October
1984. The experiment was started by placing 10 resistant
cattle in paddocks 1 and 3 and 10 susceptible (naive)
animals in paddocks 2 and 4 {(Figure 3). The latter are
replaced at 3 month intervals to maintain a susceptible
animal population in these paddocks. Four groups of 10
susceptible cattle have passed through the paddocks whilst
the 10 resistant animals have -emained unchanged, except
for replacement because of deaths,

A third group of 6 animals has been maintained outside
the paddocks under a twice weekly dipping regimen. All
animals are weighed every 2 weeks. Tick numbers on the
animals are being monitored by half-body counts every 2
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weeks and collections every 6 months, and in the pastures by
blanket draggings at monthly intervals. Monthly mean half-
body counts on the different experimental groups are
presented i Frgure 4.
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Figure 4. Tatal tick counts on sisceplible and resistant cattle, periods |
to 4 at Intona ranch.
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Because the animals are immuniscd against theileriosis
prior to the introduction in the paddocks, deaths due to this
disease have been rare (1 case). However, 13 tick-naive and
2 tick-resistant cattle have succumbed, primarily to tick
toxicosis with occasional concurrent heartwater.

The development of naturai tick resistance in the animals
has been assessed repeatedly by the application of 100
nymphs of R. appendiculatus in the cars of the cattle (de
Castro, Twelfth Annual Report, 1984). In this way, the
tick-resistance status of the animals under continuous
challenge has been monitored since May 1984, ‘The mean
daily weight gain for the 3 groups of animals is shown in
Figure 3. 1t should be noted that when total tick counts
(Ligure -y in the resistant group of animals rose above 300
ticks per animal, daily weight gamns fcll to 0 and
subsequently the animals lost weight daily as the tick counts
rose to over 600 per animal. Susceptible animals tost veight
steadily throughout the experiment.

300 8
200! A
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100 e ===4"Dipped
> o s,
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& 200t
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& 400 period | Period | \Period
1T 2 ; : '
-500r : i N\
6000 | By
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Figure S, Mean daily weight gains during periods 1 to 4 for theee groups
of experimental cattle at Intona ranch,

The population of R. appendiculutus, A. cohaerens, and
A, variegatum, has risen steadily throughout the entire
expenment. B. decoloratus have decreased to negligible
numbers on the cattle, particularly on the resistant groups.

Conclusion

‘The experiment is still in progress and itis too carly to draw
Hirm conclusions. However, it does appear that under the
conditions outlined resistance to K. appendiculatus,
induced by irradiated ticks and reinforced by natural
exposure, is inadequate to control productivity losses from
a heavy field tick challenge.



RESISTANCE INDUCED BY L ABORATORY AND
FIELD-DERIVED R. APPENDICULATUS

J.W. Chivra

This work is a continuation of the investigation reported in
the Twelfth Annual Report, 1984, and forms part of a
M_Sc. thesis of the University of Nairobi. A second field-
derived strain obtained frem Ol Pejeta farm in Nanyuki was
included in the study. Results obtained with larvac and
nymphs of the Ol Pejeta st:ain were similar to those of the
Narok strain. When rabbits ware successively infested with
adult ticks, it was observed that there was no significant
ditference in the engorged weight of the laboratory and field
strains when fed on susceptible rabbits (first infestation,
Table 3). However, during the second and third
infestations, the engorged weight of the ficld-strain females
were double those of laboratory-strain females.

Table 3 Mean weights = S.F.(mg) of temales engorging when rabbits were
sueeessively infested with 8 adults each of O Pejeti strain and Narok strain

Infestation [ab strn O! Pejeta stran

First RUGREEGNE] Wiz u
Second 120219 273+ 20
T'hivd 1324 195 » 33
Infestation [ ab strinr Natok strun
First AU RN ] 404 028
Second 1x} + 2§ 208 1 36
[hird T3 160+ 32

The rabbits infested with adults were then challenged
with 100 larvac, 50 nymphs and 10 adults (5 females and §
males) of the laboratory and field strains. The results of the
challenge were similar to those obtained earlier with larvac
and nymphs. Ticks fed on heterologous hosts had higher
engorged weights than those fed on homologous hosts
(Table 4). The engorged weights indicated that the
homologous hosts affected the laboratory strain more than

Livestock Ticks

tney affected the ficld strains. The weight of the eggs from
the females that laid showed twice as much weight was
produced on heterologous compared to homologous hosts
(Table 5).

These results indicate that the field strains reproduced
better than the laboratory strain on previously exposed
hosts, and that cross-resistance may be an important factor
in immunisation.

RABBIT EAR CANKER AND TICK RESISTANCE
RM. Newson, F.M. Thuo

All the rabbits used in cur studies of host resistance to tick
infestation are reared ree of ticks, but occasionally during
feeding tests to assess resistance a tick-naive control animal
gives results indicative of resistance. We have also observed
in our commercially-bred rabbits occasional cases of ear
canker (caused by infestation with the mite Psoroptes
cuniculi). We wished, therefore, to check whether
undetected, or already cured, P. cunicudi infestations could
cause cross-resistance to ticks, which are classified in the
same order, Acarl.

A rabbit with severe canker, and mites readily visible in
the scabby material flaking off the ears, was isolated and an
unsuccessful attempt was made to transmit the infestation
to 2 additional rabbits. The infested animal was then treated
by applying medicinal paraffin to the ears and left for 2
weeks for the lesions to heal,

A test feed was done using 20 66 and 20 92 of the tick
Rhipicephalus appendiculatus on one car and 100 nym phs
simultancously on the other. Identical feeds were done on 2
tick-naive rabbits with no known history or clinical
symptoms of canker., The ticks were contained in cotton
sleeves which were opened daily so that engorged detached
ticks could be removed. All ticks were weighed individually
1o 0.1 mg and the females were allowed to lay eges in
individua! tubes. The egg production of each female was
removed and weighed on the tenth day and any additional
producticn on the twentieth. Egg conversion factors (i.e.,

Table 4 Mean weight and number of challenge ticks engorgimg when apphied after 3 infestation of 8 adults cach

Challenye ticks Rabbits infested with

Lab strain ticks

Rabbits infested with
Ol Pejeta strain ticks

No. engorged wt (mg) No. engorged wt (mg)

Lab. larvac e 0.38° 83" 0.47:
Ol Pejeta larvae as™ 0.51° 58 0.46

b
Lab. nymphs 10° 1.0 48" 67"
Ol Pejeta nymphs 48 89" a3 6.7
Lab. females ].(1; 74* ) 1.0 I‘)J:(
Ol Pejeta females 4.4 230 18 144

* Weights or numbers within cach instar not having a common letter are significantly ditferent (P<0.05).

lable 5 Mean werght of egys of challenge fer ules engorging when applied alter 3 infestations of 8 adults cach

Rabbits infested with 1ab strain ticks

Rabbits infested with O Pejeta strain ticks

Challer ge ticks Number Wit (mg) Number Wt (mg)
Lab females 1 47 19 104"
Ol Pejeta temales 16 121" 15 67

* Weights within cach striun not having a common letter are significantly ditferent

27
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Table 6 Mean results (£ S.D.) of feeding R. appendicuduius ticks on rabbits with () and without (=) previous ear canker, using 100 nymphs on the left ear

and 20 males and 20 females on the right at the same time

Rabbit Ear Ticks Meun Mean epg Pereent Mean
no. canker wed weight coversion engorging du ation
(mg) (“¢) (dayy)
! + adult 910 + R2E 5651 5. RS 6.7 %07
nymphs 7022 214 - 9l 42403
2 - adults 4690 603 5292158 100 71 1
nymphs TOR - L6} - 9K PRURSV
k) - adults HI6)E 101K SL4 2130 100 K127
nymphs 762+ 193 - 92 56409

the percentage of the weight at detachment converted into
eggs) were calculated.

It can be seen from the results given in Table 6 that the
rabbit which had ear canker did not differ significantly from
the controls in any of the variables considered. Routine
preventive treatment of all rabbits on arrival has now
climinated P. cuniculi infestations, so it has aot been
possible to repeat these observations.

PRELIMINARY RESULTS OF A TICK AND LIVESTOCK
PRODUCTIVITY SURVEY ON RUSINGA ISLAND

D.KN. Punyua

Introduction
Rusinga Island is situated on the castern edge of Lake
Victoria and is separated from Mbita Point by a causeway
of some 50 m. The island is at the lake altitude of 1,128 m
and rises to a peak of 1,433 m. In 1979 it had a popuiation of
9,905 inhabitants. The mean annual rainfall is 1060 nm per
annum. The island soil is principally loam with a gravel or
stone surface and tends to be dry. Most of the cultivation
and settlement is situated in | km strip around the shoreline,
The island has been sclected as a suitable site for
demonstrating the effects of tick borne disease control and
consequent interventions in the tick control practised on the
island. Before any intervention in the current situation takes
place, a preliminary survey of some 45 farms for tick types
and numbers will be carried out. These farms will become

Vable 7 Ticks collected on Rusinga fsland

the base for a detailed disease survey and a full productivity
assessment in 1986, The base-line data thus obtained will be
used to assess interventions planned for the future.

Livesiock

The livestock population in March 1985 was 6,228 cattle,
1,498 sheep, and 1,377 goats, all of indigenous unimproved
stock. The gencral husbandry practice is that before the
harvest of crops from the farms (mainly sorghum and
maize) most of the animals are tethered along the roadside
or in any of the open ficlds away from the planted crops.
Some large herds, however, are communally herded and
grazed. After the harvest the animals are allowed to graze
freely.

Materials and Methods
Groups of approximately 5 farmers have been selected
randomly from each of the following areas for sampling and
questioning: Kakrigu, Siega, Luanda, Kamasengre,
Wahemba, Ufira, Kaswanga, Wanyama, Nyamuga, Utajo
and Wayagi — these total 45 farms. From each farm & adult
vattle, 5 calves (below 4 years), 10 sheep and 10 goats have
been sampled by whole body collection of ticks which are
counted and identified in the laboratory. Fach species is
recorded as adults, nymphs and larvac.

At the time of tick sampling, further information is
obtained by questionnaire on the total number of livestock
owned by the farmer, productivity (i.c., milk), reproduction

Mean noo per host with range

Adult cattle (n - 154

Tick species Ireh stage Calves (n = 125) Goats (n = 200)

R. appendiculanes Adult 411L.R(129-R71) 186.261-499) H3.o(1-710
Nymph T1 20 -363) 28.5(0- 185) 99.30-821)
Lana ATNIE ) 7.60-65) 1L.40-77)

R evertst Adult X069 19.2(2-45) 45.0(4-243)
Nymph 050 0.5(~3) 1320 (0-9)
Larva 1.OM0-9) 0.2(0-2) R0 (0--4506)

A vanegation Adult 147 229 3K5) 82.326-23) 4.1(0-23)
Nymph IS4.6011 -3KS) oLS(10-141) 47.5(0—126)
Larva R7.000 29 6022y 142.1(0-1118)

B, decoloratn Adult 16,40 ~K2) J.000-20) 0.40~4)
Nymph 5800 76) Ah0-20 0.2(0-2)
lana 1.8}~ 20y 1.1ty=-21 NIl

H. rafipes Adult 1.¢ 10 -

R’ pulchels Alult kY] [Ki} X))

A genima Adult 1.0 -




rate and market value. The number of depend:..:s
supported and the amount of land owned by each farmer is
also recorded.

Survey Results

To date, of the identified 43 farms, 40 have been sam-
pled. Thirty-two of the farms have had their tick collee-
nons identified and counted. The results are presented
in Table 8. In order of prevalence R appendiculatus,
Amblyomma variegatum, R. evertsi and Boophilus
decoloratus are the species of importance. A few iso-
lated specimens of R, pulehellus, A, and
Hyalomma jufipes have been collected,

Apart fronr a few bushbucks, dik diks. hares., Svkes
monkeys and hippos, the island is free from any other
wild mammals. The ticks. therefore, appear to feed exe-
tusively on the domentic hosts. since none of the above
wild animals could be regarded as important hosts for
any ef the main tick species. The break down of the ani-
mals of cach farm is shown in Table 8. Tt can be seen that
there are only small farms on the istand and in general
these are resourcee poor.

genmma

Fable 8. Domestic ammal population on Rusinga Iskind

Total No Mean Nao. No. ot

Species Sen ofanimals — per ammals .
ontarms tarm simples
Bovine Male [ 32 36 RE)
Femate 266 t 6 [RE g
Calt IS s 135 76
Sheep Male 67 17 27 0.5
Female 260 6.5 77 M
I.amb 124 31 R 31
Goat Mule hL] 1S 27 16
Femai: 200 s 143 N
133 33 X 47

Kid

Preliminary productivity datacis given in Table 8 and
must be assessed with caution, as it implies an average
productive life span of greater than 21 years for female
bovines. This data will become more accurate as further
detailed animal records accumulate,

Of the 25 familizs interviewed, there is an average of 2.8
dependants to cach family milking an average of 2.0 cows at
a time giving approximately 1,500 ml per day. The heifers
reach maturity at an average age of § years, when they have
their first calf. Sheep and goats become pregnant within the
first year.

The tick-horne discase survey is planned for cirly
1986, A full monthly tick survey of 10 selected farms per
vear will also begin in 1986,

Tahle 9 Preliminary productivity datic - Rusinga Island
f '

Milk Progeny Time to

B oceding
Spevies yield per frequency matarny
(ml) animal (yrs) (vrs)
Cattle 718 K125 2 1HE)2
Sheep NIA Yhtl.o 16 1.R£0LY
Goats N/A 9.5£2.3 1.5 LSt0.6
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RESISTANCE TO R, APPENDICULATUS INFESTATION IN
CATTLE AND TRANSMISSION OF THE!N ERIA
PARVA INFECTION

R.M. Newson, 1.1, de Custro

‘This was a joint project with colleaguesinthe Veter'ary
Research Department, Kenya Agricultural Research
Institute, and this completes the report initially pre-
sented in the Twelfth Aenual Report, 1984, Our objec-
tive was to induce type | resistan ¢ to Rhipicephalus
appendiculatus in Boran (Bos indicus type) cattle and
then see if the anticipated interference in tick feeding
would s reduce the  transmission of  Theileria
parva to cattle. The experiment unfortunately had to be
terminated in the later stages,

Ten Boran cattle, from an area where both the tick
and East Coast Fever (ECF) were absent, were con-
firmed as serologically negative for 7. parva. They were
then divided at random into 2 equal groups and housed
ir the laboratory. Group 1 was subjected to test feeds
with [ nymphs of R, appendicudatus and did not differ
significantly (P > 0.05) in pereentage fed or in mean
engorged weight from the 2 tick-naive rabbits (Table
10). Based on this result, we assumed that the cattle in
groap 2 were also tick-susceptible.

The group | cattle then had feeds of radiation-
sterilised ticks on them of 1000 adults and 500 adults (sce
our 1983 and 1984 Annual Reports), followed by 1000
non-irradiated adults. Test feeds with 100 nymphs were
also performed 4 additional times, with the fast feed fol-
lowing the third feed of adults (Table 1.

Table 100 Mean results (28,1 of 100 nymphal tests on cattle com-
pared with tick-ni.ve control rabbits

Sthieed (day 179)

Istteed (day )

Haosts “ufed Wtimyg) Yo ted Wi(mg)
Seattle W23 8 8.940.4 —* 5.5%0.5
2 rabbity KS.0%1.4 94204 8952106 Y.2+0.7

“Ear bags displaced: many ticks lost

Both groups of cattle were then left until nymphs,
infected with 1. parva, that would administer the ECF
challenge, were ready for use (100 per bovine). During
the intervening period. 3 of the resistant and 2 of the sus-
ceptible cattle were allowed to die of various causes (not
LCF). Nevertheless, we decided to complete the exper-
iment with the remaining cattle.

Seventy-six days after the last assessment, the cattle
were infested with 1% parva - infected ticks and were
monitored for the development of ECF (Table 1 1). Thir-
teen days after this feed began a further 2000 nymphs
were put to feed on the other ear of each animal in order
to ingest any i parva piroplasms present in the blood
which would allow transmission of ECF to another host
after vie adult moult,

In view of the inconclusive results for the tick-susceptible
cattle we did not examine the ticks fed on them after they
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Table 11, Results of feeding 100 7. parva-infected aymphs on resistant and susceptible cattle and tek-nanve control rabbits

Meanwt

Aninal v o ted

No. State fed {(my) Climcal results 2000 nymphs
RALY) Tesistant RIt L) NOARICCHion; N0 SCFC-CORVE N {U

243 resisfant N n7? nOAnfechion; e s toesenversion 1

2w susceptible th v transient infection: o sero-Conversio, 75

24 suseeptible 47 KN neanlection; no cro-convension "

256 susceptible 43 3 diedot FCE duy 23 us
Control riabbit 6l 7 - —
Control rabbit ot 73 —

*Ear bags displaced: many ticks fowt
had moulted, to pick up 7. parva. The failure of 2/3 of the
susceptibles to become infected also cast serious doubts on
the infectivity of the ticks, and thus detracted from the
apparently favourable outcome with the tick-resistant
cattle. There is, however, no doubt that we suceeeded in
rendering the group 1 cattle resistant, which confirms our
finding in the tield that B indicis develop resistance
more slowly and less markediy (to judge by our test)
than do B weerus cattle.

QUANTIFICATION AND CHARACTERISATION OF ANTIGENS
FROM SALIVARY GLANDS, REPRODUCTIVE SYSTEM,
GUT AND HAEMOLYMPH OF PARTIALLY FID
FEMALE TICKS OF RITPICEPHALUS APPENDICULATL'Y

AO Mongi, M.P Cunningham

The studies undertaken involved immunisation of animals
with crude antigen extracts derived from unfed, partiaily fed
or fully fed ticks. Initial information on protein componznts
of R. appendiculatus organs producing the antigens
responsible for the resistance response against ticks is
deseribed in this summary,

Sodium dodecyl sulfate-polyacrylamide ged electrophoresis
(SDS-PAGE) Figure 6) resolved at least 532 protein bands
detected by Coomassie Blue staining in the salivary glands,
42 in the reproductive system, 40 in the gut and 41 in the
haemolymph. In cach of these organs there were several
unenumerated indistinct bands. There also appears to be a
number of protein bands shared by all 4 tick tissue organs.
Although these protein bands may be of similar molecular
weight, they need not necessarily | ave the same primary
structure and function,

Immune-precipitation studies were performed  using
antiserum from a rabbit previously immunised with unfed
tick homogenate and with lyophilised homogenate of fully
fed female ticks. (Ticks feeding on this rabbit showed
reduced reproductive potential). The tick antigen extract
used was radiolabelicd with ¥ S methionine and ¥ S cystein.
The selected anti-tick serum immune-precipitated (in the
presence of Staphplococcews aurets) 9-10 radiolabelled
proteins (Figure 7) as analvsed by SDS-PAGE. The
molecular weights of these proteins were 180,000; 160,000;
140,000; 130,000; 98,000; 92,000; 88,000, 85,000; and 82,000
daltons. The pattern of the specifically immune precipitated
proteins was remarkably similar between the tick tissne
antigen extracts (Figure 7).

It is hypothesised frora these results that the antigen
causing the reduced reproductive resy onse in ticks may be
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one of the recognized antigens. Detailed studies are being
carried out, characterising and isolating sufficient quantities
of native or subunit proteins for further imumunisation
trials, using the gut as the selected organ.,

39,000

25,800

Figure 6. Electrophoretic analysis of tick proteins derived from salivary
glands (A), reproductive system (B), gut (C), and haemolymph (D) of
S-day fed female R. appendiculatus. Molecular weight marker proteins In
daltons are indicated in the margin on the left of the gel: RNA plymerase,
160,000 and 39,000; phosphorylase ‘a’ 92,000; hovine serum albumin,
67,000; chymotrypsionogen, 25,800 and lysozyme 14,500,
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39,000 —
25,800—

14,500 —

Figure 7. An autoradiograph of immun. precipitated rudiolabelled tick proteins obtained from salivary glands (B),
(F) and hacmolyph (H) of S-day fed feinale R appendicudatuy tsee Figure 6). Lanes A, C, E and G are
FoHoare the specifically immune precipatated polypetides from the corresponding tissues (see Figure

reproductive system (D), gut
control precipitations white Lanes B, D,
6). Molecular weight markers as in Figure 6

3!
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Research Programme

During 1985 the Medical Vectors Rescarch Programme focussed its activities on the
epidemiology of leishnianiases in the following endemic areas of the disease:

® In Buringo focus of botl: cutancous (1.

major) and visceral leishmaniases,

epidemiological nvestivations were extended,

® In Mount Fleon a focus of 1.

acthiopiciu « higl alinede form of cutaneous

leishmaniasis, tavonomic myestigations on complex species of Phlebotomine
sandfly vectors of the discase contined, Vector-parasite investigations on P.
pediter, ihe known vecror of i acthiopica, were performed.

© /n Machakos and Kini, mvestigations were carried out on animal reservoirs of

the disease and vector biostomics

® [n West Poker Disirict, an endemic docws ol visceral leishmaniasis, an initial
survev of collaborative work with the Mine ey of Health was made 10 define
areas lor intensive myestigation,

8 Theinvestigations on hosi-parasite relationships, parasite identification throwz b
soenzymie technique and vector siudies througl biochemical and isoenzyme
techniques were e viended,

O A PhD. student initiated his work on the ceology of Anopheles mosquitoes in

Baringo.

® The Programme comtinued i collaboration with CBRU on a natural plani
extract which showed potengial in the treaiment of leishmaniasis.

Signtyicant acliievements made in some of these areas are highliclied in 1his

repord.
EPIDEMIOLOGICAL INVESTIGA TTONS OF [ } ISHMANIASES

M T Mutinga, C Mutero, C. Kaneen MoAva
DA Omaego, I Maandandi, 1N dambnky

Breeding Sites of Phlebotomine Sandflies

Investigations of the hreeding sites of sandflies continued,
withspecial emphasis placed on the veetors of leishmaniasis
snccies in the Baringo focus. Previous investigations had
not revealed the breeding sites of P, dubos, ., a species
which was found restricted mainly to the inside of animal
burrows. During these investigations, the breeding sites
were clucidated and found to be deep inside the animal
burrows, in soil samples associated with rodent nests. The
occupants of the burrows were discovered to be gerbils,

h

vanous species of rats, elephant shrew, mice and
poreupines. Table | provides a break-down of the various
species of phlebotomine sandflics which cmerged from soil
incubated from rodent burrows in which P, duboscqi
nnmature forms were found to thrive,

Soilsamples were carefully removed from various animal
burrows and placed in rectangular containers with an area
ol about 660 cm’. The soil was vigorously agitated and
searched for adult flies. The soil was then wetted and
covered with hine mesh of cotton netting held tightly by an
clastic rubber brnd to prevent any escape by emerging adult
sandflies during incubation. The temperature of the soil
ranged from 22" C during the night to 30”C during the day.

The breeding sites for . duboscqgiwere found 1o be deep
inside the animal burrows, mainly in soil samples which
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Table 1. Emergence of £ duboscqand other sandfly speaies from sol
samples excavated froncummal burrows

Pereent
Species Number Male Female  prevalence
P duboseqt 7 15 12 675
1" rodhaim M 0 2 0.50
P omaring | | 0 0.28
N tngranu 250 (R 16 62 S
5N antennats 1t W 73 27.75
S osohwern 2 | 075
S hedtords 3 3 0 0.78
N afnicanus 2 4] 2 (Y]
N, gramgert i ¥ | 028

were associated with nesting arcas of the oceupiers of the
animal burrows,

Parasite Isolation and Infectivity
The work of parasite isolation and imeetivity of these
parasites  to vanous  susceptible  laboratory animals
continued. Parasite isobates from Baringo, Kitui and West
Pokot, which were preserved in lhiqud nitrogen, were
revived and multiplied in NNN medium and then injected
into hamaters, fzards Balb-¢ 1o their
infectivity in these hosts. Their elimeal route would give a
clue to their tentative dentity pending isoenzvine
characterisation.

Isolates trom S, garnitami, 8. ingrann, P duboseq and
P. martini caused lesions resembling those of 1. magor.
These  findings tremendous  significance:
Phiebotomuy duboseqr. ' martini and S, ingrami now
confirmed to share niches ve., ammal burrows, and to breed
in these burrows were shown by our ivestigations to be
anthrepophilic, The potential exists therefore for these
speeics Lo extensively spread the disease, because of the wide
distribution of . martini and 5. ingrami v arid and semi-
arid Eastern Africa,

and nee test

are ol

Mark Release and Recapture Studies

The flight range of various phlecbotomine sundflies in the
Eastern Africa region has not been studied. Although
resting and breeding sites of certain species of sandflies have
been established, in the final analysis the vector petential
targely depends on how far the flies travel in search of hosts
or are attracted by hosts. This investigation was focused to
obtain this type of lormation in Marigat, Baringo
District.

Various animals were used as baits including avians,
bovides, rodents and canids. They were placed inside cages
with wire mesh to allow odour emanating from them to
flow freely. Sticky polythene sheets coated with castor oil
“THE ICIPE STICKY TRAP" were placed near the
animals in the direction of the release sight. As control
traps, sticky traps were placed at various distances from the
sandfly release sites without animal bait. Other traps were
set near human dwellings to assess if the dwellings had
influence on the flight direction.

The animals were placed at varying distances from the
release site of the phlebotomine sandflies. Flies were
captured from natural resting sites, brought into the
laboratory, marked with a fluosescent dye and released in
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the evening near resting sites. Wind  direction and
temperatures were recorded.

A significant amount of data has been collected and is
being analysed. We trust this informution will be useful in
assessing the vector potential ¢i phlebotomine sandflies of
Murnigat.

INVESTIGATIONS ON LIZARD 1 EISHMANIASES
WS, Foraws, M.J Mutnga, J B Kaddu, 1 Wasila

The work on lizard Leislmaniae centred on comparative
studies of behaviour of lizard isolates, both in mammalian
and Jizard Lests, and the pathological picture of those
anmimitls that took up infection. Investigations were also
conductzd on natural infectivity of the same species of
phlchotomine sandfies reared in the colony at the ICIPE

Materials and Methods

Groups of hzards of the species Mabuya siriata were
interperitoneally inoculated with 3 isolates: The 1ICIPE L
146 (Jizard solate), 1. major (human isolaie) and L. adleri
(izard isolate). The dose given to the lizards was
[ 107 - 200 [ promastigotes.

The sotates 1140 and 1. adleri were also inoculated
mterperitoneally and in the nose and tail of white mice.
Fach mouse received a dose of approximately 107
promastigotes,

The lizards and mice were saerifices Wt differsnt definite
time intervals, Geimsasstiined smears were made of the
various tissues as well as histological sections stained with
Hacmatoxvlin and Fiosin (1 & E).

Four species of laboratory-bred sandflies were fed on

lizard infected  with  the  above isolates,  namely
Sergentomvia ingrami, S, schwerzi, S. cledei and 8.
bedfordi.
Results

The results indicate that:

® I 140, a lizard isolate from Kenya which was
characterised  at the [ICIPE and found to be
biochemically identical to L. major, acted similarly to L.
major in the lizard AL, striata.

® Bothl. 140 ard /. major acted differently from L. adleri,
which is a tvpica! izard Leishmania.

Table 2 Inoculation of suce wath £ adlerr promastigotes

Weeks Number of mice 0 of Mice
PPost Inoculated With Dead With
innocutation amastigotes amastigotes
| 10 [ 0 4]
2 0] 3 1 LY
3 10 4 3 40
4 10 3 2 ki)
] 10 0 0 0
6 10 0 0 1]
7 10 0 Q0 0
L3 10 0 [{] 0




Table 3 Inaculation of mice with 1. 130 promastigotes
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Weeks N1 1
post- Inoculared with Dead (1 Inoculated with Dead ¥
inoculation .
allnbigoles amastigotes
I S 0 0 v 5 0 1} 0
2 S 0 0 0 5 0 0 1]
3 s 0 0 0 5 0 0 0
4 N 0] 0 0 5 (1} 0 0
s 5 0 0 0 s 0 0 0
6 h] 0 0 0 5 0 1] 1]
7 s 0 ¢ 0 s 0 0 ¢
B s (1} 2 s 0 0 0 o
9 5 k] 2 o) 5 4 2 80
10 S 4 2 RO s 4 3 80
I s 2 1 ) s 4 ] 80
12 5 R 2 &) 5 4 I 80

® Intection of L 140 and 1. major is a transient nature,
while that of 1. adleri is natural to the lizards,

® /. adleri had w transient infectivity to the mice, while 1
140 had more persisting infectivaty.

® Promastigotes were seen in the anterior midgut of 2 of
the sandflies ted on lizards inoculated with 1. adleri. One
of the lies was S.sehiwerziand the other was S, ingrami.

TANONOMICSTUDIES BASED ON PHELBOTOMINE
(DIPTERA PHEFBOTOMINF)SANDEL'ES IN |} TSHAMANIASIS
ENDEMIC ARFAS OF RENYA

LA Rovo, M Okulo

Studies on the identitication of the morphologically
indistinguishable female species of Phlebotomus pedifer
complex (1. pedifer and P, acwdeatus) and also P, martini
complex (2. wartint, . celiae and P vansomeranae) by
biachemical and morphological methods were concluded.
During thw year, the emphasis of our work was on
ssuelectric focusing of adult specimen and morphological
identitication of the larvae. These 2 methods complemented
previous investigations of the same species by the use of thin
layer starch gel electrophoresis to study adults and scanning
electron microscope 1o study their eggs.

Iscelectric Focusing Technique

Investigations using this method were done only on P
pedifer complex. Such studies could not be done on the 2
martini complex because P celiae and P vansomeranae
werce tound in very low numibers in the wild, and epgs laid by
P.omartini 5.1 females did not give o celiue and P,
vansomeranae  offspring. ‘These 2 species could not
therefore be reared in the laboratory. Of the 14 enzymes
assayed, 5 (GPI, HK, MDH, ME and PGM) could be
resolved in individual sandflies. Only GPI differentiated £,
pedifer from P, aculeatus. P, pedifer had only 4 distinet
bands and P. ccudeanss had 6 distinet bands of GPJ, The
other 4 enzymes which could be resolved (PGM, HK,
MDH, and ME) could not differentiate the 2 species.

The Fourth Instar Larval Morphology
The lurval morphology of P. pedifer and P. aculeatus
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revealed thut the larvae of the 2 species are similar except for
some minor differences observed in the head. On the ventro!
side of the head, apparent differences were abserved in the
position of all the setae. On the dorsal side of P. aculeatus,
abdominal segments 4-7 lack a lateral seta; these seta are
present in the same sepments of 2. pedifer. Four rounded
dots were present on abdominal segments of 2. avudeatus
and absentin that of . pedifer. Although the morphology
oflarvae of . martini was examined, comparisons with 2,
vansomeranae and P celiae could not be done because of
the inability of these 2 species to be reared in the laboratory.
When the 2 biochemical techniques used to differentiate the
vector sibling species were compared, thin layer starch gel
clectiophoresis separated the 2 specics by 4 enzymes (GPIL
HK, 1CD, and PGM), while isoclectric focusing
differentiated the 2 species by only 1 enzyme (GPI). It was
lurther observed that isoclectric focusing technique
revealed more isoenzyme bands than in thin layer starch gel
technique for PGM and GPL. However, thin layer starch gel
clectrophoresis was better because it was more sensitive
utilizing less enzyme (Sul) than in isoelectric focusing (10u1)

A literature review indicated that these investigations
were the first to utilise isoelectric focusing technique in the
study of sandfly enzyme. The technique proved to be an
additional biochemical method that could be used in the
taxonomy of sandflies.

o compare the 4 biochemical methods that have been
used in sandfly taxonomy, namely thin layer starch gel
clectrophoresis, isoclectric focusing  (in  the present
investigations), thick layer starch gel clectrophoresis and
cellulose acetate thick layer starch gel electrophoresis would
per' aps be the best technique because it permits 4 enzymes
to be studied in a single specimen. Thus, the thick layer
starch gel clectrophoresis would be invaluable where
sandfly specimens are scarce, as was the case with the 2.
martini complex.

The findings of this investigation demonstrate that
biochemical techniques are the most diagnostic and refiable
when trying to differentiate between closely related species
of sandfly groups. Biochemical techniques make it possible
to accurately identify females that are  otherwise
morphologically indistinguishable and yet are the most
important sex in disease transmission.

It was unfortunate that members of . martini were not
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conclusively studied. because of the unavailability of an
adequate number of specimens. These studies have touched
on asmall lead: perhaps only 2. vansomeranae is ditferent,
and P martini and P. celiae are biochemically similw . And
since it was found that £ vansomeranae was the rarest in
nature of the 3 species, its importance in the transmission of
visceral leishmaniasis may be negligible.

With the revelation that . acudearus s different trom P
pedifer, it is importept to dnvestigiate ity possible
involvement in the transmission of cetancous leishminiasis,
Thus, this work should be valuable in epideniological
studies to pinpoint the vector of cutancous leishmaniasis
due to Le. avthiopica.

SCRFENING PLANTS SATURAL PRODE CES AGAINS |
FEISHAMANIA PARASITES

BN Odero

During 1985 components ol the crude active extract were
solated chromatographically by 1THC and HPLC and 3
anti-microbial components were detected and puritied.
These components ere being stucturally characterized
NMROUVUIR and  MS, after which we istend to study
them pharmacologically in animals,

INPECTION GF SANDETIES WHTH
FEISHMANDEA

FXPERIMENTAY

SR Aadd MCE Nvamon, ROV
Further imvestigations into the mtectivity ol human-
infective leishmania to Kenyan sandtlies were undertaken,
with & view toward pinpointing the veetor species, using
laboratory-reared sandthies (Sergernomvia solverzi, S,
antennats and S, mgrami). Human-derived Jeidonania
donovarni and  biochemically  contirmed  {eivlmania
aethiopica ixolated trom o natural vector dehbotomu
pedifer were used

Soselwerzi, S amtennaris and Soomgraing were ted on
cither kaosters intected with £ donovam or dinbrinated
heat-inactivated hamster blood contaimng anastigotes of
L. donovan,  a old  cockerel sk
membrane. Both i sandthies fed on hamsters and those ted
through membranes were mamtained inan oven of 22 ¢

one-to-two-diny

1O with the relative humidity Muctuating between 604 any
N and otfered unlintited supply of sugar ttresh apples or
sucrosel. They were dissected av various pettods raging
from [ to 12 days post-feedivg and exammed under a light
microscope tor presence of leishmania parasites. The results
are summarised i Table

Sergentonmivia sefowetzi and Leishmuaniu donoveni
Iwoorthe 202 8 vdnversled on hamsters infeeted with 1.,
donovans and promastipotos i the gut. Inone ol the flies §
very actively moving promastigotes per microscopie field
(N0 objective fens) were tound i the thoracie midgut on
day 6 post-feeding. Tn the seeond sandily, very scanty
parasitacmin was tound i the hindput on day 7
post-teeding

Actively moving promastigotes were found inone of 6 8.
sefwerziofed on Bloed infected with promastigotes of /.
donovani through o membrane and dissected on day 6
post-feeding.

Sergentomyia schwetzi and L. aethiopica
Of the 308 selmverzi which ted on blood infected with
promastigotes ol /. aetliopica through o membrane,
promastigotes were found in the posterior midgut of 2
sandthies disseeted on day 3 post-teeding,

Sergentomyia ingrami and 1. donovam
Heavy infection with promastigotes war. found in the
midgut of 2 of the S8 igrami on dayv 4 atter feeding on
blood infected with £ wethiopica through @ membrane,
[hese tesudts estabhish that Kenvaa 2. dovovani can
transtorm from amastigotes o promastigotes in the eut
ol 8 sedoverzicand that L. aethiopica naturally transmitted
by P pedifer can survive in the gut of S. imgrami.

EACTORS AFFFCTING FHE INFECTIVETY OF LEISHMANIA
TOSANDENES FHE SANDELY U

SN Aaddee MOP Nvamon, B Mok
Pilotstudies were pertformed onthe physiological factors of
tue sandtly aliaeh are fthely 1o mttuence the micerivity of

Leishmannn in the sandfly gut,

Freshly - dissected  whole gut or put parts were
incorporated o NNN O cultre mediam containing
promastigotes  of  feishmaniv donovani. The  cultures

Lahle 4 Artilicnd itecton of sandthes with £ endunania
Route tenhmana Sandihies investigated
Sandtly of species Form Total Unfed IFed Dissected
Species mtection - v
Al l..d Hl RRIS 21 BN 176 2
Sowhwerst ML [.d 4 25 1] 6 5 |
ME [ae P 178 145 0 28 2
S antennatus Al fd H] 150 X7 63 v 0
Al Lo i 518 24 201 197 0
S.oingrami ME 1! a K4 X3 1 ! 0
M I ae p IR N 1 8 2
AE = Fed on hamster: ME = Fed through membrane: p o= Pronustipote: o = Anastigote: Lo = Leahmania donosane, 1 ac = Lenhmania
aethiopica v = Parasitacinie; - = Aparastosenie
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containing the puts were examined over a period of 20 days
for parisituemia. Preliminars results indicate that:

® Scrgentontyvia ingrami whole gui was without inhibitory
eltectonthe growth ot 1 donovanitor 16 diassindol 16
ctrltures.

® Cultures vontuining P gugeisherg hindgat and also
those containing whole guts lost parasiacnnain 3 davs
atter the incorporation,

®  (ultures containing ' pus nberer thoraee midgur
with mideut retained
parasitiemiz up to diy 16 post-incorporation.

togethed the posterior

Phese preliminary results mdicate that the hindgut of .
grevenherer has anti- L. donovarnm actin Y.

PHE QUANTHEY OF BLOODY S0 KT b BY SANDE S

PR Rlin, MP Nvanon O, ok

Among the tactors which mtluence the infectiy ity al blood
parasites to blood-sucking insects and the stibsequent
tamsintssion of the patasites s the guantin of the blood
\l'L'LL‘d,

Phe quaniny of bloed sacked by 3 species of fiboratory-
reated sandthes was determmed by werghing the Hies betore
aidatter feeding the fhes on hanisters infected  with
fenimian donovar, Because fee guantitios ot
Lahoratoncreared sandthes are unan ailuble in one lot, the
work wascarnied ontover a period of time. | he ntormation

saed brom thie wort s intended 1o be used in the

exwtnent ol tie vectorial potential of various spedies of

Renvansasathies The resubts are summarisedin Table 3

Fabic > The quamtity of Blood sached by sagdties

Woentimer  stmdard erros

\['C\'\‘\

Unfed sandthes Blood suched
W12+ 03
03 Xt
NS+ OINT

N T TN R )0 1A
02112603

270 683y

S antennatio (1)
S owiieerziel

Phe hares i brackets mdicite the total quantities of
sandthes mvestigated.

Phe resules indicate that 8. mgrameand S, antennan are
ihle to suck more than adl their own weight and that S,
sehverziis wble (o suck its own waight in bloaod.

FOINHMAND G 0 TIIOPIC 41N THE OFSOP) \GLES
ANDYPHARYNN OF 21T BOT O S bR

PR At WA Ok Kotber A Clumgane, A P Nvanien,
IR Y/ Y

Investigations it the wlectivity and  localisation of
leishmania i laboritony -reared sandilies, as o guide to the
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dentitication of vectors and potential vectors, reqaires
compari un with known natural leishmania infection,
Studies were undertaken to establish the locality of
Leishmania actiiopi :» in the mouth parts of Phichotomus
pediter and to relate the infeetion in the mouth parts to that
in the g,

Sundtlies were captured from their natural resting sites at
the slopes of Mount Elpon, Wesiern Kenya, using suction
tubes. They were disseeted and examined under a light
mictoseope for the presence of parasites. Promastigotes
isolited from the oesophagus using NNN culture medium
were confirmed by one of us to be biochemically
idistinguishable from a reference isolate of /. acthiopica.
I'he oesophagus and mouth parts were processed and
examined under the electron microscope using standard
technigue. Two of 71 1% pedifer which were dissected had
parasitacmia. The infection with motile physiologicaliy
active promastigotes of /., aethiopica was simultancously
spread to the cibarium *pharynx’ oesophagus and midgut,
In the pharynx, promastigotes attached to the lining by
their flagella (Figure 1) with the body suspended in the

W
S

Figure 1 Eiectron micrograph showing promastigotes of Leishmania
aethiopica free (pf) in the lumen, and others sttached {pt) by their Nagella
to the lining (urrow) of the pharyne. of Phlchotomus pedifer x 5775,
lumen. This pheromenon seems to make /7, pedifer with
leishmanial infeetion in the mouth parts remain infeeted for
ble. In turn, the life-fong infection in the mouth parts
confers ahigh degree of vertorial capacity to 2. pedifer.

CHARNCTIRISATION OF TFHISHMANIAL PARASITES

BY ISOENZYME HECHNIQULS

"N Okor-Kaher, B Ndururu

The deishmanial parasites which were ntilised in the
experiments were treated in the following manner:
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The masccultured  strains  were  processed  for
biochemical studies by soricating in the cold in un cqual
volume of phosphate-buffered saline with 19% triton x-100
(PBS-pH 7.2). One half was treated with phenyl-
methysulphonyl-fluoride, a proteinase inhibitor, to protect
proteins from breaking down during processing. This
fraction was used for a general protein profile analysis. The
cener half was not treated and was used for isoenzyme
s.udies  following sonication and  centrifugation.  The

supernatants were stored in hiquid nitrogen, in the form of

10 pl beads, until reguired.
The following glveolvtic isoenzymes were used {or the
identification of strains,

Alcohol dehydrogenase (EC 1.1.1.2)

Glucose-6 phosphate dehydrogenase (EC 1.1.1.49)
Glucosephosphate isomerase (FC 5.3.1.9)
Hexokinase (EC 2.7.1.1)

Isocitrate dehydrogenase (EC 1.1.1.42)
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Malate dehydrogenase (EC 1.1.1.37)

Malic enzyme (EC 1.1.1.40)

Mannose-phosphate isonierase (EC 5.3.1.8)
Phosphoglucommutase (EC 1.7.5.1)
6-Phosphogluconate dehydrogenase (EC 1.1.1.44)

The extracts were subjected to isoelectrofocusing in either
agarose or polyacrylamide. All 11 selected isoenzyme
systems consistently differentiated among strains,

Results

Six lizard strains were found to be unknown profiles
needing further investigation. Eleven isolates  from
phlebotomine sandflies were simitarly identified as isofates
of unknown profiles needing further investigation. These
isolates will now be subjected to further serutiny i.e., animal
infecti: ity trials and DNA probes, tor identification of their
specific types.
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Research Programme

During the last 2 vears, the Tsetse Research Progranme has focussed attention on
the ecology of Glossina pallidipes in refation to the rofe itphay - as avector of African
trvpanosomiasis. The jicld swadiey have been centred in 2 study sites (Lambwe
Vallev in Western Kenva, and Nguruman in the Rift Valley, Kenva). The research
has been aimed at examinmge wavs to reduce or ciiminate the problem of
rypanosomiasss using environmestallv-aceeptable methods, thai can be integrated
witlt other conirol measures. Tie approaches employed both i the field and
laboratory have Feen:

Fully inv olving local compuary participation in tsetse control and wiilising the
new low-cost trapping technology.,

Toobtain sufficient data to develop a setse-population model in which costs aned
henefits of control can be included. A predictive-popidacicn model should enable
s tosimudate the eflicacy of various control measures and thus devise optimal
control strategies tor parncrdar situations.

To sty tserse-population dvnannics and the epidonn. dogv of the disease after a
Isetse spravizg campegn in order to estimare jopadation-growth rates and the
etfect this has on the disease (1P VPAanoseniasis ) sittiation,

Toassess endemicity of African tripanosomiasis, in livestock and in G. pallidipes
popudation, under normial conditions and when subjected 1o chemical inseccticide
prestare.

To evamune the possibility of using tsefse tissue 1. UNINUIISING 15¢t . -flost

artinaly.,

This report highlishis some of our major areas of activity during 1985,

ISETSE AND TRYPANOSOMIASISSTUDIES A
NGURUNMAN

The ntention of the Npuruman tetse and trypano-
somiasis projectis to reduce or eliminate the problem of
frypanosomiasis in the Nguruman area by developing a
PArCipatorny community tsetse control programme.
Together with the strategic use ol chemoprophvlaxis and
proper resource management, this should icrease the
general levelotlivestock productvity, 1tis intended that
the knowledge and expertise gained from this study
should then be applied to tsetse - infested arcas in other
parts of Kenvivand peighbouring countries.

The brst approach has been o gain o better under-
standing of the tsetse and trypanosomiasis situation , and
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abvo to obtain sutfivient datito develop ataetse - populit-
tion maodel. A predictive - population mode! will enable
us tesimalate on the computer the efficacy of various
control measures and thus devise optimal controd
strategies for particular situations. As our collaboration
with the  veterinary  rescarch institutes  in Kenya
increases, the population model will he incorporated
into i full epidemiological model in which cost and
berehts of control can be inchided

The seeondapproach has been o put the emphasis on
parhapatory community  conteol programmes with
minimal external import. By fullv involving the local
community and utilising the new Jow-cost trapping
technology, we believe these problems can be over-
come.
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TSETSE POPULATION DYNAMICS

Population data analysis
R.D. Dransfield, R. Brightwell

A map of the study area at Nguruman is shown in Figure |
with the sampling transects and different vegetation types
indicated. Cattle, sheep and goats are grazed on the open
plains when grass is available, but are moved into the more
wooded areas and occasionally up the escarpment during
drought conditions.

aa Escarpment top
aa Escarpment base
++ Transect

Figure L Mup of Nguroman study area,

The relative density and population structure of .
pallidipes huve been monitored since May 1983, and some
of the .nore interesting results of analysis of data collected
through September 1985 are presented here, Changes in the
relative density of G. pallidipes over the period, as indicated
by 2 month running means of biconical trap catches, are
shown in Figure 2A, together with adult-mortality raics
estimated from the age distribution. There is a significant
negative correlation (Figure 2B) indicating that adult-
survival rate plays a major role in actermining population
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Figure 2 A. Two month running mean catches of female 6.
pallidipes (closed symbols) and mortality rates estimated from two
month running totals of numbers in age categories 1-7 (open symbols)
over the study period. B, Relationship between log number of fenale (5.
pallidipes and mortality rate.

change. Deviations {rom this relationship may indicate
when pupal mortality and abortions become significant,

There is evidence that variations in the relations in the
relative density result partly from changes in nutritional
stress as reflected by the wing-vein length, This changes
significantly over time (Figure 3A), and up to April 1985
there was a significant though weak correlation between
relative density and wing-vein length. From May 1985 otner
factors must be responsible for the high adult-monrtality rate
and consequent low catches.

Analysis over time of the variability within the age
categories showed that the numbers in ovarian age category
I were the most stable. While the OA /OB ratio is positivcly
correlated with adult-mortality rate, there is a significant
negative correlation between OA/ OB ratio and the OB/ |
ratio. These results suggest that density-dependent
mortality may be acting to regulate population size at the
OB stage.

Monthly cbanges in the activity of the tsetse were assessed
by plotting mean-wing fray against ovarian age (categorics
OA-3). The slope of the regression lines is an index of
activity during the previous month, Such estimates of
activity will enable the apparent densities, shown by the
biconical traps, to be corrected for changes in activity, an
essential step in refinement of a population model.
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Figure 3 AL Two month running mean cutches of fenale 6 pallidipes
telosed symbalsy and two month running means of the wing vein lenpth
of female OA und OB flies topen symbals), over the study period.
B. Relationship between log mumber of feaale ¢ pallidipes and nrean
wing vein length,

Reproductive biology of G. palfidipes
M BB Chawdhure, R D Dransfield

For the Nguruman Tsetse Project a muludisciplinary-team
approach has been adopted for simultancous studies on
vector biology, population dynamics and trypanosome
infection rates. The study reported here contributes to the
understanding of the population regulation of G, pallidipes
at Nguruman by identifying factors and reproductive
mechanisms which may be playving a role in regulating the
population. Sampling was carried out monthly, initially
over [ transect, and later over 2 additionat transects from
the Ewaso Ngiro River to the Nguruman escarpment, using
biconical traps emptied at intervals of 1% hrs, 3 hrs, and
24 hrs. Female 6. pallidipes and G. longipennis caught
during 1% hrs, and 3 brs duration were examined to
determine  age, insemination rate, fertilization and
embryonic development, rate of larval development and
occurrence of any reproductive abnormalities. Laboratory
experiments with G. pallidipes were also conducted to
answer questions emerging from the field data.

Project results. Teneral females of G. pallidipes (calendar
age 1-5 days) examined were uninseminated. More than
904 of the non-teneral nulliparous females (age 6-10 days)
were inseminated. Findings from the laboratory studics
indicated that there is a direct correlation between
insemination and development of the first oocyte. Most of
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G. pallidipes females possessing a developing oocyte
measuring 1.5 mm are suceessfully inseminated both in the
laboratory and in the field. Females with smaller oocyte
usually resist mating in the laboratory. This phenomenon is
peculiar to this specics of Glossina,

Comparative studies on 4 suceessive pregnancy eyceles of
the field-collected 6. pallidipes showed that the egg from
the first eyele was relatively small in about 50¢7 of the
females examined. In the laboratory, more than 606 of the
females failed to produce a viable progeny during the first
pregnancy cycle. In the ficld we have observed a high rate of
abortion during the first evele. A small egg could be :he
contributory factor for the missing fisst eyele in the
luboratory-reared females reported by other workers.

The abortion phenomenon could be an important
mortality factor affecting the tsetse population. The rate of
abortion has been determined for the entire sampling
period. The abortion rate was highest in the 2 months
preceeding those showing the 2 lowest mean wing vein
length, indicating the importance of nutritional stress. The
percentage of empty uteri in refation to age of the fly
indicates an initial decrease with age, but also suggests that
in very old flies the rate may increase again. Since the
abortion rate was generally low (<Z5¢7), it was thought that
abortions might represent only a small fraction of the
reproductive loss oceurring in the Nguruman population,

At times of stress the small third instar larvae were
probably giving rise to small pupae from which non-viable
flies would emerge. The mean lengths of the uterine stages
(cgg to third instar larva) have therefore been measured
cach month and have been found to follow similar trends to
those shown by mean wing vein length over the same
period.

Population model
R Brichiwell, R.D. Dransficld

An empirical-cohort model vith age structure has been
developed. The initial age structure is set by runs of the
maodel using known average survival rates over a period
sulficient to give a stable age distribution. The inodel runs in
steps of I day when separate survival rates are applied to
pupae, tenerals, males and females. Density dependence is
introduced by making feeding success and hence survival
rate dependent on adult density, Results are caleulated at a
chosen interval and consist of numbers of cach stage as well
as the female-uge structure, Further model development is
underway to incorporate relationships demonstrated by
analysis of the field data and to make developmental times
dependent on temperature.

Even in its present relatively simple form, runs of the
model have demonstrated how sensitive the population is to
slight changes in adult female survival rate compared to
other survival rates. It is also focusing attention upon areas
where data are lacking for the development of a fully
predictive population model.
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COMMUNITY PARTICIPATION CONTROL PROGRAMME

Odour attractant
R.D. Dransfield, R. Brightwell

Following the successtul use by Owaga of buffalo urine to
incrzase catch size, further work has been carried out on the
usc of cow urine in conjuction with acetone, given the ready
availability of cow urine at Nguruman.

Cow urine was disnensed from glass jars with a 12.3cm
diameter aperture, while 3 different dose rates of acetone
were used with far anertures of 0.2 cm, 0.6 cm and 2.2 ¢,
Very considerable increases over unbaited traps were
obtained (Table I', with even the low dose rate giving a
15.1x increase for males and an 18.7x increase for females.
Subsequent experiments have adicated that this index of
increase is apparently dependent on temperature, yet even
during the cool rain® season an index of 13x was obtained
tor females. The attractants are not effective if mixed
together in the same Jar.

‘Trap developmen?
R Brielawell, RO Dransticld, O Avorku

‘The objective here iy to develop a cheaper trap tor both (.
pallidipes and (. longipennis, that is casy to construct and
can be made locally in the manyattas at Nguruman, Several
moditications of the bicenical trap and the Zimbabwe 3
trap have been tested, and the latest version (the NG2 trap)
has shown promising results. The NG2 trap consists of a
modified triangular version of the F3 trap with materials
costing about Ksh. 85; it can be constructed using a stapler

incbout 1Y hours. It was tested baited with cow urine and
the medium dose of acetone, against similurly baited
biconical traps and an calier version of the new trap, as well
as against an unbuited biconical trap. The results are
presented in Table B, and show that in the first trial the
new trap provided about twice the male cateh and 4-5 times
the female catch as the baited biconical.

FRYPANOSOME VITCTORINTERACTIONS AND DISEASE
EPTZ001TO1 0GY

SoA arimo VK. Golder

The role of G, pallidipes in the epizootiology of animsl
trypanosomiasis in Nguruman

Bae:line data for the past 2 vears on the prevalence of
trypanosome infection in . pallidipes have been collected
at Ngurumin (see the Twelfth Annual Report, 1984). Since
June J98Esimilar observitions on cattle iy pamosomiasis
have been collected. These parameters, namely, trypanosome
infection in the tsetse and in cattle are crucial in attempting
to quantity tsetse challenge and trypanosomiasis risk to
cattle. Figure 4 summarises trypanosome infections both in
tsetse and cattle duning the period 1984-1985. Infections in
tsetse have heen plotted as n + 1 months in order to
corressond with infections observed in cattle. Infections
due to T2 vivax and 1. congolense were observed in both
tsetse and cattle. Tryvpanosome infection rates in flies did
not rise bevond 79 auring  this period;  although
trypanosome infection rates in cattle were very high (up to
4507,

Fable b Detranstormed mean catches ot € patlidipes and inded s of attraction tor Ca)comparson ot unbaited biconscal L with bicomical trps

butted sath acetone and cow urme and thy comparison of bated and unbated Taconreat taps with ated NG and NG2 traps

Females

) Freatment Bose Mean Males
raty vatch Indey ol I Mean Indexv ot I
acetone ST ase catch invreise
1mgh)
Control T 1290
CU -+ low 150 119.3b XIS 27700 24.1h xI8.7 RETRA
dose acet
CU e med SN 136.2b x17.2 303.6he N23.5
dose acet
CU o hgh 2300 146.5h xI8.§ 330.3¢ x25.6
(b) Control 3.8 1.7
Banted 500 47.2b x12.0 22.8b x13.4
Baited 500 70.7¢ x19.1 oh.4¢ x39.1
NG
Haited 500 92.3d x24.4 107.5d x03.2
NG2A
Haited 500 89.3d x23K 105.9d x02.3
NG

NBOONG2A & NG2B are slight moditications of the same trap. Means within one sex are not signiticantly different if followed by the same

letter.
M 24 1KY 11
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Figure 4T ey panosome ininfected Gl paallicdipeand cattle at Npuruman

Relative challenge in the different habitats, (river, plains,
Acacia woodland. lower woodland, upper wooland and
valley) in the study area have been marked out. Although
the highestinfection rate in tsetse was observed in the plains,
the highest relative challenge was observed in the lTower
woodland because of the high tsetse density.

Trypanosome infection rate and fly aetivity period

We have also noticed variations in trypanosome-infection
rates at different iimes of the day. Figure § shows the total
trypanosome infection rate in both males and females
captured during the following 3 hourly intervals: 6:30-9:30 a.m
(A), 9:30-12:30 (B): 12:30-3:30 (C); and 3:30-6:30 p.m (D).
The data show that infection rates were significantly lower
in flies caught between 12:30-3:30 p.m. This cannot be
explained by diurnal changes in the age distribution, and
may reflect feeding behavioural  differences  between
infected and uninfected flies.

—

~ Total trypanosome infections
- males and females

B

Figure S, Activity puttern of €5 patlichpey at Nguraiman,

Percentage
w
)
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THE COINCIDENCE OF VIRUS-LIKE PARTICLE INDUCED
SALIVARY GLAND HYPERTROPHY AND TRYPANOSOM.A
INFECTION IN GLOSSINNA PALLIDIPES AUSTEN

TR Golder, S.A. Tarimo, R.D. Dransfield

The virus-like particles (VI.Ps) which cause salivary gland
hypertrophy (SGH) in Glossing pallidipes have bheen
considered as possinle biological-control agents, because of
the high incidence of sterility in infected males. It has been
suggested that flies with SGH might be particularly well
suited for trypanosome intections. Therefore, we have
collected a large sample (12,33)) of . pallidipes from our
ctudy site at Nguruman to cluaidate the relationship
between VP and trypanosome-infection rates. Flies were
dosected  for trypanosome infection, SGH and  age
determination. The overall trypanosome-intection rate (7
vivax, 1. congolense, and 1. Lruced) in tlies with normal
salivary glunds (both sexes; was 4,19 (n =2 12,174), In {lies
with SHG, the overall try panosome-intection rate was
Pr40% ono= 1563 The difterence in trypanosome-
infection rate ts significant (X7 = 2744, P <0001, df = )
and confirme a previous ohservation that VIP-infected flies
have a higher try panosome-infection rate than flies with
normal salivary glands, I VI P-ntested flies are more
susceptible to trypanosome infection, they would hardly be
stitable biological-control agents. However, the frequency
of SHG increanes with the age of the fly (Figure 6) as does
the trypanosome-infection rate. Thus, the data reflect a
coinaidence based on age rather than an increased
susceptibility to trypanosome intection of VI.P-infected
flies,

Gpalidipes females

T

y=134-051x:014x20.013
r=0.9

30

1 L 1 1 1 1 |

Oabt 2 3 4 5 6 7
Ovarian age

Figure 6. Percent by petrophicd salivary glands (USG) Glossna pal-

ludipes of various ovarkan age groups.

ISETSE FCOLOGY IN THE LAMBWE VALLEY
. A Turner

Spraying operations were carried out in the Lambwe Valley
from November 1984 to April 1985. Field work resumed in
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July 1985, when the tsetse population began to show signs
of recovery, and continues to date, Completed studies, and
those which have been resumed or newly initiated, are
itemised below.,

An analytical approach to determining the effectiveness of
the sequential aeriaf spraying method for tsetse control
From the data obtained in the Lambwe Yadey oefore,
during and after the 1987 scquential aerial spraying
operation, a predictive model has been developed which
attempts to explain survivors of spraving i ternis of the
number of flies (adults and pupariag present initially and the
probable effectiveness of the sprav he model estimated
that the acrial spraying was approaimately 90C7 effective in
kithing adults per application, and that several thousand
flies probubly remuined atter spraying. This adequately
explained the failure to achieve eradication, even after 9
spray eyeles of comparatively heavy dosages of insecticide,
Some confirmation that the spray was only 907 effective
per application was found in the similirity between
observed and predicted times to recovery of the population
tollowing spraving.

Studies an pupal ecology

From visual inspection of puparial remains collected from
the field. it was estimated that predation accounted for less
than 17 (5 5409 ot the possible causes of mortality of G
pallidipes puparia, No evidence was found to indicate
parasitismus a cause of death. Further studies are underway
to investigate the nature and extent of predation and
parasitism of puparia, involving the burial and later
exhumation of laboratory-bred puparia in typical breeding
sites and at varving  densities. Under  experimental
conditions, very high rates (around 500¢) of predation have
been recorded  with ndications  that the rates are
density<dependent.

Calibration of G. pallidipes female ovarian age-graded data
with calendar age (in collaborction with the Tsetse
Research Laboratory, Langford)

In order to assign accurate calendar ages to female flies
age-graded by the ovarian dissection method, it is usually
necessary to apply mark-recapture technigues to newly
emergent (teneral) flies. This has not been possible in
Lambwe for 2 reasons: the bias against tenerals in biconical
trap samples, and the lack of opportunity to carry out such
studies due to the intervention of spraying operations, A
promising alternative method being developed is to
compare ovarian age data with estimations of pteridine
levels in the eyes of tsetse, which appear to be lincarly
correlated with age. Toward this purpose, 200 G. pallidipes
have been age-graded and their heads sent for pteridine
analysis at the Tsctse Rescarch Laboratory, Langford.
Analyses showed discrepancies in the slopes of regressions
of pteridine fluorescence regarding age between ficld and
laboratory-reared fliecs. Before this mcthod becomes a
practical tool for age determination the cause of
discrepancies must be found.
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INSECTICIDE SUSCEPTIBLLIIY STUDIES
DA Turner. UK. Golder

The Lambwe valley G padladipes v e been subjected Lairly
regularly to insecticidee orer 4 netiod of 15 years, including
3 attempts at cradication by spraving. The theoretical
expectations for the development of resistance nay
therefore have beeir met in this isolated population. We are
investigating this possibility by comparing the susceptibility
to tapical application of dieldrin and endosulfan of wild-
caught, non-teneral tlies from the i.ambwe Valley with flies
of the sume species from Nyguruman which have never been
sprayed. Data so far indicate some significant differences
with both insecticides in dosage-mortality regression lines
and LDSO values between the Lambwe Valley and
Neuruman males and females.

G P HTPES POPUTATION DYNAMICS IN RETATION
FOTHE EPIDEMIONOGY OF AFRICAN TRYPANOSOMIASIS

1.1 Oneno

The aim of this study was to examine and compare (5.
patlidipes population dynamics and the incidence of both
human and animal tryvpanosomiasis in 2 study arcas within
ard around the Ruma National Park, the Lambwe Valley.
South Nyanza. Kenyi 1 had been suspected that the fly
population might spill over and inhabit the surrounding
areis of the Park. Tt was discovered during the course of
these studies that the v population had indeed spilt over
and established itselt in completely difterent (ecologieal
conditions) vegetation tvpes, about S km from the edge of
the Park. A third cunpling arc was theretore included in
this investigation. This arca was within the  human
settlement iea with many human activities e, cattle
grazing, cultivation and water source.

The results of fly-population studies are summarised in
Lable 2. Fly population has continued to be higher in the
Ruma study site tin the Park) than at Riamkanga which is
on the edge of the Park. In the third study site (God Jope)
within the settled area, it appears that only a small

lyeise

nopulation of flies have managed to establish themselves in
the wea,

Beginning in November 1984, an insecticide ground-
spraying campaign of first eypermethrin and later dieldrin
was undertaken by the Kenva Government Ministry of
Agriculture and Livestock Development. The spraying
operation was interrupted in April 1985 because of tavy
rains. The fly population had not been comy cely
suppressed when the operations were suspended. Ta le 2
summarises the observations made before, during and after
the spraying campaign. Of particular interest is the
obscrvation that as soon as the spraying campaign was
launched  Trypanosoma  brucei virtuaily  disappeared
(judging from the flies sampled), 1t is interesting to note
however, that other trypanosome species (70 congolense
and 7% vivax) were present throughout this pertod. We are
anxious to see when 70 hrucei will reappear in this
population.

CHARACTERISATION OF 1 BRUCET STOCKS FROM THE
TAMAWE VALLEY BY HUMAN PLASMA RESIST ANCE AND)
ISOENZYME FLECTROPHORESIS

N o Darp, 1.1 Oneno

he distribution of genetically  different trypanosome
populations may affect the prospective control measures,
such as immunuprophylaxis and chemotheraphy. Analysis
otisoenzvme distribution of 72 brucei complex has been one
of aur major objectives in the study of the epidemiology of
the African trypanosomiasis in the Lambwe Valley. Since
1983 extensive field studies have been carried out in our
programme. Monthly visits to the field sites in the | ambwe
Valley, namely Riamakanga and the Ruma Thicket, to
cailect  various  geological  data  for ccology  and
cpidemiology of . pallidipes have been carried out.
Infected salivary glands of . pallidipes obtained from the
above studies were macerated with buffer and inoculated
tnto mice. Fifty stocks of 7. brucei were thus collected from
June 1983 through June 1984. Out of the 50 stocls tested for

Lable 2 NMonthly sampline of ¢ paliidipes trom stady areas Ruaeand Biamabanes and Later God Topean the Lambwe Valley.
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(BIIT), 14 stocks produced positive results, 9 of these stocks
were from Riamakanga and S were from the Ruma thicket,

Isoenzyme analysis of 30 stocks were separated into 11
zymodemes, with the variations observed in the clectro-
phoretic patterns in 6 out of the 11 examined (Table 3).
Zymodemes 1-7 had been previously described in our study
(L.H. Oticno and N. Darji, Trop. Med. Parasitol. 36,
123-126). Zymodemes 8,9,10 and 11 were new and had the
same enzyme profiles as described previously by other
workers. Zymodeme § was described as ZY 35 vy Gibson
1980; 9 was described as ZY 68 by Gibson and Gashumba
1983; 10 was deseribed as ZY 69 by Gibson and Gashumba
1983,

Zymodemes 1,2,3 and 6 are closely related, since they
were distinguishable only by different combination of 2
alternative electruphoretic patterns for cach of the 2
enzymes (ME and PEP). Zymodeme 4 was previously
described as “7. gambiense-like™, this stock was also
human-plasma resistant. Stocks belonging 1o zymodemes
1.9 and 10 can be considered to be potentiadly pathogenic to
humans, and may therefore cause 7. rhodesiense sleeping
sickness based on the isoerizyme profiles and the BIT
results.

Conclusions

® Human pathogens are being transmitted by a high
proportion of infected flies in the Lambwe Valley.

® Zymodemes 9 and 10 have the same enzyme profiles as
the human isolates in Uganda. These parasites are now
found in G. pallidipes in Western Kenva, showing that
there may be an active exchange of strains in these foci,
probably by fishermen and others moving within these
areas,

® It has recently been suggested, on the basis of indirect
evidence, that the genetic exchange is possible in 7
hrucei. If this is true, then zymodemes 1,2,3,6 could
simply be hybrids of a parent zymodeme, and that would
explain why so many new 7ymodemes are being isolated
in one area.

TSETSETRAPPING STUDIES
MA A Owagu

Field studies started in mid-1984 1o elucidate the
effectiveness of buftalo urine as a tsetse olfactory attractant
continued. Having confirmed its potency, the emphasis was
turned to the identification of the potent components of the
urine; neeessitating collaboration with the Chemistry and
Bioassay Unit,

Our objective was to fractionate urine samples, test the
fractions in the field, and on the basis of the field results
decide what fraction to analyse further. The intention was
to identify the chemical composition of the active
components with a view to synthesising it for field use. The
test semples were utifised as - ait near a biconical trap, The
test: were done ou a comparative basis using a multiple
Latin square design so that the results could be directly
comparable. The field studies were done in the Nguruman
escarpment. The first 4 fractions tested were LC-1, LC-11,
LC-TTand LC-1V. The chemical nature of these fractions is
explained on page 66 of this report. The fractions were
tested against a control (unbaited trap). The results are
presented in Table 4. LC-1T was analysed further chemically

table 4 Captuses ot G pallidipes o bcomcal traps haited wath sanous
fractions o buttalo urme
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and tested in the field. The field studies were done using
non-phenolic and phenolic compounds from this fraction.
The results are presented in Table 5,
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Traps baited with L.C-11 produced catches of 6.
pallidipes that were 7 times that of the control, this being
75" of the activity shown by the crude-urine sample. It is
evident, that the most active component of buffalo urine is
composed ol phenolic compounds. Seven of these have
been wdentified so far (see page 66). The ongoing work will
determine the relative importance of the various phenals, in
contnbuting to the high activity in the urine. 1t will also
determine the proportions in which they oceur is a1y pical
urine™ and the blend eftect of each one of them.

PURTFICATION OF TRYPSINS FROM THE POSTERIOR MIDGE ]
OF G AL MORSITANS

K Rosenberg®. KA bundia, 1.H Oteno

Otieno et al. (19%4) showed that when rabbits were
immunised with crude extracts of G, m. morsitans midgut
proteises, the rabbits produced antibodies which when
ingested by tyetse resulted in the failure of the flies to digest
their blood meal. Suck flies died eventually from
indigestion, but mated females which managed to digest the
blood meal larviposited premature larvae.

It was the intention of this experiment to find out which
particular enzyme, or group of enzymes, was causing the
observed effect. We started by examining the role of trypsin,
one of the proteases suspected of causing the effect.
Isolation and purification of trypsin from the tsetse midgut
15 deseribed.

Protocol

.- The posterior midgut of approximately 250 6.
morsitans Westwood were homogenised ina minimum
volume (24 ml) of chilled 0.1 M Tris-acetate buffer,
pH 6.0,0.05 M. NaCl and then sonicated for 2 minutes
in ice, using a Headland electronic H60-Z. The
hemogenate is centrifuged at 20,000 RPM (47,800
RCF) for 15 minutes in the sorvall RC5C centnfuge at
4°C. The equivalent sedimentation effect, as indicated
by w’dtis 3.6 X 10", (This centrifuzation does a better
job of removing cellular debris than that using the
Heraeus, which has lower speed limit). The supernatant
is assayed for absorption at 280 rm and for aciivity
towards TAME.

The supernatant trom the centrifugation is brought to
50% saturation with (NH.):SO4 (299 mg/ml) by
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shaking until all the (NH):80, is dissolved. The
dissolution of (NH.),S0;, is much faster if the salt is
tinely ground before addition After standing in ice for
30 minutes, the suspension is centrifuged at 20,000
RPM for 15 minutes at 4°C, the preeipitate js
discarded, and the supernatant is assayed for A280 and
TAME activity,

The supernatant from 50¢; saturated (NH.):S0. is
brought to 807¢ saturation by the addition of an
additional 179 myg (NH::S0, per ml of supernatant,
with shaking to dissolve all the (NHs)S0. (It s
difficult to see the remaining undissolved (NH.;S0,
because the solution is so opaque). Afier standing in ice
for 30 minutes, the suspension is centrifuged at 20,000
RPM, 15 minutes, at 4°C. The precipitate now
contains the trypsin activity, and the supernatant iy
assiyed as a cheek before it is discarded.

The 804 (NHa:S0, precipitate is dissolved in the
mimimum volume (about | mi) of 0.1 M Tris-acetate
butfer, 0SM NaCl, pH 6.0, and dialysed against 200 ml
of the same buffer for 4 hours. (An alternative to
dialysis is ultrafiltration  with  addition of the
replacement buffer until the total volume of buffer is
200 ml and the final volume of sclution is 1 ml). The
resulting solution is centrifuged at 20,000 RPM, 15
minutes 4°C to clarily before chromatography,

The clanfied | ml of solution is applied to a Sepharose
CL-6B column that has been equilibrated with 0.1 M
Tris-acetate buffer, .05 NaCl, pH 6.0 and cluted at 30
mi per hour. The curve of absorption at 280 nm is
shown in Figure 7. Fractions 22-33 were found to have
activity to TAME (bwt cach expertment should be
checked for the location of this activity by assay). The
“trypsin” fractions arc pooled and concentrated to a
volume of | ml by ultrafiltration against a buffer,
0.30 M Tris-HC1, pH 7.0, as used by Gooding and
Rolseth for DEAE-cellulose chromatography.

. . 1 . )
20~—30 40 50 60
Fraction rumbers

10

The I mlconcentrate of the “trypsin" fraction is applied
10 4 DE-52 column and eluted with a gradient from 0 to
0.30 M HClin .03 M Tris-HCl, pH 7.0. The peaks of
absorption at 280 nm should be assayed for activity
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against TAME. The individual fractions with “trypsin”
activity can be concentrated and used to produce
antibodies.
* Visiting Lcientist, Department of  Chemisiry and  Bochemustry,
Universuy of Wisconsin, Madison, Woconsin S1206 U5, 4.

SOME ASPECTS OF THE PHYSIOLOGY OF TKYPANOSOME-
INFECEED (M MORSITANY

Y. Chiqwsa®, 1.J. Oneno

Golderetal. reported in 1984 that trypanosome-infected €.
m. morsitans were more sensitive o endosulfan and
pyrethrum. This observation suggested that G. .
morsitans with mature salivary gland infection were not as
healthy «s clean non-infected flies. The studies have now
been extended to see if trypanosome infection affects the
general physiology of the tsetse.

We have examined the effect of trvpanosome infection
onthe longevity of the fly, fecundity, feeding frequency and
the size of a blood meal. The studies are still in progress, but
preliminary  observations indicate  that  trypanosome
infection (7. brucei) has a statistically significant effect 0
the longevity of infected tlies. Whereas clean males lived
under laboratory conditions for 76,73 4 18.01; the infected
flies lived tor 65.61 + 14.28. In the case of females there
appears to be no apparent difference in the longevity of
infected and clean flics. Infected males mated with infected
females. produced smaller (24.8 - 4.7 mg) pupac than clean
females mated with infected males (28.4 + 4.0).
¢ Visiting  Sciemtist,  Department of  Parasuology,  tichi Medical
Universuy, Aicht, Japan.

BARRIERS TO 7. CONGOLENSE DEVELOPMENT IN
G M MORSITANS

M Mwangelwa®, I.H Oteno

In 1982 Distelmans ct al. demonstrated that G. p. palpalis
could not be infected with 7. congolense in the
proventiculus and proboscis after 32 hours of emergence,
but older flies (2-25 days oid) could be infected in the gut.
On the other hand, Gingrich et al. (1982) reported that
starvation influenced the transmission rate of T, b,
rhodesiense; showing that G. m. morsitans 21-25 days old
could be infected with 7. b. rhodesiense as readily as in
teneral flies.

In our attempts to examine some of the barriers to 7.
congolense infection, we have ohserved the effect of age and
sex of the fly as well as starvation on the transmission rate of
T congolense. We have also looked at the effect of ingesting
a mixed T. congolense, T. brucei blood rical on the
resulting 7. congolense infection.

The following groups of G. m. morsitans were fed on rats
(at peak parasitacmia) infected with 7. congolense Maruam
strain: 7-day old flies, starved during the last 48 1ours; 7-day
old flies fed daily; 2-day old flics not fed previously; 2-day
old flies fed once prior to infection; and 16 hr old flies not
fed previously. After the infected blood meal the flies were
maintained on separate rabbits for 30 days after which they
were dissected and examined for trypanosome infection.
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The results showed that mature infections in both males and
females were highest among the 16-hr old and 2-day old
starved flies (23.8-25.19¢) for males and (13.4-16.79) for
females. Seven-day oid starved group had the next highest
infection rates, 14.1¢ for males and 8.0¢ for females.

The number of males and females infected with
trypanosomes was observed to change with the course of
infection from the gut to the hypopharynx. Females in all
the age groups were normally more infected in the gut than
males. The pattern of infection between the sexes however,
changed in mature infections. Overall infections showed
that more males were infected (X° = 14; p < 0.001) than
females. It would appear that a larger proportion of
trypanosomes in the female gut and labrum failed to reach
the hypopharynx.

Mixed infections were carried-owt by mixing infected
blood from 2 rats, | infected with 7. congolense and | with
1. brucei. Teneral flies were fed in vitro on the mixture;
control groups were fed on 1. congolense and T. brucei
infected blood separately. Just befare killing the rats, clean
flies had been fed on them as a further control in assessing
the transmussion rates. It was later discovered that
hypopharyngeal infections in females fed on mixed 7.
congolense/ T. brucei were significantly lower than females
swhich were fedon amed infected with 77 congolense alone
Since most of hypopharyngeal infections are attributed to
T. congolense, W is suggested that the dramatic decline in
infection observed in tlies fed on mixed infection is due to
competition between the 2 trypanosome species.

* Collaborating Scientist, Deparimenn of Zoology, University of Nairobi,
Nemya

G PALLIDIPES GE

ETICS
S Tarimo, LH. Otieno, R Gooding®

G. pallidipes samples were collecied from the Lambwe
Valley, Western Kenya and Nguruman in the Rift Valley,
Kenya and frozen in liquid nitrogen. The frozen samples
were analysed by polyacrylamide gel electrophoresis for
clectrophoretic variation in testicular esterase (Est.t),
midgut alkaline phosphatase (Alkph) and 10 thoracic
cnzymes: glucose-6-phosphate dehydrogenase (GSpd)
arginine phosphokinase (Apk); X-glycerophosphate de-
hydrogenase (XGpd); Xanthine xidase (X0) octanol
dehydrogenase (Odh); aldehyde oxidase (AO); esterase
(Est.1): malic dehydrogenase (Mdh): malic enzyme (Me);
and tetrazolinm oxidase (To).

G. pallidipes from the ICIPE Mbita Point Fie'd Station
colony, Nguruman and the Lambwe Valley samples were
exarnined electrophoretically by comparing allele frequencies
and heterozygosity at 12 loci. The banding pattern indicated
that the polymorphic loci £0, AO, Odh and Est.] were
located on autosomes, Mc was probably on the X
chromosome. The populations were usually in Hardy-
Weinberg Equilibrium. la general G. paliidipes from
Nguruman were clearly different from those in the Lambwe
Valiey and MPFS samples with respect to the allele
frequencies at Odh, Est.1, XO, and AO. The Nguruman
population also showed less genetic variation than was



shuwn by either of the other populations. Surprisingly, the
MPFS colony (which originated from the Lambwe Valley)
had a slightly greater mean heterozygosity than the
Lambwe Valley population; the 2 populations also differ in
the allele frequencies at Fst. |,

¢ Collalorating Scientist, Department o Entomology,
Alberta, Edmonton, Cunada

University of

INDUCIBLE HUMORAL IMMUNITY IN ISETSE
FLIES, GLOSSINA MORSITANS MORSTANS

G. P Kauva

Tsetse flies, the natural vectors of human and animal
trypanosomiasis, have been shown to have unusually low
infection rates by trypanosomes both in the ficld and in the
laboratory. This fow infection rate is of importance in the
epidemiology of African trypanosomiasis and refleets the
presence of an cfficient defeace mechanism within the fly. In
order to acyuire a better understanding of tsetse defence
mechanisms, we decided to start our investigations using
bacteria as inducing agents,

Injection of live bacteria, e.g., Escherichia coli or
Enterobacter cloanae induced a strong antibacterial activity
in the tsetse starting from 6 hrs and reaching peak 2448 hry
post-injection, as demonstrated by zone-inhibition assay in
soft agar seeded with bacteria. Higher doses induced
production of higher titres of antibacterial activity; the
activity declined only when the amount of bacteria had
dropped tolow levels, Injection of heat-killed bacteria failed

to induce production of the antibacterial activity.,
Simultancous electrophoresis of Cecropia and  tsetse-
immune  haemolymph in acidic  gels,  which  were

subsequently overlaid with agar sceded with bacteria,
revealed that tsetse, like Cecropia and other lepidopterans,
produces 2 families of antibacterial proteins, namely
attacins and cecropins.

Injection of cycloheximide, a known inhibitor of protein
synthesis in cukaryotic cells inhibited production of the
antibacterial activity completely when injected at the time of
bacterial inoculation, thus proving de nove synthesis of the
antibacterial activity, Lysozyme, a bacterial cnzyme, was
also produced in the haemolymph following bacterial
injections, as demonstrated with Aicrococcus lutews plates.
Peak activity, however, was reached 1-2 hrs post-bacterial
injection and was not inhibited by cycloheximide,
suggesting release from storage sources. Primary and
sccondary injections ¢f £ coliinto tsetse induced 2 peaks of

anthacterial activity and hvsozvme. not charicteristic of

anamnaestic (memory) response.

Different mutants of Baciflus thuringiensis were among
the few species of bacteria found to be resistant th tsetse
immune  hacmolymph. Purified inhibitor-A  of 8,
thuringiensis, which is known to inactivate both atiacins
and cecropins of Hyalophora cecropia also inartiv.® 1
tsetse immune haemolymph. When In-A diluti. 0
was incubated 1:1 with whole haemolymph at 3,~C,
complete inactivation occurred within 5 minutes.
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SOME PROPERTIES OF A NON-OCCLUDED DNA VIRUS
ISOLATED FROM THE TSETSE FLY GLOSSINA PALLIDIPES

M.O. Odindo, C.C. Payne® N.E. Crook®, P. Jarre

Enlarged salivary glands from Glossing pallidipes were
triturated with TK buffer and purified through differential
centrifugation, and in continuous sucrose gradients. Virus
preparations were examined in a JEOL JEM 1008 electron
microscope after negative staining with saturated aqueous
uranyl acetate or 265 potassium phosphotungstate. Particle
sizes were measured in comparison with the crystalline
lattice of catalase photographed at the same magnification.

The virus particies were rod-shaped, 57 nm wide by 700
to 130C nm long. Concentsation of protein was measured by
the Folin test using bovine serum albumin as a standard and
polypeptide mol. wts. determined by comparison with the
clectrophoretic mobilities of marker proteins on SDS-
pelyacryamide gel slabs. Virions contained at least 12
polypeptides, the major component having a mol. wt. of
39.004).

Presence of the nucleic acid was tested by Diphenylamine
(DNA)or Orcinol (RNA). The viral DNA was analysed by
cthidium bromide -- caesium chloride gradient cantri-
fugation. The electrophoretic mobility of viral DNA was
compared with the mobilitics of covalently -- closed and
linear DNA from an acrystalliferous mutant of the HDI
strain of Bacillus thuringiensis. For clectron microscopy
studies, the viral DNA i NaCl - EDTA buffer was spread
on ANALAR water, rotary shadowed with gold-pallidium
and the grids examined in a JEOL JEM 1008 microscope.
The size of the viral DNA was compared with that of
reluxed circular molecules of PM2 DNA. The virus
contained double-stranded DNA. The niolecules appeared
to be linear and heterogenous in size.

The tsetse virus therefore superficially resembles the
baculoviruses of insects, However, they lack the
proteinaceous sheath and apparently do not have any viral
envelope. Furthermore, the virus particles are much longer
than baculovirus nucleaocapsids. These results suggest that
the G. pallidipes viruses cannot be placed in any of the
existing taxonomic grouping of insect DNA viruses.

* Glasshowe Research Instinute, U, K.

CATION EXCHANGS CHROMATOGRAPHY OF
HLOODSTREAM T. 3RUCEL INFECTIVITY TO
(GLOSSINA MORSITANS AND VARIANT ANTIGEN TYPE,

TK. Golder. N. Darji. = M. Honigherg®

Bloodstream froms of 7. hrucei, at peak parasiteriia,
display a high degrece of polymorphism. The parasites vary
from long slender forms (LSF) to short stumpy forms (SSF)
and often a substantial population of intermediate short
stumpy forms (ISS). When such a mixture of forms is
passed through cation exchange resin (carboxymethyl
cellulose) at an appropriate pH and ionic strength, some of
the parasites clute rapidly (peak 1) while the rest remain
bound to the column. The bound parasites clute (peak 2)
when the pH and ionic strength of the elution buffer are



Detse

raised (Eleventh Annual Repont, 1983). The population of
peak 2 is enriched for SSF, which are thought to be
preadapted for survival in the tsetse. Thus, we predicted that
peak 2 parasites vould te more infective for tsetse flies than
peak | parasites. We tested this hypothesis by separating
these forms, resuspending them in defibrinated blood and
feeding them via silicone membrane to newly emerged male
G. morsitans morsitans. Infected tlies were dissected 3 to 4
weeks post-feeding and cxamined for the presence of
trypanosomes. The cata are summarized below.

Nofies  Gut Proboscis Salivary S GGt
Giland Rauo
Peak 1 1ou W, TN, S 13y
6t
Peak 2 fun J2AONS 4L Nt R B (T
N3

These results show that there is a significant ditference in
infectivity of the parasite. in peak 2 in hoth the salivary
gland and proboscis infections. Yates Chi squared analysis
of the ditferences are salivary gland, X° = [3.099 (df = 1),
P <2 0.001; proboscis, X° = 12.09 (df = 1), P << 0.001; and
gut, XA =0.28(df= 1), P<20.5, N.S Itis interesting to note
that peaks | and 2 exhibit no difterence in the ak ity o
cstablisha gut infection in the fly. This would argue against
the idea that the experimental procedure had somchow
damaged the parasites in peak I Also interesting is the data
on salivary gland infection and gut infection ratio. o flies
fed on peak | parasites, 13.6¢% of the gut-intected flies show
mature salivary gland infections, This compares with 43,7
in flies fed on peak 2 parasites. The difterence is significant,
X* = 8.6 (df = 1), P < 0.01. These data suggest that there
may be a trypanosome factor involved in establishing
mature infections in (. morsitans and that the major barrier
to infection may not be the gut.

The results presented above reveal that our method of
cation-exchange chromatography vields 2 populations of
parasites, | of which is highly irfective for tsetse flies. Since

Labic 6 Results of experanental <e,es No 1*

trypanosomes of different variant antigen types (VATSs)
display, ainong other attributes, ditferences in growth rates,
surface sugar residues and infectivity of laboratory rodents,
it was of interest to define the relationship between the
Y"ATs and our other previous experimental results.

The primary aim of the following experiments was to
ascertain whether there existed any relationship between the
2 fractions of bloodstream-trypanosomes and VAT, This
aim necessitated  the employment of a homogenous
{thomoVAT) population. We therefore obtained for 3
expeniments a fast growing. hignly pleomorphic, clene
hemoVAT strain of 70 brucei (ILTat 3). Ananti-I1LTat 3
serum was then produced in New Zealand white rabbits,
Each of 2 rabbits received an iv. injection of 107 live
bloodstream forms from a parasitemia less than 72-hrs old.
The rabbits were bled terminally from the heart on the sixth
day post-mnoculation. This inoculation route and time of
bleeding commonly used tor the indivect fluorescent
antibody (IFAT) as suggested by Van Meirenne et al.
(1985), Ann. Soc. Belg. Med. Trop. 55, 1. This method was
employed in ull IFATS performed in the course of this
study. These tests were designed to analyse the antigenic
heterogeneity ot the trypanosome fractions obtained from
the CM-52 column at various days post-inoculation.

I'he results of the experimental series are shown in Tables
6 and 7. White Swiss mice, immuaosupressed by exposure
to 600 rads, were used in the first experimental series
while  nonrradiated mice of the same outbred
“strain™ were employed in the second experimental series
Parasites  obtamed  at the antervals shown were
separated into peak | and peak 2 populations by cation-
exchange chromatography. They were then smeared on
shdes for Giemsa staining and prepared for IFAT,

Inspection of the data in Tables 6 and 7 show that the
peaks obtained by cation-exchange chromatography are
not the result of the appearance of new VATs. The
fluorescence data illustrate this lack of relationship
very clearly. Note that on day 5 of parasitemia there are
approximately equal ratios of original VAT and new
VAT(s) in both peak | and 2.

Vv Sarentines Department ot Parasiolows,  Univeraty of

Mavsachionens, Amthense, Mavsachussen, 178 AL
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Tables 6 and 7

® Intectivity rates to tsetse thes, which sas to constitute an mtegral part ol both expenmental series, taled to vield meanimgtul results begause of the paucity of

flies and ther low viabihits

IS refers to long sleader try panosonies,

"\'l S reters to torms which were not long slender,
ISS reters to intermediate short stumpy torms and
°SS relers to short stumpy torms

+aneans positive Huorescence and denotes the presence of the onginal VAT,

- reters to those parasites which did not fluoresce and indicates the presence of i new VAL
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Attempts to standardise the separation technique

Although we are able to separate 7. brucei into
populations by cationic chromatography, there bas been a
great deal of variation in the size of the peaks. particularly

5

peak 2 which in some cases is very small. This has led 1o«
deticiency of peak 2 trypanosomes available for intecting
expeniments, We felt it necessary to investigate the sources
of this vanability in order to standardise the technigue.
enibling us to predict the size of peak | and peak 2.

Allthe elution profiles gave varying heights of peak 1 and
peik 2 despite making the above alterations. Peak |
parasites were predominantly & while peak 2 were enriched
for intermediate and short stumpy forms. It was concluded
that the varying heights of the peaks were lirge!y due to the
manner and rate at which ionisable groups on the cett
surface of the different trypanosomes populations were
inising with changes in pH and ionic strength. They do not
all ionise simultancous, giving rise to different populations
of long slender, intermediate and short stumpy forms with
cither positive or negative charges, henee the variance in the
peak size.

0y,
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Separations using monomorphic strains of T. brucei and
subsequent infcction of . morsitans on peak 1 and 2
trypanosomes
I'womonomorphie strains of 7 brucei were investigated, 7.
brucer 1416 and T brucei 052, Rats were infected with
strains and the vlood passed through the DES2 and CM352
columns. In6 separations 7. brucei 1416 gave 2 peaks, peak
I being lurger than peak 2. Examinaiion of the morphology
of these 2 peaks showed that both consisted entirely of long
torms. In 3 of these separations, G. morsitans Ries were fed
on peak Tand poak 2strains and on blood from the infected
rits; this acted as a control. Of 188 flies fed on rat blood,
none were infected. Similarly of the 87 flies fed on blood
ntected with peak 1 irypanosomes and 60 on blood infected
with peak trypanosomes, none becams infected.
Fourseparations of 70 brucei 052 were carried out and in
2 ot these separations, flies were infected with peak | and 2
trypanosomes including blood from the rat which acted as a
control. As in the previous strain, 2 peaks were obtained
and peak 1 and 2 trypanosomes were all found 1o be long
slender forms, Eleven pereent of the flies fed on rat blood
had infections while 1067 and 5¢¢ of flies fed on peak 1 and 2
infected blood had gut infections, none being found in the
proboscis, or salivary glands. These results suggest that the
separation of trypanosomes into 2 peaks on the CM 52
column is mainly due to differences in the ionisable groups
on the cell surface of the trypanosome and not on the
morphology.
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Research Unit

Fhe principal activities of e ¢ erstry and Bioassay Unir have been directed
towards the omplementaton of the curre strategic plan. The installation of V¢
1222500 quadrupole vas chy. smarograpli-nasy specirameter during the last
quarier of 1984 mcant thar chemical work invalving volatiley could be more
viporomshv pursued. Fhe identijtcation of ot isetse attractanis {rome bufialo
urine, and a niomber f dinal, sphenolic compounds fron: the Brown car tick were
e feasible by gussiton ot iy Juciliey, Progress has beer mdide as well in
the identiftcation of e ey piteromone e mnpanients of e Afvican butype of
Chilo pantelius

The magor focus of our collaborative research with the Livestock Ticks Prog-
ravime as shatied to eut antigens, and the disruption of the mid -gut wall und dig-
estion of heing the prinwey objecive, Anarrav ol new strinents now avarlable
lor prowin sork mcdude i Pharmacia FIPLC a oy femperature freezer, a Sorval
Varions
tenns ol equipment speciticallv desioned  Jor - biochentical and
imnren dogical work are omorder and 1956 will vee a cll equipped hioclenucal
facilitv wettun e o,

Phe Unie's fist ARPPES studens hegan taboratory work in October. i
research, on sorclim allelohemics allecting teeding and oviposition of Chilo
pantellas represenns a part of the growing colluborative actiy tties hetween the
Puctand the Crop Pess Programme. The arrmal in fare TOSS of an Rl-detector

Wich-speed contrifune ana o Beckman DU coecrrophodioneter.
sialier

lor the AIPLC inserioncnn means dhat a number ol non-chromophoric

il//z'/tu'/lt'l/lit \

crconntered i cowpea and sorghum can be monitored

chromatographucally wiit greater cave. It is therefore anticipated that this area of
e Unids researchowill o fuseer progress during the coming vear.

ASYNOPSIS OF THE UNTTS MAJOR AC( OMPLISEMENTS

Protein biochemistry

A semi-purified carboxyl proteinase iso'ated from partially
engorged female R, appendiculutus ticks was shown to have
amolecular weight of 25,000 and an isoclectric point of 6.5,
Anti-serum to the enzyme inhibited the enzyme activity in
vitro. Current in vive tests may demonstrate the potential of
the enzymie for disruption ol tick digestion,

The reproductive potential of R, appendiculartus females,
fed on rabbits immunised with purilicd R. appendiculats
vitellin, was found to be unaffected hy the ingested
immunoglobulins. 1.ow permeability of the mid-gut to the
globulins may be an impormant factor, Specific attention is
being paid to the screening of gut proteins in the hope of
identifying antigens that could be used to raise antibodies

which may help in disrupting the gut wall and in changing
its permeability,

Alflelochemical research

Progress has been made in our work on the feeding
deterrents from a Maruca-resistant variety of cowpea, TA'u
946. A mildly active crystalline fraction was shown to be a
mixture of phytosterols; isolation of the compounds from
more active fractions is underway.

We have dernonstrated that the oviposition of sorghum
shootfly on a susceptible sorghum cultivar is the result of a
mixture of polar and non-polar compounds. The polar
fraction has been identitied as a mixture of glucose and
sucrose. Studies to identify the non-polar components are
in progress,
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Pheromone and kairomone research

In addition to 2,6-dichlorophenol, reported last year, 2-
bromo-6-chlorophenol and 2,6-dibromophenol have been
shown to be present in extracts of the tick R.
appendiculatus. The role of these compounds in the sexual
behaviour of the ticks remains to be elucidated.

A chromatographic fraction of dichloromethane extract
of buffalo urine, demonstrated to be potent in increasing
tsetse catches in the field, was found to be a blend of 7 simple
phenols. Of these, 3-n-prophylphenol appears to be crucial
fc. the activity of the blend. We anticipate that the relative
importance of the other phenols and their proportions will
be made clear from current field tests.

Anti-insect compounds from tropical plants

A potent mosquito larvicide from Spilanthes mauritiana
was identified as dodeca-2,4,8, 10 E){E){E){Z)-tetraen
N-isobutylamide. In addition to plumbagin, reported last
year, a number of other naphthoquinones have shown
mosquito larvicidal activity. Crude extracts of plants
containing these larvicides may prove to have potential in
small-scale mosquito-control programmes.

A novel tetranortriterpenoid isolated from Harrisonia
ahyssinica has been shown to be very effective in inhibiting
feeding in Eldana saccharing. We are performing assays on
other insects and details of this work will be presented in the
1986 Annual Report.

Lignocellulose project

Species of Termitomyces associated with Macrotermes
michaelseni and Odontotermes ssp. have been successfully
cultured in the laboratory and shown to produce significant

quantities of laccase, one of the enzy mes implicated in lignin
degradation, During the coming year, the project will focus
onscreening Termitomyces and other fungi, isolated earlier
from the fungus combs, for their ability to sclectively
breakdown lignin and demask cellulose from lignocellulosic
materials.

DIGESTIVE ENZYMES OF THE BROWN FAR 11CK,
RIIPICEPHALUS APPENDICULATUS NEUMAN
INHIBITION OF THE GUT CARBOXYL. PROTEINASE BY
ANTISERUM TO THE FNZYME

RM.B. Vundla, V.1 Lubongo

In our ongoing work on the digestive enzymes of R.
appendiculatus we hLave partially purified a carboxyl
proteinase on Sephadex G100. The enzyme had a molecular
weight (M. Wt.) of 25,0(H) and an isoclectric point (pl) of 6.5
Anti-serum to the semi-purified enzyme inhihited the
enzyme activity in vitro, but had no effect on the activity of
commercial bovine cathepsin D,

Partial purification of the carboxyl proteinase

Midguts were dissected from partially engorged (day 5)
female ticks in chilled (4°C) 1€, NaCl solution, washed
several times in the same solution, and homogenised in 2 X
10*M phosphate huffer pH 7.0, containing 2 X 10'M NaCl
and 0.5% triton X-100. After autolysis for 2 hours at 4°C,
the homogenate was centrifuged for 20 minutes at 6,200 g.
The clear supernatant was chromatographed on 4 90 X 1.6
em sephadex GI00 column equilibrated with 2 X 10°M
phosphate butfer pH 7.8 containing 2 X 10"M NaCl. The
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Figure 1. Gel filteation of R. appendiculutus on sephadex G-100, Pharmacia column K 15/ 90; bed height: 90 cm; cluent: 2 x 10°°M phosphate huf-

fer, pH 7.8; fow rate 30 ml, hr, ": fraction size: 3.8 ml.
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Figure 2. Determination of the molecular weisht of the proteinase on sephades G-100

column was calibrated with Blue Dextran 2000, albumin,
ovalbumin. chymotrypsinogen A and ribonuclease A. The
results of the pel-filuation experiment ire shown on Figures
I and 2.

Determination of the pl
Analytical isoclectrofocusing was done on Ampholine
PAG plates, pH 5585 Gel slices (0.5 cm) from the
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Figure 3. Isoclectrofocusing of K. appendicudatus semi-purificd
carboxed proteinase (X) and commercial bovine cathepsinD(Yjon [LKB
PAG plate pH 5.5—8.5. Anode electrode solution was 0.4M hepes;
vathode electrade solution was 0,13 NsOH,
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unstained half of the gel were assayed for pH and proteinase
activity. The remaining half of the gel was stained for
protein using Coomassie Brilliant Blue R250 From this
experiment, the pl was found to be 6.5 as compared t0 6.0
for the commercia! Sovine enzyme (Figure 3).

In vitro inhibition of the enzyme by antiserum

460 ug of the semi-purified enzyme in saponin solution (50
Mg saponin/rabbit) were injected subcutaneously into each
experimental rabbit. Control rabbits were injected with 50
Hg saponin/ rabbit. The rabbits were boosted on day 9 and
bled for sera on day 14. Each serum was concentrated 2.5
fold, The tick enzyme and commercial bovine cathepsin D
were each assayed with i) experimental serum, ii) control
serum, iii) no serum.

The experimental serum inhibited the tick carboxyl
proteinase, but had no effect on bovine cathepsin D. There
wiis also some inhibition of both enzymes by the control
serum, but this was expected as sera are known to contain
proteinase inhibitors (Figure 4).

R.a Carboxyl Bovine cathepsin D

proteinase
1001
[
E
60 o g
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Figure 4. The inhibition of R. appendiculaus carboxyl proteinase hy
untiserum to the tick snzyme
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It is an important finding that the anti<arboxyl
proteinase inhibits the tick enzyme, but not bovine
cathepsin D. The indication is that it may be possible to use
such antibodies to inhibit tick digestica in vivo.

TESTOF R APPENDICULATUSVITELLIN AS AN IMMUNOGEN
FOR INDUCING TYPE I RESISTANCE IN RABBITS

1.8, Dhadialla

Purification of the major yolk protein, vitellin (Vn), from
the eggs of R. appendiculatus, was reported in the Twelfth
Annual Report, 1984, Results of its partial biochemical and
immunological characterization were also described.

To test the poteney of Vi as a potential tick antigen in
type 1 resistance, ribbits in 3 groups (3 per group) were
immunised with Vn n i'icuid’s Complete Adjuvant (FCA;
Group 1), phosphate tuffered saline (PBS) in FCA (Group
[Ty or left untreated (Group (1), Three months after the
initial immunisation, and 10 days after the second booster
injection, 20 adult ticks of cach sex were put to attach and
feed on | ear of each rabbit. As the engorged female ticks
dropped, their weights were recorded. Twenty days after
drop, an egg batch from cach tick was also weighed as an
indicator of its reproductive capacity.

One month after the ticks had dropped, the rabbits in
Groups | and I were once again boosted as above, and 2
additional tick-naive rabbits included as fresh untreated
controls. Ten days after the booster treatment, the rabbits
were challenged with another set of adult ticks, in the same
manner as the first challenge.

The results, expressed as mean engorged and egg batch
weights for ticks from cach of the 3 groups of animals after

the 2 tick challenges, are shown in Figure 5. Ttis quite clear

from the results that rabbit-anti-Vn immunoeglobulins had
no effect on the engorgement weight of ticks fed on
immunised rabbits when compared to those which had
dropped from the treated or untreated control group.
Similarly, the weights of eggs oviposited by ticks which
dropped from rabbits in any of the 3 groups were not
significantly different.

However, for the sccond tick challenge “-th the
engorgement and egg batch weights of ticks which dropped
from rabbits in the 3 groups were significantly reduced. On
the other hand, ticks from any 1 group were not
significantly more affected than ticks from any other group.
This suggests that the observed reduction in engorged tick
weight and weight of egg batches is due to type 1 resistance
cffects induced after the first challenge.

Possible explanations for the lack of effect of rabbit-anti-
Vn immunoglobulins to, at least, reduce the reproductive
potential of ticks can be presented on the basis »f the
following 2 observations: (i) when haemolymph from ticks
which had engorged fully on rabbits was tested, against
goat-anti-rabbit IgG in an Quchterlony’s immunaodiffusion
test, it was found that only a very small fraction of ingested
lgG crossed the mid-gut into the hacmocoele, and (ii)
vitellin, whose haecmolymph precursor, vitellogenin, is
presumably synthesized by the fat body, constitutes more
than 80% of the total egg proteins. One of the main terminal
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Figure 5. Histogram showing the effect on engorgement weights of aduft
Female ticks and their epge productivity after feeding on Vs immunized,
treated Gadjusant + PBS) and untreaied control cabbits open bars)
The stippled bars represent resudts from a second chatlenge with adult
ticks on the sume ribbits 45 days after the first challenge and ten days
alter abooster injection for the immunized and treated control rabbits,

physiological and biochemical fun~tions of a fully engorged
adult female tick is to convert about 509 of its body weight
into thousands of egps. It scems, therefore, possible that
with such a high production rate of Vg (which is
immunologically identical to Vn} in the huemolymph and
relatively insignificant quantities of 1pG crossing the mid-
gut, these immunoglobuling are very rapidly nentralised
and  hence  rendered ineffective in o distrupting  egg
production.

The above results demonstrate that Vo on its own is an
ineffective immunogen for use to immunochemically
disrupt egg production ir: ticks feeding on immunised host
animals, However, if the mid-gut could be made more
permeable to immunoglobulins to cross into the the
hacmolymph, then an antigen like Vn might be more useful
for inducing type 11 resistance in host animals,

INDUCTION OF TYPE 11 RESISTANCE IN RABBITS WITH
PROTEIN EXTRACTS FROM MID-GUTS OF PARTIALLY
ENGORGED VIRGIN FEMALE R APPENDICULATUS

1.8. Dhadialla, A.A. Latif

Since the reproductive pntential of R. appendiculatus,
females fed on rabbits immunised with purified R



appendiculatus vitellin was not disrupted when compared
to ticks fed on control rabbits, for reasons explained in the
precezding report, it seemed logical to first try and disrupt
the mid-gut wall so as to make it more permeable to larger
quantities of immuroglobulins. Morcover, since in ticks
digestion of the blood meal and reproduction are so
intimately tied, if the digestive functions of the mid-gut
could be immunologically ablated, then one could also
expect reproductionto be affected. The present report gives
a summary of the effect of immunising rabbits with protein
extracts from the mid-guts of partially fed virgin female
tichs as part of a long-term project to identily, isolate and
churacterise the appropriate antigens from  the tick
mid-guts,

Adult female R appendiculatus were allowed to feed on
rabbit ears for 6 days before forcibly detatehing them for
dissection. Mid-guts of ticks were dissected out under cold
phosphate buffered saline (PBS: pH 7.0), rinsed in PBS and
then dropped into liguid N.. Pooled mid-guts in liquid N>
were then stored at -70°C until needed.

Frozen mid-guts were homogenized in PBS on ice using a
Sorvall * homogenizer and the homogenate centrifuged at
10,000 xg for S min at 4°C. The clear supernatant was
removed and kept for future use. The precipitate was again
homogenized in PBS containing 17 Triton X-100+ deoxy-
cholate.  The  solublised  proteins  obtained  after
centrifugation (described  above) ware also used  tor
immunisation of rabhits.

Five groups of rabbits (4 rabbits group) were immunised
as follows:

Group [t Soluble  mid-gut proteins:  Freund's
Complete Adjuvant (FCA)

Group Il Soluble  mid-gut  protems:  Freund's
Incomplete Adjuvant (FIA)

Group HI: Detergent soluble  mid-gut  proteins:
FCA

Group IV: PBS: FCA

Group Ve Untreated controls.

Ore month after initial immunisation treatment, the
animals in Groups I TV were boosted twice with protein
extract or PBS in FIA at fortnightly intervals. Three weeks
after the second booster treatment, animals were challenged
with 100 farvae ind SO nymphac on | ear and 35 females and
40 males on the other car. The fed weight, moulting, cgg
hatch weight and any abnormalities were recorded as the
experiment progressed. When all the ticks had engorged
and dropped, blood was collected from all the rabbits by

Lable t A eieht of Lusae
untteated rabbat,
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intracardiac puncture in order to have the post-tick
challenge serum. Serum from all the rabbits had also beca
collected 2 weeks before the tick challenge.

The results obtained are summarised in Table 1. While
there were virtually no differences in the mean weight of
larvae and nymphae dropping from rabbits in the 5 groups
(nymphae from group Il did have significantly reduced
weight) there was significant reduction in the engorged
weight of females which dropped from immunised rabbits
compared to those which dropped from treated and
untreated control rubbits. Female ticks in Group 1 and 11
had fed weights which were about 75¢, of those in Groups
IVand V. Ticks in Group I were the most affected and had
engorgemvent weights which were about 60% of those from
the 2 contre | groups. Whi'e the cgg batch weight of ticks in
Groups 1, 11 and I we ¢ also reduced, the ability of these
ticks to conv “rt their Fiood mealinto eggs was not affected.
The egg conv *rsion ‘azior of ticks from Groups 1, 11, 111, [V
and V v i nowagnilizantly different.

Tne above results indicate that while the feeding
performance of ticks feeding on rabbits immunised with
mid-gut antigens was affected, there were no obvious direct
effects on the ability of these ticks to convert their body
weight into egg mass. Experiments to explain the above
effects in biochemical and immunochemical terms are in
progress,

CHEMICAL ASPECTS OF COWPEA RESISTANCE TO THE POD
BORER MARUCA TESTULALIN(GEYER)

DAL Otieno, 1. Moreka, . Nvandat

In the Twelfth Annual Report, 1984, we reported the
isolation of » mixture of phytosterols from organic extracts
of the stems of the resistant cowpea cultivar TVu 946. The
mixture displayed moderate feeding deterrent activity
aguinst M. testudalis, wnd its basic role in TVu 946 stem
resistance to the pod borer was established as feeding
inhibition. During the year under review we undertook
further bioassay guided separation work on the mixture to
estiblish the identity of its constituents and their role in
cowpei - Murnca interaction,

Submission of the crude mixture of phytosterols to liquid
chromatography (silica Gel G), eluting with a mixture of
petroleum cther (b.p 40-60°C) and cthylacetate (4:1),
produced a number of fractions, | of which gave colourless

nvanphac and adult # appendicadinn and of oviposited eppe batchos alter engor wement on immunised and control teated and
17 I v oLy
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Iy batch
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1 0w 003 89S 1 0.62 2507 4 1Ry 240 03 050+ 0.01
1 041 002 776 ¢ 1 2414 0182 78 ¢ 191 049 2 0.02
e 0.41 6 60 14, o H .46

v (36 0.0l B2 ¢ 029 RASR. SRS | 1630+ 135 050 2 000
v o400 KSS 0 3297 260 1667 ¢ 134 0.51 £ 0.00

* Fpg conversion bt Wi oof egg bateh
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needles (m.p. 138.5°C) on standing. Absorption spectra
data (‘H-nmr “C-nmr) and mass spectral pattern of this
product were together consistent with S-sitosterol
formulation (1). Subtraction of the mass fragmentation
pattern of commicrcial 8-sitosterol (Aldrich Co) from the
pattern of the isolated product left a mass spectrum which
corresponded to that of 3-hydroxy-23-ethylcholestan-5, (6),
21diene (2).

HO (2)

Feeding deterrent activity of the isolated product against
M. testulalis, Spodoptera exernpta and Eldana saccharing
isshownin Table 2. The level of feeding inhibition displayed
by this product against M. testulalis is weak compared to
the percentage inhibition (82.67%) of the crude extract from
TVu 946 stems (Twelfth Annual Report, 1984). This

shows the presence of other more active componerts in
the extract. Purification and identification of these
components continues.

Fable 2 Feeding-deterrent activity of isolated f-sitosterol minture against
Muruca testuialys, Spodoptera exempra and Eldana sac haring

Feeding Inlumnon

1)
Dove pg dise M ovdaln Soevempug L osaccharing
100 Mn N2 243

A NEW PHENOL IN THE TICK RHIPICEPHALUS
APPENDICULATUS

PG MeDowell, S AL Waladde

Following the discovery that the tick Rpipicephalus
appendiculatus (the East Coast Fever [ ECF] vector)
contained the ubiguitous tick phenot, ™ - dichlorophenol
(2,6-DCP), and the detection of the sume compound in the
larval stage of the tick, further structural elucidation work
has lead to the identification of a new phenol, not previously
reported in ticks. It has been shown that a second major
phenolic component found in the adult unfed female tick
{Annual Report, 1983) causes stimulation of the md3
sensillum of maule R wppendicudatus; the same sensillum
which is highly responsive to 2,6-DCP.

The new phenol has been identified as 2-bromo-6-
chlurophenol (/) by gas chromatography (GC), combined
gas chromatography-mass spectrometry (GC-MS) and by
comparison with the synthetic standard.

Figare o shows a capillary gas chromatogram of the acids
and phenols extracted from unfed, adult 1icmale R.
appendiculatus on a 25 m FFAP column, indicating 3 main
components sensitive to the electron capture detector
employed for the analysis. The first of these was identified as
2,6-DCP on the basis of retention time, in comparison to
the synthetic standard, and mass spectrometry. The second
peak, which was inles.er amounts as indicated in Figure 7

esponse (ECD)
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Figure 6. Hexane extract of Rhipicophalus appendiculatus unted female adult — seids and phenols fraction capillary gas chromatogram (ECD)

25m x 0.22mm b.d. FFAP Fused Silics column - 150°C
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Figure . Mass specteum of prak 2 (Figure 6) following background
subtraction,
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specific isomer of bromochlorophenol could not be
determined from the mass spectrum. However, the
retention time differed significantly from both 2-bromo-4-
chloro and 4-bromo-2-chlorophenols, which were available
for cemparison. It seemed possible that the natural isomer
would be the 2,6-isomer, in keeping with the presence of the
2,6-dichlorophenol. This bromochlorophenol was not
aviilable commercially and was, therefore, synthesised in
small amounts according to the synthetic scheme outlined
below,

OH OH OH
o CaSoqtt C NHy @ 1)Aq NaHco,
" 2) Brp
SogH S0y NHy
OH OH
I3 a Br
G 3"‘25(71.
OJ w5
S\JZTiN? 1

Spectral ditta for the synthetic 1 were in keeping with the
2-isomer ("H NMR (CDCL) 6 5.86 1H s (phenolic H);
6.76, TH tr (J = 8 Hu): 7.36, 2H 2xdd (] = 8, 1.4 Hz); MS
(EL -+ 70eV) M + 210 (11€), 208 (465), 206 (39%); 63
(100¢) and the mass spectrum closely resembled that of the
isolated compound.  GC coinjection of the synthetic
compound with the extracted component confirmed the
assignment of the compound as 2-bromo-6-chlorophenol.
F'he quantitics present in the female were estimated to be of
the order of 0.3-1 ng per female, less than the quantities of
the dichloro compound (ca. 12 ng/female).

In single cell electrophysiological recordings from md3
sersilla of male R appendiculatus, the  synthetic
bromochloronhenol was found to stimulate these sensilla in
a4 manner very similar to that found with 2,6-dichloro-
phenol. Behavioural tests are currently underway.

The third ECD sensitive component (Figure 6) was only
present in trace quantities. The mass spectrum did,
however, indicate that it was also a phenol and based on GC
coinjection with the authentic compound it appeared to be
2,6-dibromophenol.

IDENTIFICATION OF TSETSE ATTRACTANTS FROM
EXCRETORY PRODUCTS OF A WILD HOST ANIMAL,
SYNCERUS CAFFER

A. Hassanali, P.G. McDowell, M L. A. Owaga, R.K, Saini

Buffalo urine was shown recently to be a potent attractant
of tsetse flies in the field, giving trap catches almost 10-fold
greater than control traps (Owaga, 1984; Owaga, 1985). In
this report we outline the progress made in the identification
of the active constituents,

The active compounds were found to be completely
extractable with dichloromethane. Figure 9 depicts a gas-
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Figure 9. Gus chromatogram of dichloromethan esteact of bulTalo urine. Column: S0m CP S5 fused silica; temperature programme: S0°C

sothermal for 0.5 ming programmed to 210°C at 8 min.
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chromatographic profile of the wnole extract on a S0 m CP
Sil;5 column.  Reproducible  fractionation ol the
dichloromethune extracts into 4 tractions (1.C-1TE T and
1V} was achieved by flash-liquid chromatography; the urine
dyes providing convenient internal markers in delineating
the 4 fractions. These 4 fractions were % ied as baits in 2
ditferent localities (A and B) in the field, vsing biconical
traps in a randomised multiple latin square design. The
results of this test are summarised in Table 3. Fraction
LC-II was significantly more etfective than the others
(P <20.05, Duncan’s test) in increasing the trap catches; the
increase being of the order of 7-fold when compared to the
controls.

Capillary gas chromatographic examination of 1.C-11 on
an FFAP capillary column gave 4 main peaks in the ratio of
ci, L5:66:3:1.0 (Figure 10). Gas chromatography-mass
spectrometric analysis on the same column gave mass
spectra for the first 3 peaks, which resembled very closely
those of phenol, 4<resol and 4-ethylphenol respectively.
Coinjection studics with the authentic samples confirmed
that the 3 peaks corresponded to these phenols. The mass
spectrum of the fourth peak suggested that it might be a
propylphenol, and it was found to coincidz with an
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Figure 10, Gas chromatogram of bufTalo urine fraction 1O, Column:
20m FEAP fused silica; temperature progeamme: S0°C (isothermad for
S mint programmed to 150°C at 10°C min.

authentic sample of 4-n-propylphenol in  coinjzction
cxperiments on the FFAP column. However, its mass
spectrum showed 2 additional features, @ more prominent
peak at m/z 108 (M-28, 48%) and another at m/z 121
(M-15, 10%), which were not present in the spectrum of
4-n-propylphenol. Morcover, ions at lower mass range were
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relatively more intense in the urine sample. These
observations suggested that the peak might be made upota
mixture of closely related somers, not resolved on the
FEAP column

Analysis of fraction LC-Thona SO m carbowayx 2, M type
column wis more rewarding. Fach of the 3 substituted
phenoly sesolved ina Freure 11 depicts o
reconstructed  total don chromatogram — of gas
chromatographyv-mass spectrometric analysis of fraction
LC-IL carried out on the carbowax type column. The small
peaks corresponding 1o scan numbers 2290 and 2650 had
mitss spectri closely resembling those ot 3<resol and
3cthylphenol. Coinjection studies with authentic samples
confirmed that those were indeed the mera substituted
isomers. Resolution of  the propviphenol peak was
incomplete. However, the presence of 2 components wis
confirmed by use of a peak enhancement programme in the
scan region 3000-3150, which clearly indicated the presence
of 2peaks (Figure T Inset By

The Hdeaser component in the propyiphenol region,
corresponding to scan number 3061, was fonnd by miss
spectral companson and coinjection studies 1o be d-n-

fuur

propylphenol. This was in contrast to the cresol and
cthylphenol mixtures, where the para somers were the
predominant components. The major propyiphenol was
interred to be the meraisomer. Unavailability of this isomer.
needed for comparison from normal commercial sources,
prompted us to synthesise the compound  from  3-
bromanisole. The synthetic sample gave a mass spectrum
identical with that obtained from the urine compound. A
sample of the natural phenol was isolated by reverse-phase
HPLC on a micropreparative column and further puritied
by preparative gas chromatopgraphy. Cochromatography
of this sample with the synthetic 3-n-propylphenol on the
carbowax capillary column, as well as comparison of their
ultriviolet € N max [hexane|, 271 and 2770m) and nnu
(H-1) spectra, contirmed that the 2 were identical,

We concluded, therefore, that the most active buffalo
urine fraction LC-T1is composed of 7 phenolic compounds
which include phenol, 3- and dcresols, 3- and 4-ethylphenols
and 3- and 4-n-propylphenols. The relative importance of

2400
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analysis of butlalo urine fraction LC-IL GC Column: S0m
S°C mo MS: Scan time, 0.5 see; interscan

S GO nterface temperature 200°C, Insct A sean numbers J000-M80, Insect B:
showing the results of i peak codancement amalysis of this region,

The presence of twa peaks is clearly indicated,

the various phenols in conferring the high activity to the
blend will become clear trom the current field studies
utilising various compositions of the component phernls, It
s interesting to note that traps baited with fraction LC-11]
which contained phenol, the cresals and the cthylphenols,
but which lacked the propyl compounds gave rather low
catehes of flies in the ficld sugpesting that one or both of the
propyl homologues may be crucial to the potency of the
blend.

Fraction 1.C Hl also contained  sone dimethyl
sulphone which was the major component  of fraction
L.C IV, Other components of LC [V which appeared to
demonstrate some activity in the field, remain to be
identified and the effect of their copresence with the
phenolic blend in baited traps, remains to be determined.

A MOSQUITO FARVICIDE FROM SPHANTHES MAURITIANA
DIsaac J O Jondiho

The methanol extract of wet vegetative aerial parts of
Spilanthes mauritiana afforded, after repeated chromato-
graphic separations and larvicidal bioassays, a potent
mosqpito larvicide (Twelfth Annual Report, 1984), The
present report gives a summary of the evidence for the
structure of the onty compound that caused 10047 mortality
at 10" mg ml to third instar larvae of Adedes aegypli.

The low resolution mass spectrum of the oil gave a
maleeularion observed at my 2247, assignable to Cio HisNO
and the analysis of the fragmentation pattern favoured the
structure shown in Figure 120 The most fabile bond was the
doubly allylic band, C.-Cr and its cleavage led to the base
peak observed at m. 281 and another major ion observed at
m 7 167. The presence of N-H group was inferred from the
e signal at 3295 em and a broad resonance at 6 5.6 in the
nmr spectrum which disappeared on addition of D,0.

The uv. absorption at 260 nm and the i.r. peaks at 1550
and 1650 cm!' were attributed to the 2 double bonds
conjugated 1o the amide group, Further evidence for the
trans-conjugated amide group came from the '"H-nmr and
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“Conmr ditasummarised in Figores 12 and 13, The 10-cis
geometry was inferred from the observation that chemical
shifts for H-10 and H-11 were at higher field than those
expected for protons of trans-deuble bond. Moreover, it
wits observed that Jywyy was found to be 10Hz instead of 15
Hz expected for a transdouble bond. The "“C-nmr
spectrum, further corroborated the presence of 10-cis
geometry, due to a quartet observed at 613 12 assigned to
C-12.1f this bond was frans then the methylearbon shift
would he expected at 618. The evidence for the isobutyl
group came from the "H-nmr and V'C-nor shifts assigned as
shownin Figures 12and 13 The miss spectrad peaks observed
atm-z43and 57 corresponding 1o ions | CyHi]" and [CiHy]*
respectively resulted from cleavages involving the isobutyl
proup. Summation of this data, led to the conclusion that
the active larvicide is dodeca-2,4.8, 10{E){ EMXE){Z)-
tetzaen N-isobutylamide.

PEUMBAGIN AND IS ANALOGUES AS AMOSOUNTO LARVICIDE

A Chapya, GV Adhueng’. B A Fremew, A, Hasvanah

The larvicidal activity of extracts of Phambage zevilunica
has previously been shown to be due (o the presence of the
naphthoquinone, plumbagin (Twelfth Annual Report,
1984). As a continuation of that work, § purified synthetic
naphthoquinones and one benzoguinone have been assayed
apainst third instar larvae of Aedes aegypri. The results are
sumnpransed in Table 4

The rather low activity of benzoguinone demonstrates
the importance of the naphathalene sheleton for the
larvicidal activity of the guinones. On the other hund,
substitution differences in the naphthoquinone nucleus
appear to have little effect on the activity of the compounds.
Since naphthoquinones oceur widely in tropical plants,
their crude extracts may prove effectual in small-seale
mosquito control programmes.

Pable 4 Tasvicdal acrgts ol vanons gaimones agaiist bl instar Aedes aceypir lanvae

s
Mean o Mortals afier 24 hours

Compound I i
Diose tumole v 107 20 m)
74 10 100
kW) 100 100
175 92 ¢ 28 96 ¢ 6
O X758 S0 6y + 0
0438 1378 2600 1)
Control 0 0

Hl [AY \Y Vi

1x} 10 [1Y] ]

10 93 3 7 97 4+ 4 0

RGN b S9 7 91 8 0
12 RATRAN Y 67 ¢ 14 0

1] 623 17+ 1 0

0 0 0 0

average of 6 seplicates involving 20 lanae cach
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ia Histology and Fine Structure
1 Research Unit

I 1983, apart from gnving attention 1o rescarclion insect gross morphaology, aspects
of insect biochemisery and immunol, wywere studied. Another arca of investigation
was the application of the radio-isotope techniques 1o the synthesis and secretion of
different componen:s of tsetse male dceessory reproductive glends and the transfer
of these components into the spermatophore. Stmilar methods were applied to
studies dealing wah pvenile hormone hiosynthesis in the corpus allasum-corpus
cardiactm complex of Glossina morsitans,

Rescarchowork expanded into the ficld of experimenial coll biology enhanced hy
the acquisiton ofa Flow Hood. This cqrapment will improve invitro studies of the
hormaonal effect on Cdinvared retse and other target insect pests tissue organs.

hoclectrofocused patters of 1ol proteins from fully differentiated male
decessory reproductive vlands (ARG ) and spernatophore of tsetse, G, morsitans,
were found to he remarkably similar,

Wuh regard 1o immunological investications, antibodies were raised against the
male accessory reproductive gland (4 KRG ) secretory proteins, spermatophore and
testicular extracts, The ARG secretory proteins and spermatophore material were
shown 1o share common immunological characteriviics.

Teneral male tsetse flies were fod arttficially with radioactivie Leucine (311-G-
Leucine) and CH indin. Tone-course study showed radioactivity in the cropy and
gut Fhe after the jeed and 24 by laer, i was found in ARG and tsetse,

Colluborative rescarch aimed at localising areas or cells within the midgut of the
tick, which are responsible for the production of would-be targer antigens, was
intigied with scientists from the Livestock Ticks Programme.

Histological studies on resistant and susceptible: sorghum cultivars, which
extuvited difference in the length of tunnel and extent of damage, were undertaken
with the Crop Pests Research Programme,

Assistance to the Semsory Physiology Research Unit was continued on crop
borers, 10 determine ihe relationship betweer. the degree of innervation of certain
gustarery receptors and their electrophysiological responses to known s imudi,

Several ARPPIS students were supported in their research. In one line of
research a hisiological and wlirastructural study was carried out on varions tis-
sues of mice infected by Leishimania parasites.

A colluborative study with the University of Nairohi on the morphology of the
gas-exchange organs of some Fast African vertehrates (the naked mole rar, monitor
lizard, pancake tortoise) shoved difference: in the design and organisation of their
lungs.

In Wese Africa, cooperation was establivied  -ith HTA in Nigeria and
investigations were initiated on the leathopper species (Cicadulina spp.) which
spreads maize streak virus disease. This study, aimod ar species identification,
examined the sensilla on male genitalia of Cicadulina similis and C. arachidis. The
investigations will be extended 1o other leafhoppers collected from different climatic
zones in West Africa,

11
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A COMPARATIVE MORPHOLOGICAL STUDY
OF THE RESPIRATORY ORGANS
OF SOME EAST AFRICAN VERTEBRATES

F D Kokwaro, TN Mamna

Collaborative rescarch with the Department of Veteri-
nary Anatomy examined the morphology of the gills and
accessory respiratory organs in the African catfish,
Claris mossambicus, the fungs of the naked mole rat,
Heterocephalus glaber, the monitor lizard, Varanis
exanthematicus, and the pancake tortoise Malacocheris
torniert. The investigation attempted 1o clucidate the
organization of the gas-exchange organs and to relate this
to the modes of life and the evolutionary Tevels of these
vertebrates.

The Atrican catfish was obseryed to exhibit o bimodal
tvpe of gas exchange. the accessory organs supplement-
ing the oxvgen exchanged by the gills. The gill system
comprised four branchial arches, cach with two hemi-
brianches bearing @il filiments. The gill fikunents gave
rise 1o secondary lamellae through which gas exchange
tithes place (Figure 1), This adaptation enables the cat-

Figure LA gill ament (GO in the gill system of the catfish (Claris nios-
santicus ) showing the secondary Limellae (SD emanating from the fla-
ment, The s exchange takes place between the water flowing in the
interlamellar space and the bload in the murginal chanacls of e
tamella, Mag, X 700..

fish to nevive in the oxsgen delicient waters which
largely constitute its environment. The reptilan Tungs
were found to be Jess elaborate than their mammalian
counterparts. The lungs of the monitor lizard and the
pancake tortoise were observed to be simple and saceu
lar components which conduct bload and air (Figure 2).
The ditferences in the design and organisation ot the
mammalian and reptilian lungs were attributed to the
fact that endotherms, like the naked mole rat, are very
energetic and require firge amounts of oxvgen lor their
mode of life while ectotherms, like the monitor lizard
and the pancake tortoise, are relatively less active and
thus have i far much loveer demand for oxyvgen.
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Figure 2, The gas exchange region of the tuag of the monitor lizucd
showing the trabeculae (Tri subdividing the exchange tissne into alveoli

(A1), This compartmentation greatly increases the suefuace area
ble for gas exchange in the (ung. Mag. X 50.
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Figure 3. The parenchyua, the gas-exchange region of the long of the
mithed mole rat comprise of the aly colt (A1 separated by the interalveo-
tar septas The manmatian lung exhibits an extreme case of the subdivi-
sioaeof the exchanpe tissue inan attempt o increase the alveolar suface
area available for gas exchange. Mag. X 130,

INMUNOLOGECAL AND BIOCHENMICAL
EVIDENCE FOR THIE ORIGIN
THE SPERMATOPHORE MATERIAL IN
CGLOSNSINA MORSHTANS

O}

{1 KNokwaro, M Okot-Kotiver, 1. Munithi

Among the events tuking place during mating in the
morsituny, is the deposition of o male sper-
matophore tto the uteras of the fenmalde. Ealier studies
at the 1CHPE on the ARG and spermatophore, revealed
that AR Goseeretions and spermatophore have a number
of singdh e structural components. Recent investigations

tsetse, G,



were undertaken to provide further evidense of the
origin of the spetmatophore material in G, s,
Much of this work was done through immunochemical
studies,
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soctectrofocasing of material trom ARG and sper-
matophore showed close similarity in their protein pro-
files. At Teast 27 protein hands were diseernible (Figure
DLbutof these, 13 were major protein bands,

Immunisation results showed  that antibodies 1o
ARG sperntophore and testes were produced. The
anti-serem
testes could recopnise materials from the testes and
spermacphiores. but Daedly vy material from
ARG Ant-testes antiserum also detected some addi-
tonal material from the testes which was not tound i
Anti-spermatophore antiserum rec-
ogiised materials rom ARG and testes. but the precipi-
tation lines of complete identity between spemiitophore
and testes were different from thase tormed between
spermatophore and ARG (Figure 2.

An-ARG antisserum was able to recognise exclu-
sively materials from ARG and spermatophore which
ened out 1o have complete wdentity. ITmmunoelee-
anti-testes antiserum
Lo recognise from testes and
spermataphore but not ARG, Anti-ARG
Antserume recognised only materials from ARG and
spenmatophore but not tron 1estes.,

Materiab obtiined from spey matophose and ARG of
G belive and
tmnologicdd patterns. These results strongly support
ourcalierinding that spermatophore sind ARG have 3
wEobpreteins with common phy sieal propertics.

ritised awainst exteactable materials from

the spermatophore.

trophoresis results showed that
matertals
trom

wis able
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Figure 3, Rusullxurduuhlrimnummﬁﬂ’miml test betw ecen the antisera against the following antigens from (5. maorsitany,

tise glands (ARG, spermatophore (SPyand testes (1),
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Wity Sensory Physiology

Research Unit

The Sensory Physiology Research Unit continued 1o colluborate with the Crop Pest
and Tsetse Rescarch Programmes as well as with the Chemistry and Bioassay and
Histology and Fine Structure units. Natural and synthetic compounds used in
behavioural and electrophysiological biossay were provided by the Chemistry Unit,
Functional morphological studies using electron nricroscopy techniques on insect
sensifla contined.

Special effort was devoted 10 the development of suitable feeding biossay
technique for the borers. A method for conducting clectrophysiological tests using
complex organic compounds was also perfected. The above 2 procedures will be
effectively used in investigating the effects of host-plant material. The use of tsetse
fly antennal responses will continue to be perfected and utilized as a routine method
Sor screening natural and artificial compounds.

Current ¢fforts are aimed at linking a gas-liguid chromatograph to the electro-
pliysiological set up which will help in the monitoring, identification end delivery of
odour stimuli during olfuctory studies. This approach is particularly important
when dealing with pheromone and other odours influencing insect pest behaviour.
In order to expedite the recording of electrophysiological data, and its analysis,
computer hardiware and software for data acquisition, control and analysis will be
acquired soon. Behavioural studies will be enhanced by acquiring insect hehaviour

Sacilities such as wind tunnel and insect hehaviour-monitoring devices.

ELECTROPHYSIOLOGICAL AND BEHAVIOURAL
EFFECTS OF POTENTIAL ANTIFFEDANTS

S M Waladde, A Hassanalt and 5 A Ochieng

There is evidence which indicates that some limonoids are
potential antifeedants against Spodaptera exempta, Eldunia
saccharing and Maruca testulelis, This assumption is based
on feeding-bioassay  studies employing the It disc
technique. The compeunds tested include citrus lime nods,
their derivatives and limonoids isolated from the East
African plant, /larrisonia aby ssinie. These complex organic
compounds are insoluble in water making it difficult to nse
clectrophysiological technigues to fiad out how taste cells
respond to the compounds. s esser tal to find out how the
limonoids act at the sensory leve , and we must find a
suitable medium in which to presen: such compounds to the
taste sensilla.

Taste cells respond to feeding deterrent and stimulant
compounds by generating characteristic action potentials
which are transmitted directly to the central nervous system

71

via their afferent axons. The central nervous system
deciphers the information and dictates the appropriate
hehavioural response via the efferent pathways. In order to
stimulate and record taste-cell responses, the stimulating
substance must dissociate into negative and positive ions
which facilitate transmission of the electrical signals to the
recording and amplifying instruments. If it is a non-
dissociating compound like sucrose it must be soluble in an
clectrotyle solution such as NaCl. These requirements make
it relatively difficult to conduct electrophysiological studies
using complex organic compounds.

This difficulty was overcome by using a 1:1 mixture of
tetrahydrofuran and 0.1M NaCl solution as the vehicle for
the limonoids. Stock solutions were made by dissolving the
limonoids in specified volumes of undiluted tetrahydro-
furan and later adding equal volumes of the salt solution,
thus making the 1:1 mixtures containing the required
concentrations of the limonoids. Serial diiutions of the
stock solutions were made using a freshly prepared
tetrahydrofuran NaCl mixture. This mixture provides a
suitable medium because tetrahydrofuran maintains the
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limonoids in solution while Na() provides the necessary
electrical conductivity.

Allthe electrophysiological tests were done on the lteral
and medial m: xillary styloconica sensilla of £ saccharing,
These sensilla are casy 1o approach, and they are
strategically located to taste whatever the larva is biting
into. Preliminary tests showed that tetrahydrofuran has no
noticeable adverse effect on the taste cells, This was
confirmed when we compared responses of 1 ¢ taste sensilla
tosucrose dissolved in 8 10-*M NaCland that dissolved in
the teerahvdrofuran NaCl mixture (Figurc 1), Since sucrose
is 4 good stimulant of the 2 sensilla, we wanted to find out
whether incorporating the limonoids in the sucrose
solutions wou'd modify the response patterns of those
sensilla to sucrose. The effects of the limonoids wer

Lateral styloconicum

assessed in terms of the initial impulse frequency responses,
subsequent adaptation rates and spike amplitude patterns.
In the presence of pedonin, obacunone and deoxylimonin,
responses of the Jatersl sensillum to sucrose  were
dirrinished. Powever, in the medial sensilivn, pedonin
enhiaced the responses to sucrose whereas deoxylimonin
and obacunone had the apposite effect (Figure 2). On the
basis of spike amplitudes it appears that sucrose stimulated
4 types of cells in the medial and lateral sensilla. Tn both
vases, the high amplitude spikes (1.5-3 mv) had higher
frequencies than the low amplitude spikes (0.5-1 mv), In the
presence of antifeedants the frequencies of the high
amplitude spikes were reduced and in some  cases
completely inhibited. At the same time, the frequencies of
ute low amplitude spikes were increased (Figure 3).

Medial styloconicum

a. 81x1072M NaCl
b. 81x10"2M NaCls2.4x10~2M Sucrose
c. 81x10"2M NaCl+50% tetrahydrofuran + 2.4x10"2M Sucrose

Figured. Electrophy siological data showing thatin 7 Lebana s cnarina
adding tetrahydrofuran to the stimulating solution did not
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It hits been suggested by other workers that at the
neurene level an antifeedant chemical may act in 1 or 2
wars it may inhibit the input from receptors responding to
phagostimulants, oritmay stimulate i cell or group of cells
whose input signals ars interpreted as inlibitory within the
central nersous svstem. In the case of the limonoids the 2
modes mav be operating simultancously. 1t is interesting to
note that obuscunone, regarded as 1 good antifeedant,
strongly inhibits the high amplitude spikes in both sensilla
(Figure 3). lecan alvo be observed that the overall effect of
deoxylimonin is 1o depress the frequeney of the high
amphtude spikes, but preliminary feeding-bioassay data
showed that increasing concetrations of this compound did
not prevent Lldana from  feeding (Table 1), This
observation concurs with results of leaf dise feeding
bivassay tests which showed that deoxylimonin is a poor
antifeedant. It is therefure unwise to generalize or assume
that & compound inhibiting high amplitude spikes is an
antifeedant. More data on the limonoids are needed to
enable us to identily those compounds employing their
clfect at the sencory level and those which exert their effect
via other physiological levels leading to cessation of feeding.
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Fable 1. Ettect of deosslimomn on thy teeding aeuvaty and weighs
gaan by Elduna sacchurina,
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In order to do this we need the combined input of
clectrophysiological and behavioural bicussay. In these
studies tetrahydrofuran proved to be an efficient solvent of
the limonoids and had no immediate adverse effeet on the
tiste receptor, This solvent may be useful in clectrophysio-
logical studies involving other organic compounds of host
and non-host plant origin,

STEM BORER RISPONSES 10O HOST PLANT EXTRACTS
S M Waladde, H. Kahoro and 8. 4. Ocliieny

Introduction

Chiles partellus larvae aze reported to show non-preference
towards resistant maize and sorghum varietics, but the
chemical factors responsible for susceptibility or resistance
in the 2 host plants are unknown. The objective of the
ongoing work is to obtain components of the host extracts
from susceptible and resistant varieties and coneurrently
develop alarvalin vitro feeding bioassay to investigate stem
borer responses o thethost-plant varieties. This work will
hopetully provide information about the feeding stimu.ant
or deterrent characteristies in the extract components. The
clectrophysiological tests are intended to show whether the
lateral and medial styloconica sensilla on the maxillary
galene can be used to distinguish  between  extract

components from suseeptible and resistant varietics.

Experimental procedures
Preparation of plant maierials

Sorghum and maize plants, 5 to 6 weeks old, were
obtained from the [CIPE Mbita Point Field Station.
Varieties of sorghum  were; 2146 resistant, Serena
suseeptible, 18363 susceptible, while those of maize were:
CMT324  resistant (1CZ2-CM) and Inbred A - susceptible,
As soon as the plants were collected from the field their
leaves and sheaths were removed. The clean stems of each
variety were immediaely chopped into small picces,
approximately 2 em long. put into polyethylene bags and
kept in & cool box containing dry ice. The frozen plant
material were transported to Nairobi and dried using a
Ivophilizer. A portion of cach maize variety was ground
into a fine powder and later used in the extraction
procedure, Al the plant material was stored in sealed
containers kept in i deep freezer,


http:ajz'to.Is
http:jI.II't,.iz

Sensory Physiology

Preparation of extract components

Five grammes of maize-stem powder were extracted in 4
steps using 100 ml of the following solvents: diethyl ether,
8:2 chloroform-methano! mixture, ethanol and distilled
water. After each extraction the supernatant was separated
from the residue by centrifugation. The supernatant was
then filtered through glass microfiber filters to remove
unwanted debris or suspension. The 4 extraction steps
yiclded 4 components. The 3 components in the organic
solvents were separately concentrated to 20 ml each with the
aid of rotorevaporator. The fourth cornponent in water was
frozen and lyophilized to produce a solid which was
redissolved in 20 ml of antibiotic-antifungal solution (0.19
V/V formaldehyde and 0.05% W/V sorbic acid). The
procedures outlined above were susceessfully used to obtain
extract components from susceptible and resistant maize
varicties. The visible and ultraviolet absorption spectra of
the 4 components were read on a Beckman Du50
spectrophotometer,

Feeding bioassay

In the bioassay tests lyophilized picces of Inbred-A maize
stems were used as feeding substrates. Each maize piece
used was weighed. its weight recorded and then placed in a
labelled vial (2 cm diameter, 3.8 cm long). Maize picces in
the controis were merely hydrated with the antibiotic-
antifungal  solution. Those in the treatments were
impregnated with | of the 4 extract comporents namely:
dicthyl ether, chloroform-methanol, ethanol or water.
Impregnation was done by dipping each picce of lyophilized
stem in the extract until it was thoroughly soaked. At this
stage, those feeding substrates treated with the agueous
extracts component were ready for infestation with larvae.
However, those substrates impregnated with any of the 3
extract components in organic solvents were set aside to dry
for atleast 4 hours. This permitted complete evaporation of
the solvents and the substrates were then hydrated with
antibiotic-antifungal solution and then infested with the
larvae.

Third to fourth instars of Chilo larvae, reared on a
mixture of beans and sorghum leaves powder, were
obtained from the ICIPE insectary and starved for 12 hours
before commencement of the bioassay test. Each larva was
weighed, put in a vial containing a feeding substrate and left
to feed for S days. All the vials, stoppered with cotton wool,
were kept in a light-proof incubator at 30°C and 707
refative humidity. During the course of the experiment all
the substrates were hydrated once more on the third day.

On the fifth day cach larva was pulled out of the subsirate
and reweighed. The weight of the larva before feeding was
subtracted from what it attained after feeding. With these
values, it was pussible to determine weight loss or gain thus
providing data to relate larval weight changes to the various
treatments,

Picces of cach substrate teit int i after larval feeding
were separated from the frass, transferred to a clean vial and
left 1o dry in the oven at 70°C. The dried substrate picces
were then weighed; that weight was subtracted from the
initial weight of the intact substrate, Percentage difference
calculated from the above values represented the larval
feeding activity.
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Impregnating the substrate with extracts increased the
initial weight of the substrate, especially for those treated
with the aqueous extracts. On the other hand, drying the
substrate in the oven reduced the initial weight of the
substrate by 5-10%. In order to get the correct substrate
weight differences attributable to larval feeding activity, it
was necessary to compensate for weight changes arising
from impregnation and drying.

From the data collected in the aforesaid process, it was
possible to analyze the effects of the treatments on the
larvae. The results were examined in terms of larval weight
gain or loss and substrate weight chewed or caten, The same
technique was used to find out whether Chilo larvae feed
better on Screna and 18363, the susceptible varicties of
sorghum, as opposed to 2146, a suspected resistant sorghum
variety.

Flectrophysiology

Electrophysiological tests were dune on the medial and
lateral styloconica sensilla of Eldana and Chilo larvae.
Materials tested were sucrose and aqueous component of
extracts from the susceptible Inbred A and the resistant
CMT 324 maize varictics. The aqueous extracts were
lyophilized to obtain the solid used in making the test
solutions, The concentration range of cither sucrose or
extract solutions was 0.026;-5.2¢; W/ V.

Observations

Absorption spectra

Differences between the susceptible and resistant maize
varieties were found in the absorption spectra of
chloroforia-methanol and cthanol-extract components.
The diethy] cether and equeous components did not show
differences between the 2 varieties (Figure 4). Further
investigations are in progress to establish the factors
contributing to the differences in the absorption spectra.
This work will concentrate on those maize or sorghum
varieties curre ily regarded as very suseeptible or resistant,

Feeding bivassay

Results of the feeding bioassay were reprodurible and the
means of the 7 treatments shown in Table 2 were
significantly different. Feeding activity of the larvae was
expressed as substrate weight chewed/eaten. The mean
valuc for the feeding activity on the substrate treated with
susceptible aqueous extract was significantly higher than
corresponding vatues of the other treatments. Similarly,
percent weight gained in this treatment turned out to he
significantly high (Table 2).

It is interesting to note that there was a significant
difference between the effects of the susceptible and
resistaut aqueous extracts. In addition to bearing better
feeding stimulants, it is likely that the aqueous extract from
the susceptible cultivar impraves the nutritional vatue of the
substrate,

Al the chloroform-methanol extract component
treatments invariably caused poor feeding activity and
weight gain. The values observed were much lower than
those for the control. It appears that this extract component
contains compounds which prevent larval feeding. On the



Table 2. Chilo partetlies larvae feeding activity on Inbred A maize

ceptihle) and ICZ.2-CM (resistant) maize cultivars.
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Flgure 4. Absorption Specira of 4 extract componends from 2 malze var-
ieties; Inbred A — susceptibl: — and 1C72-CM—resistant

other hand, the ethanol extract component does not seem to
have a feeding stimulant or deterrent. Observations at
Mbita Point Field Station showed that Chilo larvae feeding
in the whorl of maize plants developed better on the
susceptible Inbred A than on the resistar t 1CZ2-CM.
Factors partly responsible for this difference may be in the
agucous component. Itis possible that the aquecus extract
from Inbred A is more nutritious than that from [CZ2-CM
thus accounting for the higher percent weight gain effected
by the Inbred A extract. The hioassay test on sorghum
clearly showed that Serena is very susceptible znd possibly
more nutritious than varicty 18363, and it was noticed that
variety 2146 is not as resistant as previously claimed (Figure
5). This concurs with recent ohservations at Mbita Point
Field Station where it has heen shown that 2146 is indeed
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"refer to Aqueous, Ethanol and Chloroform-methanol extracts respectively. Numiber of replicates in brackets

not resistant and therefore adds to our confidence in the
bioassay test.
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Figure 5. Responses of Chilo parteflus larvae feeding on stems of sor-
ghum varieties (Serenn — very susceptible, 13363 — susceptible and
2146 — cluimed to be resistant). Pereent welght chewedleaten is
regarded as a measure of feeding activity,
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Electrophysiclogy

In Chilo the resistant aqueous extract components
evoked higher responses from the lateral styloconicum
sensillum than n the medial styloconicum sensillum. The
reverse was true for the susceptible aqueous cxteiet
compuonent (Figure 6). This kind of response pattern differs

Lateral styloconica sensilla
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Figure 6. Response curves of Chilo partelius manillary sty!oconica sen-
silla to aqueous extract components from Inbred A - suseeptible  and
1CZ2-CM ~resistance - naize varicties

from thatevoked by sucrose where the lateral stvloconicum
sensillum responds with inereasing spike frequeney to
increasing concentrations of sucrose, while the medial
Fable 3 Oserall response of Lldana saecharina sensilla 1o the three
treatments
Meanimpluses persecond penerated
by the twosensilla

Ireatment

Medral

Lateral

tnL 13

Sucrose 12100
Susceptible eatract A R 1x o
Resistant extract 2% 82

it 52

F2oin=307

Table 4 Overall response of Eldana saceharing styloconica sensilli to concentrations of the three treatments

.l

Meanimpluses/second exched by difterent concentrations (% WV

sensilum does the reverse (see Tweltth Annual Report,
1983). In Fldana both sensiily responded positively to
suctose but the Tateral sensillam is more sensitive than the
medial sensillam. However, the 2 semsilla showed no
differences in their responses to the susceptible and resistant
maize aqueous extracts (Figure 7). Once-way analysis of
vanianee on the data for Eldana confirmed that the overall
effeet of sucrose was better than that of the extracts (Table
A, and it was shown that inereasing concentrations of the
dqueous extracts did not inerease the response frequency of
the 2 sensilla (Table 5). Differences in the 1esponse curves of
Fldana and Chilo are not entirely unexpeeted. It is most
likely a reflection of the feeding preferences of the 2 species,
Inthe field, it is mainly Chifo larvae which attack the young
maize plants used in the present experiment. Fldana larvae
are usually found in much older maize plants.
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Figure 7. Response curves of Elduna seccharing maxillary styloconica
sensilla 10 sucrose and agqueous extriact components from Inbred A —
suseeptible —- und 1CZ.2—OM — resistant maize varieties
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The availuble data show that the Eldana maxillary sensilla
detect no differences in the agueous extracts tested, On the
other hand, the antagonistic responses of similar sensilla in
Chilo suggested that Chilo may use such subtle differences
todiscriminate between susceptible and resistant host-plant
viricties.

Methods and results reported here are part of an
extended study: the feeding bioassay will continue 1o be
intproved and will be used in studying the effects of host and
non-host plant extract components. Flectrophysiological
tests will cordinue to be part of these studies., Special
emphasis will he placed on collecting data trom the palnal
and Libral taste sensilla of the borer larvae,

CHEMOCOMMUNICATION IN ISEISE FLIES
KA S

Studies are in progress, in cooperation with the ¢ ‘hemistry
and Bioassay Rescarch Unit and the Taetse Reweirel
Programme. o identify the chemical factors involved in
host and mate selection in tetse flies, Sereening of a large
number of syathetic chemicals and natural productsis being
undertaken o identity attracting and repelling chemicals
lor possible use in tsetse control,

Studies on plicromone communication in tsetse showed
that oty can raise s pedicellus and tagellum on
stimulation wuh the odowr of the cuticul temale sey
pheromone. Behavioural studies were desipned to observe
whether would  oceur
stimulation wath various chemicals,

similar antennal responses on

Fo Lacilitate these obaervations, tsetse hes were tethered
and stmulated with odow emanating from S ml gl
sMringes contaming a piece of bilter paper (13 s 1nnn onto
which 10 gl al the chenneal to be tested had been pipetted,
Fhree chemiciiy were tested on cich bateh (comprismng
10-13Hiesy atany one time. In ordet o s okl Uny seqguenee
effect o paired 3« 3 Jatin squane desipn was used. The
sequence af stmulaion was altermated between the odour
abaclean tiler paper teontroly and adour of the Lot
chemueal.

Imtallv, 0 ditlerent chemicals: scetone, methydethyd-
hetone, acetophicnone, sethylvinketone, tormaldehyde.
wreas locten-3ol lactie weid, peatanal, and hesanal, were
tested T was obsered that as soon as an attractive odony
wins apphed o tront ot the antennae, the Hy may raise s
antennac fronats normal testing position. Froures § and 9
show the percent amtennal tesponses of 1 week old males
and females respectaely to Tt cach of varous chemicals
tsted. Responses e expressed as o pereentage ot
tespunses to the odour ol clean filter paper. 1t should be
noted that since 10 gl of cach test chemical was used,
difterences in volatility between the test compounds were
not corrected for; therefore any comparisons among the
antennal responses clicited by the various chemicitls are
relistive,

In the males (Ligure 8), accione, methylethylketone,
methylvinylhetone, formaldebyde, 1-octen-3ol and pentanal
showed activity which was 2-3 times more than the contro.
These chemicals were subsequently checked for attractancy
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catches. In this case, the chemical underwent a marked
colour change when exposed to field conditions suggesting
that it was unstable under those conditions and possibly
explaining its lack of activity in the ficld. Further laboratory
experiments indicated that immediately after purification
methylvinylketone was more active and elicited more
antennal responses than when the chemical was aged and
cotour change had commenced. Filed-trapping experiments
in Zimbabwe indicated that methylvinylketone, formaldehyde,
and pentanal are attractants which double trap catches.
Urea, lactic acid and acetophenone elicited antennal
responses which were not significantly different from the
control. It 1s interesting to note that lactic acid and
acetophenone have been confirmed to be repellents by Vale
in Zimbabwe.

Female antennal responses basically showed the same
trend as the mal 5 though overall responses of females were
significantly fewer than those of males (Figure 9). Since
results of the anternal responses show a certain degree of
correspondenice o results obtained by field-trapping
expenments, antennal responses may be used to identify
various attractants instead of using flight chambers and
olfactometers which are time consuming and usually
unsatisfactory.

Electroantennograms (EAG's) also provide a quick idea
about the sensitivity ‘of olfactory receptors to odours.
EAG'S from tsetse antenna were recorded by inserting one
clectrode into the pedicel of an amputated antenna while
another electrode was brought into firm contact with the tip
of the funiculus without piercing it. No EAGY could be
recorded when the funiculus tip was pierced by the
clectrode. When odours were blown over the antenna (in
this case an odour was injected into a constantly flowing
air-stream) an EAG response was clicited. Figure 10 shows
EAG recordings from 1 week old male stimulated with the
air stream from a clean filter paper and filter papers loaded
with 10eM of 11 different chemicals, The EAG's amplitudes
of about 4 mV were evoked by chemicals such as l-octen-
Jol, methylpropylketone acetone and methylvinyiketone,
Other chemicals like acetophenone and lactic acid evoked
EAG amplitudes of less than | mV. EAG values varied
slightly between antennae and were highly reproduciable
within [ antenna. [t should be noted that an EAG gives no
indication about the behavioural effect associated with the
stimulating odour and reception and essential odour
components may evoke weak responses because only a few
specific reeeptors for those components may be present on
the antenna.

Electrophysiological and behavioural techniques are
being used to identify the attractive substances in buffalo
urine which has been shown to be a potent attractant for
tsetse flies in the field. Structure-activity studies on {-octen-
Jol analogues are also in progress. The objective of these
studies is to find ways of optimising the activity of this
compound.
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2o Training Unit

Mthough [CLPE Tas been onducting short group training courses since 1977 the
eveension of these ¢ftores o higher level long-term training was only started in
TO83 watle the postgraduate programme. Collaborative Research and Develop-
ment was nitiated o fucilitate the testing of pest and vector management
Mrategtes atthe national level through national programnnes as well as at regional
and international levels, The development of an African Regional Pest Manage-
ment Rescarclt and Development Newwork as one aspect of such colluborative
work isscen as a ngor siep forward in the sharing of the continent’s scarce scien-
afic material and manpovwer resorrees Jor the development of pest and vector
managemenisirategies to reduce hunger, malmareition and disease. The outreach
programunes are essentiallv interactive programmes that take results, ideas and
techutiguees from their origin 1o new areas. The origin of these new techniguey
may be the 1CIPE or other collatoraiing instinaions. There are three outreach

-8 Outreach and

programmes: PESTNTT CORD and FAMIESA.

OUTRFACH AND TRAINING PROGRAMMES
Overview

One of the guiding principles underlying ICIPE's outreach
and traiming activities 1s to establish research cooperition
with key internationa! rescarch centres and laboratories
throughout the world as well as with national progriumnmes,
particularly those in Atrica, to facilitate rescaren on the
testing “tnd demanstration of pest control strategies. [CIPE
continues withits objective intention of proiding training
m rescarch methods and weehnigues for predoctoral and
postdoctoral fellows as well as voung practitioners in inseet
scienee and technology.

Our two distinet but complementary programmes are
sununarised below:

Outreach principally covers collaborative research and

development activities and comprises:

® Cooperation with national reseaseh and  extension
services

® Collahoration with internation d rescarch centres, and
international and regional agencies

® Relationships with laboratories throughout the world
engaged in researeh and development in areas related to
inseet seience,
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Training at the ICIPE is cond ucted in three major areas;

® Professional scientific training is undertaken at both the
postgraduate and postdoctoral levels. The former is done
in close collaboration with several African universities
except, in special circumstances, when students are
permitted to conduet research exclusively at the ICIPE,

® Short-term  training  courses  in pest and vector
management are olfered to practising insect scientists
and technologists from the developing world.

® A programme for the upgrading of special skills and
techniques s extended exclusively to the staff of the
ICIPE,

COFTEABORATIVE RESFARCH AND DEVELOPMENT

The fundamental objective of the 1CIPE research is to
provide solutions to food production problems of resource-
poor farmers and improve rural human health in the
tropics. Within this general focus, the Centre has given
increased attention and special emphasis to collaborative
R & D activities.

Scientists at the JCIF ", in their respective research
programmes, work closely with related world wide research
laboratories and institutions. Collaboration can be on a
one-to-one basis between individual scientists, or through a
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more structur-Z agreement between the ICIPE and other
research centres or institutions.

ICIPE’s Collaborative R & D programme sceks to test,
disseminate and promote application of the information
and technology developed by the Centre. We can identify
the programme’s specific objectives as:
® To facilitate further testing in the field of ecological-

integrated pest and vector control strategies at both the

national level and at selected international centres.

® To develop a regional or international network to
expedite the testing and application of information and
technology packages developed by ICIPE.

® To develop national capacities to enhance ICIPE'
objectives, utilisation of pest management technology
and the creation of contact points with national research
and development systems.

Cuoperation with National Research and Extension
Services.

The maior thrust of our collaboration with national
programn .5 is through the African Regional Pest
Manageme.v  Rescarch  and  Development  Network
(PESTNET;). Arrangements exist for cooperation with
national rescarch  and  extension  agencies  through
PESTNET to conduct multilocation trials and field tests of
tesults from various  ICIPE  rescarch  programmes.
Collaboration with national programnmes is most often at
invitation to ICIPE by national government agencics,

including  universities, regional and  local  research
institutions.
African Regional  Pest  Management  Research  and

Development Nevwork (PESTNT)

The designated objectives of the PESTNET are:

® To test in association with national programmes the
performance and adaptability of new knowledge and
technology developed  at  ICIPF, under varying
ceological conditions, different farming systems and
varied socio-economic circumstances.

® Tofacilitate the d-ssemination of research information to
national programn.=s.

® To generate (in collab-ration with specific national
institutions} location-specific information and techno-
logical parkages.

® To facilitate the sharing of

PESTNET member countries.
® To create a mechanism for effective understanding,

through feed-buck responses  from  national pro-

grammes, of pest management problems as well as
analysing the impact of PESTNET activitics.

To realise these objectives, ICIPE works with and bases
its collaborative activitics within national institutions.
PESTNET activitics are organsied to comprise three
components, namely information generation, information
verification (testing and field scale trials), and training, The
well-focussed networks are; the livestock ticks PESTNET
with their major thrust towards field scale trials of the
knowledge ICIPE has gained in the immunisation of cattle
against the tick Rhipichephalus appendiculatus; and the
crop PESTNET where emphasis is on multilocational tests
of information/knowledge gained on varictal resistance to

information  among

88

stem borers of sorghunt and maize, mixed cropping system
as components of pest management in cowpea-based an
maize-based cropping systems, and the application o
biological control in subsistence-farming conditions.

A satisfaccory base already exists, particularly in th
training compoent of the PESTNET, for establishment o
the tsetse, the medical vectors and the Pest Managemen
Information retworks. An exciting element of the future o
PESTNET  netechnical cooperation ameng the networl
countries, particularly the interchange of scientists withi
the PESTNET zone,

Collaboration with CGIAR Centres

Priority is given to close-working relationships with the
majority of the Consultative Group for Internationa
Agricultural Rescarch (CGIAR) centres. ICIPE has inter
institutional cooperative research and training agreements
with the International Rice Rescarch Institute (IRRI)in the
Philippines and the International Institute of Tropical
Agriculture (IITA) in Nigeria. Effective linkages exist
between the ICIPE and other CGIAR international centres
including International Laboratory for Research in Anima.!
Discases (ILRAD)(Kenya), International Livestock Centre
for Africa (ILCA) (Ethiopia), International Wheat and
Maize  Improvement  Centre (CIMMYT) (Mexico),
International Centre for Rescarch in Semi-Arid Tropics
(ICRISAT) (India), and also International Council fot
Rescarch in Agroforestry (ICRAF) (Kenya).

Cooperation with Donor and other International Agencies

Research capabilities of national systems, in vital arcas of

inseet science particularly pest and vector management, aic

strengthened through collaboration amnong ICIPE, donors,
and other international agencies.

For example, ICIPE presently collaborates with:
European  Economic  Community (Rescarch
Training)

GTZ (Research and Tiaining)

International Atomiic Energy Agency (Research and
Training)

International Development Research Centre (Training)
International Fund for Agricultural Development
(Research)

Overseas Development Administration (Research and
Training)

United Nations Development Programme (Research and
Training)

United N-ions Environment Programme (Training)
UN Food and Agriculture Organisation (Research and
Training)

UN Scientific and Cultural Organisation (information
Systems)

United States Ageney for International Development
(Research and Fraining)

UN Waorld Health Organisation (Research and Training)

and

Linkages with Centres of Excellence and Research
Laboratories

ICIPE, in furtherance of the principal objectives of its
mandate to undertake fundamental rescarch, establish
research cooperation with key institutions throughout the



world, provide advanced training in research methods and
techniques, as well as providing a forum for cxchange of
knowledge to promote the growth of the scientific
community in the tropics, identified a clear need for close
linkages with centres of excellence and research laboratories
throughout the world to complement its own research
capacity, particularly in the arca of basic research,
Collaboration with these institutions emphasises  the
cxchange of scientists and technicians, the provision of
services and the use of cach others’ laboratories to
investigate critical scientific problems. The aim is 1o
enhance scientific excellence, increase inter-institutional
flow of new ideas and talent and to broaden the c¥perience
of scientists and technicians involved in exchange
programmes of collaborating institutions.

COLLABORATIVE PROJECTS

ICIPE already has a number of both formal and informat
collaborative linkages with national programmes in the
arcas of rescarch and training on maize and sorghum
resistance 1o stem borers (Kenya, Somalia), sensory
physiology and fine structure rescarch in relation to crop
borers (Ivory Coast), rescarch anel training in relation to
tsetse and ticks as vectors of Livestock discases (Kenya,
Zcmbia, Tanzania, Uganda) and research on leishmaniases
(Kenya, Sudan). Collaborativ. projects undertaken with
international ceatres and research institutions include
~escarch on the brown plant hopper (International Rice
Rescarch Institute, Phitippines), germplasm testing and
development of the cowpea-based  mixed  cropping
component of pest management (International Institute of
Fropical Agriculture. Nigeria), testing of maize germplasm
against major crop borers (luternational Wheat and Maize
Improvement  Centre,  Mexico), testing of  sorghum
germplasm against stem borers (International Centre fr
Research in Semi Arid Tropics, India), training in rescarch
methadologies applied to tsetse and livestock ticks ecolog:
(International Livestock Centre for Africa, Ethiopia),
rescarch on immunological aspects of livestock  ticks
(University  of  Neuchatel,  Switzerland), and plant
protection research and training (OAU  InterAfrican
Phytosanitary Council).

In affiliation with OAU Scientific, Technical and
Rescarch Commission and 1ITA, ICIPE is actively
involved in the Africa-Wide Project for Biological Control
of Cassava Pests (ABCS). ICIPE mair ontribution is in
the arca of applied basic research and tie.aing: its input is
complementary to the on-going IITA research efforts in the
ABCS project.

Some of ICIPE s knowledge on environmentally safe and
ceonumically feasible strategies for crop pest management
in subsistence furming conditions is being tested in Kenya,
in collaboration with the UN Economic Commission for
Alrica and FAO. This is a joint project on the reduction of
food losses through insect pest management and the use of
small scale cost-etfective farm equipment.

Continuing Relationship

From the beginning ICIPE  has  recogmised  that
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development is a process. With this in mind, we endeavour
to maintain a policy of ongoing contact with national and
international collaorators to ensure permanent partner-
ships in dev.lopmeat.

TRAINING PROGRAMMES

The primary objective of ICIPE's various training
programmes is to build up and strengthen scientific and
technological capacities of tropical developing countries.
Specifically, through its training programmes, ICIPE seeks
to enhance national human resource capabilities in the
arcas of insects and inscct-related sciences, facilitate
interaction and  the  exchange of experiences and
information #mong national programme scientists, and to
develop a dependable collaborative competence in national
research and extension systems,

Training programmes at the ICIPE are of mutual benefit,
While increasing the number of competent rescarch
workers for the tropical developing countries, they also
contribute effectively to the rescarch resource capacity of
the ICIPE, Another advantage is to provide the Centre’s
scientific staff with the opportunity to keep in close contact
with tne increasing  number of national scientists and
technicians and to understand better pest and vector
problems crucial to agriculture and rural health in the
tropics,

Categories of Training Offered by the ICIPE

PROFESSIONAL SCIENTIFIC TRAINING PROGRAMMES

African Regional Postgraduate Programme in Insect
Science (ARPPIS). ARPPIS is a collaborative programme
between ICIPE and a consortium of African universities.
M.Sc. graduates in insect or insect-related sciences, from
any of the African countries, register for a Ph.D. degrec of a
University in the consortium, but undertake course and
rescarch work at ICIPE under the rupervision of ICIPE
scientists, The three-year ARPPIS academic programme
includes a six-month period of compulsory coursework,
and a research study on a topic which is carefully selected to
fit the background and interest of the student, but also
aceeptable to the ICIPE and the collaborating university.
The participating universities and the ICIPE cooperate in
finding scholarships for those who are aceepted for
admission to ARPPIS.

Postdoctoral Research Fellowship  Programme. The
postdactoral research fellowships are meant to offer young
Ph.D. graduates the opportunity to develop research-
related experience in inseet or insect-related sciences. The
fellowships are tenable at the ICIPE or at participating
institutions and in arcas where ICIPE has established
collabarative projects. The fellowships are open, on merit,
to qualifying graduates  particularly from  tropical
developing countries.

Postgraduate: Anachments. In special circumstances
ICIPE permits students to register with a university for a
Master of Science or Ph.D. degree and to conduct their
research at ICIPE, under the collaborative supervision of a
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senior  ICIPE scientist and the students  academic
supervisor. Before negotiations for postgraduate attach-
ments are entered into, the candidate must be registered at o
university, have a university advisor, be assured a source of
funding and have chosen a research projeet which both falls
within the already existing programme of the ICIPE and is
acceptable to the university,

SHORT-TERM TRAINING COURSIS
Group Training Courses. Three categories of Group
Training Courses in the arew of pest and  vestor
management are organised at the [CIPE for voung
scientists from the tropical developing world; they are:
® International Group Training Course in Pest and Vector
Management Systems
¢ [CIPE EEC Training Courses on the Managenent of
Veetors for the Control of Trypanosomizasis and Fist
Coast Fever in Livestock Production
® lhe International Training Course on luscet Growth,
Development and Beha.iour
® Training for Seli-Relisnce in Feological Pest Management
in Africa
The objectives of these courses are to acqunt young
scientists from the tropics, emploved i egriculture as well
as livestock and public health, with recent advances in the
field of pest and vector management and environmental
ceology: and o demonstrate  the clficacy  of  new
technolcgies ininseet population management  with
emphasis on ceologically sound approaches to pest and
vector control.
Participants for tie Group Training Courses are drawn
from every part of the tropics. Consequently, this serics of

courses serves to provide a forum for the exehange of ideas
and experiences among individuals fiom difterent parts of
the world und to establish relationships between scientists
and experts in the relevant fields. Group Training Courses
last two to three weeks.

In-Service Training and Felloveship Schemes. In-service
fraining courses are aimed at meeting specialised training
needs of technical and scientific workers from rational and
sclected international institutions. They provide mid-career
stientists with the opportunity to gain exprrience through
working with more experienced scientists on on-going
research programmes and acquainting national scientists
and - technicians with  appropriate techniques  and
methodologies in pest management research as well as with
recent developments, approaches and techniques for use in
their areas of expertise and employment, In-service training
programmes are designed and developed jointly with
cooperating institutions.,

Training in Financial and Administrative Management
of Rescareh Projecis tin colluboration with the Programme
FAMESA)L This training is aimed at developing the
management skilly ol scientists engaged  in natiens)
scientific rescarch institutions and is  conducted  in
collaboration with the TCHPE -based Project on Financial
and Administrative Management of Research Projects in
Easternand Southern Africa (FAMESA). The training was
initiated atter recognition of the eritical need for yualitative
scientific leadership in national institutions: cupable of
planning. evaluating  the
performance of scientific and industrial rescarch projects.

designing,  executing

O

LG

Participants at the Yaounde course inn group picture taken around a cocoa plant with many pods at Barombi-Kang Cocoa Research Station during

u field visit,
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Biostatistics and
Computer Services

ACCOMPLISHMENTS
HF. Magalu

The Biostatistics and Computer Service Unit became fully
operational during 1983 with 2 full-time and I part-time
empleyces and remained so staffed until late in 1984, when 3
additional staft members were hired. However, the
operation of the Unit was decentralised in 1985 with the
installation of 7 microcomputers (2 at Mbita, 4 at Chiromo
and I at Duduville) and 4 2200 [LVP work stations at
Chiromo. The following were accomplished during the past
year:

(i) Provided biostatistics and computer facilities to

Mbita Point Field Station (MPES). Installed 2
microcomputers at MPES in January and conducted
training on computer applications in February. The
Lseia Systems Manager (DSM) taught FORTRAN
77 for 5 days in February to MPFS rescarch staff.
Word Processing and BASIC were also taught to
rescarch staff at MPFS by Mrs. P. Alila and Mr. 1.
Maina, Mr. F. Obeya, a full-time operator:
programmer, was assigned to work with MPES staff.
He maintains programmes used by the scientists,
assists in data analysis and supervises training on
software packages including Introduction to Word
Processing. The DSM regularly visits MPEFS for
consultations  in  programming, designing  of
experiments, data processing and analysis,
The DSM has developed and written 28 FORTRAN
programmes for data processing and analysis and is
testing 7 others in the mainframe computer, VS 80.
Sixteen programmes from R. Davies Computer
Programming and 6 from Biometry were rewritten
an tested and are presently being adapted for the
microcomputers. As can be reen from the section on
computer softwares/ packages, the Unit has acquired
and is testing many software packages for statistical
analysis. With the supplement of the above
FORTRAN programmes the Unit is able meet the
computing needs of our research scientists.

(i)
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(it} Provided a computerised data storage system for the
research scientists so that raw data can be stored in
appropriate formats prior to analysis. The Tsetse and
the Crop Pests Rescarch Programmes have
accumulated massive amounts of data in the
mainframe computer and the Medical Vectors
Programme has just completed inputing several years®
research data. Two-way tables have been constructed
and analysis of variance were completed using a Least
Squares procedure. Graphics using the PC are also
being used to analyse this data. Programmes for data
inputing, merging, frequeney tabulations and least
squares were developed and written for this data by
the DSM. These progrinnmes were made so user
{riendly that only the file names aie needed to run
them, since the parameters needed are in the default.
Simulation models are being developed for the tsetse
and certain crop pests populations. A random
number generator was developed for the PC to
simulate modeling in crop pests. Shortly a simulation
model will be started in livestock ticks population.
The simulation models being developed have still to
usc both the ficld rescarch and weather data. There is
still much to be done in this arca; considerable
coordination is needed among the research scientists,
the programmer and the DSM.

Courses in computer programming and biostatistics
were offered to ARPPIS students and other training
groups at the ICIPE. The DSM conducted the
following:

(1v)

(v

-~

(4) aone-week series of lecturesin FORTRAN 77 to
MPFS rescarch staff, February 1985

(b) a two-hour lecture-demonstration on Micro-
computers to the ICIPLE staff at Chiromo, April
1985

(c) a two-hour lecture-demonstration on Computer
and Data Analysis to the 8th International
Group Training Course at DIGC, July 1985

(d) aSday(2-hour lecture and 4-hour laboratory per
day) coursc in computer programming in
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(vi)

(vii)

(viii)

FORTRAN 4 for ARPPIS and other training
groups, August 1985

a three-hour lecture<demonstration on micro-
computers to the African Association of Science
Editors Conference, at Silver Springs Hotel,
Nairobi August 1985.

Dr. R. Dransfield taught a biostatistics course for
the ARPPIS students for 10 days in August 1955,
Dr. Dransfield continues to give assistance to the
research staff of the ICIPE on experimental
design, data processing, analysis, interpretation
and presentation of results. His invaluable
assistance is  herewith  acknowledged  with
gratitude by the Unit.

Training in ccmputer operations and applications is
given to the staff of the ICIPE, sclected institutions in
Kenya (refer to collaborative arrangements) and
other African countries (ARPPIS and African
Association of Science Editors, at present). The
Senior  Computer  Programmer  conducted  the
foliowing: (a) truining of Adi wnistrative staff on the
features of the Wang PC, hands-on experience and
database, January 1985; (b) training of the
Communications Division staff on graphics and
database, July 198S; (c¢) training of 19 Rescarch
Division staff on graphies sod MSTAT, September
to October 1985 (d) triin .. ¢! Sstaff members from
the Director's Office on the opcrations of the PC, and
an introduction to different software packages of the
PC for 3 days in October 1985,

Computer support is being extended to international
conferences. The Protozoology Congress was assisted
by the Unmit last June and the International
D, velopment Research Centre (IDRC) similarly was
given computer support for the African Association
of Sceience Editors Conference i August 1985, A
mailig list was completed for the International
Conference on Tropical Entomology to be held in
Nairobi during 1986. Mis. Sscbunnya participated in
systems analysis, programming and data preparation
for the VII International Congres: for Protozoology
and the Tropical Entomology Conference. In both
conferences the data are injuted in the VS 80 and then
transferred to the PC (microcomputer) at the
conference site. Mrs. Ssebunnya has also developed a
compnterised list of books, periodicals, and journals
for the Special Committee for Africa.

A personnel information system is presently in
operation in the Administration Division using data
base in microcomputer. A payroll system is running
in our mainframe computer, the VS-80 system,
rroducing about fifteen reports for the Financial
Division. Mrs. Ssebunnya and Mr. Maina, working
together, reduced the time for data input and
processing of the payroll from 3 to | day. The
prevident and gratuity fund system was completed in
December 1985 by Mr. Maina using 10 BASIC
programmes in the Wang PC. This system will be
operational by January 1986, after inputing of data,
checking of the printouts and training of the Accounts
staff. This system will run concurrently with the

(e)
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manual system for seveial months to check for
possibleerrors in the computerised system. Mrs. Alila
input the data using word processing for the ICIPE
1986 budget as prepared for the Planning and
Development Unit. She conducted hands-on training
in Word Processing for 28 staff members of the
ICIPE and comp!:ted the first draft of the Word
Processor Manual and the rules and regulations for
using the PCs and OIS. Mrs, Alila also coordinates,
together witih the DSM, the interfacing of the
WPI/CRTronic (phototypesetter) to the Wang PC's
Word Processor.

The Unit is now preparing @ manual of ruies,
regulations and guidelines to be used in operating the
VS R0, OIS, PCs and the 2200 LLVDP computers. The
first draft was completed in December 1985,

COLLABORATIVE ARPANGEMENTS

Three students from the Kenya Polytechnic were
trained for 5 months (April to August 1985) on
computer operations and applications (refer to
achievements),

Coliaboration with the Ministry of Agriculture and
Livestock Development for the I-month training of 2
biostatisticians, August 1985 (refer to achievements).
Collaborative arrangements were made with ILRAD
and ICRAF to study hardwere and software
requirements in the computerisation of bibliographics,
As a result of information gained from this
association, a software package was purchased for the
Library and Documentation Department which is
presently being tested on a Wang PC.

Cormputer support is being extended to International
Conferences (refer to achievements section).

‘The Planning and Development Unit, in collaboration
with the Outreach and Training Unit and the
Biostatistics and Computer Service Unit, submitted a
proposals to the British Council to fund in-house
training in Statistics and Data Analysis for rescarch
staff at both Chiromo and MPFS,

COMPUTER SOFTWARE

(a) Mainframe (VS 80):
® Instalied the FORTRAN 77 in September 1985, the

newest and most powerful FORTRAN available. It will
replace the FORTRAN 4 presently being used. The

FORTRAN 77 can create random access files and

incorporates COBOL. formats. However, this computer

language requires a significant amount of computer

mainframe. 2
programmes which were deveioped and written is being

memory.

Used FORTRAN and BASIC for scientific applications.
This solved the problem of lack of software in the

manual for the 28 FORTRAN

compiled.

System utilitics such as DATAENTRY, CONTROL,

EZFORMAT, INQUIRY and REPORT, and COBOL



are being used for data processing. This is useful in the
Payroil System, for the inputing of data for the mailing
lists,

(b) Microcomputers

® Used BASIC. MULTIPLAN and LOTUS 1-2-3 for
Financial  Management  Applications  (refer  to
achievements).

® Graphics package for all applications.

® Database for Personnel Information System (refer to
achievements).

® MSTAT. a statistical package, installed at MPFS in
January and at Chiromo in June. This is being used by
miny research scientists for data inpat. editing and
analysis. A new enhanced version of MSTAT arrived in
December and is being evaluated by the DSM before it
replaces the old version.

® Utsed FORTRAN and BASIC for analysing data of
scientists which MSTATT is unable to process. Many of
the "IRTRAN programames for the mainframe are
be Titten {or the microcomputers,

LIS " CEAL adatabase with statistical programmes,
was .sealed in October at Chiromo and is being utilised
by the Ticks Research Programme. This software
package is being studied for use with other rescarch data,

® ST TISTICIAN, another statistical package i being
testea. Soime of the subprogrammes from this package
are being rewritten tor the mainframe computer, the VS
B0, to add to the fist oof scientific application
programmes. lowill G ke about 3 months to complete the
evaluation of this seitwiare package,

@ IN-MAGIC, wdatabase, was acquired in November for
bibliographic material applications. This is being tested

Biostatisties and ( ompider

and training for the use of this package will begin in
January 1986,

EQUITMENT

Purchased 4 removable 15 MB disks to alleviate data
storage problems in the mainframe computer caused by
the entry of enormous data from 3 research projects.
Installed 5577V dot matrix printer in the VS 80 system to
increase the printing speed in word processing and will
upgrade our graphics capability with the purchase of a
graphics package for the mainframe computer,
Instalied 7 Wang PC microcomputers (2 at MPFS, 4 at
Chiromo and | at DIGC). This brought the computers
closer to the user and links the PC to the VS. This
increased the data and word processing capabilities of
the 'CIPE. The Personnel Information and Financial
Management systems are being developed and run in the
PCs.

Installing 2 2200 L.VP microcomputers (1 at Chiromo
and 1 at MPES) in January 1986 after testing the
hardware at Chiromo  for scveral weeks. Each
microcomputer will have 2 printers and 4 work stations.
This will solve the shortage in word and data processing
work stations experienced at Chiromo and MPFS, The
LYP for Chiromo is being tested and the softwares are
being loaded into the system. Some software packages
are being converted from 308 KB to 1.2 MB diskettes by
Computer Applications Limited in their 2200 LVP
computer.

Installed the Uninterruptible Power Supply (UPS) in
Tuly to proteet the data as well as the VS 80 system
hardware from power outages.
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Communication amd
Information Division

The main highlight of the year was tne celebration of the ICIPE’s 15th
anniversary, which coincided with the Annual Research Conference and
Governing Board meetings, held ar Duduville International Guest Centre
Jrom it — 22ud April 1985, The official opening was performed by Dr.
John W. Koehring, Dircctor, USAID — Regional Economic Development
Services Office (REDSO) for Eastern and Southern A frica, and was witnes-
sed by an unprecedented number of invited guests and observers from all ove:
the world. (T weel:'s programme included special guest lectures in addition
to the usual Annual Research Conference presentations. The guest lectures
will be published in book form, and will he part of a regular series w ithin the
publishing programme of the proposed ICIPE $-ience Press.

Another significant highlight for the Communication and Information
Division was the Planning Workshop for the A frican Regiona! Pest Manage-
ment Research and Development Network (PESTNET), which is discussed
ingreater dewail elsewhere in this Report. PESTNET isa magor point of depar-
ture, as the [CIPE seeks 1o streamline and strengthen its interactive linkages
with the national prograinmes in Africa. The Network will bring new chal-
lenges inwerms of the Ceotre’s conumunication needs, and its success may well
depend on how effectively w iy able to disseminate and wtilise the mformation
wenerated by its members, with the ICIPE playing a pivotal role,

The video dociomentary mentioned in last year's Annual Report was
launched during the year and has been very well received. Apart from being
used by the Conference and Liaison Departmest to give visitors a general
overview of the Centre's activities it has also been screened at donor meetings
in Washington, D.C., Rome, Stockhohn and ( openhagen, The documentary
will be wpdated from time to dime, and it is hoped that funds will be avaiiable
to enable the Centre to muke more extensive use of this very effective com-
munication channel,

In general the year was one of consolidation, after the agressive initiatives
of 1984 which were aimed at improving the dissemination capability of the
Centre. Further new initintives are planned. with the proposed ICIPE
Science Press as the main focal point. These pew initiative s, together with the
advances already mude over the last iwo years, should enable ICIPE's infor-
mation-related services 1w natch the excellent standards alread 'y achieved in
research and training.
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CONFERENCE AND LIAISON
R. Washika

15th Annual Research Conference

The 1985 Annual Research Conference marked the

climzx of activities planned in celebration of (CIPE's

15th Anniversary. The Conference programme was
more elaborate this year featuring, in addition to the
ansual review of the ICIPE's entire programme of
research and training, a series of guest lectures that ran
cvery evening of the Corlerence week. The official
opening, by Mr. J.W. Kochring, Director of USAID’s

Regional Economic Development Services Office for

Eastern and Southern Africa (REDSO/ESA), was fol-

lowed by a spacial guest iecture on “The Origins and

Model Role of the ICIPE in the Third World™ fittingly

presented by Dr. Victor Rabinowitch, a staunch suppor-

ter of the ICIPE avits founding and presently the Execu-

tive Director, Office of the International Affairs, U.S.

National Academy of Science.

Other lectures delivered during the 15th Annual
Research Conference included:

Developmental Biology and Molecular Genetics: Pers-
pectives and Contributions to Inscct Science, Profes-
sor Klaus Kalthoff, University of Texas at Austin.

Host Immune Response to Feedirg by Ticks: A Natural
Biological Control Mechanism, Dr. Stephen J.
Brown, University of Hllinois.

Molecular Events in Insect Patterning ond Morphoge-
nesis, Dr. Dunny L. Brower, University of Arizona.
Insect Growth Cuntrol, Professor Peter J. Bryant,

University of California, Irvin:

The Conference week also marked the inaugural pre-
sentation of ICIPE’s Medal for Innovative Research, a
medal to be awarded each year for innovative or creative
work in fundamental or applied rescarch. The first win-
ners were Dr. ML), Mutinga, Programme Leader, Med-
ical Vectors Research Programme, for his work on *The
Epidemiology of Leishmania major in Marigat, Baringo
District, Kenya™ and Dr. R.K. Saini, for his work on * A
Novel Methaod for Screening Chemicals for Attractancy
in Tsetse™. Several of the ICIPE staff received Long Ser-
vice Awards having given 15 years of continuous and
dedicated service to the ICIPE.

Taking advantage of the presence duriny, the period of
the 15th Anniversary Conference of a cross-section of
the scientific community and science administrators, the

following mectings were simultancously held  at

Duduville:

e Scientific meeting of the East African Society of
Parasitologists.

® Planning meeting for the 1986 International Con-
gress on Tropical Entomology.

® First meeting of the Sub-regional Executive Com-
mittee of the African Biosciences Network.

Visitors

Duning 1985 a number of distinguished guests visited the

Centre including:

® Mr. Edward V.K. Jaycox, Vice-President for
Eastern nnd Southern Africa Region of the World

Bank, accompanied by Mr. James Adams, Director
of the World Bank Resident Mission in Kenya. They
held wide-ranging discussions with the ICIPE
Management and invited Kenya Government offi-
cials to lunch at Duduville, the nroposed site for
ICIPE’s headquarters which is being partly funded
by the World Bank.

® The Amtbtassador of the Fedgral Republic of
Germany, His Excellency Mr. Johannes von
Cocano, uccompanied by Embassy Officials, spent a
day at Mbita Point Field Station visiting with staff of
the Crop Pests Rescurch Progranime.

® Dr. Sam Nilsson, Executive Director of the Inter-
national Federal of Institutes for Advanced Study
(IFIAS) gave a well-attended seminar entitled
“IF1AS and the Major Global Issues”.

® Over 15 Senior Officials from the Ministry of
Agriculture and Livestock Development,” Kenya,
led by the Director of Agriculture, Dr. S.N. Muturi,
and the Director of Research, Mr. W.W. Wapakala,
spent a day at the ICIPE Headguarters and a Jay at
Mbita Point to acquaint themselves with research
activities at the ICIPE and discuss strategies for col-
laboration in research and testing of research
results.

® Mr. A.L. Mbicle, Scientific Secretary, DAU Inter-
African Phytosanitary Council (IAPC), Yaounde,
Camcroon, discussed the ICIPE’s training collab-
oration with IAPC.

e Prof. B.M. Honingberg, Director of the Centre for
Parasitology at the Marrill Science Centre, Univer-
sity of Massachusetts, Amherst Centre, USA,
worked at ICIPE for 6 months 1n the Tsetse
Rescarch Programme.

®  Dr. Guy Chauvet and Dr. Michel Remillet, a visiting
mission from ORSTOM, discussed longterm fund-
ing of the ICIPE by ORSTOM.

e Mr. W.D. Guthrie, United States Department of
Agriculture, Towa, and Professor Larry L. Mur-
doch, Purdue University, West Lafayette, reviewed
the ICIPE's Crop Pests Rescarch Progrimme for
IFAD.

Interrational Study Workshops
Planning Workshop on the Ajrican Regional Pest Man-
agement R. & D Network (PESTNET) for Integrated
Control of Crop and Livestock Pests.
This Workshop was held at the Duduville International
Guest Centre (DIGC) 7 to 9 October, 1985, attracting
over 30 pariicipants from various national and interna-
tional institutions concerned wiw crop and livestock
production. Among the presentations were status
reports on crop and livestock research at the YCIPE as
well as research from all the countries represented at the
Workshop.
The follov-g recommendations emerged from the
workshop that:
® PESTNET be formed to cover the arcas of crop
pests and ticks.
® A Sccretariat be organized, based at the ICIPE, to
facilitate and coordinate PESTNET activities.



® The goal must be to reach the full exchange of
scientific information and experiences among par-
ticipating members of PESTNET.

® PESTNET to identify methodologies, information

and
technologics to meet the needs of nationat program-
mes.

® Both the crop pests and tick sub-networks need to

define the extent of the individual networks by
specifying the pests and specific problems to be
studied and identify the countrizs and organizations
who would benefit from and contribute to the net-
work.,

To facilitate implementation of the above recommen-
dations, two committees were formed, one on Crop pests
and the other on ticks. These committees are already
active and have completed many of the details specified
in the above recommend .tions.

Planning Workshop for the Establishment and Promo-
tion of Neurosciences Activities in Africa.
On behalf of the International Brain Reseacch Organi-
zation (IBRO), the ICIPE, in conjunction  with
KEMRI, acted as the local organizers. coordinators and
hosts of the Planning Workshop for the Establishment
and Promotion of Neurosciences Activities in Africa
held at Dudubille International Guest Centre on 18 and
19 December 1985, The Workshop was sponsored by
IBRO and UNESCO and attracted more than 15 par-
ticipants from various parts of Africa

Among the important recommendations made was
the formation of an African Neurosciences Tash Foree
under the chairmanship of Prof. Thomas R. Odhiambo,
Director of ICIPLZ, This task force was charged with a
number of dutics, among them the compilation of 4
directory of neuroscientists in Africs and the formula
tion of a draft constitution for the proposed Society of
Neurosciences in Africa.

EDITORIAL AND PUBLICATIONS
Joy Mukanyange, Winnifred Ovuko, Newton M wanga

The unit continues to render services to the Centre in the
areas of graphics, photography, editorial and publica-
tions production.

The above services showed marked improvement dur-
ing the year under review. New techniques for preparing
slides (with colour), illustrations and posters were
adopted. greatly enhancing the visual preseatation of
the Centre’s work,

‘The Twelfth Annual Report, 1984, was proauced with
a 4-colour cover for the first time in many years. The
Dudu, our quarterly newsletter is now more focused,
concentrating on a specific aspect of ICIPEE's rescarch
for cach issue. During the year, the newsletter highligh-
ted research on tsetse fly and chemistry and biochemis-
try.

Other publications were produced including, the
ARPPIS Third Annual Report, a brochure for the
Group Training Course as well us the proceedings of the
planning workshop on the Africzn Regional Pest Man-
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agement R & D Network (PESTNET) for Integrated
Control of Crop and Livestock Pests.

The unit also is responsible for editing scientific pap-
ers for publication in international journals as well as
translation, particularly, translation of abstracts for pap-
ers heing published in the journal, Insecr Science and Iis
Application. Alist of ICIPE staff publications appears at
the back of the report.

Scientific Editorial Unit
Professor Thomas R. Odhiambo, Lditor-in-Chief,

Serah Mwanycky, Esther A. Opere

The Unit continues to receive many manuseripts for the
journal, Insect Science and Its Application, from all over
the world. The adopted referceing system has been very
suceessful and the period between receipt of manuscript
and its publication has been reduced considerably.

The jouraal in its sixth volume is bimonthly and pub-
lishes mini-reviews, original research papers, book
reviews, information on new patents related to inseet
control, obituaries of prominent insect scientists, and
from this year, the Software Survey S:ction has been
launched. The journal also carried the announcement of
the Internation Conference on Tropical Entromology
held in Mairobi from 31 August to 5 September 1986,
whose secretariat is the ICIPE.

The proceedings of the International Study Workshop
on Host Plant Resistunce and Its Significance in Pest
Management, convened and held by the ICIPE in
Nairobi, 10 - 15 June 1984, have been published in spe-
cial issue of the journal (Volume 6 Number 3) entitled
Host Plant Resistance and its Significnace in Pest Man-
agement. Guest editors were K.N. Saxena and J.K.O.
Ampofo.

LIBRARY AND DOCUMENTATION
The aim of the service is to enhance and facilitate
rexearch on crop pests and medical vectors of tropical
diseases by providing an effective library and documen-
tation service to the researchers, trainees and other
ICIPE staff, and to cooperate with other organizations
for maximum use of rescarch results. This goal con-
tinued to guide the library's action programme during
1985 as outlined hereunder.
Acquisition
The library added 331 books and monographs but main-
tained the number of its current periodicals at 130 titles
out of which Y0 are subscriptions. Some subscriptions
were substituted with exchange, as donations and
exchange with our publications, fnsect Science and Iis
Application, Dudw and ICIPE Annual Report, grew. In
addition, 75 reprints of articles by ICIPE authors were
received.
Archives
An archival collection of ICIPE publications and other
important mementos and documents was set up with
plans to have it fully operational by the end of 1986.
Publications
A quarterly ICIPE Library and Documentation Bulletin
was launched at the beginning of 1985 to cater for new



accessions and other current awareness bulletins. All the
four issues of the first volume came out on schedule.
Services

The achievement of a full staff establishment at the end
of 1984 led to a general revitalization of the services.
Besides the current awareness bulletin mentioned
above, Sclective Dissemination of Information (SDI)
was started. Journal and other in-coming publications
are scanned for information that may be of interest to
the researchers on a selective basis. Profiles of rescar-
chers were generated and maintained to facilitate the
maltching of particular information to particular users.
Through purchases from the British Library Document
Supply Centre and continued cooperation with other lib-
raries and institutions, 944 photocopy and reprint
requests were fulfilled. Eight bibliographic computer
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searches were carried out 1or scientists through assis-
tance oi the Commonwealth Agricultural Bureau
(CAB). In addition, the library maintained an ICIPE
profile with Dialogue for SDI searches as CAB
Abstracts Database. Loaning of books and reader
enquiry services were also maintained.

Computer Application

Towards the end of the year the library acquired a Wang
PC and started Laying ground to apply it in some of its
projects, particularly documentation, cataloguing, SDI
and the exchange mailing list. Several meetings were
held with other library documentation authorities in and
around Nairobi to share and exchange ideas on compu-
ter application and pave the way for future collabora-
uon.



Management

The  management and  administration  of  core
research programmes and umits of the Centre us a whole
remained at its 1984 full strength end level with the
exception oy e sudden loss of the Deputy Director: the
fate Dr. Mathew Paton Cunningham. in August 1986
whose position was filled in an acting capacity by
Dr. Mutuku John Mutings for the remaining part of
1985,

Steps initiated in 1984 to streamline administrative
procedures  and strengthen management  systems
through  wide-ranging measures such as training ot
selected administrative and research staff, recruitment
on a competitive basis, salary revisions, allocation of
vehicles to programmes, cte, began to show positive
results in increased efficiency and productivity through-
out the Centre.

International Professional Staff

The International  Professional Staff  level  was
reviewed by the Governing Board and revised at 42-
man-years.

The full staff list appears at the end of this report.
Ameaities and Sucial Welfare Units

The ICIPE's amenities and social services in support
of its core activities remained the same and continued to
operate cffectively and efficiently during the year;
except that Duduville International Guest Centre
(DIGC) nevertheless managed to function with sub-
optimal equipment.

The International Guest Centre System construction
work at Mbita Point Field Station was nearly 90% com-
plete to be utilised carly in 1986 during the Annual
Research Conference.

Average occupancy at the Duduville International
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Guest Centre rose 10 65% during the year, and its expan-
sion programmie was rescheduled to the Duduville Phase
1T Capital Development Programme,

Mbita Point International School’s additional physical
facilities were completed to cater adequately for the
expansion of classrooms.

The Mbita Point Field Station Clinic was renamed St.
Jude's Clinic and the extension work to the maternity
and luboratory service wing * s finally completed. The
clinic was able to treat anav 1ge 0f445 cases per month
during the year.

CAPITAL DEVELOPMENT

Mbita Point Field Station

The major capital works carried forward into 1985
were limited to the Guest Centre complex and comple-
tion of fittings and furnishings of the School and Clinic
extensions, most of which were completed during the
year.
Duduviile Phase IT Capital Development

Efforts to raise funds for this project continued
through this -car. Following the modest allocation of
funds annually by the Board from core funds and the
World Bank’s support of US$2.5 million and the host
country’s contribution of US$0.286 million, Masteiplan-
ning for Phase 11 was started by mid-1985 in readiness for
the start of construction work in the following year.

RELATIONS WITH THE HOST COUNTRY

The Centre's relations with the Government of the
Kepublic of Kenya continued on very good and cordial
terms. The formal discussions on the new Headquarters
Agreement progressed very well and have been carried
forward to 1986,



1985 Seminars

Speaker

Dr. Sam Nilsson, Executive Director
International Federation of Institutes for
Advanced Study (IFIAS), Sweden

Dr. Brian Johnston, Pharmuacia Biotechnology
Uppsala, Sweden

Dr. PG Kawva, the ICIPE, Nairobi

De. ALALatif, ARPPIS, the ICIPE, Nuirobi

Dr. Lofrungu, the ICIPE, Nairoby

Dr L H.P. Nyeko, ARPPIS, the ICIPE, Nairobi

Professor C. Pavan, Geneties Department,

University of Campinas, Sao Paulo, Braal

Professor
Biochemi:

aw, Department of
“iversity of Arizona

Professor John B. Campbell, Department of
Entomology, University of Nebraska-Lineoln,
US"\

Dr. Leonard H. Otieno, the ICIPE, Nairobi
Dr. Bhupinder P.S. Khambay, lnsecticides
Department, Rothamsted Experimental Station

Harpended, Herts ALS 2JQ, UK

Protessor Charles K. Levy, Biology Department
Boston University, Boston, Massachusetts, USA

Dr. Alf Bakke, Norwegian Scientist

Titles
TFTAS and the Major Globa Tssues

Maodern Approaches to Protein Purification

Recent Advancesin Knowledpe of Insect Immunology

Effects and Basisof Naturally Induced Resistance to Tick Infestations in Rabbits: A Case
tor Amblyommavariegatum and Rhipecephalus appendiculatus

Some of the Factors which Influence the Establishment and Development of Filariae in
Mosquitoes

Prophyluxisand Induction of Drag Resistance in Trypanosomu congolense during eyelic
transmissions through Glossina maorsitans morsituns

Control of Human Bottlv and Screwworms in Bravil

Insect Storage Proteins

Infegrated Pest Management Project for Control of Stable Flies at Confined Livestock
Facilities

Some Aspects of Protosoan Research inthe USSR

Trends in the Design of Newer Synthetic Pyrethroids

Ecological Field Studies Using High Resolution Gamma-spectroseopy in Termites iand
Other Animals

Pheromane Ecology of Bark Beetles
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Alghali. AM. Insect-host plant relationships. The spotted stalk-borer
Chulo partells (Swinhoe) (Lepidoptera: Pyralidae) and it prneipal
host, sorghum Inseet Sei Applic 6(3), 315-322

Alghall, A ML Larsabinstars determmation for Chule partells Swinhoe
(Lemdoptera: Pyralidac) reared on sorghum. Tnseet Set Applic. 66),
677679,
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tesistant akuze penotypes. Insect Ser Applic. 603), 323-330,
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microscopie study o the aortic wall and corpus cardiacum in relation
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morstam Westwouod. Insect Ser. Applic. &4), 489-501

Barnion, A'A and Saxena, R C L Cytology of Nelaparvata bukeri (M ury
grassintesting planthoppet ¢ Homaptesa Delphacidie) < tologia 80,
§77-582

Challier, Avand Tarser, DAL Methods to caleulite sursival rite in tsetse
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Apphc. i), 719-721

Chicra, T'W | The distnbution and chimbing behaviour ot Riupicephalis
appendiculana Neutnann on grass stems [nsect Se) Applic. &2,
232058

Chiera, FW . Newson, R M and Cunmingham, M P Cumulative elfects
of host resstance on Rhuprcephahes appendiculons Neumann
1Acanna. Ivodidae) i the laboratory Parasitol, X 2), 301-30%

Chiera, J W Newson, R.M and Cunninsham, M P The eftect of size on
tecding and breeding pertormance o prcephaluy appendictdaties
Neumann Inseet Sei Apphie. 604), 555-504).

Darlington, LP.E.C, Muluple primary reproductives in the tesaute
Macrotermes awchaelsem (Sjostedt). In: Caste Differentiation
Soctal Insects, ed. by TAL Watson, B M. Ohot-Kotber and C H
Nairot. Pergamon Press, Oxford [87-200

Darlingron, J P F.C., Some observations on the mitiation and regelation
o vistes 11 nests of the termite Macrotwermes mchachentm the field
In- Caste Differentiation in Social Insects, ed. by LA L. Watson, B M
Ohot-Kotber and Ch Norot, Pergamon Press, Oxtord, 209-217

Dartington, 1P €. The stucture ol mature mounds of the termite
Macrotermes muchaebem: Insect S, Applic. 62), 149-156

De Castro, 1.1, Effects of tck infestatton on Boran (Bos indicuy) cattle
immunized against theilenosis i an endemic area of Kenya. Res. Vet
Sei. 39, 279-28%,

De Castro, 1), Cunningham, M. P.. Dolan, T.1., Dranstield, R0,
Newson, ROM. and Young, AS., Ftfcets on cattle of artificial
infestations with the tick Rhipicephals appendicudats. Parasitol
i), 21-21.

Den Otter, C).and Saini, RK . Pheromone perception in the tsetse fly
Glossina morsians morsiany. Entomol. exp.appli. 39(2), 155-161.

Kaayar, G.F Oteno, LH and Darp, N Cellular and humoral immunity
n the Glosuna. Dev. Comp. Immunol 9, 177,

Khan, Z.R. and Saxziia, R.C., Behaviour and biology of Nephotettix
virescers (Homoptera: Cieadellidae) on Fungro virus-inleeted rice
plants: epidemiology implheations. Faviron. Entomol. 14, 297-304,
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Khin, Z R and Sexens, R.C., Behavioural and physiological responses of
Sogutella furcifera (Homoptera; Delphacidae) to selected resistant
and suseeptible rice cultivars. J. Feon. Entomol. 78, 1280, 1280-1286.

Khan, Z.R. and Saxena, R.C., Effect of steam distillate extract of a
Tesistant rice variety on feeding behaviour of Nephotettix virescens
(Homoptera: Cicadelhdze). J. econ. Entomol. 78(3), 562-570.

Khan Z R and Saxena, R.C, A selected bibliography of the whitebacked
planthopper  Sogatella  furcifera  (Horvath) (Homoptera:
Delphacidae). Inseet Sci. Applic. &2), 115-134,

Kumir, H. and Saxena, K. N. Oviposition by Chilo partellts (Swinhoe) in
relation to its mating, diurnal cyele and certain non-plant surfaces.
Appl. Entomol. Zool. 20(2), 218-221.

Kumar, H and Saxena, K.N., Ovipositional responses of Chilo partellus
{Swinhocjto certain susceptible and resistant maize senotypes. Inseet
Sci Applic. 603), 331-335,

Lwande, W, Macloy, C., Okech, M., Delle Monache, F. and Marini
Bettolo, G.B., Kaurenoie acids from A spilia pluriseta. Fitoterapia
LVT(2), 126-128.

Lwande, W., Hassanali, A, Njoroge, P.W,, Hentley, M.D., Delle
Monache, F.and Jondiko, 1.1, A new 6 a-hydroxyplerocarpan with
isect antifeedant and antifungal properties from the roots of
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McDowell, P.G, Hissanali, A and Dransfield, R.D., Activity of the
dustereosomers of {3, 23-dimethylpentatriacontane, the  sex
pheromone of Glossina pallidipes, and comparison with the natural
pheromane. Physiol. Entomel. 10(2), 183-190.

Mutinga, M., Leishmaniasis in Kenya. Medicus, February, 11-22,

Mutinga, M.J. and Kyai, .M., A new record of Sergenmtomyia garnhami
tHeisch, Guggisberg and Teesdale, 1956) in Kenya, Trans. Roy. Soc.
Trop. Med. Hyp. 79, 137,138,

Nvindo, M., Speific immunity in rats inoculated with Trypanosoma
hrucei brucerdenved fromtsetse salivary glands and eultured in vitro,
Actin trop. 42, 12)3- 126,

Nvndo, M.oand Wellde, B.T., Trypunosoma brucei: infectivity and
immunogenicnty of cultured parasites. Exper. Parasitol. 60, 150-154.

Ochieng, RS, Onyango, F.O. and Bungu, M.D.O., {mprovement of
techniques for mass-culture of Chilo partethes (Swinhoe). Insect, Sci.
Apphe. 6(3), 425428,

Odhiambo, T.R., Kenya must seek to conquer new technological horizons.
Management VI (105) November 1985, 7-11.

Odhiambo T.R., The natural history of academies of sciences in Africa,
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series 'V 7(2), 99-110.

Odhiamho T.R., Scientific communication in Africa. In: The Role of
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Mermitidac) parasitizing tsetse (Diptera: Glossinidae) in Kenya.
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Okot-Kother, BM., Caste  polymorphism in a higher  termite,
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Infferentiation i Social Insects, ed. by JAL. Watson, B.M.
Ohot-Kotber and CH. Noirot. Pergamon Press, Oxford, 87-103.
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OFFICE OFTHE DIRECTOR

Protessar T R Grdhiambo, demector
Do M P Canmngham., depuy director*

Mis G M A Ochola, personal assstang to the director

Miss SO Kagondu, semor vecretary
MMM Watulasenmior secrenany
Mis ROV COKemer searetany
Mo DUALD Odinambo. clencal assisiane
Mo A Were dlercal anastant
Mo b K Kibor venor droer
MM Msanangr, driver
MO Opalo, driver

*decewsed, Auvst 1983

Planning and Development Unit

Moy RoAOdvgo. principal plannne officer
Dr N O Musewe, revearch management officer
MoV SOMutesa o sentor iternal auditor

Miss ML Bugembe, planmng ofticer

Miss B Nanwia, semor vecretuny

Mes VK Fyobo, semor vecretary

CROP PESTS RESEARCH PROGRAMME

Plant Resistance to Insecet Pests

Protessor KONCSasena, principal research seenint PAL

D RCoOSavena. prncipal research seenin®
D1 RS Pathak sermor research sciennst
D FK.O Ampoto, sesearcd sciennne

De H Kamar, postd ctorad sesearclt fellon
Mr S HL.Or Okech, soenitfie officer
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Me D Onvango, research assestam

Mr S M Othweno, semor techn an
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Moo 1.Go Kabuka, punior techn sun

Me Bl Kadivan, e technician

Miss A A Ravot, technecal avsistunt
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Mis S MA Oneno secretan
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Bionomices and Applied Feology
Dr KV Sesha Reddy, semior research scientist
De B O Owmolo, senor research scivnting

Dr G CoUnnithan, senior research scientist
Dro AN Alghali, research scientise®

D (Miss MAL Botchey, postdoctoral research fellow

Do WU Conelly, postductoral research fellow
Mr. AL Dissemond, yraduate research scholur
Mr. KOS Sum, research assistani
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Me. P.OCOllimo, semior technician
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Dr. G.W_Oloa, sentor researcht scientist
DWW AL Oneno, resedrch scieniist

Dr. 0.0, Odindo, research scientist

D3 Bartkowski, posidoctora rosearch fellow
Mr LB, Okeyo-Owuor, seientific officer
MrUE Murega, seiennfic officer

Mrs NV Patel, graduate research seholur
Mr. K. Ogedahy, research assistant

Mr. C.PK. Opol, research assistant

Mro K. Kambona, research assistant

Mr. 7.0 Nyalo, research assistant
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Mr. LM Kagoiya, sentor technician

M. L HL Ongudha, technician


http:Itttr.It

Mr. AL Ikhunyalo, technician
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Mro AL Chiera, research assistang
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Mr. R.Qjowa, technician

Mr. P.O. Ngoko, technician

Miss NUNderitu, secretary

Mr 1.G Mugane, junior technician

Mr GoML Hindy, technical assistant

Mo MG Kimondo, rechnical assistant
Mr. P Mutenia, techmcal asstsiant

Mr. LN Ndunguy, technical assistant

Mr. GUT Thao, technical assistang

MEDICAL VECTORS RESEARCH PROGRAMME

Dr. M Mutinga, semior research scientist 1.
Dr 3B, Kaddu, reyearch scientist

Dr. B M. Okot-Kotber, resewrch scientist

Mrs. LML Rogo, scie ‘L officer

Dr C N Mutero, pos, tecioral research fellow
Mr. C.C, Kamau, research assistant

Mr. BN Odero, chief techmician

M MOP.Nyamon, semor technician

Miss DT Adhiambo . senior admingstrave secretary
Mr. F.ML Kyae, gunior technician

Mr. DM Omogo, junior techmciun

Mr. ). Mwandandu, Junior techwcan

Mo ROM. Musyok, Juttior techmician

Mr. G.K. Too, driver

TSETSE RESEARCH PROGPRAMME

Dr. L.H. Oticno, senior research scientist/ P
Dr. MUE.B. Chaudhury, senior research scientist
Dr. T.K. Golder, senior research scientist

Dr. DAL Turaer, senior research scientist

Dr. R.D. Dransticld, research scientist

Dr. GoP. Kaaya, research seientist

Dr. SR Farimo, research sciennst

Mrs. MLA. Owaga, scientific officer

Dr. LW drungu, postdoctoral research fellow
Miss NUF. Darji, principal research assistant
Mr. R, Brghtwell, research assistant

Mr. PO, Agutu, principal technician

Mr. K. Mpanga, technician

Mr. S.S. Wakape, technician

Mr. D Uvyu, #2lician

Mrs. MM, Olutstwa, secretary

Mr. R, Mutwaruhiu, junior technician

Mr. .M. Mwaniki, junior technician

Mr. J .M. Muchin, technical assistant

Mr. J.K. Kiilu, technical assistant
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Mr. 3. Likhanga, technical assistant'driver
Mr. D.K. Mungai, technical assistant’driver
Miss E.M. Mwangi, technical assistant:drives

CHEMISTRY AND BIOASSAY RESEARCH UNIT
De. AL Hassanabi, senion research scientist 1011
Dr. P.G. MeDowell, research scientist

Dr TS, Dhadialla, research se n, 1

Dr.H. Osore, research scivntist

Dr. D.AL Oticno, research scientist

Mr. E.OL Osir, graduate rescarch scholar

D L Jondiko, postdoctoral research fellow
Dr. W Lwande, postdoctaral research fellow
Mrs. MUAL QY chy scienafic officer

Mrs. RMOW. Nundla, sewenafic officer

Mro MLS. Rajab, research asvistunt

Mr WAL Chapya, chief technician

Mr BN Ole Sitayo, senior technician

Mrs. MUNL Baraza, technician

My LV Lubongo, technician

Mr B Nyandat, technician

Mr. M.O. Kotengo, junior technician

Mr. L. Noreka, junior technictan

Mis. RA OKoth, secretury

Mr. GV Achieng, technical assistunt

Mr PO Amoke, technical assistant

HISTOLOGY AND FINE STRUCTURE RESEARCH UNIT

Dro ED Kokwaro, researcl seienust! U]
Dr LRSS AL, research scientist

Mrs. LA Kongoro, researclt a sisiant
Mr. MOMOB. Chimtawi, chief techmcian
Mr. P Lisamulla, principal wechnician
Mra. ) K. Murithe, principal technician
Mr NV Ogoma, gumior technician

SENSORY PHYSIOLOGY RESEARCH UNIT
Dr. S M. Waladde, research scientstiag. U1
Dr. R.K. Suini, research scientist

Dr. M.E. Hussein, postdoctoral research fellow
Mr. HLM. Kahoro, principal teenaician

Mr. S.A. Ochieng, technician

Mr. P.O. Ahuya, technical avsisiant

BIOSTATISTICS AND COMPUTER SERVICE
Dr. HL.E. Magalit, data systemys manager/Ul1
Mrs. W.N. Ssebunnya, senior systems analyst
Mr. J.K. Maina, senior computer programmer
Mr. F.C. Obeya, computer programmer*

Mrs. P.ML Alila, office systems supervisor

*hased at Mbita Pt Field Station

OUTREACH AND TRAINING UNIT
ARPPIS

Dr. MLE. Smalley, ARPPIS academic coordinator
Mrs. M.UL Arara, senior secretary
Miss DAL Adabiz, Ph.D student
Mr. 1.G. Aniedu, Ph.D. stwdemt

Mr. b Bahana, Ph.D student

Mr. M. Basimike, Ph.D). student

Mr. R. Bagine, Ph.D. student

Mrs. UM. Elncima, Ph.D. student
Miss §.W. Forawi, Ph.D. student

Mr. LM . Kantiki, Ph.D. student
Mr. 8. Kyamanywa, Ph.D. student
Mr. C.A. Kyorku, Ph.D. student
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Mro ALAL Latif, Ph.D. student

Mr. C.B. Maranga, Ph.D. studenr

Mr. ) Nderitu, Ph.D. studens

Mo B CONjau, Pho DY tudent

Mr 1P Nveko, PhoD. stdent
Mr.S. O Okech, Ph.D . student

Me MW Ogenga-Latigo, PhoD stdent
Mr ) B Okevo-Owuor, PhoD . student
Mr LB Omollo, Ph D stdent

Mro ROSang PY D siudent

Mr Gl Tikubet, P D sndent

Me B Torto Ui U snadent

Mro B B Wihined, PhoD stden
M DL lsoso, driver

FAIIESA
Dr L.O. Abe, coordinaton
Mre X Obierosecretary

[CIPE Rockefeller Foundation Research
Froject

Dro AL Palis Okesoscientnt i restdence
Mrs M. Warrakah, secretary

Mr PO Owuor, driver

Training

Mr LE Ominge, senor Iravmng officer
Mrs Mo ABto, semior vecretary
NSNS Butade secretary

ADMINISTRATION DIVISION

MroSONyanaL adpuniirative manaper

Mro B GoAwaeh, principal admanisiraave officer
Mr MM Momde . semior adnncasiranye officer
Me T B Ot sermar adminstrativ e offcer

Mic LI Gombesecretury

Mrs M GoORwires secreran

Muss GOML Wackuru, secreary

Mis GMWesavenion wiep honng reepioang
M M S Myerdos e telepliosust stenographer
M SN Rubunpa drner

COMMUNICATION AND INFORMATION DIVISTON

Mo Lo VKol manaver for commuaneation SeNe

MiIsSROATWashik o semmor con aunccation and wiformation ofyicer

M NCSOMUNSubaga, semor ibrarian
Mise Lo Mukanyange communication otficcr teduory
Mrs S W Mwanveky, avsocane eanor
Mes WAL Ovubo, graphie arting

MU N ML Kemen, seentic s trator
Mro. RPOrteva, documenalie

Mis BN Kahuhu, ibrary a: astart
Mo MR Opande, sentor s cretary
M T A, Opere, secretury

Miss AW Muihato, sceeretary

Miss N Covangi, ivpese tier

Moo AL Shisoka, clerical assiant

M PONS Mahugu, drover

FINANCE DIVISION

Me. 0 English, financial inanager

Mr. RMP. Okura. principal eccountant
Mr. G.W. Kanza, senior accountant

Mr. R. Otieno, accountant

Mr. ALAM. Oguda, acconntant

Mrs. L.W. Kimani, cssistant accountant

Mr. F K. Ougola, assistant accountant
Mrs. A A Okumihi, serior secretary
Miss . Ojode, seniorsecretury

Miss RAL Ogendo, accounts assistant
Mre 5.0, K Owino, supplies officer

Mr. C.M. Oloo, assistant supplies officer
Mr. E K. Cheserek, clerical assistant
Mr.D.MO. Olato, storeheeper

Mr. J.B. Oyondi driver

INTERNATIONAL GUEST CENTRE SYSTEM
Mr LA Achille, senion businesy and catering contreller
Mrs. LA Nvamori, assistant accountant
Mre LB Mwang |, head cook

Mrs L ALO. Musiea. housekeeper

Mro AL Olapew, assistant head cook

Mr AL Lweya, cook

Mre Do Yaem, vores assistant

Mes, P Owitti, senior secretary

Mrsc EPKwach, senior telephonist

Mrs MUAL Asettoselephanist receptionist
Mes. ROM Wekesa, telephonistireceptionise
Mr. P.AL Omatlo, burmaniwaiter

Mo AN Mutwoli, room steward

Mr LM Mulise, rooni steward

Mrs. PLAL Qchola, room steward

Mr. HOML Kibisu, senior Launder

Mr CoML Lamati, assistant lawnder

Mr. G, Gichuru, hitchen ussistant

Me LM Mwakiska, kitchen assistaar

Mr L W.KL Gadonva, unior technician

Mr. RK.GL Gatau, driver

Mro AM. Mugone, drver

Mr. J.O. Mukhobi, jamitoriol assistunt

Mr. S Obondo, gardener

MEITA POINT GUEST HOUSE

Mr. C.B. Oyievo, supervisor

MBUTA POINT FIELD STATION

Dr. 7M. Nyitea, principal research scientistSM
Mr. WO, Ggallo, planning and administrative afficer
Mu S M. Kimaita, senior adminisirative officer
Mr. M. Kawaka, accountant

M MUEND Asudi, accounty assistant

Mre LO. Madiwia, desical assistant

Mr. C.N Kelis sepplies assistant

Mr. 7. Crwa.admimistrative officer

Miss. M W Mathai, hibrarian

Mrs. G.A. Kwanya, secretary

Mrs. MUN. OKach, wssistant secretary

Miss DAL Achieng, receptionsstitelephonist ypist
Miss AW Makoka, typisteelenhionise

Mr. 1O, Ohato, senior mechanictdriver

Mr LN Asanye, assistant automobile foreman,
Mr. P.O. Mbuva, senic : driver

Mue. ) Mokaya, driver

Mr. W Jayatileba, driver

Mr. S.G. Ogechi, driver

Mr. L. O. Otieno, driver

Mr. R. Nyaridi, clerical assistant

Mr. Z.O. Nyandere. cleanerimessenger

Mr. E. Sonye, cleanerimessenger

M: C.O Okello, gardene,

Mr. B.S. Masyanga, farm controller

Mr. E.G. Kabiru, , arm foreman

Mr. P.L. Rakwach, tractor driverimechanic

Mr. LW, Achola, farn assistant


http:tp~tth.ln

Mr. F.O. Arum, furm assistant
Mr. P.O. Auta, furm assistant
Miss P Nyagaka, furm assistant
Mr. EM. Sagini, furnt assistans
Mr. 5.0, Odera, farm assistunt
Mr. E.K. Gngonge, farm assistant
Mr 1O Osumbs
Mr. PO, Quma, farm assistunt
Mr. DL Biebe, securiey guard
Mro AL Agoro, security guard
Mr. B Mogendi, securiry guard
Mo HUALNgap, security guard
M C.OUjoo, securiy guard
MroJ L Okatch securiny guard
Mr. B Okdlo, seenriny guard
Mr LK Opere,securiny goaard
Mr. DO Ovoto, securny grerd
M MOWasnbwa sevaiy guard

Jarny assistant

MBITA POINT INTERNATIONAL SCHOOL

Mrs PoA Opada, principal
Mr B O Opl depury principal
Mo NCH Ibrahim, reachier

Mr MY Roko, teacher

Meo DR Nakachola, teackher
M UM Mulwa, reacker

Mrs € O MUNddiege. reacher
M FLO Omolo, eacher

Mr DB B Okongo teacher
Mo A M. Sentamu, teacher
Miss BB Esaluko, secretury
Miss S A Omune, school atendant

ST JUDE'S CLINIC
Do B Odhuambo, insnutional docror
MroJ L Odovo, clinical officer

Pl - Programme leader

UH — Unit Head

SM - Station Manager

IRRI - International Rice Rescarch Lasitute

Miss Z.M. Macharia, saff nurse

Mr. E.O. Kirowo, plurmaceutical technoiogist
M. ALO. Oluoka, semor driver

Mrs. AL Abuya, junitorial asvistant

GENERAL SERVICES UNIT

Me PN Arruman. controdler for general services

Mres. POAL Oniwa, e unity officer

Mr. ROML Netung o aidomobile joreman
Mr SOML Aritho, accoums clerical assistunt
Mr 3.0, Oduol, senior mechanic

Mre AL Goibifa, sentor mechanic

N FLOL Hamala, meshan

Mr. SN Achachi, driver

Mi. S.O. Araka, driver

Mro OM. Onyango, driver

Mr. P Ouende, driver

Mo S AL Akhaya, arnitor

Mro LW Kisuta, machine operator

Mro B Asam, cleaner

Mr. A Bubus, cleaner

Mr. DK, Chepe. cleaner

Mro b Lo Avekha, gardening avsstant

Mr U E
Mr W Achivoma, secteriy guard
Mo TS, BRisaL securay greard

Mo SOMLKibati, securiy guard
Mr LA Laban securiy guard
M RK NWlgosecarity greard
Meo AM Nubindi, sectriny guard
Mr F M Maindi security guard
Mr C Ko Mulela, securiy gaard
Mo ACAMuvanda, securay guard
Mo LD Nvawalo, securiy guard
M NS NAasa securiey greard

Vi, gardeniig avsiviant

Mr. ELE Otceao, security guard
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