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Foreword

The ICIPE Scientific Comes of Age

The tirst Toenmal Review ot the JCTPE was carried outin March Aprit 1983 by a team comprising inmternational senior
scientisty and imstitetional punayement experts selected by the Sponsoring Group for the ICIPE (SGI). The terms of
reterence of the review teammcluded a review of the saentific programme of the ICIPE, as well as its governance and
management Thivreview was probably the most thorough analysis of the Centre™wachievements since its beginningin
Aprl 1970, and provided asearchlight onsts managementacd long-term future, Theteam’s report was positive, and it
led to three major strategic defimitions: the re-tocessing of the ICIPE mandate; the restructuring and rationalization of
thesaentitic programme. and the retining of the role ot the SGlin the long-term development and responsibility of the
Centre

Phe mandate as speit out clearly by the Goverming Board when adopting the Triennial Review Team report, states
that “Lhe prime concerns o! the International Centre of Insect Physiology and Ecology (ICIPFE) are research in
integrated control methodologies Tor crop and hivestock imsect pests and other related arthropods, as well as insect
sectors ot troprcal diseases cructal to rural health in the tropies (especially in Africa) and the strengthening of scientific
and technological capacities ot the developing countries in insect science and its application through training and
cotlaborative wark™ While the poals are clearty practical ones, the means by which these goals may be achieved are
vaned and sarely include tundamental research, strategie research, applied rescarch and development, and any other
torm of rescarch thut cin provide a bank of knowledge specifically relevant to the target problem arca, and define and
direet the necessary problem-solving applied research and development which weuld lead to the desired technological
innovation The ICTPE i begmning to achieve the balance required to tackle the very difficult tropical pest problems
which presently Lack the tvpe ot knowledge bise so essential for long-range and continuing pest control,

The core rescarch programme s tightly organized under lour subject-headings. Crop Pests Research Programme,
Livestock Ticks Research Programme, I'setse Research Programine, and the Medical Vectors Rescarch Programme;
all being supported by four basic rescarch support units on Chemistry and Bioassay, Histology and Fine Structure,
Sensory Physiology, and Brostatsties and Computer Service. The objectives and workplans for cach of these
programumes s sharply tocused, and has beenstated ina three-year strategic plan, 1984-1986, making it possible for the
Centre and the SGIto determine achievements, indicate gaps, and identify changing needs and complementarities, The
[CIPE s porsed for i major serentific theust,and the tollowing two to three years should give abundant evidence of this
pf()gn()\l\

The Bth meeting o1 the SGIheld at the World Bank headquarters in Washington D.C., on 3 November 1984, gave
greatencourigement to the Centre's Strategic Plan (1984-1986), 1ts performance over the last year or so, and thecritical
role the ICIPE s ponsed to pliay in integratea pest management in the tropics, and especially in Africa, a continent
presently engulfed in a monumental crisis.

THOMAS R, ODHIAMBO, Narobi, 11 March [us°
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Crop Pests
Research Programme

Research on insect pests of crops at the ICIPE was previously being carried out
vnder three progrommes: Bases of Plant Resistance to Insect Attack, Crop
Borers, and Insect Pathology and Pest Management. From January 1984,
following the recommendations cf the Triennial Review Team, all research on
crop pests has been brought under one programme designated as the Crop Peats
Research Programme. This programme is divided into four sections: 1. Plarnt
Resistance to Insect Pests (PRIP), 2. Bionomics and Applied Ecology (BAE), 3.
Bivlogical Control (BC), and 4. Insect Mass Rearing Technology (IMRT). The
section on Plant Resistance to Insect Pests deals with aspects and bases of plant
resistance {0 insects. The BAE section is concerned with studies on crop loss
assessment, population biology, physiology, behaviour, intercropping and other
cultural practices in relation to pest attack. Biological Control section is
involved in investigations on bio-control agents while the IMRT section is
concerned with the development of mass-rearing techniques and supply of
insects 10 all the other sections of ICIPE for various experiments.

The programme is aimed at developing strategies for the management of
certain key insect pests of sorghum, maize and cowpea by methods which would
be environmentally safe and economically feasible for subsistence farming
conditions in developing countries. The insect pests currently under
investigation include the sorghum and maize stem borers, Chilo partellus,
Busscola fusca, Sesamia calamistis, and Eldana saccharina; rthe sorghum
shootfly, Atherigona soccata; the cowpea pod borer, Maruca testulalis; aphids
and thrips. The studies on plant resistance to insect pests have identified
additional maize genotypes which are resistant to stem borers. The mechanisms
of resistance in sorghum, maize and cowpea 1o their borer pests have also been
elucidated, employing the methodology developed during the year. Additional
information on the genetics of resistance in sorghum and cowpea has been
obtained. Behavioural manipulation of the sorghum shootfly by using its
ovipositionol stimulants, extracted from its host planis, has been tested for its
managenient. Tests on intercropping have confirmed that the sorghum/cowpea
combination is the most effective in keeping the stem borer population down,
whereas the sorghum/maize combination is the least effective in this respect.
Certain bio-control agents, particularly parasitoids, have been reported to
attack the stem borer pupae almosi equally in both monocrop and intercropping
systems. The relationship of these parasitoids, as well as of certain insect
pathogens e.g.. bacteria, fungi, nematodes and protozoans, with the stem borer
population has been examined. The techniques for mass rearing of the target
insect pests with improved biological performance for the above-mentioned
research have heen refined.



BIGNOMICS AND APPLIED ECOLOGY SECTION

The research under this section is geared to generating
information on certan essentialaspects of bionomics and
ecology »f the target pests of crops, and to utilize this
infornation for Jdeveloping methods to imerrupt the
huild-up of the pest populations. The results of the work
donz during 19¥4 are brictly presented below,

Population patterns of stem borer: an <orghum

Ab Servhi Hedids o € nnnhan

In order to deselop methods tor the management of sten
ourers of sorghum and mraze, 1t was it necessity to
have hnowledge of the pattern of ther population
Hectuations fram hme to e,

Duting the long ramy seison of 1984 a4t hield S ot
Mbita Point Field Staaon (MPES) the inaidence of stem
borers, . fuscaand C.partellus, cosorghum (ev, Serena)
started at Sth week after seedling emergence, while S
calanustis and = saccharia stasted at 8th and 9th weeks
respectively. A maxamum ot Y57 intestation by 12 fusca
was recorded as opposed 1o 3577 by € parrellus.

bhe B fusea population tarsae and pupae) frony 40
sorghum plants vaned trom 2 at Sthoaeek to Jed at [4th
sweeh st betore harvest, and tor € pariethas it ranged
from 7at Sthoweek vo 3200 Hith week A masimum ot 9
latvae and pupae ot £ osaccharing wis obtaned trom )
plants, while tor S cadamnin it was only one larva

Studies conducted on tagmers” ticlds i Rusiga Island
during the same season have tevealed that B finea was
the  predominanc stemn borer
Starting 6 weeks atter the cmerecnee of the crop, 79- 1y
ol the sorghum plants were antested with # fasea #,
frsca Tarvae per stem ranged from 24 1o S.7. [nfestation
by partelhey was veny low, rangmg trom 0-9¢; ~nly. No
other stem borers were recorded

species on sorghun.

Population putterns of stem borers on maize
Mot ot b

Dustribwtion of the inpnature stages of C.partellus on
the marze plant Macze plants (Katumam composite B)
weremniested with birst-instar larvae of € partellus at the
time of tas.elling (30 davs after emergenee). he farvie
were found to aegregate over the maze stalks ( Table 1)
Using the Duncan’s nesw multiple range test, the maize
stalks were divided into sections inva descending order of
arca of Larvadbaggrepation. The larvae tead toaggregaten
the tassel, cars and the internodes beariag the cars.

Table 1. Mean number of C. partellus larvae, pupae and pupal
cases per internode, tassel and cur and the percentnge of ears
present pes proup of internodes

Internodes

fassel 6,7 4.8 310 [ and 2
arad car and 8 oand 9 11 and 12

fear present RY ¥ 2 o 1]

O partells 074 [V20E B I SUR ) 0.03

Fhe apgregation ot the larvae around the tassel, cars
and internodes bearing the ears is responsible for loss in
vicld even with late attack. Attack on the ear stalk before
or immediately after fertilization was found 10 cause
failute of grain formation. Howzver, tunnelling of
internodes bearing the cars and car stalks after the
milking stage did not seem to affect grain yield.

C. partellus survival and esteblishmenit on the maize
plant. The suevival rate of Copartelius is higher (7657) at
witiat infestation level of 3 larvae per plant than at
idestavion level ot 10 larvae per plant (37¢7) (Table 2).
The differences observed between C. parteflus establish-
ment an matze plants at initial infestation of 5 larvae per
plant {38 Larvae per plant) and 10 larvae per plant (3.7
lavvae par plant) and the infestation by the second
generition from the two treatments (3.9 larvae per plant)
were not sigmficant (6 2 018, P>4.05). The mean
establishinent ot € partellus on maize plant under
sereen-house conditions was found to be 3.8 liarvae per
plant.

Popudation fluctuation of the stem borer complex on
maize. The stem borers tound on maize are C. parsellus
(Swinhoc), Eosaecharinag (Walker), 8. fusca (Fuller), and
Soocalumivny iHasmpson). B fusca and S, caiumistiy
appeared in very low numbers showing peaks of less than
017 farvae and pupace per plant, while C. parsellus and E.
saccharing were Jound in high numbers and showed
population Huctuations with peaks of 3.67 larvae and
pupaz per plant for €. partellus, 8 weeks after plant
emergence, and 3.9 laevae and pupae per plant for £
saccharina, 16 weeks after plant emergence, during the
shert rainy season (October-January). Pest populations
were found to be very low during the long rainy scason
(Aprit-July}).

The ditierences in number of immature stages of C.
partellus counted per plant per week during the short
iy season were found  to be significant. Three
population peaks were identified. The first was a small
peak (186 larvae and pupace per plant) oceurring 4-5
weeks after emergence. The second (2-73 larvae and

Tabte 2. Numberollarvae, pupae and pupal caves per plant and the survivatand establishment of C. partellus per plant after 35days

of infestation.

[atsae, pupae
Tt iatestaiion and pupal cses

leved per plant recovered atter

VS days
S Lurvae L
10 larvae 17

Uncontrolled
infestation by 2nd gencration 19

. partellus
established
per plimt

Percent survival

76 18

kY 7
19




pupac per plant) occurred 7-8 weeks after emergence. The
third peak (2.5 larvae and pupac per plant) occurred 11-
12 weeks after emergence. E saccharing on the other
hand was found in the maize plant 9 weeks alter
emergence and its population kept rising, reaching
maximun population at harvest,

Development and reproduction of B. fusca

G.C Unnithan

Preimaginal development. Geder abosdory condi-
tions (24.5-28.5"C and natural photoperiod) the incuba-
ticn period of B, fusca cggs was 5-6 days. When reared
under these conditions on young sorghum .tems
(Serena), post-embryonic development was completed in
428 * 3.5 (mean . SE) days. There were seven larval
tnstars. The duration of the karval instars were; 3 days
each for first and second instars, 2,75 days for third
instar, 3.1 days for fourthanstar, .15 days tor fifth instar,
5.75 days {or sixth instar and 8.9 days tor seventh instar,
The pupal pesiod lasted tor 13,3 days.

Eelosion. In the laboratory, under natura) photo-
period, eclosion of the pupae starts between 1830 and
1900 hours and reaches o peak between 1900 and 2000
hours. Out of a total of the 372 adults, 172 {52.6'; " were
mides and the remaoning (47.407) were females.

Reproduction. Mating starts within i few hours (6-8 h)
atter ectosion and takes place hetween 0300 and 0600
hours: Maximum number of pairs mated between 0400
and 0500 hours. The pair remained in copula for 95.3 ¢
2.3 min. Males mated repeatedly with virgin females, Fifty
thice per cent of the pairs mated before they were | day
old. 7707 when they were | day old, SK7 at 2 days old, and
50070 at 3 davs old.

The fecundity of B. fusea reared on Serena and fed on
sucrose solution or distilled water alone was «tudied in
the laboratory. [he resuits showed that #. fusea had a
very high tecundity with an average of 636 cpps per
female on sucrose solution and 677 egps per female on
distilled water alone. Maximum number of eggs were laid
on the sccond day aflter emerpence,

rifects of manng and delaved mating o fecundity and
fertility. Experiments were conducted to study the effect
of mating and delayed mating on the longevity, fecundity
and fertility of B, fusea. Viegin females laid only very few
cges, ¢f anv. Matng wihin few hours after eclosion
fhefore 1 day) reduced the longevity and preoviposition
period and increased the fecundity. A delay in mating fo:
two or three days resulted ina decrease in fecundity and
fertility (1able 3) Itis possible that if mating is delayed or

disrupted in the field it will have negative effect on the
fecundity and fertility of the moths, thereby reducing the
infestation,

Alternative host plants of stem borers
KV Seshu Reddy . G C Unnithan

Survevs e osearch of different natural hosts of the
sorghum and maize stem horers were conducted at Mbita
Point and nearby ficlds on the shores of Lake Victoria,
during the period  fune to September 1984, Several
species of graminaccous host plants which include
Ivparrhenia rufa, Penntsetum macrovurum, Phragmites
mauriitanus, Sorghum arundinaceun: and S, verticilli-
florum, were found to harbour fusseola sn., while
Sesanvia sp. were found to infest Cyperuy articdutus and
O papyris (Cyperaceae) and Ty pha latifolia (Typhaceae).
Of these plants, 11 rufa, Poomacrourum and the wild
sorghums showed 20 1o 567¢ infestation by . fusca.

Estimation of loss in cowpea due to insect pests
AV Seshu Redihy

Awnong tne vasrious methods of quantitative assessment
of losses due to insect pests, comparison of yiclds under
protected and unprotected conditions was used to
estimate the loss in cowpea due to a range of insect pests.
The cowpea variety used was Ex-Luanda. Two treat-
ments - unsprayed and sprayed -were replicated six
tumes. IFuradan was applied to treatment 2 at planting
time and after emergence of seedlings. Rogor was applica
live times at 14-days interval.

Observations were taken on 10 random plants in cach
treatment at weekly intervals. The matured pods were
harvested and threshed. The cowpea seed damaged by
pod borers and pod bugs was separated from healthyseed
and weighed. The results are summarized in table 4.

During the course of the observations, several insect
pests were recorded, including; aphids (Aphis craccivora);
wnps  (Megalurothrips  sjostedti);  five species  of
grasshoppers; flower beetle (Mylabris sp.); pod bugs
(Nezara viridula, Riptortus dentipes, Anoplocnemis
curvipes,  Agonoscelis pubescens, Dysdercus
nigrofasciatus, Acanthomyis tomentosicollis, A.
horrida); and pod borers, (M. testulalis, Heliothis
arnugera), and lycaenids (unidentified).

The avoidable loss in yield of cowpea grain caused by
various inscct pests was 98.7¢. However, even in the
treated plats, the protection was not complete as a result
there was 10.567 loss in yield.

Table 3. Influence of mating and imsginal age at mating on female longevity, tecundity and fertility in B, fusca

Female age st matmg Tongean
(days; X t SF)

S0 09ub

Virgin female :
1O 00h

Oday (Xl S0 n7a

| day 68 1 06ac 22400 e
2day 790 35he 104 0.0be
Yday 7Kt Dobhe 411 01 be
Notey

Fed on distilled water alone

Preoviposition

l'::dﬁ)dil)‘ _ l'crvnlily {(percent
By (eppe 'tcnvl.:!q)”(}\' 1_5_};)’__1:;{‘;'5_h:nchcd) (X 2 SE)

9751 4214 .
K028t H47h 936 4 1.3 a
699.1 4 87.2b R4t 40 a

S62.3 Y 1210 hd NIt 503a
IR 3t 570 cd 65.04 95 h

Mesns followed by the same letter are not significantly different from each other



Table 4. Avoidable loss in yleld of cowpea caused by insect pests
o T3 (Protected)

T1 tunprotected) o
Total X ¥ SE

lotal N & SE

Total pods 573 955 1 40.34 23496 916 164719
Healthy kb 6331 353 2374 295.67 1 92.90
Damayed 535 X917 1 37.1) 21122 3520.33 £ 555.92

Weight of grain (g) 151 3006 £ 14.91 13778 2296.3 1 503.06
Healthy pran (g) 133 AV 12325 2054, 01 469.36
Damaged gram 4% RO 1 299 1453 2422t 36,69

Total graan yield 7.0 kg ha 540.3 kg ha
Healthiy yrain S22k ha 483.3 kg/ha

Pramayed prain 19 kg ha

57.9 kgiha

Intercropping in relation to insect pest infestation
F ) Omola

Lffect of different crop combinations. The best
combination (socghum, cowpea), and the worst
combination (sorghum maize) in terms of crop borers
control, producuvity and crop loss, have been tested and
confirmed in three different ecological zones; MPES
(crratic rainfall sind intensive pest population), Ogongo
{one rehiable rain scason with normal pest population),
and Rongo (highlands with both rehiable rain season and
low past papulation).

In an attempt to explain the reasons why some crop
combinations are bhetter than others, both growth rate
and pattern of cach crop within different cropping
patterns were momtored in terms of the dry matter
turnover at every two-week interval throughout the
growing season. Indications are that sorghum and cowpea
or maize and cowpea in both cases differ in thewr use of
growth resourcees.

On the other hand, sorghum and mawze are more or less
simtlar. Sorghum s able to complement cowpea and so
make better use of resources than when grown separately.
Ttus complementary action occurs much more between
sorghum and cowpea than between matze and cowpea.
This type of complementary action s said to give a better
temporal’ use of resourees.

Maize grew faster in terms of total dry matter content
in pure stand than when intercropped, while sorghum did
equally well in both pure stand and intercropping. In the
cowpea, however, the situation was reversed and cowpea
grew much better when intercropped than in mono-
cultures. Maize, therefore, 1s much more suited to mono-
culture, sorghum is quite happy under both cropping
systems, while cowpea 1s riuch more adapted to mixed
cropping. This may explain why sorghum and cowpea
turned out to be the best intercropping combination.

Genotype identification. The behaviour of a crop in
mixed stand cannot be predicted from its behaviour in
purc stand. This has been shown in the present studics. It
is therefore important that genotypes which are
eventually going to be used in a given intercropping
situwtion should be evaluated in that situation. So the
need to identify suitable genotypes in intercropping has
been emphasized and it is likely that the use of resistant/
tolerant cultivars in intercropping may offer an cven
wider scope for pest managemnent,

Preliminary evaluation conducted at Rusinga Island
during the major cropping season of 1984 indicated that
there were significant interactions between sorghum
genotypes, pest populatiuns, cropping systemt and grain
yields. Before conclusion: e drawn, these experiments
will have to be repeated in Rusinga Island and other
different ecological zones.

Intercropping and its relation to plant pests erd weeds

A. Dissemond

Preliminary testing of sorghum, maize and cowpea with
different crop conmibinations and spacings showed certain
differences in crop borer attack. The sorghum/cowpea
combination harboured the smallest number of stem
borers whereas sorghum/maize dicrop combination had
the highest level of infestation. T he sorghum shootfly and
aphids were obviously not influenced by the eropping
pattern.

Plant discases are not important at MPFS and the
infection occurs late in the season and spreads slowly.
Intercropping sorghum, maize and cowpea, however,
did not have any significant influence on discase develop-
ment.

A weed-smothering effect of intercropping cereals with
legumes was obscrved both for weed yields and area
covered by weeds.

Ecological factors governing the bean flower thrips,
Megalurothrips sjostedti (Tryhon) in cowpea maize
mixed crop system

§. Nyamamywa

Three ficld experiments have been conducted at Mbita
Point Field Station, to study the effect of intercropping
cowpcea (Ex-Luanda) with maize (Katumani composite)
on the population density and activity of flower thrips
and also on predators in general. Temperature and
humidity variation betwezn the mixed and single crop
systems have also been munitored using thermohygro-
graphs.

The data from the three experiments indicate that crop
mixture reduced the population density and activity of
thrips significantly. Futurc experiments will zxamine the
possible cause of reduction of thrips in raize/cowpea
combinations as compared to pure-cropped cowpeas.



Trapping and pheromone biology of B. Jusca and C.
partellus

G.C. Unmnithan, K.N. Saxena

The objective of this research is to develop efficient
trapping techniques which can be used to monitor and
suppress stem borer populations.

The efficiency of water traps without any lure (blank)
or with virgin females, mated females or synthetic 8.
Jusca auad C. partellus pheromone has been examined.

B. fusca virgin females were more than two times as
efficient as synthetic pheromone in attracting males,
Mated 8. fusca females did not attract any males, which
indicates that they had ceased to produce the sex
attractant. No males were caught in the blank traps.

In the case of €. partellus also, synthetic pheromane
and blank traps attracted only very few males, 4 and
75, respectively, compared to K90 by virgin females,
Even alter mating and oviposition, C. partethes females
continued to attract males, although not as niny as the
virgins,

Sorghum shootfly oviposition stimulant and its
apphication for pest manugement
G.C Unithan, KN Survena

Atherigong soccata s o monophagous insect which
usually attacks only plants of the genus Sorghum. The
susceptible hybrid sorghum from [adia (CSH 1) has been
found to be highly preferred for shootfly aviposition.
Screen-house and  field studies were conducted to
cetermine whether CSH 1 seedlings possess any oviposi-
tion stimulant which can be used for the manipulation of
the behaviour of the pest as a strategy for its manigement.

“SHI were extracted  first i hexane
followed by acetone and the acetone extract was assayed
for oviposition stimulant activity in the screen-house and
in the field using the non-host plant maize as an
ovipusition substrate. Shootfhes laid most CgRs on maize
plants sprayed with the acetone extract, and less on
control maize, CSH 1 or Serena plants used as control

seedhings

(Table 5). Results of these experiments clearly showed
that CSH 1 seedlings contained an oviposition stimulant
which lured the flies to lay eggs on non-host plants such
as maize and cowpea. It should be noted that maize and
cowpea arc often intercropped with sorghum and
shootfly cggs laid on maize and cowpea would not
survive. The potentinl application of the oviposition
stinulant for pest management is being investigated,
Work on the isolation and chemical characterization of
the oviposition stimulant from CSH 1 is being carried out
in collaboration with the Chemistry and Bioassay
Research Unit of ICIPE.

Socioeconomic aspects of pest management
I Conelly

Research on the socioeconomic aspects of pest manage-
ment was begun in early 1984. The goals of this research
are to:

® increase our understanding of the sociocconomic
context in which farmers' decisions about pest
management are made;

® identify what farmers perceive as their most serious
pest problems and the existing pest control practices
of farmers; and

e identify socioeconomic factors that may influence
the ability of farmers to adopt recommended pest
control practices.

Fieldwork and a formal survey of a sample of farmers
were conducted in South Nyanza District, Western
Kenya. The survey covered low potential single-crop
areas pear the lake shore as well as medium-high rainfal)
arcas farther inland that support many small-scale
commercial farms producing two crops per year. We
report below on preliminary findings.

Farmers' perceptions of pesis. A large majority of
farmers interviewed identified stem borers as the most
commor insect pests found on maize and sorghum and
were able to give accurate descriptions of their feeding
habits and the type of damage they caused. Farmers'

Table 5. Shootfly asiposition on sorghum und on non-host plants {maize and cowpea) sprayed with acetone extract of CSH 1

seedlings

Percent plants
oviposited upon

Substrate

(X18Sh)
Maze spraved with acetone extract 9251 4.9
Maize, control 47501046
Maise 1K 3ti6d
CSH 1110
Marze, sprayed with acetone extract 92,545 INS
CHH 912161
Maise 25425
Serena [ooe e
Maise, spraved with acetone
extract 100 NS
Serena 97.5425
Cowpea, sprayed with acetone
extract 46,01 16,9NS

16.0416.0

Pereent eggs

Eggs/infested

(X }SE) plant (Xt SE)
84.1E3.00 478 2.6 NS
15.9£3.0 0.9% 0.3
67164 0.6% 0.6
93,346,400 5.2& 1.3
52.614.6 4,41 0.9NS
47.414.6 4.5t 0.8
0.240.2 0.1+10.0
69.8:10.200 107 1,70
72.74.6.0°¢ 10.74 1.4°
27.346.0 4.0t 0.8
92.0L8.0ve 1.2t 0. 30w
80180 1.0t 0.0
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knowledge of other insect pests of grain crops, however,
especially the sorghum shoaotfly and the cowpea pog
borer was much more limited. Many farmers reported
serious insect problems with their vegetable and fruit
crops as well as infestation of gratn crops by post-harvest
storage pests, especally weevils.

Farmens' assessment of the vield foss caused by insect
pests varied between locations within the district. On the
mainland, both in low and high rainfall environments,
tarmers indicated that, though potentially scrious, insects
In most years were not a major constraint 1o grain
production. Other pest and environmental problems
including  crratie rainfall, weeds  (especially  Striga
hermontinca and Digitaria sealarum), wild animals, and
birds were ranked as more senious. On Rusinga and
Mfangano hlands, however, msects are seen as a more
serious threat to farnmung. Here sample tarmers ranked
only ranfall and amimal pests as more important
prohleny, shan msects. Table 6 shows the overall results
from all three survey areas ot a question asking farmers to
rank various constraunts to production in terms of the
yield Toss momost years. Overall, 1t s clear that from the
farmers’ point of view, insects should not be viewed in
isolatton, but nather should be seen as only one of a
complex of crop pests and environmental constriints
that bt yields

Farmen may be unwilling to adopt new farm practices
reduce these ignore or

designed o imeet pests

exacerhate ather serious constrannts to production.

Fable 6. Farmers ranking of constraints to productionin South

Nyanza, Kenya tatl localities, n - 48)

Muost setious Leant setious Mean
. sCore
Constaint s 4 i N | 0
Raintadl ) ' S S 6 | 7y
Ammady Y [N It -+ 7 5 AUR
Weeds f ! N 18 4 4 279
Birds & N 13 6 11 S m
[INEEN l 4 ! I 3 S 210

Traditional  pest control  practices.  Intentional

control of ansect pests by traditional methods is not

widespread in the district. A few farmers are aware of

traditional herbal ‘insecticides’ but these are no longer
widely used. Some tarmers hand pick insects and destroy
heavily infested plants, but this does not seem to be done
systematically.

None of the farmers report using pesticides to control
insects on their minze and sorghum crops, though some
do employ chemicals to protect vepetables destined for
the market. The intercropping of legumes with grain
crops, which may play a significant role in reducing pest
infestation, s widespread. Though not intentionally
cmployed to contiol insects, this traditional agronomic
practice shows much pronuse as a cultural control
methaol.

Recommended culturai control practices The existing
sociocconomie conditions 1n the district make it unlikely
that farmers will be able to adopt some commaonly
reccommended  cultural control practices without
modification. As clscwhcre in Africa, the burning of the
maize and sorghum residue after the harvest is not

teasible because of several important alternative uses,
These include use of the residue as livestock fodder,
building material, fuelwood, and as mulchin banzna and
coffee orchards.  Likewise, carly and simultancous
planting is problematic because of crratic rainfall,
variztion 1n soil conditions, and the fact that many
poorer farmers without a plough or animal inust wait to
rent or borrew a plough team before they are able to
prepare the sotl. Further research 1s needed to assess
more fully the potential of these and other cultural
control measures.
PELANT RESISTANCE PO INSECT PESTS SFCTION

The main objectives of this section are to elucidate the
principles which unpart resistance or susceptibility to
inscet pests in different plant species or varieties with a
view to: provide appropriate information to plant
breeders in various national or international agricultural
centres for developing  cultivars which  incorporate
resistance-imparting characters or eliminate susceptibility-
imparting characters, cultivation of such cultivars
serving as an important component of an integrated pest
management programme; and to develop methods of
manipulating the resistance or susceptibility-imparting
plant characters in such a way as to interrupt pest
populations  build-up and thus contribute to its
management,

T'o achieve the above objectives, this section is engaged
in eviluating and confirming resistance in germplasms of
the target crops received from diffesent national or inter-
national agricultural centres against their key insect
pests; investigating  the hases of resistance or
susceptibility in these planu materials; and studying the
genetics of their resistance to the target insect pests. The
results of the work done on the above-mentioned aspects
during 1984 are outlined brietly below.

Evaluation of germiplasm from other centres (USA)
2RO Ampofo, KN Suwna

During this year, additional maize genotypes, received
from certain centres in USA, were cvaluated for
resistance against the stem borers at Mbita Point Field
Station:

Group I: MP 701, MP 702, MP 704, (developed by Drs,
Paul Williams and Frank Davis in Mississippi and
reported to have resistance against Diatraea grandiosella
and Spodoptera frugiperda;

Group 1I: C1 31A, B 75, B 86 and OH 43, orginating
from the USDA Corn Insects Research Laboratories at
Ankeny, lowa, and reported to be resistant to the
European corn borer Ostrinia nubilalis (Hubner), and B
85 reported as susceptible.

Group IH: [CZ1-CM (referred to as CMT 33 in
previous publications from ICIPE and derived from
CIMMYT population 27) and ICZ2-CM (referred to
as CMT 324 in previous publications of ICIPE and
derived from CIMMYT population 22). These maize
genotypes have previously been reported to show
resistance to C. partellus at Mbita,
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Group IV: Inbred A and Katumani, originating from
the Kenya germplasm and previously reported to be
susceptible to the stein borers, were used as the
susceptible checks.

Meihodology. Evaluation uf resistance by maize Kerm-
plasm 1o lepidopteran pesis, like siany other treps, is
gereraly conducted through natural infestation of the
plaats in the fields or through artificial infestation with
laevae, in the ficld or the sereen-house, During the course
of the present work, it was consicered important (o
evaluate the differeni naize genotypes by artificial
infestation not only against the larvae but, also, against
the adidts because it is the latter which initiadly select or
reject the plants for laying eggs.

A special technique was, therefore, developed during
S84 for evaluating the resistance of different maize
genotypes against adult infestation. For this, the above-
mentioned 12 maize genotypes were grown in radial
rows, Zm long cach, along the circumference of a circle of
2m diameter. Allthe plants were enclosed ina cage(6x 6
1 2.5 m) of nylon net to avoid coatamination from the
nutural population of the stenr borers. Twenty ovipo-
siting females were released in the contre of the cage and
could seiect plants of any of the 12 genotypes in radial
rows with equal chances tor faying eggs. The pereentages
of eggs luid on different genotypes were recorded on
alternate days, ren oving the eggs after cach recording
and replenshing the moths ones every week.

Stde by side with the eSove-mentioned tests on the
adults, lincar rows of the same |2 genotypes  were
artticially infested with the turvae of ¢ partellus. The
foltar damage to these planes was recorded on a 9-point
reale. At the time of harvest the borer tunnels within the
stems were also measured.

Restdis The susceptibility or resistance of the 12 maize
genotypes to adult oviposition s clea” from teble 7. Egg-
Laying was heaviest on the susceptible Katumani and the
resistant 1CZ2-CM, medium on Inbred A (suseeptible
cheek), OH A3, BRO, MP 702, CI3IA, MP 704 aind lowest
on MP 701, B XS, B 7S, and ICZ1-CM,

Fable 7. € partellus oviposition on different naize genotypes
presentedin radial rows along o circle within a capein the field

Genotype Origin lepps hnd®

{meant SF)y
Inbred A Kenva 108 ¢ 1.8
Katumam Kenya 1521 33
1CZ71-0M CIMMYL 25414
1CL20M CIMMY] 179 1 4.3
[QVIRYAY Towa 60,94 14
OH 41 lowa 107 423
B 7S lowa 42109
B XS lowa 44131
B K6 fowi 98t 34
MP T Mississippr 451 0.6
MP 702 Mississippi B2t
MP 04 Missiasipp 68 1)

*Gn the basiv of total aumber of eggs laid on all the genotypes
from 5to 9 weeks after plant emergence.

With reference to larval infestation, Inbred A, CI3 1A,
B 75 and B 86 were most susceptible, ICZ1-CM, 1CZ2-
CM, OII 43 and B 85 were moderately resistant, and BP

701, MP .02 and MP 704 were highly resistznt (Table 8),
Larval establishment and development was best on B §5
and poorest on MP 704,indicating thus that this cultivar
has s high level of resistance among the additionul
genotypes tested for C. partellus.

Teble 3. L. parteilus larval primary damage and damage
expression on different maize genolypes

Mcan folar ¢ dead  Stem Costem
Genotypes lesions hearts  tunnelling  breakage

rating {cm)
MP 704 2904 0.0 22K a 143a
MP 702 2604 0.0 282ub 16.J ab
MP 01 Visa 0.0 248 a 0.3 ad
WC2Z2-CM 345ab 25 11.2b (7.8 ahe
B XS SOR¢d 0.0 35.7ab M. dbed
1ICZ1-CM 348 ub 0.0 38d4b 27.5ube
Katumani Y 10a 0.0 40.6 he 40.4 cde
B 7S 673 ¢l 378 39.0b 21.5abe
BB X6 0,15 d¢ 1.0 380 b I.0ad
OH 43 480 he 0.0 399b 37.5 ede
Inbred o K.25p 57.8 539¢ 48.7 de
CI13IA 788 fg 450 * 54.5¢
Std.error 0,35 NA 440 4.53

Means followed by the same letters are not significantly differ-
ent at the 5 level according to the DMRT.

*CINA plants were completely destroyed before harvest.

Evaluation of germplasm from other centres (I11TA,
Nigeria)
EO. Omolo, K. V. Seshu Reddy

A waize population, TZBR, resistantto S. calaniistis,was
obtained from the International Institute of Tropical
Agriculture (1IT4), Ibadan, Nigeria, and was crossed
with the ICIPE lines resistant to C. pariellus. The
resultant crosses and lines derived from them were
categorized into 5 groups and then screencd under
natural infestation for multiple resistance to C. partellus
and E. saccharina at Mbita Point Field Station.

The parameters observed were: tunnelling, number of
borers per plant, percentage of plants infested by C.
partellus, E. saccharina or both, percentage of ears
damaged, an grain yield. The importance of grain yield
in this study was to facilitate identification of mere
sources of resistance (lines with high level of resistance
and low yield) from the lincs with acceptable levels of
grain yield which could be used in breeding programmes
to develop commercial varietics. From group I lines, 13,
18, 22, 24, 33, 41, and 45 had the lcast damaged ears ahd
therefore realized high grain yields. The cars were
damaged by a complex of crop boreis, the predominant
species being E. saccharina followed by C. partellus. Line
5 from group V had almost no attack from both stem
borers. The best lines in terms of grain yield and
vesistance to both C. partellus and E. saccharina were the
group IV lines: line 26, with grain yield of 55.95q/ha; 25,
with grain yield of 52.36 q/ha; and 30 with a grain yield of
50.07 q/ha. Line 68 from group 11 also gave 51.49 q/ha
grain yield. The fact that one of the parents of these lines
had previously been screened for S. calamistis resistance
and had also shown a good level of resistance to both C,
partellus and E. saccharina implies the existence of cross
resistance or resistance of a broad-base type.



Thus, in this study, new sources of multiple resistance
to C. partellu:, F. saccharing and 8. calumiistis have been
identificd, and crosses between them would obvicusly
offer a wide scope in multiple resistunce approach to pest
management.

Bases of resistance or susceptibility to insects
AN Suvena

Ihe approach followed for this study has been the same
as explained before. The susceptibility or resistance of a
plant to an insect pest is reflected in the inscct's
establishment on the plant. Under otherwise wdentical
environmental  conditions, differences in an insect's
establishment on different plant species or varicties are
determined by anintaaction of the insec's responses to
the plants, and the plant character: poverning these
responses,

An msect’s colonzation of a plant is governed by the
follawing six minn responses aperating in as many stages
ol establishment on the plant: [0 Orientation,
mvolving attractinn or repulsioa and resulting an its
arrival on or avardance of different plants. 2. Feeding,
imvolving stumulation or ihibition of food intake by
ditterent plants. 30 Metabolism of ingested  {ood,
ivolung s ntbization by the in-ect and determining its
nutntion. 4. Development of the inseet, it in the larvai
stage. SO Epg production, if in the adult stage. 6. Oviposi-
ton, whicii may be stimulsted or intubited by different
plants.

The plant chagacters govermng the above-menioned
yesponses ieknde: I Iistance-pereeivable stimuli (visual,
hygro, alfactory) deteimining the insect’s onentation to
the plants. 2 Contact-perecivable characters (chemical,
mechamcal) determining theanseet’s feeding and oviposi-
tion. 3 Nutntional and toxic constituents, determining
the anvects metabolism and  thereby its curvival or
martahty,

In view of the above, our present study is being takern
up in two parts. The tiest part ivolves a comparison of
the above-mentioned respenses of the target inseet to the
susceptible and resistant genoiypes of 1is host plants. The
second partanvolves the study of the role of the plant
characters in deternining these responses. Below, we
sumnmirize methads developed to measure and compare

s

'nese responces,

Measurement of ovipositional responses 1o whoie
plants i the field or sereen-house. These methods have
been so designed and the experimental conditions so
controlled that differences in the insect’s respnnses to the
plants woutd clearly be due to the plants’ internal
characteristics and not to any outside factors,

fests were conducted in a single-compartment
chanber (150 x 124 x 120 em) with wire-net walls except
at the base which was provided by the floor of the screen-
house or the field bearing tac test plants. The plants of
one cultivar were arranged in o row inside the chamber
along one end-wall and the other end left blank (no-
choice situation) or had a row of the other cultivar (2-
choice situation).

Ten avipositing females, rcleased in the centre, were
able to orientate and oviposit cither on the plants or

elsewhere within the chamber. On the basis of the total
number of eags laid in 48 h, the percentage of eggs laid on
the test plants was calculated and served as an indicator
of the uvipositional tesponse.

Measurement of ovipositional responses to distance-
perceivable characters of the planis. A specially designed
triple-compartment chamber (210X80X80 cm) was used.
The plants or other test materials were presented just
outside the wire-net all 22 one or both ends so that the
ovipositing females within the chamber could perceive
their distance-perceivable characters without coming in
contact with them.

The percentages of eggs laid by the females on the wax
paper strip (serving as ovipositional substrates) at each
end would reflect the insect’s preference or non-prefer-
ence for the distance-characters of the plants viz., visual
(colour, pattern etc.,) olfactory (volatiles), hygro (water
vapour) Techniques have been devised to test the role of
cach of these types of stimuli by excluding or including
one or the other at one or both ends of the chamber.

Measurement of responses 1o the volatiles from the
plants or their extracts. The oviposition response to the
volatiles from the plants or their extracts were tested in a
specially  designed  rectangvlar  twin-compartment
chamber (20X15%6 cm) with a closed base and open top.
A sheet of perforated war-paper (serving as the
ovipositional substrate) was stretched across the top of
the chamber and was covered with a wire-net (20X15x%
2.5 ¢m) within which an ovipusiting female was released.
Leaves of one cultivar, or its extracts in the desired
quantity, were kept in one compartment and the other
compartment was left empty or filled with the leaves or
exiracts of another cultivar, Differences in the
percentages of eggs laid overnight on the perforated wax-
paper segments above the 2 compartments would reflect
the ovipositional preference for the volatiles tested.

Measurement of ovipositional responses to contact-
perceivable characters. These are measured in a circular
test chamber consisting of & base (11.5cm dia, 3.5 cm ht)
and a cover (11.5 cin dia, 1.2 ¢m ht), each having a wire-
net across its top. The cover rests on the wire-net of the
tase across which are placed one or two test materials,
c.g. plant leaves or their extracts, on glass plates.

Single ovipositing fcmales are released within the cover
and the percentage cf eggs laid on the test materials
compared. In such a chamber, the insects arc in contact
with one or the other test material throughout the
experimental period so that differences in the cgg laying
on them would be duc to their contact characters,

Measurement of larval orientation, feeding and
development on resistant and susceptible cultivars.
Mecthods have also been developed for measuring the
orientation of the larvae in terms of percentages arriving
or departing from the plants, feeding, in terms of area of
leaves consum:d, and development in terms of
pereentages reaching the pupal or adult stage, during a
given period, on the test plants in the fields or screen-
house.
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Basis of maize resistance or susceptibility to C,
partellus
LKL Ampafo, H Kumar, KN Savena

The fcllowing three maize genotypes were used to
compare the above-mentioned responses of C. pariellus:
Inbrea A, ICZi-CM and ICZ2-CM. Some observations
or. the responses of C. partellus adults and larvae to
lubred A, and ICZ2-CM were given in the ICIPE Fleventh
Annual Report, 1983, During 1984, further work on these
genotypes was carried vut and a third genotype, 1CZ.1-
CM, was included for comparison. }he results are briefly
presented below.

Oviposttion on whole plunts. Oviposition is the first
step o oa lepidopteran's colonization of a plant. We
compared . partelfus ovipositional response to the
maize genotypes mentioned above in order to find out
whether this response bears any relationship with the
plant’s susceptibility or resistance to this insect, When the
three genotypes were presented to the insect in @ no-
choice situation within the single-compartment test
chamber, the rate of oviposition was almost equally high
on all ot them (Tahle 9). In a 2-choice situation with
susceptible Inbred A and one or the other 2 resistant
genotypes, 1CZ2-CM attracted almost as much oviposi-
tion as Inbred A, whereas oviposition on 1CZ1-CM was
much less. {here was clear non-preference for ICZ1-CM.
Table 9. €. parteitus ovipositional respoise to certzin susceptible
and resistant genotypey in 2-choice ns well as no-cholce situations

within the single compartment test chamber

CUepes bad tmean S

A H A B

Inbred A Sl ay « K2
1C2 1M N ER R s 1
172 0M Nl s 50
Inbred 10710\ [ I 7
Inbred A 17 2.0\ At T S48 7

Role of distance-percenvable plast characters, On
presenting the plants outside the wice-net wall of the 3-
sector test chamber at only one end (no-choice situation),
tne insects within the chamber laid almost twice as many
eggs at the end facing any of the three genotypes as at the
btank end. As the inscets were not in contact with the
plants, the oviposition would be in response to certain
stimuli from the plants which could be pereeived at a
distance. However, under a 2-choice situation, presenting
Inbred A with [CZ1-CM or ICZ2-CM, response to both
the resistant genotypes was almost equal to that of the
suseeptible one. Selective presentation of different types
of plant stimuli revealed that the visual (colour, pattern)
did not influence oviposition. Aquesus vapours serving
as hygro stimuli as well as the pon-acqueous volatiles
serving as olfactory stimuli from all the three genotypes
clicited equally high cgg laying.

Fhus, distance perceivable volatiies would not account
for ovinvitivnal preference or non-preference for the
plants.

Role of contact characters. On allowing the insccts
contact with the plants within the circular test chamber,
cgg laying on the lower surface of the leaves was about 8

to 9 times that on the upper leaf surface, for each
genotype, when given a choice between the two surfaces,
Even on the upper surface, the oviposition on the basal
pertion of the leafl was much higher than on its terminal
portion, On the other hand, on the lower surface, the
basal portion of the ICZI-CM leaf clicited more egg
laying than its terminal portion whereas there was no
significant difference in ovipasition on the two portions
of Inbred A and 1CZ2-CM. In all the 3 genotypes, the
terminal portions of the leaves,though less preferred than
the basal, elicited oviposition at a high level when offered
as a choice against a glass surface, which by itself is yuite
suitable for egg laying.

When presented in a choice situation, oviposition on
the resistant 1CZ1-CM  was much less than on the
susceptible Inbred A, for the upper as well as lower
surfuces of the basal and terminal portions of the leaves.
Although the lower surfuce of the terminal portion of
1C72-CM received less eggs thar Inbred A, the difference
wits not as much as for ICZ1-CM. Removal of hairs
(trichomes) on the upper leal surface of ICZ1-CM
increased egg laying, which suggests that hairiness can
inhibit ovipositional response. However, since the lower
surface of the leaves without hairs is preferred for
oviposition, it is likely that certain other contact
characters are responsible for the ovipositional
differences among the three genotypes.

Larval orienuation. On emergence, larvae begin their
orientation and cither stay on the same plantand move to
the feeding site or leave the plant in preference for others.
Continued stay on a plant or arrival on it depends on the
plant’s attraction to the larvac. Comparisons of such
responses of the nconate C. partellus larvae to the three
maize genotypes revealed that the susceptible Inbred A
attracted these larvae more than the resistant ICZ1-CM
or 1CZ2-CM. A greater percentage of neonate larvac
scttled on the susceptible than on the resistant genotype.

Larval feeding. The arca of the leaves in the whorl
consurned by the neonate larvae was greater on the
susceptible Inbred A, less on the resistant [CZ2-CM and
least on the resistant ICZ-CM. Thus, the larval feeding
non-preference for these two genotypes is part of their
resistance mechanism,

Larval development. The larvae released immediately
alter emergence on the test genotypes devcloped better on
the susceptible Inbred A than on the resistant ICZ2-CM.
The percentage of larvac developing ‘o the last pupal
instar in 28 days was 34 on Inbred A and 18 on ICZ2-CM.
Such a difference in larval development on the two
genotypes is relat. 4, at least partly, to feeding as reported
above. Thus, \~n-preference resulting from contact,
inspitc of initial ovipositional attraction, larval
oricntation and feeding non-preference causing poor
devclopment, all contribuic to the resistance in ICZ1-CM
and ICZ22-CM,

Basis of sorghum 1 esistance or susceptibility to C,
partellus
A.M Alghal, K.V, Seshu Reddy, K.N. Saxena

Two sorghum cultivars have been initially taken up for
this study: susceptible 1S 18363 and IS 2146 which is



relatively resistant. C. partellus responses to these plants
and the role of plint characters are being studied in the
same way as desenibed above, Qur observations last year
showed that ditierences in certain responses of the imsect
to the two cultiviers accounted tor those in their relative
susceptibility o1 resistance. The ovipositionald response
tor the ressstant IS 2146 was lower than that of the
susceptible 1S F83603 beciause of Tower attraction by the
former's volatiles while the contact characters of both
were equally eftevtive in cliciting this response. The
larvie emerging trom the eggs on the oviposited plant
showed cqual attraction to and arrest on both the
cultnvars. But, larvat teeding and development was higher
an the susceptible cultivar. Further study of these
responses and the plant characters mvolved has been
cattied out dunng 1953 and the results are brietly
presented below

Cregponitton on whole plann. The tests an the single-
compartment chamber showed that C partellio lays less
ey on S 216 than on IS 1836 inno-choiee as wellas 2-
chowe situations. During 1954, this conclusion was te<ted
1 a larger arena, in the sereen-house. IS TR363 plantsina
hiock (3% 21, Srows of 15 plants cach) were grovn in
one vorner ol the screen-honse while at the dusgonally
cppostte corner was aostmilar block of 15 2146, The wind
blew at right angles ta these blocks of plants without
passing from one to the other. Thisarrangement ensured
that the distance stimuli were not mixed-up within the
sereen-house Twenty ovipositing females were released
moats centre and the pereentage of egps laid on ciach
cubtivar was recorded atter 2 nights, The results showed
that, out ot the total number of eggs knd, 5807 were on the
susceptible 1S 1463 and 4297 on the resistant 1S 2146,
Thus, the wseds ovipositional non-preference for the
Litter, relative to the susceptible 1S 18362, was observed
eveti e test arena faceer than the single-compartment
chistiber

Role of plant volatides i oviposion. 1t has been
presiotsty shown that with C. partellus, the ovipositional
tesponses to the volatiles of the sorghum leaves an
relation to therr quantity can be measured in the twin-
comtpartment chamber an the laboratory. Tt was abo
reported that aath 4 tmes as many 1S 2146 leaves in one
compartment i, the susceptible 1S 18363 leaves in the
other compartment resulted in almost an equal oviposi-
tonal response to the volatiles of both,

Further studies on the role of these volatiles have been
conducted during 1984, Firstly, 1t was observed that the
leaves of both the cultivars, when air-dried, continued to
cont volatiles which elicited oviposition in the twin-
compartment chamber. However, when equal amounts
(3 ) of the dnied feaves of the two cultivars were takenin
one of the compartments of the chamber and the other
compartment was feft blank, the percentage of cggs laid
i the compartment containing the susceptible 1S 18363
volatdes was muoch higher (71 ¢ 5.177) than the compart-
ment with 18 2146 volatiles (219.0 5 9.17) under no-
choice situation. Atter extracting with n-hexane, the
residue of the dry leaves ehicited much less egg laying than
the unextriacted dry teaves. On the other hand, the hexane
extract of the susceptible cultivar clicited 68.0 * 7.80¢

14

oviposition as compared to only 54.8 £ 10,97 by the
resistant. [ hus, the lower content of n-hexane in 1S 2146
contributes to the insect’s non-preference tor the cultivar,

Larval oriensation. As mentioned  before (ICIPE
Annual Report, 1983), the neonate larvae emerging on the
oviposited plant are arrested i large numbers on both
the cultivars. 1he role of the chemical stimuh from the
plants in larval attraction and arrest was examined
during 1984, Larvae were released on a dise of wet filter
paper impregnated with desited amounts of n-hexane
extract o acctone extract of the n-hexane-extracted
leaves of the two cultivars, The pereentage of larvae
resmaining on the flter paper dises after 2 h would be
relative to the degree of attraction arrest by the extracts,
Ihe untreated wet titter paper arrested only 46,7 £ 15.20¢
Larvae whereas the percentage of larvae arrested was 63 &
6 by the hexane extract of 1S 18363, 68 29 by the hexane
extract ol IS 2146, 85 » 4 by the acetone extract of IS
18363 and 80 ¥ 6 by the acetone extract of 185 2146. Thus,
the acctone extracts of both the cultivars were equally
more eftective than their n-hexane extracts.

Larval feeding. The nconate larvae settling in the
whaorls of the sorghum plants have been reported to feed
on IS 18363 more than on 1S 2146, On developing to the
third instar, the larvae may feed on the foliage or bore
into the stem making tunnels, Feeding by the third instar
lutvie on the foliage was therefore compared for the two
culvars. The area of the leaves consumed in 48 h was
higher (3 ¢ 0.4 ¢m’) on 1S 18363 than that on the
resistant 15 2146, (3.9 + 0.6 cov’). Thus, like the first instar
larvae, those in the third instar 2lso showed a feeding
non-preference for 1S 2146 leaves. The plant characters
responsible for this are under investigation,

Basis of cowpen resistance to the pod borer,
M. testulalis

SHO Ohech, K Y. Savwena

Three cowpea cultivars have been taken up for thisstudy;
suseeptible Vita 1, and resistant Vita 5 and TVu 946, The
approach and methodology described above are being
followed for thisinsect as well, The results obtained thus
tar are summarized below,

Oviposition. On the resistant cowpea cultivar TVu 946,
oviposition is less than on the susceptible Vita | because
['Vu 946 contact characters, particularly chemical
stimuli, are less effective in eliciting the response. Thus,
non-preference for TVu 946, caused by inadequate
chemical stimalants, is involved in its resistance,
particularly in a choice situation.

larval orientation. Attraction and arrest of nconate
larvae and their scttlement on the resistant TVu 946 is
lower than on susceptible Vita 1. This difference is due to
the lower chemical stimulant content of the resistant
cultivar rather than any repellent factors.

Larval feeding. On the flowers, larvace feed as much on
Vita 1 and TVu 946, though the latter's flower juice is less
phagostimulatory than the other. Feeding on the leaves,
though quite low on Vita 1, is still less for TVu 946. The
same applics to the stems and pods of this cultivar and
this is involved in the cultivar’s resistance in the absence
of flowers.
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Larval food wtilization fmatrition. Food utilization and
nutrition on stems and pods of Vi 946 is less than on
Vita L Thus, antibiosis is partdy involved inthe resistance
of I'Vy 946 when tnvae teed on stems and pods.

Larval  development. On o the flowers, lLuval
establishment s equally lngh tor Vita Land 1Vae 946, On
pods, when flowers are not available, development 1y
fower on FVu 946 than on Vita | On stems, i the
absence of pods and Howers, deselopment 1s fower on
FVu 946 than on Vita 1 The deselopment on the leaves
when tHlowers and pods are notavailable, ts very low on
Vit b and even fower on [Vu 946, Differences i larval
development on leaves, stems and pods, are caused by
those i both feeding and tood utihzatton nutntion

Oviposition by the sorghum shootfly on certain cultivars
in reiation to their relative resistance or susce ptibility

o Unnthan AT Nevn Wedd.

Shoottly oviposiiion and ifestation on erght sorghum
cidtivaes (FS Sumbers 20220 2023, 2208, 2291, 4660,
SOU2 540 and TESST1 reported to be ressstant to the
shioatthsand two suscepuble caltsars (Serena and CSH
1y studied tield (natural

indestationy Phe crehtresstant culuvars and CSH Ewere

were windet conditions
abso tested Lor preference for ovipositton ina two-choice
sitaation i the screen-house The cipht resistant caltivags
recenved consderabiv eas shoottly eppy and showed
tevwet dead-hearts than the suseeptiole caltivars, The
tesults ot the tao carhier expenments and ticld stadies
indicate that in

impottant mechansm for sesistance to shoottly in the

nop-preterence tor oviposiion s

cight test cultivary Fhere was also evidence ot o certan
degree of antthiose in 1S 2291

Genetics of plant resistance to insects
BN e
Sorghuam reststance to sten borers. Genetie anadysis
ot barers (manly €
prartellieny was pertormed i crosses involving susceptible,
Fhe results revealed that

sorphum resntance to stem
resistant and toleront cultivans
resnstance tostei borers s polveenie innhenitance. The
tocallv adapted cultivar, Serena, shosed  high degree of
tolerance to stem borer intestition, patticularly to stem
tunnclling, and pave the highest grinn vicld Al resistant
cultnaes were vields. Genetie analysis
revealed tinst leat

tunnelling appeac te tollow ditterent genetic patterns,

poor an pran

resinee to damage and stemn
Resistance to deal damage was poverned by both additive
and stem

tunnething was coveraed predonumantly by additise

not-additine pones  while  resistance to
penes

Further expenmments were carned out to study the
renctic of and tolerance. The
andalysis mvolved parents, Boand oot thiee ditterent
The parents involved i the study had a wide
range of ¢xpression for plant hewght, feal damige, stem
tunnelhng, stem lodgng and grain yields. Estimates of

degree of dommnance i Fyand mbreeding depression in

vartattons resistanee

Crosses
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F: osuggested that suscepubility was dominamt over
resistance  in susceptible/resistant and  susceptible;
tolerant crosses, while resistance was dominant over
tolerance in the tolerant - resistant cross.

The varation pattern of leat damage and stem
tunnelling in Fand 1 progenies suggested that they are
ditterent and independently inhented parameters Thus,
both resistance and tolerance mechepisins are operating
in sorghum resntance to stem borers.

Fstimates of  hroad henitability, genctic
coefticient of vanation and expected genetic advanee for
steny tunnelling are presented in table 10. The heritability
estimutes were rather low i all crosses. The estimates of
penctie coefficient of varation considered inconjunction
with heritability estunates would indicate that large grain
vield trom the selection result from the cross Serena /1S
2146 The estimates of expected genetie advance also
indscated that about 554 reduction in stem wunnelling
should result from selection of the top 57 (the least
tunnetled) of plants among the segregates of the cross
Serena 18 2146,

Sense

Lable 10 Estimates of heritability, genetic coefficient of
varistion and expected genetic wdvance for percent stem
tunnelling in sorghum

Iapected
genetic advanee
' 0l mean)

Crons Hentabibin 0 penetic
(thtoad ~ciney | cocthoent

ol varnation

Swarna IS 2146 (AR 19,45 19.00
Swarng Serena (AR 1943 19,32
Serena 1S 2146 47 K97 5498

IS 2146 - Resistant, Swarna - Susceptible, Serena - Tolerant.

Based on the above genetic analysis, exploitation of
resistance tolerance mechanism 1s suggested through
recutrent selectton (popudation improvement) todevelop
stern horer-resistant cultivars.

Cowpea resstance to M. testdalts, Cowped resistance
to the pod borer, M. testudalis was studied in the cross
between resistant parent | Vu 946 and susceptible parent
Emma 60 (1CV 5). Resistance to Maruca was measured
on two  parameters: pereentage pod  damage and
percentage seed damage. The variation pattern in the F,
suggested that resistance to Maruca is polygenically
inhented, However, a comparison of Iy from mid-parent
vialue indicated thatsusceptibility was partially dominant
over resistance. The seed size (100 - seed weight) appears
to be somewhat associated with resistance or susceptibi-
lity of the seed. The resistant parent, TVu 946, had
less 100-seed weight, (7.2 gy, as compared to the
siseeptible parent 1CV 5(12.6 g). The F; progenies were
found to be as susceptible as the parent ICV 5 with a 100-
sced weight of 119 g. Percentage seed damage appearsto
be a riore reliable measure of damage by M. restulalis
than percentege pod damage.

Cowpea resistance to aphids. In addition to known
sources of resistance to aphids, two new ones, ICV 1l and
1CV 12 have been developed through induced mutations.
‘These mutants are promising tor improved grain yiclds as
well. The resistance ability of these mutants have been
confirmed through screening by artificial infestation in
the screen-house. Preliminary studies in crosses between
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resistant and susceptible cultivars suggested that
resistance is completely dominant over susceptibility in
Fy and appears to be governed by a single gene pair.

BIOLOGICAL CONTROL SECTION

The long-term objective of the Biological Control
Section is to study and develop biological control as a
component of an integrated jest management (IPM)
programme that suits subsistrnce farming systems in
tropical Africa. The cereal stem borers, C. partelius and
8. fisca, which are major pests of maize and sorghum;
and the pod borer, M. testulalis, a major pest of cowpea,
have been chosen as models in an effort to improve the
production of these important food staples in Africa.

Field and laboratory studies were continued over the
period to identify natural mortality agents (insect
pathogens  and  parasitoids) associated with field
populations of the target pests under mono and intercrop
systems at Mbita Point Field Station. An extensive
survey was also carried out throughout the Lake Basin
(Kenya side) towards the end of the long rainy season
(July-August, 1954) to record the distribution pattern of
parasitoids and pathogers of cereal stem borers in this
region.

Parasitoid studies on cereal stem borers in monocrop
and intercrop systems
G Ol

Work on parasitoid incidence 1 relation to crop
phenology and population densities of C. nartellus cn
sorghum and mai.e monocrops was concluded.
Systematic studies on the effect of intercropping on pest
population densities in relation to incidence and activity
of natural enemies (parasitoids} were conducted during
the long rainy scason of 1984 at the station and on a
subsistence  farm  at  Gingo, near the station. A
randomized block design with S cropping combinations
replicated 3 times was used. The following five
combinations were sclected on the basis of previous work
on intercropping under the Bionomics and Applied
Ecology Scction of the programme: sorghum/cowpea,
maize/sorghum, sorghum pure stand, cowpea pure
stand, and pure stands of the local varieties of sorghuin
(Serena), maize (Katumani) and cowpea (Ex-lLuanda).
Weckly insect counts were made by examining and
dissecting samples o1 4 plants cach of maize, sorghum
and cowpea per plot. Ficld-collected cadavers were
examined for mortality agents in our Inscct Pathology
Unit,

Results from sorghum and maize monocrops
confirmed the predominance of the pupal parasitoids,
Dentichasmias husseolae and Pediobius furvus, in ficld
populations of C. partellus and B. fusca at the Station,
‘The population build-up of the stem borer larvac on
sorghum and maize started one week after plant
cmergence (WAE) and that of pupac 4 WAE. The larval
and pupal populations on sorghum rose to a peak |2
WAE. On maize, larval population showed two peaks at
fourth and nineth WAE, whereas the pupal population
reached u peak during the sixth and ninth WAE.

On trth maize and sorghum, infestation of pupae by
parasites was recorded from the seventh or cighth WAE,
reaching a maximurn at harvest. A new addition to last
year's list is an egg parasitoid of 8. fusca (? Telenomus
sp., Scelionidae) recorded from a subsistence farm at
Gingo. The parasitoid Apanteles sesamiae (Braconidac)
was found to be the commonest and most widely
distributed larval parasitoid of C. partellus and B. fusca
in the Lake Basin region towards the ead of the long rainy
season (July-August, 1984).

The first set of results from intercropping experiments
at the Station (long rains, 1984) showed larval population
densities of €. partellus on sorghum (cumulative data
throughout the scason) to be highest in pure stands of
sorghum (mean of 0.31 larvac per plant), intermediate in
maize/sorghum (0.22 per plant) and lowest in sorghum/
cowpea combinations (0.18 per plant), However, corres-
ponding estimate of parasitoid numbers were too low to
account for the observed difierences.

Insect disease dynamics within the intercropping
system
W4 Oueno

Utilization of inscct discase-causing microorganisms
such as bacteria, fungi, nematodes and viruses, is now
widely recognized as an important component of
integrated pest manzgement throughout the world,
However, most of the information available on the
applications of inscct pathogens against agricultural crop
pests is based largely on monocrop systems. The
resource-poor  subsistence farmer in the tropics,
especially in Africa, often practices intercropping. In
order for him to benefit from the emerging new techno-
logies on biocontral agents, it becomes necessary to
understand the hasics of insect discase dynamics within
an intercropping system as a prelude to field applications.

Field moriality of the cereal stem borer,C. partellus, in
different intercropping patierns. A regular weekly
sampling regime to recover C. partellus was maintained
throughout the growing periods of sorghum and maize
plants. After 13 wecks of sampling the 13 samples
collected, larvae and pupae, were separated into live and
dead ones.

Results indicate (Table 1) that a significantly higher
discasc incidence (8.57%) occurs on C. partellus in the
sorghum/cowpea and sorghum/cowpea/maize
combinations (8.64%) than in sorghum/mai; combi-
nation (4.93%).

Distribution of pathogenic microorganisms among
deuad, field-collected C. partelius. Laboratory diagnosis

Table I1. Field mortality of the spotted stalk horer C. partellus,
indilferentintercropping patterns at Mbita Point Field Station
(Long rains, 1984)

Total L/
Interciops ] collected  Discased  montality
Matse-sorghum RIIE] 15 493
Maize-cowpea 49 R} 6.1
Sorghum-cowpea 140 12 8.57
Sorghum-cowpea-maize 185 16 R.64
TOTAL 678 46 6.78




of ficld-collected dead Chilo indicates that the bacteria
are the most important mortality agents (36.76%%), while
the viruses are the least important (4.4167). See table 12,
Table 12. Incidence of pethogenic microorganisms in field

collected C. partellus at Mbita Point Field Station (Long rains,
1984)

No. dead i

Pathoyens

(n -6H%) muttanty
RBactena 25 1
Funpus 20 2941
Nematode 13 1912
Protozog 7 1029
Vitus 1 441

Infection and mortality of crop borers on sorghum and
cowpea
Mo (ki o

Plots of pure sorghum and cowpea crops were planted,
hand-weeded, and ferttlizer apphed to them according to
standard agronomic practice. Sorghum  stems were
sampled continuousty from planting to post-harvest,
dissected and hive lanvae and larval cadavers recovered.
Diagnoss for causes of mortality was carried out by
examining the haemolymph and portions of fat-body
tssue an water-mounts under dark-field and phase-
CONLrast MICroscopy.

In the prehnunary hoassays conducted to test tor
mucroorganims with potential for biocontrol, laborutory-
reared third-instar O partellus tarvae were fed on diet
treated with a semu-punfied inoculun prepared from
ticld-collected larval cadavers. Mortality was recorded
every 48 h.

The major stem borer was . partellus, but the other
borers, # fuvca, E saccharimaand 5. calamistiy were also
tound. Mortahty build-up was slow mually and,
although it started about 4 wecks post-plant emergence
(PPE) 1t reached ats peak (14.707) at late plant maturity
(9 weeks PPE) Thereafter, larval mortality declined to
less than 307 at harvest (14 weeks PPF). Sunilarly, in the
legume pod borer M. restuldalis, larval mortality duc o
microorgamsms was low, the highestlevel recorded being
1207 1n late growing season. In laboratory-maintained
cultures of M. testulalis, the protozoa Nosemasp. was an
tmportant mortality factor.

Hactenia were recorded 1n the highest proportion of the
larval cadavers of the cercal stem borers (77 K¢7), but
fung (19.27), protozoans (7.9¢7) and nematodes (2.9%)
were also observed. In faboratory-maintained cultures of
M. testulalis, the protoroa Nosema was an smportant
mortality factor

Preluminary bioassays and subsequent sereen-house
triads showed that the protozoan recovered from A,
testulalis, (Nosema sp.)y s highly pathogenic to (.
purtellus, and therefore has a high potential for use in the
control of the stem borer.

INSFCT MASS REARING TFCHNOL OGY SECTION

RS (khieng

This section is divided into two ¢ ib-sections: Research
and Development (R & 1) and Support Services. The R

& D sub-section is the research wing whose functionis to
formulate ard test insect diets for mass production. Its
other function is to initiate and develop new techniques
for mass praoduction of insects. The support services sub-
section caters for the demand of all other programmes
and units at 1CiPE.

During 1984, our efforts were mainly directed towards
the production of €. partellus. bmproved rearing
techniques were 12quired to mecet the increasing demand
for the insects. It was, therefore, necessary to study some
factors that are believed to affect the production of Chilo
on mass scale,

One: fnctor which was thought to have profound cffect
or Chilo production was the relative humidity on the
cpps. Studies of various relative humidities experienced
throughout the entire embryonic period, or during part
of it, and their effect on egg hatch and development times
were undertaken. Such knowledge is vital in establishing
optimum relative humidity conditions during embryonic
development, and in applying an appropriate egg
collection and egp incubation strategy.

The eggs of C. parteilus used in these experiments were
obtained from the laboratory colony kept on artificial
dicts for over one year (about 0 generations). The
experiments were done in sandwich boxes with light
fitting lids keptatambient laboratory temperatures. Eggs
were coilected on wax paper. In the morning, the eggs
were counted under the microscope and then placed on
filter papers. In cach humidity level tested, 200 cggs were
set up. Loaded filter papers were immediately placed into
the sandwich boxes with appropriate test humidities
established over different concentrations of sulphuric
actd, introduced into the container at least one day
before use. Care was taken not to leave the sandwich
hoxes open long during the various experimental
manipulations, i order to avoid disturbance to the
humidity equilibrium. Hatchability, checked after 5 days
alter oviposition, was used as a criterion for the effect of
humidity on the eggs.

The cffect of varying constant incubation environment
on cgg mortality throughout the cgg's developmental
period is shown in table 13. At all the relative humiuities
tested, the embryonic development proceeded normally,
At vitlues below 807 RH many eggs which were developed
fully to black-head «tage did not hatch. Many black

Table 13, Percznt hatchiability of €. partellus eggs at different
bumidities

Incubation Number of Unbatched rtepg
cuvironment  eges placed  epgs with black  hatchability
(RH ) head (embryn) {range)
100 405 kS 77.2%
94 402 99 7383
X0 400 120 68.25
70 401 149 47.13
60 400 256 36.0
50 159 203 19.68
40 400 251 10.5
30 39% 229 2.5
20 195 269 0.0
10 402 24% 497
0 430 427 0.00




heads at medium humidities had their bodies emerged
half way through the cgg. Eggs appeared desiceated at the
lowest relative humidity values tested. A large number of
developed larvae appeared shrivelled, and about 300
cggs did not have any embryonic development and had
extensive desiceation. At 1077 RH, 950 of the eggs did
not hatch, although 62¢; of them contained well-
developed embryos, indicating the presence of a water
toss  prevention mechansm. At 1009, RH, the
hatchability was above 7707

In expeniments caposing the eggs to various relative
humidities for difterent penods of tme then transferring
them ta 10040 R for completion of development at
room temperature, it was shown that prolonged exposure
ter non-sattrated hunndities does not resulbt in significant
reduction i hatchabibity, However, there was a markel
teduction i egg hatchabibty at 3070 RH (Table 14). At
907 RH exen the expusure tor 72 did notsignificantly
reduce epg hatchability. The epgs only became sensitive
At later stages ot devetoprent,

table 14 Percent hatehohility of €. partelluy eggs exposed for
different periods of time to various RH before transfering to
10072 R for completion of deselopment at room temperature
(100 epgsitrentment)

Paposure tohatchatiliny under ditterent RH

duratne (R )] 00 0 9f)
3 8" b X Nl
P s Ys XS K0
i~ b N7 6l 4
AR T4 hts 94 PR
i LR N1 91 96
R RS 8} [N 1% T8
64

N 41 73 N

The studies show that O partellus CRES dre not very
semative to low relative humidiy, Py development
proceeds to hatching only at atmospheres close to
sataration point Prolonged exposure to low relative
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humidity affects egg hateh but does not adversely affect
cmbryonic development. The data suggests that the
embryonic development is not affected by low relative
hunudity.

In € parteliey ar 100 RH, 6200 of the eggs did not
hatch although developed embryos could be seen
through the chorion. Under these conditions, either the
embryos had not completed their development or they
were oo weak to break through the chorien. A large
number of embryos broke the chorion at 7057 RH but
desiceated half way trying to wnggle out.

It has thus been shown that C. partelius epgs possess i
mechinism which protects them against desiceation, This
allows the development of the embryo but, the
development appears to weaken this mechanisim which
probably results in the disturbance of water balance due
to the loss of water molecules through the permeable
chorion of the epg.

Results obtained in these studies have assisted in
improving phases of the muss-rearing system regarding
egg collection and incubation. Egg masses are placed in
tightly closing sandwich boxes in which the relative
humidity is kept as close to saturation as possible by
spraying distilled water onto the filter paper on which
they are placed.

INSECT MASS-REARING HHCHNOLOGY SECTION (IMRT)
NAIROBE BRANCH

The miun objective of IMRT Nairobi Branch is 1o
mass-produce high quality target insccts, competitive
with the wild type, for experimental use by various
rescarch programmes,

During 1984 the Nairobi branch mass-reared and
supplied target insects to programmes and units as shown
on the chart. The unit also maintained laboratory
animals tor blood sucking arthropods and also supplied
tabbits, rits, mice and hamsters for experimental
purposes,
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’Livestock Ticks
Research Programme

A aresuldt of recent developments concerning the availability of vaccines and
drags for the control of tick-borne diseases, and particularly East Coast Fever
(LCE) and the availability of hiological methods of controlling the ticks that
transmur these dizeases, it is considered probable that new technologies will
shortly become evailable for the imegrated comrol of ticks and tick-borne
diseases of livestock. Further, u is considered that these integrated control
technologies will result in a biologically stable situation with regard to disease,
and that they will be environmentally acceprable and dependent on the absolute
minimal wse of acaricides.

1he traditional method for controlling ticks and the diseases they transmit is
the close-intervel application of acaricides to livestock in dips or sprays. To
control ECEF, twiceaveekly applications are necessary. This procedure has many
disadvamages: the high cost of inswlling, maintaining and staffing dips and
spray races; the high cost ol acaricides; the development of resistance 10
acaricides by the ticks. and high levels of acaricide residues in heef and dairy
produce. But perhaps the greatest disadvanage of using acaricides 1o control
ticks is the fact that an inherently unstable situation results where regularly
dipped cattle are completely susceptible 1o disease and naive 1o tick infestation.
If for any reason acaricide application fails, catastrophies can occur.

Ay a result of work carried out by the UNDP|FAQ Regional Project
(Research on tick-borne diseases and tick control, RAF67/077) Srom {967 10
1977 at Muguga in Kenya, and since then continued at the Veterinary Resecrch
Department of the Kenya Agricultural Research Institute (KA Rl) and at
1L RAD. Nairobi, curative drugs and an experimental vaccine against East Coast
Fever have heen produced. Successful field trials with the experir..ental varcine
were carried out in Kenya and Tanzania during the 1970s.

At a recent conference on theileriosis at 1LRAD in Nairobi, attended by
delegates from many countries in Africa and elsewhere, concern was expressed
regarding the present situation of relying on acaricides to control ticks and great
support was given for the development of hiological methods to control ticks,
These would be used in conjunction with curative drugsand vaccines against the
tick-horne discases. 't was considered that such an integrated approach would
create a stable situation which would obviate most of the disadvantages
associated with the use of acarivides.

Whatare the prospects? As stated above, curative drugs and vaccines are now,
orshortly will be, available for the control of the dis~ases of cattle transmitted by
ticks. In addition, it has been known for many years that cattle can be made
resistant 1o ticks, and the technique is now being used in Australia 1o control
Boophilus microplus, the vector of bahesiosis.

21
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BIGEOOHOANL CONTROL OF TIcKS

ML G

As aresult ob the consderations mientioned i the
mtroduction, FOTPE set out toimvestipate the possibility
of produciny hiological nicthods tor conttothing ticks,
iwo dilterent approaches have been used to induce
feststance i nost anttnals and aie reterred toas Type |
tosnbanee and Type 2 resitancee

Lipe ! oresntan e ft s been wadely reported duning
the Fast 30 s ears that sesistance to many spedies ot teks
can be mnduced i many laboratory ammads tollowing tick
mtestation Fype ] rsetanee incattle was reported i the
cardy partoob the centuny e attle e Queenstand,
Asttabia, which daovelopead resastance to I wacrpln
follosine intetation However ar was only sathin the
st 40 cearns thet thos tind g bas beenapplicd i the hicld,
necssitated b the widespread des ciopiient of resistanee
to s atcide s b 0 pnceopdus and made possible by thie

e bite ot Carat oo doees and aocrcome tor the contiol

ot habeag the ol deeease transmitred ‘H_\. i
el
SeoTCLE e b been faund that cattde becomie

fesistans Lo Mg pdndse appenda it the vector of

1O swhen appreomatels Stoidilt ok wre allowed to

food on tien Revstanoe abvodecelops swnen cattle are
;

Capand ta 4 i padbdochs s Ressstanne haes been

producedin Ko coeran aeowelb o Boandic cattheand

oo Ltine at deast D e

Bt e appears too e stanulaeted oo catthe
eapotise Lo antipon, tho nfated i the sl of the
Peedany b W hien Do e ot a tesestant sl the
oozt antns soan the sadiea Dhewe antyens stiudate an
ddredat g hperseateats iee o and magsed
i i e g at the st wathon Q0o o attachment,
[ b intenbere i the ity o the ek to feed
propecic e citecr e U marhed wsunst Larvace, oss
Ayt nenetoand et gttt adalt ks T boehls
Pewetant catti cein e g e than 2970 ol nvmphe,
tad boos tan S o bt ce s are able ta complere
tevdiny . and the cnpotvad e nt s aso seauced i he

sdler pob e b are peodieed atter moaiting hasca
reduced sucvad potental whencovpeed to tamperature
and hundits steess and the temades prodace smadler epy
hatebes ab peduced vadadae,

Two cxpernnents which demonstrate that resistant
cattic can control teld populations of 8 appendicubats

hase bhoen carned ot

o Individual tick-nave cattle were exposed sigly in
cach of tive paddocks intested with ticks. Tnitally,
the tick populations in cach paddock incicased and
ceached o peak atter 9 months, when hundreds ot
adult ticks were seen on the cattle. Thereatter, the
ticks decreased i number and after 2 years had
almost disappeared On memovalfrom the paddocks
the aitttle were found to be highly resistant

o [n the second expeniment, a pair of ressstant cattle
were cxposed i a paddock intested wath larval icks,
and pairs of tick-nave cattle were exposed success-
ively in csimilar paddock. Thousands of adult icks
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were produced in the tck-naive cattle paddock and
very few adalts in the tick-resistant cattle paddock,

Another important finding is thit tick-resistant cattle,
whenantected with ECE, greatly atfect the intectionrates
in farvae or nyvmphs which feed on them, resuiting in
reduced transmission of the discase. I is probabie that
resistance to ticks i cattle will enhance the etheacy of
vacarisabon agnst ECE by reducing challenge.

Fope 2resniance. This approach to produce resistance
i host animals ongimated at ICHPE, and depends on the
obsenvittion that mammalian gamma globulins ingested
by tieks pass unchanged from the blood meal into the
tichs” hacmolymph, 1t was found that when homogenates
of ted temale ticks were inoculated into sabbits or cattle,
antthodies wore produced aginnst antigens from the
When ticks are fed on the immunized
host imads, the antuibodies ingested in the blood méal
react with the arget antipens, intertere with their normal
function and o igh tick mottahty results. The reduced
numbers of femade teks which do engorge either do not
lay cpes. or produce cgps which have a markedly reduced
srability s At teist 10 target antigens which are involved in
type 2 resistance have so tae been identified, one of which
has been obtned i a puntied form, Puritfication of the
TenRLNINgG antigens is in progress, and the possibility that
hormones and cozemes might he used as target antigens
i being investigated.

Largely beciuse of the posstbility of patenting results,
priactically nothing has been published on type ?
resistance. We do know, however, that colleagues in
unversiies and research anstitutes in the United States,
Canada and Austradiare achieving positive results using
ditferent spectes obticks, and thatat least one commereial
caompany e UK s mvolved. There appears little doubt
theretore, that tvpe 2 resistance will shortly become
avindable to enhance ivpe | oresistance far the control of
tcks and ndeed. that type 2 resistance in nost animaly
might be produced agmnst other blood sucking parasites.

tissues of the tiek

THE UST OF TRRADESNTED RUIPICLPHALL'S
LPPENDICUE (1S TICKS TOINDECE RESISTANCE
TO HUK INFESTATION

I’ Newson J 1 de Caviro

Dunng this period, we continued our investigations on
the use of irradiated R appendiculaiue ticks to induce
resistance. We have had difficulty in obtaining regular
supplies of smtable rabbits for cxperiment and the
drought conditions in central Kenya have caused
problems in maintaining cattle for expzriument.

Resistance engendered by ticks treated with three levels
of radiation.

Farher work had shown that doses of 1.2 and 2.4 krad of
gamma radiation prevented the ticks from breeding, but
did not interlere unduly with feeding,

Ihree pairs of rabbits were used inthis experiment and
20 male and 20 female K. appendiculatus ticks were fed
on the left car of cach, confined in a cloth bag. The ticks
had received 0, 1.2 and 2.4 krad and two rabbits were used
for each radiation dose. Two more rabbits served as
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Table 15, Feeding performunce on rebbits by two suceessive hatches of irradinted K. appendiculorus ndults, follow ed by # test {red

with untecated nymphs

Dose on ek Pt teed (femiades)

2nd feed ttemales)

Yd teed tovmiphsg

Host No thrad) Fett car ol Lett e fRasht lett e Paght car

mean - ND mean 1 SND mean SN[ thedn mean

{ [IX8] [N A NOR I AT 23

} 1A} IR IR RN T o6S

} 12 WXl VIR TP RO

4 [2 A0S 93 on? P32 0ol R RE]

5 21 200 {19 0 Iy = 1o 1.5

6 2a LR IR P DI b [0 e 1h 18

b Control XA T

A Controf Y X4

Irat feed, 1BD nymphs on encl car

controls. The feeds were exactty repeated 34 days later,
exvept that the noks wens divnfed equally between both
cars of the hosts Adter o turther 28 days, a test teed vas
done on cach car o eveny tabbit including tie controls,
using 100 untreated ovmphis. Fogorged females were
werehed individually, bat the engorged nyniphs onty an
bulk

The results are pven e table 150 Dunng the second
teed, the mean engorged werghts swere reduced, often
severely  Inevery vase the eftect was greaten in females
froan the dett car, which had beented onalready, thanin
those teom the nght car wineh had not. {he mean
reductions o weight of TR respeetively were it
cantly datterent (P 0 0% cantitnmuny that the resistance
shosen by the hosts contained both asyvstenie component
I the
final asvsesstent it s apparent that all the sursoong
tahbits that hed baed ok s teedinpe onthem were nnsrkedls

i the bloody and o focal citect i the car tissues

reststant compared to the controly, bat the car-te-car
ditterence o enpanpred wenrht was e logor sipmihicant
Fhe data e oo few for o hingl comparson ot the
cticets o dittenmg doses of adiation o the te ks Sanahity

toonduce tesitane e

Possible complications of mule tick sterility in inducing
resistunce in the host.

Favrior, e had shown that fernade toks treated with |2
hrad dud not ditter convestentlyain mean engorped waght
SUN ol both wexes together,

weadisted Thes were ondy a hittte hghter in weght than
controbyin which hoshseves were untreated. Werepeatad

ifoeither ot were

the expeninent wany ticks winch had recened 24 hrad,
and abo winhed tosee b ther ahihity toamdoce resistanee

Rabhits nos 2 and 3 died hefore the 3rd feed

i the host nught be attedred. We needea also to see if
sterthity e the male mtertered wath the ability of the
terale to feed atter matig, or kater to convert the nlood
meal nto cpes, since these were under
examiation i other expeniments,

Ouly two tabbits were avalable Trradiated and non-
irradiated ticks were fed onthemas shown i table 16, All
temde ticks were werghed wmdiaduadhy betfore use 1
order to select those of good size (2.0-2.¢ 1g) and again
after engorgement. A subssample of 5 was taken at
random from cach combination ot those completing
engorgement on days ¥ and 9 o the feed. Their
production of egpes was weighed and an estimate of the
percentape hateh of larvae from cach cgge batch was
made. Asgle test feed using 100 nymphs was stasted on
cach host 2% days atter the appheation ot the adults 1o
teed. The engorged nymphs were weighed mobulk. The
results sere compared with Crose from the same control

Processes

hosts as 1n the provious expeniment.

Fhe mean wentht of the engorged temales when both
sexes wercrradiated was sigmticantly Tower (PP 0.001)
than if boto sexes were untreated. Trradated females Ld
no ey over s M-day period after enporgement, whereas
all non-uradited temades started oviposition in 5 10 7
divs. However, as expected, the epps bnd by females
mated with radhated males were almost completely
sterile T was wlvo apparent that the host rabbit for the
iradisted temades was as highly resistant to subseqguent
tck mitestition as the one recewving the non-irradiated
temales,

An expernnent is now an progress on riabbits i which
inducnion of resistance to infestation by irradiated and
non-ictadiated teks iy being investigated at 3 levels of
mfestaion,

Table 16, Foeding performance on rabbits by adult £ uppendicutatuys irradiated with 2.4 krad, followed by a test feed with 160

untreated nyophe

Ho Kadietion dese ihrady Foporged temales Nymphe

S 8 Q9 me “ i

mean t S conserston! hateh
boolen o T 24 Myt Ys 0.0
i oroeht (it M 2K 490 .0 2.9
Yottt (1] no K82 54.1 95 2.7
D onehtear RS 0.0 3200 553 1
Dodeltear vontiol 8.1
T onght r.lr} 7.1
» ledtcar coentrol . 7.9
R nght } - 8.4
1-Percentage of the »2g reed weight converted into epps
2



Induced resistance to R. appendiculaius infestation in
cattle in the laboratory

We have already shown that on tick-niive rabbits, adult
K. appendicudatus irrudiated with 24 krad of gamma
radiation, though completely stende, feed to about 2 3ot
the weight of untreated ticks. The duration of the feed 1y
also extended, which nught be advantageous since we eie
dealing with antigens injected inta the host through the
tick saliva during feeding (type | resistance). In collabo-
ration  with colleagues at the Kenya Agricultural
Research Inatitute, (KARE) Muguga, we also showed
that in cattle resistunt to ¢ uppendiculatus. there s
interference with the trinsmission of East Coast Fever,
The objective of the present work is to render cattle type
L-resistant for use in further FCE transnission studies,
and forusen field experiments to controlicks by means
of resistant cattle

I'wo year-old Boran cattle were bought tromaranchin
Laikspia District where s aormally oo dry for K.
appendiculanus and where fhetenia parva (causative
organism of ECE) isalso absent. A random sample of 5
animals was tested and found to bescrologically negatve
for I parva Fhese were placed mstalls and used tor the
following expeniment using adult ticksieridiated with 2.4
hrad

Dav 0, Isttest teed

Dy 14 teea SO0 rrradiated adults on cach car

Das

Pay 3o

Dy

Dav 114, dth et teed

L 2nd tes teed
d rest feed
TS, teed 2500ntadiated adulis on cach car

The results summanized in table 17 show that some
degree of ressstance wis engendered The meanengorged
weght stpmteantly (0 0.05) the cattle
results are also compared with the pooled control rinbbit
results, When indisdual cattle were examined for the
first and tourth tests, 1wt appeased that one anumal had
farled to develop resistance. There was an increase in the
mean engorged weight of the test nymphs on this aniid,
whiereas on the reminning four animals a mean reduciion
of 321

The mean duration of the test feeds vaned from 6%
days in the second teed o 1HT7 days ia the third feed
Envitonmental temperature known to allect the

decreased

mn engorged nymphal werzht was repistered

N
Table 17, Deselopment of Type 1 resistance to ticks in cattle.

Ist teed @day 0y

duration of the nymphal feed, but notto the extent shown
here. Mean duration to first engorged nymphal
detachment was alvo caleulated for cach feed and was
tound to be highly correlated (r +0.95) with the mean
duration of the feed, indicating that sore controlling
factor wis at work casly in the teed.

FIFED AEST 1O ASSESS CALILE HOSTRESISTANCE TO
KOAPPENDICUT 4TS

21 ode Cavro. /M Neason

A field testas essential for studies on natural or artificial
host-resistance to tcks.

With single-host tieks ke 1 nucroply, this test is
cariied out by applying a known number of larvae on the
ammals and subsequently counting the number of females
between 4.5 and 8 mm in length from day 18 to 22. The
application of 100 nymphs (NN) of R. appendiculatus on
one car of cattle or rabbit has been previously used in the
laboratory to assess resistance. In the course of an on-
going cxperunent, cattle, believed to be susceptible to R
appendiculatus, were brought to Intona Ranch and the
1000 NN test performed on them to evaluate their
resistincee stitus,

Fifteen  cattle, up then  regularly dipped in
quintiophos (Bacdip, Biyer ELAL Ltd)), were washed with
detergent on 3 successive days and their cars thoroughly
cleaned and chipped. Earbags, made of nylon monofif of
23 o pore size, were applied to the cars with the use of
chloroprene glue. Nymphs from the tick colony at
Muguga were transported to the field by placing the tubes
an wet sand 1 a polysterene box, The results of the test
and a comparison between right and left cars are
presented i table 18, 1t can be seen that no significant
difterences were observed between the cars, and the
ammals appeared to be R appendicularus-susceptible,

to

A few carbags were lost and, although immediately
iepliced, this may explain the relatively low percentage
ot cogorged nymphs recovered. The weather wis hotand
the ticks were drving within the carbags. The bags were
theretore opened twice a day (1000 and 1500 hours)
instead of a sigle collection at 0900 hours as in the
laboratory.

Cattle staved on pasture all the time, except during
heavy rans whenthey were put under cover. They did not

7 4!)! "(‘{'(l‘(}lji\" L|~$)

AR fied my days tiled mng
Five cattle KEt0S 92ty X9H0.d 789419 K1.3toq 6.741.5
(S (5 (5) (5) [R)] (5)
Twa rahbe contioby 17000 KSat)ag 944104 LRERIR 95.0¢ |4 98505
(] (4] 1) () ) (2)
Cattle-ted
NN a5 of contrals ! 1t 9 9 149 K9 7
Min ' C 0K 1.6
Max “( 232 24K
Notes

1-Pooled data from 7 control rebbits only (one died during 2rd feed)

Mean rerults (1 8D) for engurged ticks in test feeds with 100 nymphs (NN), sample size in brackets

¥eeds of irradiated adulty (equal numbere of each sex) were started on day 14

(1,000 ticks per host) and day 75 (500 ticks per bost). Mean environmental temperatures sve given for the first 4 days of each feed
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Tahle 18, Results of 100 NN tests cargicd out on cattle in the field;
comparison through s paired sample 't test of eesults on vight and
left ear

Iiwtt car lett e
NMean oS Mean N
Procentane
cnpotdd [ETR IR T (RN 0INS
Mean woicht o IR TN EERATIN 12NN
Mean Nooobdae Pion) 100 06 NS

Crithcab salue of Cwith Todl s LY (1P <0.

show discomtort s inmediateis atter carbay and tek
apphoaton they vrazed norondly

Fh vest has been shown as arelieble and asctul way ot
assensiny resistanee to 3host ticks o the hield It can ne
used unub g serological test s deseloped
OB PO INEESTATION G

|[NERE Vidd

[ BRI

Most ol the voorh to assess theetbect of Gok intestation on
cattle hae been carnied ot an Nvstadee tor B roplus
with little o a0 wark done on this oroblem i Fast
Aloa

A stdy ot the ettect of aitthioad intestation with the
Brown Lar ook K appendiularas o cattle was follow ed
citect of tiek challenge on

b Beld taad to asess e

Botan tHos pndecon cattie i an FCEF endemie area of
Kenya

Aritfwaal papestanions sl R appendiculatos Thaee
sl proups of 10 cattle cach S to b monthy of age,
s, one rionp waeinlested with 200

were wswed For

male and 200 temale Shetena-tiee 2 appendicidann
CHOO-tek ropy and anerher goaap recened 20 mades
and 20 fenalocescroweea 0 tick proupy The third tick -
free vroup acted aa control (0-aek yroupy T he ananals
weresweiphied and bled once g week and the ticks counted
ondavs Dand Satter ek apphcation

Althoupn the two tick-mfested pronps showed lower
than the controb at the end ot the

wenrht vains

Infestation, the diftecence was not sigmbicant Thas may
have been duee o hugh vanabidity within treatment
groups Moredetalod analsses demonstrated that dunmng
weeks Lo P2 the pereent weight i swas sipminicantly
lower i ok antestod sroups than an the controls ( Table
19)

Hacmoslobin caoncentration rHb) and packed cel)
volume (PCV) satue
ammals, hut noomarked trends were observed o either
red biood cell {RBC) or white blood cell (WBC) counts

were generaily higher m control

The pricentage o tcks feeding on dany 2did not difier
signrhicantly between the 2 eroups of catthe However, by

Luble 19. Results of Sactor analyses of variance on the percen-
tuge weight  gain of three groups of cattle over four consecutive
siv-week periods

Moan percantage weipht paim

Controls A-nck S0-tick
Weeks | -6 AN 21 7h 22.4b
Weeds 7412 ot 151 15.7
Weebs 1V 18 to 7 (R 10.2
Weeks 1928 "N i

10.8

Numbers followed by ditfesent letters, significuntly different

day 3 a sigmiticantty higher percentage ol the females of
the 40-tuck group remaimed sttached than ot the 400-tick
group, bl 36) 5.6 (P<70.05), with a higher overall
pereentiage of ticks teeding duriog weeks 1 ta 6 than in
any other period (Tables 20 and 21). The animals werc
notreswtant to Roappendscubaris before the experiment
started but had developed resistance by the time the work
was completed Chable 20)0 Tus was the fist attempt to
assess the effect ot adult B appendicudans infestation on
Inewereht gan ot cattle under hnown levels of tick
mfestation

Lable 20. Mean numbers and percentages of R. uppendiculatus
females feeding on the 40ick group of cattle on days 2and §
after infestation

Dy 2 Day §
Suamber U over total Numher 2 over total
Poriod teeding apphed teeding apphied
Weeks -6 (] ks (RR)] 55
Wecks g2 14k s K.X 44
Weebs o s It s bR R.2 41
Woeeks 19 2y EE)

Iten NS 8K

Lable 21 Mean numbers and pesceatages of R. appendiculatus
females feeding on the $00-tick group of cattle on days 2and §
after infestution

Dy 2
Number O over total - Number U7 over total
Perod toeding apphied teeding apphied
Werks 1.6 1663 i SK7 29
Weeks 7o 12 1658 £1 526 26
Weebs 13- 8t 2 Kl 44.5 22
Weeks 19024 16493 XS 49K 25

I'he combination of factors such as a good feeding
regime and the development of host resistance to ticks (in
which grooning played an important part) may explain
why cattle sutfered from tick effects at the beginning of
the tnad and later recovered.

Fable 22 Results of one-way analyses of sariance of the results of 100 nymphal tests performed with R. appendicutatus on three

experimentud groups of cattle Yefore and after tick infestution

Perorntive engotyed

0ok BRI LTI [N
Hetore b 03 914 6 NS
Alter gy it o sh 51 170

Notes. Numbers followed by ditferent letter, are significantly different

*P0.08 e pnom

Mean engorged weight
40-tick

tick

(F(2,27)
921 67?2 T “LA)VIT‘) -“7”_1:7—-];1;—-—
Ty g s14b 56.2 12,28v¢

Resulty expressed us percertage of results abtained an control rabbits
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Suppressed immune responses in tick-infested cattle,
Lymphocyte reactivity in the cattle described above, was
tested by assaying tramformation responses to
concenavabin A (Con A). Altantmals were tested on fve
occasions throughout the six-month period of the tnal.
Eleven inaidents ot fow responsiveness to Con A were
wWdentificd, as shown in table 23 No lowered responses
were detected after ten weeks,

‘Table 2). Lymphocyte proliferution responses tu Concanayafin
A
Weeks

Cattle group
: ‘ T N E R LR
Cont,ols ) L e T
40k FRRn] 197
S SH6 S
5349 554 540
SO0 1k 401 TR St

* Reduced responises: 000 counts per minote, combined with a
stimutation ratio of << 1500 aninstiad and repeated test within |
week, Generalls lymphaocytes gave mean counts of about 54,000
C.PM and S/R of 60

Hdentification numbers of individual cattle

Foassess the etect of infestation on the induction of a
primary ammune response to anigen, the cattle were
moculiated with duck red blood cells (DRBC). One third
of cach group swas anfected at monthly itervals after
infestation, thus assessing status at 4, 8 and 12 weeks.
Delayed type hypersensitivity (DTH) 1o DRBC was
assessed after moculstion, and hacmagglutination titres
were weekhy basts. Reduced DIH
responses amony the tick-infested group, as compared
the control group, were seen n those animals
inoculated at & weeks, but at 12 weeks.
Haeragelutination antibody tittes were higher in the
contiol ammals inoculated with DRBC at $and 8 weeks,
but notat 2 weeks. Teassess the effect of dek infestation
i the developmient of immune response, all cattle were
vaccinated with S 19 Sirucella viseeine, one week before
tick mfestanon. Hall the anunals in cach group were
revaccinated at 2 months, the remainder at 4 months.
D EH brucellerzen was assaved 30 davs after the second
moculation. foucella apgloinatnion titres were assayed
weehly. Cattle incentated at 2 months showed differences
i DIH responses between the infested and control
groups. Infested proups had lowered responses. All
antmals imoculated at 4 months responded in o similar
manner

Masimum Bricella agelutination ttres did not differ
between grouaps betore revacanation, though titres were
generally maintiuned longer in the control group. After
revaccaination at 2 months, the masimum mean titres of
the control group were twice those of theinfested groups,
and again responses were more prolonged in the control
group.

Itappeis then, that sporadic and temporary immuno-
suppression oceurs during R, appendiculatus infestation
and that tius happens quite carly during tick challenge.

Field tréal to assess the effect of tick infestation on
cattle immunized against theileriosis. ‘The study on the
effect of tick infestation on cattle immunized against
theileriosis was carried out at Intona Ranch in the

medasured on o
tar

nuot Or
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Transtnara Division of Narok District in Kenya. Twenty
Boran heifers were immunized against theileriosis by
infection with local strains of Theileria parva parva, T.
parva lawrencei and T, mutans, followed by treatment
with parvaquone (Clexon, Wellcome Kenya 1.td.) on day
12 after infection.

Acaricidal treatment using toxaphere (Coopertox,
Wellcome Kenya Ltd.) was administered to one group of
12 cattle every week, leaving the remaining group of 8
untreated. All cattle were weighed and bled every week
and hali-body adult tick counts recorded. Table 24 shows
the tick species found on the cattle, in order of
abundance.

Tuble 24. Estimated mean weekly total adult tick fvads, derived
from caunts of hoth ears plus half-body counts x 2

Lick species Undipped Dipped
R oappendu ulatin 484 139
Amblvoanu spp 158 .4
0 decoloratn 6t 0.2
Koeverin 22
1OTAL 151

By the end of the trial, dipped cattle had gained
signiticantly more weight than the undiy ped group t =
2,45, P70.05 (Table 25), equivalent 10 0.55 kg per animal
per week. There was a significant positive correlation
between mean adult counts and difference in weight gain
between the dipped and undipped cattle (Fig. 1),

Difference m net weight gain (kg)

2
L]

y==7.99+0.145x
]

3

50 100
Difference In tolal tick counts

Figure 1. Regression of difference in weight guin on difference in total
tick count per 3-week period. Nine perlods are considered. F(1,7) = 10.3;
P-0.08)



CGienerally, lower values of Ho, PCV, RBC, and WBC
counts were recorded in the uadipped cattle but none of
these was significant,

Table 25 Changes in mean body weight of undipped and
dipped cuttle

Persond Uadipped Dipped
Mean kgt S E Mean gy N 1
Week 0 24 MR R
Week 10 207882 Wit 4t 6o
Week 20 [IRNTRE I W7 S8
Week ) 2770 A M2
Grain qweehsy b 3o I e

*Difference between undipped and dipped cul!lr’:u‘niﬁcx;l’lll_\
differentt 247, P <005

As i resolt of recent improvemients in mmmusnization
technrques against thederiosts, 10 was possibife to assess
the duect eltects of ek mtesttion on the prodoctivity ot
cattle in the held

The tal showed taat ter the area concerned, and
under the nek challenge descnbed, dipping had o
benehicial ettect on wereht pam estimated at 78 g per
winnal per dasv Althourh we cannot extrapolate these
results to other wieas, thes sugpest that, in the abseoce ot
tck-borne diseases, the ceonomie thieshold for tick
Fast Mo conld be unproved by aomore

rattonal use of acancdes

control 1n

KESISTANCE INDECHD BY T ABORANTORY AND
PIEL D DERINED i N et oy

i

ey

Maore work was carrred aut dunng the period under
review toanvestizade the development of host resistance
induced by Laboratory and tield-detived R, appendhen-
faties strans, separately Fourmfestations of SO0 tarvae
ot cach strnn were applicd successnely on cach of 5
rabhits. The two stinns were then compared on the basis
of the rate ot development and level ol host resistance
attined. A testinvolang intestation with 100 Larvae and
50 nymphs of one steun on one car of cach rabbit and a
stmmilar ot of the other strin on the other carwas carried
outalter the fourth mtestavon. The sime procedure was
used tor ny:inph intestations.

[wo observations were made of larval infestations
(Lable 26). The tirst one was that while the ticld-derived
Tahle 26. Meun weight and precentage (45E) of larvae engorging

on rabhits prevlously successively Infested with 500 larvae of
Narok strain and lahoratory strain.

“obed Mean weght fmyn

Inestation Fab stion Narok stiun Lab stn Sarok strun

First RITRUR I] METUL 200t nsatnn
Seved [ T IO 048 00 nasioo?
Third ERNTANTE SROTGO 0300002 04K 002
Fourth Vrnr s sy (IR AR IS TN TR

Narok larvac fed at a lower pereentage on susceptible
hosts (fiest intestationy they showed a lower rate of
development of host resistance with respect to pereentage
fed, such that at the fourth infestation, twice as many
Narok larvac fed as the laboratory larvae. The
second observation was that the mean engorged weight of
the Narok larvac on susceptible hosts was significantly
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higher (P<0.01) than that of the laboratory larvae and
remained 50 through successive infestations. The nymph
infestations gave similir results (Tiable 27).

Lable 270 Meun weight and percentage ('S Fy of nymphs
engorging when rabbits wese suceesively infested with S0

nymphis of two straing

led Mean wephit (mp)
Iotestation bab o stian Narab stnen Tab stoan Narob stian
st Sl AETUS QOUrtip 2y QR 28
Second X KK SEDD J060 Y 6 l4t09)
Third RSt R0 dT de2rodn doebtodd
tourth Ty vy ES0I0 0 UKL 46210436

Whenall the <abbits viere tested for resistance against
both strisis, oty as noted that while the fabotatory Lirvae
ted as wel onrabbits previously infested with lanvae off
the same strain as on those indested with Narok larvie
(Table 28), the Navok Livace ted to signilicantly heavier
weights (P70.05) an rabbits previousls ifested with
laboratory larvace than on those infested with their own
strinns Lhe pereentage of Tarvae teeding in this test were
alsashpghtly higher. Test Narok nvmphs behaved similariy
as opposed to laboratory nymphs, Testwith nymphs gave
stmilar results but 1o a lesser extent (Table 29).

Fable 28, Mean weight and percentage (1 S 'y of test lursse und

nymphs engorging on rabbits after 4 infestations with $00

larvae of two strains

Intested with Narok
stran Tirvae

Infested with Lah
stran darvae

lost ticks .
feted wt () “ted Wi (mg

Lab davae 3402110 0d0ip0d xSt Ls 0401040

Narok e 767070 085V 00b auSTIRS  042140.05

Tab nanphs 90 71 | 544902 uno .0 o200

Naroh

nymphs T s S s LRRTRE RA1] 59110,

Fable 29 Mean weight and percentage (°8 L) of test larvae and
nymphs engorging on rabbits after 4 infestations with 50
nyn phs of two strains

Rabbits infested wath
Natob strnn nviphis

Rabbits infested with
Labh stren nviphs

oted wt (my) O fed Wt (myg)
Lab lanvae 460064 0341004 SO% 51 0350001
Nk Livie SS502S5 0 020004 710050 0421002
Lab mumphs 605000 4990042 930120 3642035

Alter the test nymphs had moulted. the scutal lengths
of the emerging adults were measured. [t was roted that
for bath strains the male scutal leagths were significantly
more virtble (P-20.01) when the pymphs had fed on
rabbits previousty infested with larvae or nymphs of a
ditferent stramn. The seutal lengths of the males from
Narok nymphs were even more variable (P<0.001) than
laboratory males when the nymphs had fed on rabbits
infested with laboratory larvae or nymphs. T he data for
the female ticks were not se clearly defined, possibly
because Jemale tick size is much less affected by host-
resistiance.

On the basis of the results ohtained so far. it is to be
noted that field-derived Narok strain was superior to the
luboratory strain in terms of survival on hosts made
resistant to both strains, much more so at a medium level
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of host resistance. The increased variability of tick size
when nymphs fed on hosts previously infested with
another striun s an indication of inherent diffetences in
the antigens injected by the different tick steains during
feeding.

DEVELOPMENT AND SURVIVAL OF B APPESIHCULATEY
UNDER DMEFERENT FIELD CONDUHONS

DK Punmiveua

As indicated 1n last year's repoert, studies have been
carried out <1 the development and survival of the tick R,
dappendicu: :ooat the Transmara Oivision of Narok
District 2ang ot Mbita Point Field Station of South
Nyanza District, Kenya.

Phe Transmara area has a medium altitude (1600 m)
with very high ramfall, while Mbita Point Field Staticn
has o fake shore atutude (1230 5 but low raintall. The
speaes, howeser, s tound under both these conditions.

Fogorged ticks of all stages (larvae, nymphs and
tensales) were exposed under ficld  conditions  and
illowed to camplete development under these conditiops
which are caretully monitored.

Fable 30. Developient perinds of tick K. appendiculatus at the
Transmara Division, Nurok District, during 1984

Nvon e Fyy Tarva Nymphal
ovnasition hateh moult amount

Februany ddass Tweeks  Nosample LRIYTON

Mateh A adfans Twreks Jwcechs tweeks
April iy snple Tweeks Yuweehs

damaped
S
Lugie fodans Tuecks Vuwecks

While the study has just been started at Mbita Pomt
Freld Station, the work was started at the Transmara in
February 1984 The results are showa on tables 30and 31,

Lable M Survival of Rhipicephalus appendiculatus at the
Fansmara Division, Narok

Manch o Apnd hS K fune tuly
\efaalts Erimoulted foor 9Rey; U1 Wy
Noomphe Unmoulted 95, AT, a0 NI

MCOUIRED RESISTANCE IN RABBIIS IMMUNIZED WITH
CREDEMIDGUT HOMOGGENATEAND FRACHONTPROTEIN
OF MIDhGH T

CA U Mango, M P Cunmenpdam, C A Aeanyo

Groups of rabbits were noculated with cither crude
madgut homogenate or Fraction | protein of midgut
fracttonated  through  Sephadex G-100. They  were
regularly  boosted and  test-bled and tested for
precipitating  antibodies using  Quchterlony  method,
When a “troag preapitin reaction was observed, after §
months and 4 months, rabbits immunized with crude
madgut and Fraction 1 protein - were  challenged
respectively with 35 female and 35 male ticks on one car
and 104 nymphs and 200 larvae on the other car.
Observations were made on engorged weights of adult
females, nymphs and larvac, mortality, weight of egg
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masses proda.=d by females and finally the percent
hatckability of the egps.

One monthafter first challenge, u second challenge was
done, the rabbits having been boosted once between the
challznges. A third challenge was done two months after
the second one, two boosters having been administered
and similar observations made,

Crude midgut homogenate

Engorged weights, she mean fed weight of adult
temales during the fust challenge was 2947 £ 8.1 and
dropped to 4.1 2 13.6 and decreased further to 474 £9
my during the second and third challenge respectively,
On the other hand, the mean fed weight of female ticks
fed oncontrol rabbits were 401 1.5 2and 385.5+ 129 mg
during the st and  third  challenge  respectively.
Unfortunately there were no controbs during the second
challenge.

Fhe mean engorged nymphai weights ot ticks led on
immunized rabbits dropped from 8.8 £ 0.1 10 4.5 £ 0.2
and 4.0 % 0.4 mg per nymph duning the fivst, second and
third challenge respectively compared to those fed on
control rabbits of 9.9 & 0.4 and 9.7 & 0.2 mg;nymph
during the first and third challenge respectively.

The mean Lieval fed weights also decreased from 0.58 £
0.01, to 0.34 £ 0.03 mg during the three challenges,
compared 16 0.62 1 0.08 and 0.54 2 0.01 mg for control
ticks during the first and third challenge,

Lyg production. The highest means were achieved
during the first challenge (1458 & 7.3 mg per tick)
followed by a sharp drop to 28.0 £ 5.7 mp/ tick during the
second and lowest in the third challenge of 154 & 3.3
myg-tick, On the other hand, the control ticks had mean
weights of 212,01 £ Sd mg and 1822 & 1.6 mg/tick
durmg the first and third challenges respectively.

Hatchability, The percentage hatchability of epgs
resubting trom feeding an immunized rabbits was 68.27
+ 28 and S1.400 1 7.2 as compared to 80.00; £ 2.0 for
ticks led on control rahbits, during the first challenge.
Unfortupately, we did not have controls during the
second challenge.

Morraliny: The mean percent mortality among adult
tieks led on immunized rabbits during the three
challenges are 18.26; 4 6.3, .20 5.3 and 28,65, + 6.3
respectively, whereas the ticks fed on control rabbits the
pereent means are 5.70; and 2,97 during the first and
third challeages respectively.

Among nymphal ticks, mortality was low with
percent mean mortalities of 10,87 + 2.7, 6% + 0.6 and
18.6C¢ + 5.1 during the first, second and third chall-nges
respeetively,

I'he larval ticks show a progressive incercase of
maortahity percent of 20075 2 3.1, during the first, 34.70 &
5.5, during the second and 44,007 & 5.1, during the third
challenge. The mortality among the control larvae was
13,40, £ 6.5 during the first and 6.607 + 0.6 duing the
third challenge.

These results show that rabbits immunized with crude
midgut homogenate acquire resistance which s
mazafested in reduction of fed-weight in adult females
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and their egg output during the first challenge. During
subsequent challenges (2 and 3), thereis a great reduction
i fed weights of adult fanales, nvmphs and lanvace.
Among the female ticks, the reduced fed-weight result in
reduced epg output as well as hatchability. There s zlso
increased mortality among ticks fed on immmunized
rabbits compared to those fed on controls.

Results of Fruction § proteln of midaut

Fngorged werghes, On st chiallenge, the ueks ted on
immunized rabbits took farge blood meals of mean
weights 370.7 mg 2 34.7. However, onsecond challenge
the mean fed werght telb drastically to €4 3 mg 2 11.2 per
female tuck. The nvmphal tucks did not show reduced
mean fed weight on the tinst challenge (8.6 mg + 0.3), on
second challenge, the nymphal mean ted weght dropped
considerably to nearly halt (A8 mp + 0.2)

The Lirval mean werght saglarly wirs normad on first
challenge, 047 my + O 1 and dropped 10039 mg * 0.01
duniag the sccond challenge

Feg producion O the hust challenge, egg production
wits Tow T35 4 my ¢+ 15,7 per nek, onsecond challenye it
wits very much reduced to 27.3 myg ¢ S8 per temale,
compared to 1720 mp 163 per control lemale

Hatchabiduy - The percent hatchability ol eggs of ticky
fed on immunized rabbis during the first challenge
wis 4860 0 10S compared to 7517 among control
ticks

Mortaliny. Ine mean percent mortality among the
adult temale fed on immumized rabhits during the first
and second challenges are 30490 and 49.607 compared
to 717 tor the control ticks, Among the nymphad ticks
there docs not seem to be a pattern. The means were
61.57 and 14970 as compured to 15 and sero in
conteols  duntng  the  tiest and challenges
respectively. Within the larval ticks, the mean mortality
rate recorded s 6897 and 40077 compared to 2977 and
9.4¢7 in controls duning the first and second chatlenge.

The results show that Fraction I protein of tick midgut
when used toimmunize rabbits resultein resistance which
causes adverse effects to ticks fed on the rabbits, The
resniting cffects are reduction in hlood intake which in

second

twrn results i reduced reproduction and  egg
hatchabihity. Also, all stages of ticks feeding on
immunized  rabbits  cxpericnce  higher  mortality

compared to the control ticks. Fraction | protein shows
improved adverse celfects compared to crude midgut
homuogenate. Therefore 1t s to be puritied further and
used for imimumzation.

IMMUNOGENICETY AND PARTIAL CHARACTERIZATION
OF AN FMUERYONIC HCX CEPE LINE FROM
RoAPPENDICULATTS

MO Nvondo, £ Dhadalla, 1 A0

In the previous annual report it was stated that an
embryonic  cell line from R appendiculatus was
established  from egps. 21 davs  post-oviposition.

However, this cell line did not grow fast enough to
provide sufficient antigen to be used for experimental
purposes. Another cell line has recently been established
from eggs, 18 days post-ovipasition, which has a high cell
turn over (doubling tune anterval lrom 48 to 72 h). This
cell line, Jike the previous one, consists of 2 cell types:
fibroblist-like and epithelial-like.

A soluble antigen was prepared from the cell line. It
wis injected into rabbits after emulsifying in Freund's
complete adjuvant, One booster injection of the antigen
in Freund’s meomplete adjuvant was administered 36
diys later. A second booster was givenin the incomplete
adjuvant 3 weeks tater. The rabbit wis Wed 14 days later
for immune serum, A double immunodiffusion test was
set up using the immune serum against the following
antig=ns froin R, appendicudatus 2« shown on figure 2:
Vitellin (a), soluble antigen from the cell line (b), protein
extract from adult fed female ticks (¢). egg extract (d),
midgut (e), saline (f) was used as conuol. As shown in
figure 2 the immune serumagainst the cell culture seluble
antigen reacted against all antigens of R, appendiculatus
tested. No explanation for the reaction between whole
tick homogenate and the cell cultere solubic antigen can
he given at present,

Figure 2. Results of double immunodiffusion test between the antiserum
against cell cutture antigen and different antigens.

Tre IgG fraction of the immune serum was conjugated
with fluorescein isothiocyanate and the conjugate was
applied onto the tick cells grown on coverslips. The
results of  the direct  immunofluorescent  staining
confirmed the presence of 2 cell types as revealed by ligin
microscopy. The epithelial-like cells stained more
intensely than the fibroblast-like cells.

The existence of the 2 cell types was further confirmed
by the transmission ¢lectron microscopy.
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‘Medical Vectors
Research Programme

During the vear 1984, Medical Vectors Researdchy Programme continued 1o focus
s activaties on the epidemiology of leishmaniasis, The major areas of activities

were as Jollows:

In Maringo where the existence of both visceral and cutaneous leishmaniasis

has been established.

In Mount Elgon area. studies of Phlebotomus pedifer and Phlebotomus
aculeatus were carried out. These two species of philebotomine sandflies are
undistinguishable in the female forms through ordinary morphological
chuaracters.

In Machakos and Kina leishmaniasis foci, investigations were continued
on hraeding sites and sandfly taxonomy:,

In the laboratory, the ost-parasite relationships, parasite identification
through isoenzvme technigues and vector studies through biochemical and
isoenzvme techniques weee carried out.

A PhD student concluded his investigations on the ecology of Anopheles
maosquitoes and i in the process of writing up his ihesis.

The programme was involved in collaborative investigation with the
CHRU on a natural plamt extract which showed some potential in the
control of leishmaniasis,

In these areas ol wmvesugations, the proccamme made some significant

achievements which are highlighted in this 1. p.ort.

FRIDEMIOPOGICAT INVESTIGATIONS OF T VISHMANIASES

Aaraan, £0 Kvar, DM Omaogo, 1 Mwandandu,
7 Ndambik

M Munng et

Breeding sites of pidebotomine sandfives

The breeding sites of phlchotonine  sandflies were
intensively anvestigated. Teomite hills and animial
burrows were caielully excavited and soil .wamples taken
atspeatic depths of these nickies. These were incubated in
the laboratory 10 contiuners  with an  area of
approxmately 660 cm’. The samples were vigorously
agitated and searched to ensure that there were no adult
flics. These samples were then maintained at specific
humidity and temperature. They “were covered first with
tine mesh cloth neting then with black polythene
sheeting to maintain darkriess. Moisture was maintained
by .prinkling water on the soil. Containers were
examined mormngs and cvemngs for adult {lies.
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Table 32 summarizes the number of species that
cemerged from soil samples taken from 4 animal burrows,
Ten species of sandflies were isolated (Phlebotomus
martini, Sergentomyia antennatus, S. bedfordi, S.
ingrami, S. africanus, S. clydei, S. adlers, S. affinis, S.
schwetzi, S, graingeri. Sex ratio (184 females and 266
males) is also shown in this 1 ble, The percent prevalence
of the various specics shows S. arrennatus and S. ingrami
with the highest prevalence, 47.330¢ and  35.56%
vespectively 8. adleri, S, selwerzioand S, graingeri were
the least prevalent, 0.092,

Table 33 gives the summary of various species of
sandflies that emerged from soil samples obtained from
two termite hills. Nine species were recorded having
emerged from these soil samples. There were 57 females
and 62 males. The most prevalent species that emerged
were 8. antennatus (50.429¢) and S. ingrami (24.37%).
The least prevalent species was S, affinis (0.01%;.
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Table 32 Specles, number, sev and percent emergence of

sandflies from four animul burrows. Marigat, March-May 1984
Percem

Speuies total Femaic Mide  composition

N aniennatin M1 9% 11s 470

N hedtord R 16 11 t 00

N oerami 1e4) 02 R1 15.56

S recanin i t 4 | 56

S e N 2 ki) 71

S wdlens | ! 0 BTN

AT A 2 1 001

N owhwet ] Y] | ({02

N wraineent i ( | ) 1K)

P opvartem 5 il h] (RN

fotad 450 1K 166 9% 69

Undentitied f

Lable 33 Specien, number, sex and percent prevalence of
vandflies cmerging from termite hills soil samples

Pereent

Speoies Totad - Yemale  Male composition
S antennatte [ 1] 29 042
N hedtend x < i 6.72
S drnerar ) 13 1t 2437
N oatrrcanin 1 . 2 003
N hdes 9 M 7 756
N wdhon 3 i §} 0.0}
S i | { ( (.01
S sodwern 2 {) I 002
P ot 4 i b} 0.01
Lot Lo 57 (1% kY 19
I nndenntied |

Hunt prevalence studies

Experiments on host preference using various animal
buits hive presiowsly been carried outin Kenya by ICIPE
sacntists The general conclusion by these workers was
that £ mdirttns and S warnhami prefer reptilian hosts.
Fhese studies were, howeser, conducted in the luboratory
wsigt sandflies wineh had been captured the nicht before
the cuperiment

A udy designed to sbuerve natural behaviour of
sandtlv species e therr natural restung siies, the animal
burraws i Margat, was designed (o alford phleboto-
mune sandihes equal accessibility to various hosts for 6
months, January-June 1984, 1n order to quantify host
selection and determine host preference.

A pielimunary survey of feedig habits of various
species way conducted in Marigat, using sandflies trap-
ped from termte hill ventillation shafts. The engorged
temale thes were washed in detergent saline and the heads
severed and preserved fur identification. The rest of the

body was placed in a gellatine capsule and sent to Imperial
College, Silwood Park, UK, for blood meal identification.

A dog, a goat, chickens, lizards, r=ts and a mongoose
were used in cach trup. These were placed inside a cage
and covered by a clear polythene sheet coated with castor
oit to trap sandflics which were attracted to the animal
bait. The open end of the cage was placed facing the
animal burrows so that flies could be attracted 1o the host
and possibly enter to feed apd be trapped in the process of
cither getting inside or leaving after fecding. A control
trap without a buit was set up in the same way,

The traps were set up in the evening at 1830 hours and
flies which had been trapped over the night were collected
in the mornings at 0700 hours. The flies were then taken
to the field laboratory where they were washed in
detergent rdine and mounted on glass slides and
identified into species.

The flies which were freshly fed on the bait were
recarded after identification into species to determine the
number of flies that actually fed on the animal bait. Table
34 summarizes results of blood meal analysis of flies trap-
ped from termite hills ventillation shafts. Three £, martini
fed on bovid hosts, | on mammal, Jon dogand 3on reptile.
In general the Sergentomyia species fed mainly on
repulian hosts the only exception bemng where 1 S,
antennatus fed on a dpg and 1.8, sefiwerzi fed on bovid
and mammal baits,

Various hosts, including mammalian, avian, and
teptilian, revealed different attraction to different specied
of sandilies. Ten species of sandflies were investigated
during these experiments and included the already
incriminated vector of visceral leishminiasis, P. martini,
the vector of Leiswmania major, P. duboscqi, and other
groups belonging ta the Sergentomyia genus.

Sandfly colory

It has been possible to study the biology of several specices
of sandflies and to colorize several species including
Sergentontvia vie S ngrami, S, schwerzi, S, antennaiys,
Soclvded, and S, bedford, Our sandfly colony rcared
vanous species of phlebotomine sandflies, Because of
lack of proper environmental chambers, it was difficult to
colonize the more delicate species like P. martini, P, pedi-
fer. P.elgonensis and S. garnhami, but we have recently
purchased environmental chambers and have vigorously
embarked on colonization of these. Dr, T. Gemetchu
who joined the Programme in October 1984 is in charge
ol 4 programme to rear and colonize the difficult species.,
Durning this period 1240 sandflies were issued to scientists
lor experiments within the programmnie.

Table 4. Blood meal and analysis of sundflies trapped using suction tube from termite hill ventilation shafts in Marigat, Baringo District

Specien Bovid Mammal Dog Reptile Negative Total
P mariny 3 1 3 R] 7 17
S oanterngtis ! S0 20 71
S hedrond 2 2 4
¥ schwern { ! kY n 61
N africanis [} 7 22
Tatal 4 2 4 102 63 175



http:yt'nc.tl

ARTIFICIAL INFECTION OF SANDELIES WITH
LEISHMANIA DONOVANI

JI Kaddu, M P Nvamorn, K Musyoky

Two years ago when pilot work on the libodstory
colonization of Kenyan sandflies was undertiahen, plans
were inade 1o carry out expenimental transeiission of
leishmania to be able to pinpoint vector sprcios.

In our current studies, the susceptibihity of kaboaatory-
reared sandflies to 1 donovam was investigated.
Sandflies were fed on infected hamsters,

Feeding through a membrane

Sandlhes were fed on detibpnated  hamster blood
contarning culture formy of 1. donovan through
membiane of a1 to 2<day old chick In the absence ot
microcnvironment chamber, the tlies were maintaned in
an oven at 22-26°C with relative hunudity fluctuating
between 40 and W70, and olfered an unhimited supoly
ol apple juce. They were dissected and mictoscopivally
examned lor presence of paziasites on varrous days, atter
the intective teed, vangmy trom day 2 to day 10

Feeding on a hamster

Sandtlies were ted on hamst iy which had been intected
with amastigotes and or pomany culture forms ot/
donovan, Yo 4 months carlier. The e were mamttined
mnan oven and disseeted tor microscopical examination
i the same way s the thes winch were ted through o
membrane. A breakdown of sandthies speaies Ted and
mctoscopeally examined tor the presence of parasites i
givenan table 35 The hamsters on which sandthies ted e
still under observation and henee conclusions cannot be
driswn as to whether oot the ted thes wereable toanect
paarasites

Table Y& Artificral vafestation of suodfies with Leislmania
donovani

Sand ey e tnnsted [hs-cctions

1otai | eted Fed Phrssected

S achwers M s 47 AR 64

Al e BL AR 18
S oanie gt

A N N 1] 1}

Al Pt i ) )
S oomeram: MU e 141 77 M

Al 1 B s ]
S warehann M1 - . ( 4
S varnhanu M . A 0 0
Poclvonena M | ! 0 il
P omaran MU t [ §]

ME Fed through a membrune
AF Fed un hamster
Galy 1.8 ingrami was found parasituemic

Ot the 705 angrann which were fed through a
membrane, promastigotes were found in one sandfly on
diy 2 postanfection In the various species, the flies
which were without demonstrable parasitacmia had
bactenabhinfectioninthe guts. The lack of parasite growth
in the sandfly guts which continned bacteria reaffirms the
antileishmanial effect of bactenia in the sandfly gut.

1S

Investigations are continuing in otder to compile data
based on large numbers of different species of laboratory-
reated sandflies to be able to confirm the susceptibility of
Kenyan sandflies wo 1. donovam.

BIOCHEMICAL CHARACTLRIZATION OF 1 EISHMANIAL
ISOLATES FROM HUMANS AN WILD ANIMALS

HM Okot-hother R Nduturu

In our report last year (1983), we highlighted the
importance of the identification of Lewshmania isolates
trom wild amimals and sandflies, in epidemiological
mvestigations. During that period  basic facilities in
terms of laboratory and in vitro culture methodology
were st bemg estublished to enable us to carry out
identitication studies. Thanks *o those efforts, we have
beer able to move ahead with the work whose results are
beng seported here.

A selected pumber of solates from man and wild
sl and eferenie strnns reproicating the major
eroups ot Leishmania spp were mass-cultured in vitro
tallirnng the procedure seported inast year's annual
report. The tollowing strains were used in the study:

Reference materialy

LRC T

LRC {137

MANIN 80 DDS

MAN ET-83 Belehu; 76,83
LRC 121

I RC 123

nndior .
Maror B
Cdonoyam -
catinepioa -
cadler -

B L ey

S de -

Unidentified isolates

ICIPE 126 from human spleen

1CEPE 140 from a hzard liver

HCTPT IX0 0 from a prenet cat spleen

1CIPE 224 from elephant shrew spleen

CIPE 151 trom a mongoose spleen

ICIPE 172 from a mongoose liver

The mass-cultured  strains were processed for

biochemcal studies by sonicating in the cold in an cqual
volume of phosphate-buffered saline with 1¢7 triton x-
100 (PBS-pH  7.2). One half was treated  with
phenyimethyisulphonyl-fluoride - o proteinase inhibitor-
to  protect proteins from  breaking down  during
processing. This fraction was used for general protein
profile analysis. The other half was not treated and was
used for soenzyme studies following sonication and
centritugation. The supernatants were stored in liguid
mitragen, i the form of 10 gl beads, until required.
Ihe followmg glyveolvtic isoenzymes were used for the

identification ol strains:

Alcohol dehydrogenase (EC 1.1.1.2)

Glucose-t phasphate dehyvdrogenase (EC 1.1.1.49)

Glucosephosphate isomerase (EC 5.3.1.9)

Hexokinase (EC 2.7.1.1)

Isocitrate dehydrogenase (EC 1.1.1.42)

Malate dehydrogenase (EC 1.1.1.37)
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Mualic enzyme (EC 1L L4

Mannose-phosphate sometase (BC 5.3 .8;
Phospiogiacommutase C 178 1)
6-Phosphogluconate dehydrogenase (EC 11144

The extracts were subjectad to soclectrofocusing in
cither agarose or polyacry bumde. All these 10 selected
Isnenzyme systenis comitenthy difterentiated between
straips bigure 3 shows o typical soclectiotocusing
pattern of boenzymes of promastizate cvtiacts from the
fallowing wolates: TCTPE 1260 1400 180 and 224, and
reference materiads, DDS-L donovam, | 19 and 1137

Lomajor and 76 83, 1 acthiopica and 1457, 4 lizard
materis trom Kenya of unknowa identity. The enzymie is

+

8-
o .
LA AT I L
-~ L]
5

| .,:',, . 15‘57 ,é;‘ o} 2;3 JORIANI TS S S

Higure V. Typical soclectrofocusing patternn of  aensymes  of
feshimantal promastigote oxtracts from various isolates. balates,
TOIRE - 126, 140, 180 and 224, Relerence materialv: DDR - [ Lonovarn
[ V19 and 1137, 1 Major and 76, XY, [ arthiopica and 1. 457, 4
liemrd matesia) from Renya o unhnovwa idertity. bazyme: glhucone - 6 -
phasphate dehyvidicgenase. Runmng conditions: 117 agarone, 1500V,
Current mavimum - 13 m A and powrr comtant—15 W

plucose-bophosphate detivdrovenase Runnming
conditiony are b aearase, SOV cortent manunume-
FCOm A and pewer constant [SW o alb 10 socnzyvine
viestene, solates trom s hizand, penet cat and elephant
shiresw Base the wome patterss as those ot EROST T/
Siaror, telerence matern frome o Kensan wild animalby
amd TRO-T 1Y o
cutancons leshimans patientan Baeadly Howeves, the
stnn, aCTPE 1260 volared trons oo s alaaz a patient, Jid
ot b s aey sinchantees n the Weoenzvmes wath the /

Stnudar results

e reterenve nnatetad trone a

donovan reterence matenal trom India

were obtamed  when the extracts were sehjected to

cenctal protemn analvsee Boclectrobweusing of - these
extiacty gave about A0 protan bapds by ) Fhis o
another very promisioeg tool tor strn denttication and

WO T oW WoTRiny on b to anprove on the qu.llll\
Phe extracts trom TCIPE 1ST and 1CIPE 172 olates
from mongooses were tested on one noenzvime system
(socitrate debvdrogenase) and the patterns were tound o
be different from the leshmanial strains included in this
test. These results show that genet cats and clephants
shrews  may  be  potential  reservoirs of  cutancous
lesshmamasis in Kenya and that the Kenyan strain of the
kaluzar causative agent, 1ICIPE 126, i5 not simular to the
Indian strain MANIN 80, DDR. The lizard strin,
ICIPE 140, raises very interesting speculations since it
has the same isoenzyme profiles as L. major. More
studies are underway to ascertan this apparent sirilarity.
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Fipure 4. Isoelectrofocusing of general proteins of the same materials as
in figure 3,

FANONONMIC STUIES BASED ON PHIEBOTOMINE
SANDETIES (DIPTERA PHLEBOTOMIDAE) OF KENYA

1 M Rogo, M Okulo

Research continued durtng this year on the taxonomy of
phicbotonune sandfhies in lashmaniasis endemic areas of
Kenya.

Forty ene species of sandflies, belonging to two
subgencra, Phdebotomus (10 species and one subspecies)
and Sergentony u (30 speeies) exist. Although morpho-
logreal charactenistics have been used to identify most of
these sandfhes, this criterion cannot be used to
distingussh certinn female vectors of cutaneous and
visceral  leishmaniasia from  closely  related  species
(cryptic torms). 2 pedifer and £ eleonensis, P martini, P.
vansomeranae and P.ocelige tespectively, are not casily
ditunguishable using these characteristies. Isoenzyme
analysts and micro-morphological technigues were used
to try and differentiate between these eryptic forms, For
the other sandfly species, morphological characteristics
were used to distinguish them, but a taxonomic review of
Kenyvan sandtlies had to be done because of the absence
of complete taxonomic descriptions of species in this
region and the absence of up-to-date identisication keys.
{his therefore necessitated complete measurements of
Kenyan  sandflies, which  have been used for a
redeseription and construction of an identification key
for Kenyan sandflics,

Isoenzyme analysis of cryptic forms

This involved specific detection of cnzymes following
clectropboresis on 10¢5 starch gel supporting matrix,
The thorax and abdomen of single flics were
homogenized witha glass rod in § gl deionized water ina
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microtitre plate. Lhe homugenites wereapplied to the el
using anchor threads and electrophoresed at a constant
voltage (J00V). Stasng procedure followed recipes ot
Harrs and Hophinson

In the P pediter proup, 14 ensymes hase been
examined lor individual sandfies Of these 10 were
detected with varyving degrees of success and four of these
have been found 1o be diagnostic enzymes tor this group.
The enzymic ditterences oceurnng i this group may be
uselul i difterentiating P pedifer trom P acudeatin
during epidemiotogicai studies 1n cutiancous
leshmansisis endenne arcas of Kenya whete these species
occur sympatrically.

In the P omarton group, members ot the group,
especially I vamomeranae, and P celiae are very scarce
in the widd. The avalability of these species was made
even more ditheult by the tact that all gravid females
obtained from the wild and reared 1n the laboratory
produced only P onarime (sensu stictoy males and
femades Hecause of the ranty of the two species, it was
ditficult to compaze them using several enzymes,
Therctore, ¥ oenzymes which were tound to be diagnastic
forthe P oediter group were used to try and characterize
the tew avaibable specimens of this group, Only one
cnzyme s able to separate £ ovansomerange o from
Ponarion acd IPocehae whichare idisunguishable asing
the same cozyme The other two enzvmes shos too muen
mconsistency to be diagnostie

Micro-morphological examination of sandfly epp using the
scunning electron microscope

s obtaned trom gravid females of the vectors and
closely tehated species were mounted on metal stubs and
Alowed to rest an chambers wath 590 pluteraldebyvde
fumes, and then double-coated with H0-200A carbon
and Au-Pd alloy ina vaccum evaporator, the chorton
sculpture o1 the egyes were then examined and photo-
graphed using the scanmng electron nucreseope, this was
done to try and u e the sculptunng pattern on the eggs to
diagnose the vectors from dosely related species,

The most commuon patterns obsersed were polygons
and ridges in both the I pedifer and 1 marnine groups
Howeser, o sery igh degree of intraspeaific vanation
wits ubsernved within the chonon sculpture of eggs laid hy
ditferent temales of the same species, indicating that the
chorton structure s not a rehable dagnostic method for
distingunhing between these cryptic species
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SCREENING NATURAL PLANT PRODUCTS AGAINST
LEISHMANTIA PARASIIES

BN (Weror

Leshmaniasis, the infectious  diszase caused by
protozoan  parasites  of  the  genus  Leishmania, s
transmitted by female phlebotomine sandflies. The
diseuses exist in the Old and the New World in visceral
and cutaneous torms and as mucocutencous in South
Amenca.

The original leishmanial chiemotherapeutios were
based on pentavalent antimoaials and the aromatic
dusmmidines of 1930s. These are still the drugs of choice.
Many chemical compounds have been tested against
lesshmaniy parasites since then, but none proved uscful.

In our laboratory, several maturad products from
Kenyan plants, have been screened against promastigotes
of L. donovant in vitro during the period under review,
One antileishmamal component was identified. Further
work to study its elfect on the amastigotes (tissue forms)
ot L. donovani and 1. tropica in vitro and in vivo, is in
progress.  Additional investigations  expected to be
conducted on the new compound include: phamacody-
namics, toxicology and chemistry.

ESTIMATION OF THE SURVIVAL RALTES OF FIELD
POPULATIONS OF MALARIA VECIORS IN KENYA

C M Mutero

Freld studies on the survical rates of Anopheles funesius
and three members of the A, gambiae complex were
concluded at the end of May, 1984, A final and detailed
teport on the tindings will be available at the end of 1984.

Prehminary analyas ot the results have nevertheless
shown interesting species and seasonal differences in the
survival and hence vectorial capacity of genetically
defined  populations of the . gambiae complex.
Previous methods of estimating survival rates of field
musquito populations were elaborated in the conrse of
the  present studies and  investigations  were  also
conducted on the vecurrence of pre-gravid development
in the daffereni mosquito species during different seasons.

A complete analysis of the ficld data is expected to
reseal hitherto unknown ecological and  genetic
heterogenceties, particularly witk 1 members of the A.
gumbiae complex in Kenya. Such information combined
with previons findinge will undoubtedly make a positive
contribution towards a better understanding of the local
vector svstems, and especially in relation to planning of
appropriate strategtes for their control.
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Tsetse
Research Programme

Inapite of many years of research and attempts ar contral medsures, relatively
little impact has been made in the control of trapanosoniasiy. Indeed, vise and
trvpanosonasis are still a problem in many areas of sub-Saharan Africa. For
instance, i Kenya, i is extimated that out of 570 000 kei? land area, nearly
138 000 km* iv sesseanfested. Although much valuable information has been
accundated on tsetse, there are still major yapy in the knowledge of the ecology
and behaviour of the unprirtant vector of trypanosomiasis. Inan attempt 1o fill
aome of these gaps, the attention of FCLPE Tyetse Research Programme has been
directed towaridy examining new metheds of tsetse coneoi amd also improving
on exisung strategies. The specific objectives are 1o develop environmentally
safe tetse control methods through studies of tetse behaviour, vectorial
capaciy of isetse populations, and through sidies onthe factors involved in the

natural regulation of wsetse populations,

NKURUMAN TSEISE AND TRYPANOSOMIASIS PROJFCT

RO Dransficld. MUK Chawidhury 1A Golder, N B Torimo
The abjectives of this multidisciplinary team project are;
first, to develop a dynamic epidemiological model of the
trypanosomasis challenge to cattle in the Nkuruman
area, of which a major component will be a tsetse
population model, secondly, to test the model in the field,
and lastly to use the model to develop an integrated
control package for trypanosomiasis in the arca.

The arca under study at Nkuruman comprises about
30 km? between the Ewaso Ngiro River and the escarp-
ment, with vegetation ranging from open plains near the
river to thickets and woodland near the base of the
escarpment. The area s normally heavily utilized by
Maasar for grazing their cattle, although with the 1984
drought the farger herds were moved to the top of the
escarpment,

Phase 1 of the project, which involved monthly
sampling of the tsetse for population data and
trypanosome infection rates, over an 8.5 km transcct
from the river to the escarpment, has been successfully
completed and the data are being analyzed by computer
to provide the basis for a population model. Phasc 11
which is now underway involves sampling on two
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additional transects, as well as work on pupal ecology,
quantificatian of the level of predation and parasitism
and dispersal studies,

In addition, cattle in the arca are being monitored for
trypanosome infection rates and a small herd of cows has
been purchased for experimental purposes. Work has
recently started on testing locally available odour sources
(e.5. cow, sheep and goat urine) as attractants for use in
control strategies in Phase 11 of the project. Cooperation
with the local Maaszi people has been excellent.

VECTOR FOPULATION DYNAMICS
R Dramfield, M F B Chawdhury
Population sampling

Since the bicenical trap is being used as the principal
method of sampling adult tsetse, work is continuing on
some of the problems associated with using traps to
monitor population change, Once of these is the ‘site
cifect’ whereby catch size is greatly dependent on the
cxact location of the trap. The first approach to this was
to use a chemical attractant on the basis that if fliss ure
attracted from a greater distance, inter-site variability
may be reduced. In addition, chemical attractants found
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to be effective in Zimbabwe could be tested on Kenyan
Glossina  pallidipes populations. For population
sampling, « relatively cheap chemical is required for
which the response to different dose sates s known, A
senes of experiments were therelore catiied out to assess
the cfticacy of vartous diflerent ketones {acetone,
methylethyl ketone (MEK) and methyvl vinyl ketone
(MVK) and T-octen-3-0). This wias donein collanoration
with Dr. Sain, o the Sensory Physiology Research Urnat,
who has ciraed out behavioural broassays s the sime
chemicals on GO maorsitans

Fretd trials were carned out by placrng the chencals i
Javs on the ground shunded by rocks at 30 ¢ trons tise base
ot biconcal traps. inttereut known dose rates ot the
Ketones wede obtined by varying e diaaneter ot the
openmy ol the jars. Three dose nates with a control were
tested tor ciach of the three ketones using 1epeated 1otin
square design High dose rates of each chemmead were
then compared simultancously with wcontrol The effects
ot Focten-3-0f (constant dose rate) with and without
acetorie amd wath and sithout MEK were then assessed

Fhe tesudts ot thiese expenments g analyss ot
vainanee ol the log transtormed dats are shos i aible
W Catches af G pallidignes were ncreased by the use of
acctene el MEK Pat not markediv by MK i the
latter cane the chomweal underveent a colour chanps when
exposed to ticld cordiions, supgestine chenueal change
lack  of activity - The
expenment to compare meh Goses ot the three hetones

amt possibby explapmng s

pave sunia andices ob ncrease contining pioaous

results, although the treatment effect was not signilicant
owing to high vanability. The high dose of acetone was
most eftectuve giving o mean 2. 3-fold increase, Inthe first
expeniment with 1-octen-3-0l, this chemical was not
found to be attractive, bhut the sample had been
previously used  ebsewhere and was discoloured by
contact with the rubber septum. Whe va fresh sample was
esed i was fornd to neariy double the cateh, and together
with a fow dose of MEK the catch was nearly tripled,
The eltects of the odour attractants used on age
distiibution and sex ratio of the samples were also
assessed. No consistent differences in the age distribution
were noted, but both acetone, (2,5 7.40, P<0.01),
and Locten-3-ol (y 2, 942, PO001), were found to
he mnoresetfective for mades than temales. For the high
dose of acetone over three tnals, the mean index of
increase for mades was 2016 compared to 177 tor females.
As i resudt of these expeninients, the high dose of
acctone was chosen for future experiments on the site
eltect because it produces a relatively consistent effect on
catch size of G pallidipes. Ttappears to be stable under
tickd conditions and it is comparatively cheap and readily
asatlable. Thus in June 1984, the high dose of acetone
wis used on 4 traps on the regular transect on alternate
days over a 0-day pertod. These data are at present being
analysed o assess whether inter-trap variability has
indesd been reduced, and whether the apparent pattern
ol distribution differs when an odour attractant is used.
Phe second approach to reducing inter-site variability
wins to try to understand more fully the factors causing it,

fable Y The effect of various ketone and T-octen: 200 on the cated size of . pallidipes with biconical traps at Nkuruman,
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These are thought to be visibitity around the trap, fight
intensity (i.e. degree of shading) and proximity of hosts.
The lattzr two were exannned by enptymg 4 traps at 15-
minute antervabs thioughout the Jday and takig light
infensity teadings at the traps at M-minute intervals,
together wath contimuous readings of net solar radiation,
teaiperatues and humdiy. Heids of cattle and goats
moved alony the track between the 3 traps at intervaly
and the tmes were recorded as well as any game animals
seen Prebnunary anadysn suppests that hiosts passing
near the traps Gilse only o tansitony increase incateh sive
pramantly when they pins within the range of visual
atttaction of the trap (1920 m) Phose samples are sufl
bemg taken far ane duy cach month on the regular
sampling taps and are aho bemg used Tor tat-hacmatio
analyss taassess changes in the nutntionid state ot the
poupulation

Overadl maortablity aad recruitiment rates

LA T A Y B I T T T

The protonyed deosghs at Nhuruman i 1984 has had a
pronounced ctect onthe distnbution ot GO pathdipes
cotmpared to 195 wlen thes were Laggely restncted to the
avenne thickets woodbind and valley areas, although a
very inwadensity population contimies to persstalong the
Ewaso Npvea Raver Apparent tetse densities within he
tormer habitats hve cluctaated wreatly ranging trom
over 150 thes per teap per day an the tverime thickets in
Febars and September to dess than 60 per tap per day
Hhe percentage of teneral flies
h:s the
supposten that beth sunvvad med recrutment rites vary

movserad other moarhs

also vaned widely Lapporung previons

from month to month thes ainvalidating conventional
techmgues ot cattmating survival rates from the iage

distnbution Makrvicase - tcaapture studies and
estigiates of the recrament rate from the pupal studies
now underway should enable the recrnuitment and

survival rates o be estimited ay well s the level of
unmgration d cnngstion

Effect of sativary gland hyperteophy on survival rate
Pohote i 0 e B reaniiel )
I has been sigeested that G0 pallidipes with vius-
assoctated salnvony ghand hspertrophy may be inoa
stressed condition and that this niay result in decreased
longevity This sugpestion s based on observations that
the degree of hypertrophy increases with age of the fl,
atd that the incidence ot intected thes has heen observed
to he mversely correlated with popalation density i one
stidy area at the Kenva Coint. We have reasoned that if
tongevity s reduced i fhies with hypertrophied salivary
glands, the percentage mfected shonld be lower in the
older age proups

Table 37 <hows the frequency of hypertrophicd salivary
glands i vanous ageproups of (. patlidipes dissected at
Nkuruman. Toe overalt frequencey of enlarged glands 1s
1277 in the 10 23 thes dissected. There is a remarkable
homogeneity hetween the various wing fray categoring of
both male and female flies, with no evidence of any

4}

Table 37. Frequency of hypertrophied suliy ary plands in 6.

pullidipes ut Nkaruman, July 1983 —June 1984,
Wing tray category
| 2 1 4 56 Total
Mades Y 1 3dg 130 14 ] 13
n R R BTV V7Y IS B R R )]
Females o 12 0k |13 [ LOod
n PX20 2905 1260 416 ST sx7)
Lot 4 [ Lo 12 e 3o 1
n e S08S 22 64y 63 023

decrease 1n the incidence of hypertrophied glands with
ages 1 anything there is apparent increase in wing fray
categories 3 and 6. These data suggest that the virus has
no ctiect on the longevity of flies

Reproductive biology of & pallidipes
ME Chadiveey, BRIy Dramticld 1A Goliber

Femides caught i the traps were examined to obtain
intormation on insemination, fertilization, egg and larval
developmental rates and reproductive abnormalities
including abortion rite. While the data are being
processed through the computer for detailed analysis,
several preliminary observations are reported here.

In 6 pallidipes. unlike other tsetse species studied,
wating and ansemination oceur several days after
emergence of the female. Under laboratory conditions
mating and ansenmation generally occur when the
temale 15 7 to 9 days old (usually mated with a 10 1o 14
day-old male). At Nkuruman, females of physiological
age group Ca Gage 1o S diysyand a substantial number
of the age group O age 6 10 10 days) bave not been
isennnated. Many of the uninseminated Ob females
possessed i developing follicle as long as 1.4 mm.
Normally these females should have been inseminated by
this stage of follicular development. The percentage of
uninseminated Oh females wins selatively higher in the
hotter months (about 1200 in December 1983 and
January 1984 Peculiar cases of unfertilized cggs in the
aterus of anseminated females have been detected, but
they were rare comprising less than 197, of the females
examined We have not observed ovalation in uninsemi-
nated females, & case commonly observed in laboratory
coirnies resulting in non-production of progeny.

As regards oocyte and larval development, a mature
ovulated epg of G pallidipes is usually 1.6 nun long
longer. We have observed however that the cggs of the
first pregnancy cycle do not attain the usual size but are
normallty small (sometimes as small as .40 mm). Vhis
could pe a contributory factor to the relatively high rate
ol abortion in the first pregnancy cycle which has been
obscived both at Nkuruman and Lambwe Valley.

Observations an the oocyte maturation in the ovary
and the duration of t! : various stages in the uterus are
yiclding interesting information. Mcasurements of the
largest developing follicle and the corresponding uterine
cantent indicate that female flies are caught in the traps at
three main stages of the pregnaney cycle: immediately
following ovulation, immediately after the cggis hatched
and at second instar larval stage. This may indicate the
timing of blood meals during a pregnancy cycle.
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Examination of in wtero larval stages indicates that
there are considerable variations in the rate of larval
development among females caught. A large number
showed proncunced retsrdation in larval development
particularly in drier months. Many of these retarded
larvae probably do not produce viable pupae. This may
be a significant contributory factor to pupal mortality
and thus the overall recruitment rate.

Larviposition and pupal bhiology
AP Chawdhues . R D Deasfichd

Natuial larviposition sites have now been detected in the
vicinity of the three transects and regular sampling is
underway from marked sites. Large numbers of live
pupiae as well as many empty puparia have been
collected. In addinon some  artificial larviposition
shelters have been constructed and these are proving
eltective. Individual pupie are weighed and kept in vials
tor emergence of adults o1 to deteet mortality due to
parasthsm or other tactors. Adults of the bombyhd
Exhyalanthiray spp. have emerged from some of these
pupae

VICTOR INTERANCTIONS AND DISEASE
EPIDENMIOLOGY

FRYPANGSOME

Vector infection rate
NK o Tarimo, P A Golder

Dt collected so tar indicate that 1 pallidipes 1s the
major  vector  contnibuting  to - trypanosomiasis  at
Nhutunnn, Three trypanosome  species have  been
observed, Trvpanosoma vivax, 1. congolense group and
I brucei. Ot the 10 281 tsetse dissected between July 1983
and July 1984, 3.57¢ had a 7. vivavinfection, 0.8 7.
congolense and 0.0360 bad a 77 brucei infection, The
highest anfection rates were recorded for 77 vivay in
January 1984, and for 77 congolense in July and October
195 and March 1984 (Fable 38). Infections of 7. brucei
and 1. congolense group have been separately inoculated
mto individual mice, and stabilates made and stored for
further expeniments such as finding out whether the 7.
briceer are of the human or animal strain(s) and whether
the [ congolense group contains the related species 7.
sirnae. Phe possibility of a tsetse harbouring more than
onc parasite, c.g. 1. congolense and 1. brucei, is also
being looked into as this has been suggested by
observations in the Lambwe Valley.

Table 38. Maonthly trypanosome infection rates of . pallidipes at Nkuruman, July 1983—June 1984

Jy A N

Male 7 v o 7 20 35 4.6
I congolenw 0 1| 0?2 0.5 0.2 0.6

fohrucer P} 1] 0 0 1]
. no 29 428 RV 461 34K
Female 17 vivan R 26 1.3 29 1K
I' congolense 7 1.6 15 0.4 1.6 1.4

I brucet o0 0 0 0 )
no 36y 18! 520 555 499

Infection rate and age of tsetse
S R lanmo, TK. Golder, R D. Dransfield

Table 39 shows the relationship between age and infection
rate. The trypanosome infection rate shows a sharp
increase from ovarian age ! through 5 but then a drop in
age groups 6 to 7. This drop ininfection rate in the old tsetse
(which has also been observed at the Kenya Coastand at
lLambwe Valley) is interesting in that it suggests that
either infection is having an adverse effect onlongevity of
the fly, or the old tsetse are losing their infection.

Table 39, Trypanosone infection rates in ovarian age group Ob-2
in &', pallidipes at Nkruman, July 1983 - June 1984.

Ovarnan ¢
Oh I 2 3 4 §
nYy 97
490 IK7 255

Infection tates 7 007 08 29 K
noo240 0 654 450 42

tshould be noted however that when wing fray is used
as an index of age, no decline in infection rate in the
older flies i1s apparent. This paradox should be clarified as
more data on flies in the older age categories is gathered.
Once the etfects of climatic factors and feeding patterns
have also been analysed, a mathematical function will be
generated in an attempt to predict seasonal and spatial
vanations in the infection rate,

Infection rate and abortion rate
F'A Golder, S R Lurimo, ME Chaudhury

While there may be many different causes of abortion, in
generil thev result from some form of physiological
tress. We have recorded the frequency of abortionsin G.
allidipes at Nkuruman in order to assess their
contribution to reproductive loss and to determine if the
stress of trypanosome infections increases the abortion
frequency. The data on empty uterni are summarized in
table 40 (this wilt slightly overestimate the frequency of

Table 40, Abortion frequency in unifected =nd trypanosome-
infected (. pallidipes at Nkurumun, January —June 1984,

57 Total

Unifected
Aboronrate 7 6.5 68 49 44 82 46 56

n 63K 43 327 456 440 23K 2552
[nfected
Abortion rate /7 333 7.7 67 29 64 59 68
n 6 13 15 W 47 17 132
D 3 M A M JUN  Toal
12 39 4.6 14 39 29 4.1
0.4 1.4 04 0.5 07 0.7
0 0 0 §] (] 0 0
250 RO 497 411 439 451 4428
R} 4.4 RN 1.0 25 21 3.0
0.5 1.3 L5 0.2 0.8 0.0 0.9
0 0 0.1 0 0 0 0.05
166 87 619 519 410 854 1374 5583
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true abortions which is to be estimated using data on the
lengtb of the largest developing follicle) and show several
interesting points. The relatively high abortion rate in
Nkuruman compared to Lambwe Valley can be
attributed to the harsher environmental condit,ons at
Nkurumin. The highest abortion rates appear tooceurin
ovarian age categories [ and 2. When abortion rates in
infected and uninfected tlies are compared, there s no
significant difference inabortion frequency (X2 1df = 0.13,
N'S). the higher variability between aye groups of
infected flics is atmost certainly due to the much smaller
sample sizes. We  may therefore that
trypanosome infection does not increase the abortion
rate.

conclude

Tsetse feeding putterns
SR laners LN Golder

More than 1000 blood meals from 6. pallidipes and .
longipennes have been collected on tilter paper from
Nkuraman. A total of 697 samples are currently being
analysed by HLRAD. Prehiminary results are summarized
in table 41, Suids make up the highest percentage, and
these ire at dresent bemy tested to distinguish between
witrthoy and bushpig Other favonred hosts include
buftalo, kongont and cattle and, strprisingly, waterbuck
and wilidebeest Both the fatter species are relatively
uncommon at Nkaruman, and are notnormalty regarded
as favoured hosts

Table 41 Ve-ding patterns of . pallidipes at Skuruman
(n 430

Suads twarthioy aned bushipneg 1]
Water budck 1.2
Buttato 1.3
Cattle 6.0
Witdeher o 57
Kongom 55
Human 5.1
Hushbuck 17
Fland 12
Grant's yaselle 32
Garatte 2.8
Coat 2.8
Fi.onhamt 1.8
Imyla .6
Hycna -6
Sheep 0.9
Riabhats Hare 049
Oryx 07
Feludiae thon and serval) 0.7

Avidae (thirdyy 0.0

N.B. Some binod meals were unidentified due to the advanced
stage of digestion of the blood. A few rare species of
animalshave yet to be tested for (e.g. klipspringer, honey
hadger).

Infection rates in hosts
Sk darono, A Golder

In order to Jevelop an  epidemiological maodel,
trypanosome infection rates in livestock and wild hosts
arc 1equired. Work has commenced in 1984 on
moenitoring infection rates in cattle,

A sample of cattle in a large herd of about 150 animaly
belonging to local Muasai are bled monthly and tested for
trypanosome infection. Two capillaries and both thick
and thin smears are taken, and both 7. vivax and 7.
congolense infections have been detected. 1he packed
cell volume (PCV) and girth of the animals are also
recorded. This herd of cattle is moved from one area 1o
another in search of grazing and because of the drought
way moved to the top of the escarpment above the main
study areiin mid 1984, Sampling has hov.ever continued.

Anather small herd of caitle (10 animals) belonging to
a local Maasai has remained in or near the study area
with ICIPE supplementing their feeding with hay. These
animals  have bheen  given lsometamidium  chloride
(Samorin ®) for prophylaxis. The first breakthrough of
infection oceurred after 3 months. ICIPE has a further 3
cows which are kept with this herd. They are not given
prophylaxis but are checked weekly for infection and
treated with Berenil when necessary. These animals are at
present used for experimental purposes but when the
drought ¢nds they will form the nuzleus of a larger herd
for which the *Berenil index’ will be estitated to give a
measure of trypanosomiasis challenge.

Distribution und abundance of possible mechanical
vectors
KO Dianapield. 1A Golder

Sampling of tabanids, stomoxyds, hippoboscids and
Musea crassirostris has continued using biconical traps
and water traps. Inaddition, biconical traps have been set
in local manyattas, and biting fies around the cattle
have been collected by nand nets. ‘The data indicate that
Haematobia minua, M. crassirostris and Hippobosea
spp. arc the main species feeding on cattle,

ISEISE TRAPPING SIUDIES
Mt thwaga

Field studies initiated in mid 1983 on screening a varicty
of natural products and chemicals as aids in attracting
tsetse to traps continued. In the initial experiments,
carbon dioxide and acetone were cach found to he
effective attractants in their own right, but gave cven
better results when dispensed together. Attention was,
however, turned to natural products, namecly waste
products such as urine, facces and body wash, from at
least two wild hosts of tsetse, as possible effective
olfactory attractants. It was shown that buffalo urine was
the most promising of these products.

Since May 1984, experiments were initiated using
buffalo urine under a variety of test conditions to
clucidate its effectiveness as an olfactory attractant for G.
paliidipes. The studies involved determining the position
of the bait sample, in rclation to the trap for maximum
effectiveness; establishing at what volumes it starts to
cffect significant increase in the catch; determining how
hest to dispensc it; comparing it with a similar sample
from a closely related domestic specics, cow; establishing
the role of cvaporative rate; and finding ways of
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maximizing its potency e.g. by adding acetone which had
proved cffective in boosting the attractiveness of CO; to
tsetse.

‘The results are summarized in table 42. Teneral flies of
bath sexes were excluded from the table and froi the
analysis. There was no significant difference in yields
between the trips having the sample bait placed inside, at
the fuot of the trap, or ata distance from the trap. All of
thern gave higher yields than the unbaited trap.

However, there was a significant difference (P<20.05)
between male and temale 4. pallidipes i the trap wath the
sample bait placed 40 cm away from the trap pole, #t
captured more males (Table 42). Another important
observation was that the trip with the baitinside had alot
of tsetse flying within the upper cone and notentering the
cage, (these were excluded from the counts). The two
traps which had hait samples placed at a distance had
only tsetse inside the collecting cages and hardly any
flying about within or near the trap.

'heige of the bait sample did not make any significant
difference moats potency, however, the three-week-old
and the ive-month-old samples captured more tsetse and
the ditterence might hive been significany o there were
mote rephattes

Fuble 42, Results of analysis of variance and Duncan's multiple test

faperunent ANOVA Duncan’s
Dreprec of
Sey treedom Mean s,

A sample

Iocaentrol

2 dresh sample [}] K] 0.179
Votwh sample

4 Sonth sample

0 1 0179
Buttalo and cattle unne
I contiol ] t 0.15
S 4t trap funbnted)
Vo buttato sample
6 cattle sample

0 1 0.121
Rate of evaporation 0.045
I control
Y 75 ml small neck
G TSl targe neck
10 150 ml, small neck
I 150 ml, Gerge nech
o 9 0.07

Positton of bait
I control 0 4 0.112
12 sample inside
B4 sample 40 cm away
IS sample 75 cm away

Cattle urine perfortaed poorly as a bait compared to
buffalo urine, cffecting only 1.8 times increase in the
catch size whereas that of the buffalo gave 9.6 times
increase for femalec and 8.2 times for males.

The rate of evaporation of the sample played an
important part. The two bait sumiples whicn evaporated
at the rate of 15-20 mbduring the seven hours of operation
gave statistically significent incrense over those which
evaporated at the rate of 1.5-2.5 ml in the same time,

From these and earlier observations made in the last
annual report, it was concluded that buffalo urine is
worth examining chemically so that the potent
sub itances can be isolated and identified. [t may be a very
useful aid in tsetse sampling or contrel by removal

trapping.

(v PALLIDIPES FCOLOGICAL STUDIES IN THE LAMBWE
VALLEFY

D.A. Turaer

Research on G, pallidipes ecology in the Lambwe Valley
was hampered considerably by the depletion of the fly
population by spraying operations initiated in May 1984,
when yet another attempt was made to interrupt
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trypanosomiasis transmission in the crea. Investigations

carried out during the period include:

® Surveys to determine the limits of G. pallidipes distri-
bution in the environs of the Lambwe Valley, i the
Gembe und Gwassi hills particularly, which tank the
valley to the east. Low densuy 0 1ty trap day)
populations were tound to exast i all o the small, vo-
lated patches of thicket at the tops of hitlnide gullics on
all sides of the hills. This intormation was sought 1o
gain some further understanding of why pastattenpis
to eradicate G pudlidizes were unsuccessiul, and also
as essential data i the event that a proposal mater -
lizes tor taetse eradication i the Tambwe Valley by
the steciie insect method

Deternunation ot the nutational status of (7 palli-
dipes populations trom tat hacmatin analyses
Samples were collected bionthly £ m populations
accupying thicket, woadland and conder plantation
vepetation types toassess whether there are correla-
tions hetween nutnitional status and seasonad lactors
and tetse density. Samiples are bemnyg analvsed by the
Isetse  Research Langtord, Bristol
Resalts retnned so b are sull too tew toattemptany

I ubutatony,

mtcrpretation o the data

The use of clectiie sareens to mvesiirate aspects ot
samphing bias i bicomeat trap captures, with particu
lar relerence to sex ratioape composition and temale
prepnancy. Results so tammdicate that i o far as age
stiucture and pregnancy are concerned, tap captures
provide s gond representation ol the active population
and that males appear to be under-sampled i biconical
traps. 1t was abw hoped that electne screens would
provide some date on arthropod stedators of adult
tsetse possibly i pursit ot tsetse caongregated arotund
Nstanee sy o

only i one

known tsetse predator fan Asihd thy ! caught

biconical taaps So tar

Investigations of pupal ccolops with sarticular refer -
ence o estimating mortahities from predation, pata-
sitisin and underdevelopment from vistal exannmna -
ton and measurements of puparias Fhis work conti-
nues ta be held back by the labour and time required
to locate puparisin the Lambwe Valley, where they do
not appear to have an aggregated distnibution which
normally tacilitates scarching. Attempts to construct
artificial Larviposition sttes were not successful. 1t s
haped that the . pullidipes colony established at
Mbita Point Field Station wil! soon e ini position to
supply puparial material for ficld studies.

O PALLEDIPES POPULATION DYNAMICS 1N REDAION
TO THE FPIDEMIOTOGY OF AFRICAN
TRYPANOSOMIASIS IN LAMBWE VALY
WESTERN KENY A

L H Oueno. S B darime. N Darp

These studies are amed at collecting data for ¢,
pallidipes population dynamics and their trypanosome
infection rates so that trypanosomiasis risk i Kuma
(inside the park) and at Riamakanga (an interphasc
between game animals and human activities) could be
determined. The studies are also meant to provide
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bascline data for the envisaged control avtempts using
stenle insect technique. Studies initiated last year in two
study areas were condinued. (. pallidipes population was
sampled using the biconical trap once every monta. The
number of thies caught per trap (six traps in cach study
site) wits noted. A sample of the female Dies ciaught was
aged aceording to the method descnibed by Saunders, and
these plus an cquid number of males trom the same tritp,
were examined for the prosence of
[y panosomes

dissected and

BIOEOGIC AL CONTROD STUDIFS

Inducible immune p.oteins in the haemolymph of
Glossina morsituny morsitar.y

P Kawva 1 H Onenos N Darp

Humoral responses of (m. morsitans to various species
of bacteria and 1o 1. brucei were investipated. Further to
our carlier observations that vaccination of G. n.
morsitans with sublethal does of live Excherichia coli
vonfers protection against subsequent lethal doses, we
have now demonstrated remarkable increases in two
haemolymph proteins in vaccimated 6. . morsitans.

Uising Shs-Polyvacrvlimide gel electrophoresis and
suttable m stecular weight markers, we bave demonstrated
that the tvo Imune proteins possess molecular weights
of ca 17+ 1 70 Kilodaltons and that their increase beging
at approximately I8 b and 48 b respectively after vacei-
nation. L. coli, Enterobucter cloacae and Acinetobacter
calcoucencus induced  marked  productien of these
protetns only when injected alive. Injection of heat-killed
bacteria had no ettect. Live Micrococeus luteus, Bacillus
subtilis and b, hrucei also fatled to induce production
ol these proteins.,

However, mjection of live T.h. brucei into the
haemococls of Gom, morsitans was followed by a rapid
chmination of the trypanosomes so that only
approximately 197 of the injected numbers were present
18 b postanjection and they became  progressively
duggish as they stayed in Glossing hacmocoels. These
observations strongly suggest the presence of anti-
bactenal and anti-trypanosomal factors in tsetse hacmo-
lymph and further experiments to characterize them are
11 Progress.

Potential of the tsetse virus in the hiotogicai control of
. pallidipes
A () Cidindn

Laboratory reared teneral 6. pallidipes were inoculated
with the tsetse virus by microinjection into  the
haemocoet, and feeding through micropipettes. The
inoculated tsetse were reared on rabbits for 45 days and,
during this time, feeding, flight and mating activitics were
recorded. The tsetse were dissected and the conditions of
the salivary glands and gonads noted. ¥y pupae were
allowed to emerge, dissected and the salivary glands
examined for hypertrophy and the gonads for sterility,

There was no reduction in the activity of inoculated
tsetse. Infection level was 23,577 in the treated adults



(Table 43). All infected males were sterile while females
were fertile. There was no significant difference in the
maternal age at larviposition, F, pupal weight, or incuba-
tion period of Fr pupac between treated and untreated
tsetse.

Table 4). Infection and sterility in ¢ pallidipes inoculated with
the taetse virus

nfection stenditg®

[reatment ) NI}

Inoculated IR TR 128
Cantral Vi eyl 1l
Oihspring hUAL G983 LUK

“maies only

A high proportion ot by oadults (6577) were inteated
with category 4 hypertrophy of salivary glands. All males
with enlarged glands were sterile. The evidence obtained
shows that the tsetse virus could be used as i steridity -
imparting factor a the biotogicalcontrol oi G pallidipes.

Fiv population densities have contnued to be very
high ¢(110-574 thies trap day) an the Ruma thicket
compared to (35359 flies trup day) m Riamakanga
thicket which s quite closz to human settlements. In both
study  creas observations so tar reveal oo direct
celationships between the flv density and trypanosomne
infection rutey. Tn both areas, lowest 1y densities were
observed dunng the fong rains wthe month ol April e
datia from the two study areas are heing anadysed by
computer

Mixed trypunosome i {ections

It bas been observed trom time to tune during the above
studies tinn some thes showing apparent ) congon we
infections as revealed by fly dissection do harbour erypnic
I brucerwfections. This was discovered when titurates
ot (. pallulipes proboscas infected with trypanosomes
were moculated nto susceptible muce. The ensuing
infection usually terned out to be nuxed 7. bruceiand 7.
congolense. I congolense normally appearing much
later. The slow growth 70 convolense parasitiaemia
showed  clearly that the growth rates of the two
trypanosome species differed. This is o point worth
notung as it may wellaffeet many experimental designs. It

also underlines the need for a more accurate method of
determining trypanosome sgecies infection in the tsetse,

Preservation of live trypanosomes in tsetse tissues

In order to reduce the work load during field studies, it
has become necessary o devise a method which can be
used to identify trypanosome-inlected flies after a period
of cryopreservation.

A prelinnnary approach to this problem has involved
attempts to cryopreserve trypanosome-infected flies in
phosphate-buffered saline glucose (PSG) mixed with 109%
glyeerine and 7.50¢ Dimc(hyl sulfoxide (DMSO).

‘T wo tnals carried out so far indicite that trypanosomes
in the tissues survived very well in samples ¢ryopreserved
at pil 8.0

G PALLIDIPEY REARING AT MBELY POINT
FIVED STATION

11 Oueno, RN Odeeny, M1 B8 Chawdhury

the use of stenle inseet techmyue in the integrated
approach to G pallidipes control in the Lambwe Valley
depends very much on the ability to rear this species in the
laboratory. With this objective in mind, attempts to
colonize (. pallidipes from Lambwe Valley at Mbita
Point Field Station were started in March 1983 in a
makeshift insectary. The initisl attempts were very
successful,

In order to facilitate further work, an improved
insectary was therefore constructed based very largely on
the carhier prototype. The onty major improvements were
a concrete Hoor =nd a concrete wall up to | m from the
fioor. The rest of the building was thatched with grass.
Electrical lignting was also introduced to facilitate work
at mght. With this arrangement, the inscctary maintained
fairrly umitorm  humidity and temperature. Flies
introduced in this inscctary are doing very well,
Emergeace rates have ranged from 85-95¢7. Pupa’ weight
has averaged 37.0 mg with a range of 25-42 mg. Flies
emergzing from puparia weighing be,ow 25 mg (o not
usually survive. No drastic mortality has been noticed.
lhe colony size at the time of writing was 1510 mated
lemales.
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Chemistry and Bioassay
Research Unit

This vear's report reflects a shift in the Unit’s research activities towards the
implementation of 1984-86 Strategic Plan. Reports on the purification and
characterization of ek protemys and the Maruca allomones from ihe cowpea
plant underline greater emphasis which will be given 1o tick-antigen and
chemical basts of plant resistance work respectively i the coming years. The
imstailation of @ VG 122280 quadrupole gas chromatograph mass spectrometer

means  that

onr

chenucal

work,  particularly  that  involving  volatiles

(pheromones, plant odours, betse host odours ete ), can he pursued with greater

vivour

Apart fram the GC-mass spectrometer, a number of new equipment arrived
during the vear: o hugh-speed centrifuge and a low temperature freezer for
btochenical work; a Packard Modet 4530 liquid scintillation counter coupled
with Phullips P20 I ovcrocomputer and a Birchover radioisotope camera for
the ICIPE! LA LA Radioisotope Project. What remains now 1o fill up the gaps is
an T NMR equipment and a number of smaller items like a UV
spectrophotometer, drop counter currcst instrument, a spinning band column,
preparative lipad cliromatography equipinent ete. 1t is hoped that funds will be
available 1o enable the unit 1o acquire these in the next two vears.

A SYNOPSIS OF THE UNIES MAJOR ACCOMPLISHMENTS

P Mol 4 Hasaanuli

Protein biochemistry

A carboxyl protetnase from the gut of partly engorged
female R appendiculatias ueks has been partially purified
and shown to bhe simular to cathepsin 1) of mammals.
Further  punfication  of the enzyme as  well as
immunological studies are in progress.

Vitelhin, the migor egg volk protein from the eggs of /.
appendiculatin has been puntied (-957) and shown to
be & heme-contatmng plycohpoprotein. The punficd
vitelhin reacted with anti-serum raised in rabbits against
fed adtult female whole tick homogenate, thus confirming
that itis ope of the B antigens presentin the homogenate.
Purttication of other potential antigens s underway.

the atfiniy constant (Ka) of an cedysone-binding
protein fraction was citimated by notope diiution
technique and shown ta he about § < 10" at room
temperature. Continued interest in the purification and
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charactenization of the ecdysone-binding protein stems
trom the possibility that it may be used to produce
antibadies in livestock  which would  sequester and
inactivate ecdysone carrier protein in ticks.

Allelochemical researcl,

Progress has been made in the fractionation and isolation
of feeding deterrents from ethyl acetate extract of a
Muaruca-resistant variety of cowpea, TVu 946. A mixture
of mildly active phytosterols isolated from the active
fraction is currently being investigated spectrally.
Isolation of the more active antifeedants is underway.

‘Two more projects were initiated during the year:
isolation of sorghum shootfly oviposition stimulant from
a susceptible sorghum variety and g2« chromatographic
cxamination of volatiles from susceptible and resistant
varietics of sorghum seedling. However, it is too carly to
report on these this year.

Pheromone research

Pheromone research is now sct to go ahead with tae



installation of the new mass spectrometer. The emphasis
will be on crop pest moths and projects on Maruca and
Chilo have already cammenced, although itis toucarly to
report on these this year. Some outstandimg questions on
volatile pheromones in K appendiculaius are being
answered, and further to the report fast year on the
presence of 2,6-DCP in adult temale R uppendicudatus,
the sume compound his been detected in the Larval stage
of the tek. Several other compounds have also been
wdentitied.

Anti-insect compounds from tropical plants

A new pterocarpant was bolated  trom Tephrosia
hildehrandis with antifeedant activity  against V.
testulals larvace. Thos finding has taned the possibility
that  cowpea  phytoaleviny,  which hive  the
pterocarpan skeleton, might comstitute i basis for
induced resistance in the plant agatst M. resadaln

The anuteedant praperty the leat eatract
Calpurneda aurea agamst the Atnain armyworm has been
shown to be due to the peesence ot adehydio denvative of
0- (2-pyrolylearbomy-virgihne previously wolated from
species ol O aurea found growing an South Atnca.
Interestinghv e 0-C2-pyaobvloarhons Dirgline selt, shows

also

ol of

o anteedant aent apainst the armvwornm

The Larviaidal ettect o the hevane extract ot Plumbago
zevlanmica agaimst dedes degsprolarvae has beenshown to
be due to plumbagin prev.ously identiticd at TCHPE as the
antmcrobial and mseer sonteedant agent present i
Plumbago capensn Fractonaton ol a potent larvicidal
fraction ot an extract ot Spulanthes mauriama and
wenutication of the puntied components 1s underway

Fight closety related limonamds abtaied by isolation
or partial synthests have been screened tor antiteedant
welivats aganst Spodoptera exempta, £osacelharinag and
Mtesiidaliv Noosimple structure-activaty relationship
has o tar amereed However promesang levels of activity
have been demonstrated by deosshimonim which has heen
tor tarthr dernatization te

selected cathpoutids with

pulx'n'mi suatern antitecdant propertics
TAFA/ZICIPE radioisotope project

Fhis three vear project started late e 1980 wath the
establishment sl readiosotope standard
laboratany and the ordening ol a4 number of 1tems of
The purpose of the project s to estabhish
lacthties tor emploving nuclear techmques n insect
entomologcal bological rescarch and trning
regronal saentists an the use ol such techmques. The

ol &
cypment
and

project provides for Vvsiting experts for the three year
perniod, cach tor Y months, The first visit was completed
between February and April 1984 and succeeded in
establishing the physial facilities of the laboratory and
providing some training to staff. The second expert visit
due to take place earlyain 1985 will concentrate on further
trrming of staft by application to their own research.

Lignocellulose project

Four fungt associated with the fungus—comb of
Muacrotermes michaelsent have now heen completely
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identified. Mycotetes of Termitomyces which have
shown high levels of cellulase activity was successfully
cultured on potato dextrose agar.

Several higmn substructure model compounds were
synthesized and used for assaying novel enzyme activities
m o the solated orgamsms. Cellobiase  oxidase,
protocatechuate oxygenase, demethviase, an H,0,
depedent hgninase are some of the enzymes detected in
vienous enftures. A start wiaes made on the use of
racholibelled  substrates monitor  the state  of
degradation of substructure and polymeric compounds.

to

DIGESTIVE ENZYMES OF THE BROWN EAR TICK,
RIDPICTIRATES APPENDICULATES NEUMAN - SOME
PROPEREIES O A CARBOXYL PROTEINASE FROM THE
HCK Gt

KA Vundlu, GV Addueny’

Ihe explontation or manipulation of those special
physiological and biochemical adaptations which enable
ticks to digest and metabolize large volumes of blood
may be tmportantin tick control. The digestive enzymes
canstitute an essential component of the biochemistry of
digestion 1n ticks, and an understanding of their nature
and mode ot action s therefore important.

A catboxyl proteinise from the gut of partly engorged
tays S and 6 post-feeding) female R appendiculatus
ticks has been partially purified on sephadex G100, In
this report, some chemical properties of the partially
punficd enzyie are presented.

Fffect of substrate concentration on the enzyme aelivity,
The partially punlied enzyme was assayed in 0.25 M
sodium tormate - formic acid buffer pH 3.3, containing
0.2M sodium chloride, with a) haemoglobin,
concetrations ranging from 0.1-20; and b) hovine serum
albunin (BSA) concentrations of 0.1-2¢. The enzyme
sdiolvzed both haemoglobin and BSA. The Michaelis
comtant(K ) values were 0.2 for haemoglobin and 0.53%
tor BSA (Figs. S and 6).
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Figure S. Lineweaver-Burk plot shawing the effect of haemoglobin
concentrathn on R. appendiculatus cethoxyl proteinase acthvity
(@e==@) and campetitive inhibition by 3 nM pepstatin (Aeeh)

Optimun p . Phosphoric acid - formic acid-acetic acid
buffers containing 0.2M NaCl and ranging in pH from
1.810 6.2 were used to assay the enzyme with hr=~oglobin
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Fipure 6. Etfect of pH und R appendiculatins gut curbanyl pre teinase
activity uving BSA (O=0) wnd haemuglobin (O Q) as subntrates.

and BSA Optimum activity was obtained between pH
2 6.5 4 tor hoth sabstrates (Fig. 7).
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Figure 7. Effect of pepstatin on R, appendiculatus carbaxyl proteinase
actlvity. ¥, - enzyme ectivity after pepstatin treatment, V) - enryme
activity without pepstatin,

Effect of pepstatin. The proteinase was incubated for
15 min with increasing concentrations (I - 8am) of
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pepstatin and then assayed by the standard method. 4nm
pepstatin reduced the proteinase activity 1o S0%. With
Tnm pepstatin, the enzyme activity was down to only 56
(Fig. 8). Pepstatin inbited the enzyme competitively.
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Figure & Linewearver-Burk  plot showing the effect of BSA
cancentration un R. appendiculatuy gut carboryt proteinase activity.
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From the data reported here, 1t can be concluded that
the enzyme is a4 carboxyl proteinase, very similar to
cathepsin 1) of mammals. Work is in progress to purify
and characterize the enzyme further.

PURIFICATION OF B APPENDICULATUS VIFELLIN
'S Dhadally

Vitellin (Vn), the major egg yolk protein, from cggs
oviposited by R. appendiculatus female has been purified
by gel permeation and anion-exchange chromatographic
steps. Upon clectrophoresis on gradient (3-1565) poly-
acrylamide stab gels, Vi stained as a single band with
a molecular weight of about 485 000 (Fig. 9). On the same
gel, hacmolymph samples from post-fed adult males and
females and crude cgg extract were also scparated
clectrophoretically. Protein bands (presumptive vitello-
genin) (Vg) with similar clectrophoretic mobility were
present only in haemolymph samples from females and
not males. Stamning tests for carbohydrates and lipids
indicated that both Vn and presumptive Vg are
glycolipoproteins. Vitellin also absorbed strongly at 400
nm indicating the presence of heme moiety on the Vn
maolecule.

Under  dissociating  conditions, the purified Vn
clectrophoresed into 8 protein-stainable bands (P1 to P8;
Fig. 10) with molecular weights ranging from 43 000 for P§
to 160 000 for P1. Purificd Vn was found unstable to
heating at 72°C for 5 minutes.



Figure 9 Slab gel electrophoresin of Laemolymph und crude egp
etradt

a—haemenamph ol male, T dass penl-feeding

hechaentdvmple of fomale, 19 dass post-feeding

c—haemnbysphoaf female 10 davs post-fecding when females had been
aradiated with 2 4 hrad gamma radiation as adutis prior o attschoremt
t0 hiost,

do-irude cpy entiad

e —punficd vitellin

outer tapes—hugh molecalar weight markers.,

a b c

94K
erK
80K

43K
asK
30K

20K
B3R

Figure 10, SDS-gel electropharesis of purified vitellin.
a—high molecular weight markers

helow molecular weight markes

c—parified vitellin
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In an Ouchterlory immunaodiffusion test, the purified
Vnoreacted with antisserum raised in rabbits against fed
adult female whole tick homogenate (R-500) giving a
single precipiin line Crude egg extract, on the same
Ouchterlony, resulted an 3 preaipiun lines one of which
had complete identity with V. These results reflect the
homogenerty of the punified Vn

FEDYSNTEROID CARIE R PROTEIN(FCP) FROM THE EGGS
OF THE BROWN T AR TICK

1 Whichead, 1 Kesds

Fhe aftimty ot the low molecular  weight proteins
lractionated trom the cpgs of the brown car tick (JCIPE
Lucht Annual Report, 1980, p. 84), with pl varying from
K010 88, for cedysieroids have been vanously estimated
CLable ) "Hecedysone ingected into engorged K. appen-
drculatis s carned mto the epgs where naturally occurr-
g ccdysteroids hiave beentfound. AtpH 7.7 40.5¢ of the
label e the epps adhered to DEAE cellulose but this
could not be eluted using unlabeled 20-hydroxyecdysone
(20-OHF) unless 0.75M NaCl o was added.

From the sotope ditution data shown in figure 1] we
e now estinnated the altinity constant ot (Ka), B,
proten traction to be about 5« 107 M using low specific
actvity H-220-0HE it room temperiature. We expeet the
Ka to be tower under optimal conditions. However, it
compates wellwath the aftinity of Calliphorin trom blowfly
Lirvace tor cedvsteroids. Fhe binding protein from the
hacmolvimph ot £ ocusta nugratoria has a K= 1,03 2.0.08

1\

GOk

-

[

1

.246

L 1
177 212
Fraction bound

1
143

Figure 11, Proportion of 'H - 20 - OHE bound to'B'| s proteins fallotving
isotope dilution, plotted wing the simplex method of computing data.

Although puritication of ECP is not complete, from
the evidence we have, we deduce the pltobe 8.2 -8.3and
the molecatar waght to be 33 300 approximately, This
could be visualized using iso-clectric focusing and
partially characterized SD-PAGE. The possibility, that
the tich embrvos can also denve the steroid hormone
required tor development, from the conjugated form we
have found ta be present after injection of 'H-ccdysone
into gravid fxmales, will be borne in mind. A carricr
protein for the conjugated cedysteronds might also exist if



Table 44. Assessment of the binding potential for ecdysteroids by various tick egg protein fractions

Methods used Ligand

B2 By

RIA Yi-20.0H10 47
RIA IAIBXEITINED $1 1h

1LH60 Sephades hgr 1

H-Ponasterone A**e 03¢

1.H20 Sephadex YH-200H1 44

(25 Sephadex Y- 20081 206

with added 21 nmol 244

0-0HF A2 nmol 214

62 S nmol [

*Sci nmol * ¢80 ¢i nmol

it is not one and the same thing as the ECP we have
studied.

TTEROTIZATION OF
MORMTENS

CONTROL OF PUPARIAHON AND
THE POLYENEUSTIC LOBE CHLTICHE OF ¢ Af

0 Whtchead

‘The mode of reproduction and subsequent deselopment
of the tsetse farva offers certun distinet advantages to the
student of insect endocrinology. Forinstance, the events
between the onset of puparniation (ic. hardening of the
peritreme around the spiraclesy and pupation takes 10 to
12 b in blowtlies whereas in tsetse they tiake 5 to 6 davs.
Hardening of the polyncustic tobes (analogous 1o the
penitreme) takes place 2 days before larviposition. 1t the
lobes were not sclerot.zed before birth, the amr supply 1o
the larvicin urero could be cut ot were the pregnant fly to
feed during the last 2 days of het pregnancy. In 1981 it
was suggested that, because eedysteronds could not he
detected using radiotmmunoassay (RIA) at the time ot
lobe hardening, 4 nan-sterond factor might be responsible
for tnggenng sclerotization of the tobes. This imterpreta-
tion s now guestionable 1o the light ot the following
studies.

I'he rate of tyrovine uptake by the body wis compared
with uptake into the tobe cuticle in vitro just hefore
sclerotization was due to start. The label entered twice s
quickly into lobes when 20-hydroxyecdysone (20-OHF)
was added to the tsetse ninger ( Fable 45) but ccdysone (1)
the precursor of 20-OHE, did not stimulate uptake at the
low titre used (deliberately to sunulate the situation m
vive),

[able 45 Percent label taken up after incubating taetse stage 1)
larval cuticle in vitro with SO0 Ciof 1-(U"'Cy-tyrasine* in S0 4l
tsetse ringer for 1 h at 25 C and then fo- 18 hoat 4§ (

Lobecuticls Body cuticle

Il('«ll”lf'\l Concentration of

larva per g 7 abel 7 labed
X SEM A
Control 113 oS 12
With 20-0HE 2 W nmol 1948 1 23
With | 290 nmal 90K 20
With larval
bload 426
*822m Cimmol !
20-OHE  stimulated  metabolism of tyrosine in

haemolymph taken from newly deposited larvae ( Fable
46) but the increase was mainly due to oxidation of
DOPA. E stimulated incorporation of labe! into neutral
(at pH 1.9) compounds X and Y which co-migrate with
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Pratern traction

By ] oA cn
49 [EN] 440 b
102 5.7 48 (2.2
24

-1 v 170 ¢i nmal-|

N-acetyltyramine and N-acetyldopanune. Fhisis the first
report that the sclerotizing agents can form in vitro in
hacmolyniph rather than u, the epidermis,

Ihe role of cedysteroids in programming  the
hiuemocytes and epidermis 1o synthesize the ensymes
required to metabolize tyrosine thus:

‘ CHMH COCH,,
Chi, %

Hoaw x Y
O

CH NI,
CH,

i %
i G Tyt *_'O
) U
OIJ. oA -
“N
2 Q Iyr
@ Do
- Medarn
-~ hg

Vable d6.Percent label metubolites derised from §-(U13¢).
tyrosine in huemolyph from taetse Tarvae at arviposition and
pupariation

hist deposited Rounding-oft

N CM0HEY NI Come
tricted

Metabolites
N&Y BSG I ndelt g | 6 221 1164
Iviamine 0rs o3 ([N IR 001
Dapa ST 1ol 71 882 RIREY
Metaoin 123 ks M 0 K] [IRR}
Unknowne®® SOK
Fotal T A4 Dt n 22 [ 536
Notes,
Metabolites

Separated on paper by electrophoresis 0 pH 1.9 und chroma-
tography in N-butanul/acetic /water: 4/1/1.
Haemolymp incubated TH O R.T. —final volume 100¢(E}
Fmol, 83 Fmol (0.4 np(Fk l)
*} Liberated hydrolysis {(6n NC1) from the conjugate®®
**) Unidentified compound(s) migrating on the positive side of
tyrosine
can cisily be studied in tsetse where the (prepupation)
cvents and pupation itself are widely separated in time.
Use of the decarboxylase inhibitors MK 485 and Ro 4-
4602, which inhibited pupariation for 18 to 24 h, showed
that, because DOPA accumulated rather than tyrosine,
tyramine wits not the major precursor of the sclerotizing
agent.

How 20-OHE activates tyrosine into fobe cuticle rather
than the body cuticle deserves further study. The flux of



labeled metabolites, deiived from "C-L-p-tyrosine
injected into pregnant tsetse just before lobe hardening
was due to begin, showed i dramatic actuvation of
specific uptake of the precursars of the sclerutizing
quinone {Table 47). That the process was mimicked in
vitro when 20-OHE (but not its precursor, £) was added
to the incubation ringer, in which excised white lobes
were floating, shows that tins stimulated  uptake s
specific for this hormone.

‘Table 47. Ration of label found in polypacustic lobes und body
cuticle of stage 11 lurvae jn vivo after injection on duy 7 of
pregnancy uf 0.1 Ci of L-(UMC)-tyroshae into the thoraa of
female (lossing maorsitany morsitans

Ratio ot
MG 'in lobes

Status of the
Larsa i wter

Elapsed time
after injcction
PEM !
integument

Ih “Hatners™ apenan tohe
epuderons [RIN
h I obes hardeming 7
Sh I abes hardened 1.8
24h Prepaning tor larviposition 0y
4%h Farvipostion 0.9
49h Head rettaction o6
SOh Rounding ot} (X0
Sih Sclerotizing pupaninm 01

MO BASIS GOF TVadn e OWEPEASTEA RESISTANCE
Toysf 1INTH DA IS TGEYER)Y

DA Onen U Hinsanagl, 100 W Nperoge

We have previously reported the effects of ethylacetate
extracts of stems of [Vu 944 and Vita I cowpea cultivars
on the feeding response of Mo testudulis Tarvae (ICIPE
Fleventh Annual Repore, 1955). 1t was found that
extriacts of I Vu 946 showed consistently greater feeding
inhibttion than thase of Vita inall tests. Dunng the year
under review, turther work has been undertaken on
extracts of these cowpea cultivars, with the objective of
defining the roles of allclochemical factorsin the extracts,
isoliating and identifying the allclochenicals involved and
developing chromatographic techniques for quantifying
these compounds in crude extracts fram cowpea plants,

The work focussed on fractionation, high performance
hiquid chromatography (HPLC) analysis and bioassay.
Fractionation was done by column chromatography and
gave “hree major fractions based on polarity. Bioassay
resules of these fractions (Table 48) suggest that the active
compounds are present fargely in the middle fraction.
Continued observations on larvae fed on dises treated
with lower doses of these itactions showed noevidence of
toxication tndicating that the primary role of these
allclochemicals is that of feeding inhibition. A mixture of
phytosterols with moderate antfecdant activity has been
isolated from onc of the sub-fractions. Purification of the
morc active components is underway.

HPLC analyses of TVu 946 and Vita | cxtracts were
carried out on a 1.C model 502051 (Vanan acrograph),
and the eluted compounds were monitored by a UV
detector operated ut 240 nm. Successful separation of the
constituents of the extracts was achieved using MCH-5
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Table 48. Antifsedant effects of ertracty of dems of TVu %46 end
Vita 1 on the feeding behaviour of M. tesulalis

Farract Average Average *Percent
weight weight of  wcight of  feeding
control dise treated dise deterrency
cansumed  consumed
() (z)
TVu9dn 264 0.44 82.6
Vita | 279 273 215
{ east polar fraction
chromatographically
Bsolated trom T'Vu 946 176 4.07 NS
Meduur polar traction
chromatographically
holated from TVu 946 190 1.0 74.4
Maost polar fraztion
chromatograpiically
solated from TV 946 399 17 20.6
Crystaline phyvtosterds
isolated from the
medium polar {raction .45 1.77 49.1

Duose —100 ug/disc for al) extracts.
Percent fzeding deterrency calculated as
100+ (Average WT + Average \"""l‘)

Average WT w(
treated disc consumed; WO Weight control disc consumed
NS No significant feeding deterrency.

where WT oweight

reverse  phase  column  (Varian), and  an elution
programme involving 30-700¢ acetonitrile in water as the
mobile phase.

The resulting chromatograms,  (Figs. 11 and 12)
demonstrate  thar almost a complete profile of
compounds present in the org:nic extracts may be
obtained by using a reverse phase column and a binary
solvent system involving water and acctonitrite. This
possibility opens up prospects for using the method to
analyse crude extracts from floral parts, terminal shoots
and pods of cowpea cultivars, and suggests a potential for
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Figure 12, HPLC profile at ECOAC extracts of TVu 946 stems. The
profile was obtained hy using M-8 reverse phase column (Varian) and
a binary solvent elution programme involving 30 to /0% acetonitrile in
water, UV detector at 240 nm; purnp pressure max 350 psi; temperature,
21° C; NMow rate, 1 ml/min; chart speed, 0.25/cm/min.
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Figure 11 HEPLC profile of FOAC extracts of Vita 1 stens. Profile
obtained using Mc-S reverse phase column (Varian) aad a hinary
solvent elution programme invobving 30 to 707 acetonitrile in water.
UV detector at 240 nin; pump pressure may 350 peictumperatuee, 2
flow rate 1 ml/min; chart speed 0.28 cov/imin.

the method 1 cowpea tesistance unproserient breeding
programmes  The marked quaditalne wod quantitatine
difterences between the tmteresting
However, the tull imphcation of this must awart the

wo o evtiacts g

identitication of al the allelochemicals i the mixtures

L DICHEOROPHENGE IN THE L ARY AL ST NG Of
Rorpispiot s o

In st vear™s report, evidence was preseated for the
presence of 20 G6-Dhichlorophenol (2, 6-CDP) in adult
stages of Rappendicutuna, predonanantly i unfed
femates, which during
Electrophysiological tecordings on adult male ollactory
cells have previousiy shown that extracts from lacval K,
appendiculutiny also stmualate male olfactory cells with

v reteased teeding

strong respanses sunilar to those produced by adult
female extracts and authentic 2, 6-DCP. Anextract of the
larval stage of R appendiculates tas been examined by
capillary gas chromatography {with clectron capture
detection (ECD)] and capllary gas chromatography-
mass spectrometry (GC-MS). The presence of 2, 6-DCP
in larval extracts of X appendiculatuy has now been
confirmed.

Figure 14 shows o capillary pas chromatogran (FCD)
of a larval extriact. Component | (hpure 14y has the
retention time of 2, 6-DCP demonstrated by
comparison and co-injection with an authentic sample of
the compound. Capillary GC-MS was performed on o
125 m silicone phase column with the spectrometer
opcrated in the electron impact mode at 70 ¢V electron
energy. Compenent | gave a spectrum closcly resembling
that of authentic 2.6-DCP as 15 shown in fipure 1S
Component 2 (Fig. 14) has also been idennficd from its

as
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Figure 14 Capiltary gas cheomatograph of 2. appendiculatus larvae
extruct using clectron capture detection
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Figure 15, Mas spectrum of component 1, 2.6-Dichlorophennt

s spectrum. shown in figare 16, Component 2 gave
the spectrum of benzothiszole (mol wt. 135). A third
compornent (thut not that which is tihelled 3 in figure 14)
gave the spectrum of 2-undecanone shown in figure 17
{mol wi. 170). The assignment of component 2 as
henzothinzole was confirmed by co-injection studies
with the authentic compound. Component 3 had a
icention time approximately 10 scconds longer than 2-
undecanonce. The ECD is not sensitive to 2-undecanone
at low concentrations, however, flame  ionization
detection shows the 2-undecanone component clearly.
Only very small peaks were detected by the FID at the
retention time of component 3, indicating that the ECD is
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Figure 16, Mass spectrum of component 2 Miazole
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Figure 17 Mass spectrum of 2-undecanane

very sensttive to cornpanent 3. The structure of this and
sl Lunder

other components  of the extract are
mvestigation
Ibus both the larval and adult stages of R

appendicdany possess 2,6-DCP. 1Cappears hkely that
syntheas of the compound begins in the larval stage and
continues through the nvmphal stage (although this stage
has not  yet been  examined) to the adult tick.
Electrophysiological assays will be carned out un the
other compounds identified  (bensothiazole and 2
undecanone) to determine if they hiave any effects on
male olfactory cells.

A clearer view of the volatile chemicals present in R.
appendiculatus is beginning to emerge, although their
overall role in behaviour still requires clucidation.
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FEEFNING DETERRENTS FROM CHALPURNFA AUREA
(PAPILLIONACEAE)

U Chapve C Galeffi, G 3 Mara - Bettolo

In the course of our screening lor naturally occurring
anti-insect compounds from plants, we found that the
crude methanol extriact of fresh leaves from Calpanrnea
aured possesses i strong antifeedant activity against the
Afnwcan armyworm Spodoptera exempia (Wik.)

The crude m=thanol extract was dispersed inwo water
and the iaqueous suspension wis exiracted with hexane,
cther and ethylecetate, The ether extract showed activity
at 250 ppm and was fractionated using silica gel column
chromatopraphy (0,57 CH OH-CHCL) followed by
counter current chromatography using a Craig-Post
apparatus (200 stages, 10:10 ml, upper and lower phase)
to give two major components, one of which showed
antifeedant activity at 125 ppm. The non-active
component was obtiained as colourless erystals m.p.
205 CohtO e o210 (€ 27 CHOTL ) and had a
motecukn tormuka Co 1O N (by CEI-MS 358 ML and
clemental analy s

H 1
H .
5o /\\/\
A P !\\}; M 14 0 .
13 N ,
~0 5
3
Wi
3 4
|
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H
' N 0
v H
4 N
\\ N /}::\/ ‘O \ W
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On the basis of physical and spectroscopic data, this
compound was identificd as 0-(2-pyrrolylcarbonyl)-
virgiline | previously isolated from the South African C.
aurca and Beadea membranaceae (Rubiaceae).
Compound 1 is the dehydro derivative of 1. Although the
structures of 1 and 11 are very similar, the magnitude of
their antifeeding activity is dramatically different. The
dehvdro-dersvative | has no activity even at a concentra-
ton of S00 ppm.

MOSQUETO TARVICIDE FROM PLUEMBAGO ZLYLANICA

A Chapra

We previously identified  plumbagin  (5-hydroxy-2-
methyl-1, 4-naphoquinenc), |, as the antimicrobial and



insect antifcedant agent from an ormamental shrub,
Plumbuago capensis ( Plumbagaceac) found growing as a
hedge near the University of Nairobi, The strong
larvicidal activity of extracts of the roots of 2. zevianicy
found growing wild in Nzaui, Machakos arca, led us to
examine the constituents of this species,

I'he hexane extract of the crude methanol extract of
the roots was chromatographed onsilica gel using hexane
with increasing amounts of ethyl acetate as the cluent.
The active component was found to be plumbagin, which
showed 1007 mortality against third-instar larvae of
Aedes averpn after 24 | exposure at .00 pprml
concentration und was identified by comparison with an
authentic sample.

CH4

o
S

0

Vi
I

plumbagin

The wide occutience of naphthoquinones in tropical
plants as weil iy the relative high yvields of the extract
(plumbagin was obtained in 0.005¢ overall vield) suggest
a potenttal for sutable naphthoquinone derivatives in
mosquito control progriunme. We are currently carrying
onta structure-achivaty study on available naphthoqui-
nones i mosgquito Larvicides i order to identify the more
active analogues

ANOVEL £ HYDRONY PIRETOCARPAN ANTIFFEDAN
PRON TLPHROSI A 11 DERR bt

Wotwande, U Hasoanal, P i Nerove, LH O Jomdikn

A new 62- hvdrox lated pterocarpan was isolated from
the healthy roots of the herbaceous plant Tephrosia
hildebrandui of the tanuly | cguminosac. It was named
hildecarpin and asstgned the structure and absolute

Table 49. The feeding inhibitory activity of hildecarpin against

larvae of M. testulalis
Dose ug dise Batch No Deterrence ct
LY I LR Average
2 929 XS
Rl YN}
A0 4 SEK Average
$2

“or each hatch, 20 larvae of the test insect were ised. Two larvae
were allowed to feed on a pair of treated disc and control disc. The
result of each batch b based on a summationof 10 such feeding
nssays.

Deterrence defined as (1-WT)
disc consumed and W(

* 100, where WT = welght of treated
weight of control disc consumed.
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spectroscopic data, optical rotation and chemical trans-
formation.  Hildecarpin showed antifeedant activity
against the legume pod borer M. testulalis (Fable 49) and
antifungal activity against Cladosporium cucumerimun,

Hildecarpin bears a close structural resemblance to
phytoalexins of the cowpea plant. Since de nove
synthesis of the phytoalexins may be stimulated by
artificially infecting  the cowpea  plant with non-
pathogenic microbes, this may provide a method for
inducing some measure of resistance in the plant against
both M. testulalis and pathogenic microbes.

ISOEATION AND PURIFIC

ATION OF MOSQUIT O
LARY

ICIDES FOUND IN AFRIAL PARTS OF SPHANTHES
MATURITTANA

110 Jondiko

The methanol extract of wet stem and leaves of A,
mauritiana collected from Kisi District was found to
elicit 1006 mortality at 0.003 g mi alter 7 h of appli-
cation against third-instar larvac of A, aegiypti. When the
aqueous methanol extract was partitioned into chloro-
form, the resultant organic extraet was found to he ten
tines more active than the whole methanol extract, while
the agueous phase showed no larvicidal activity. Further
chromatographic puritication of the chloroform extract
Absorbance at 254 nm ., alten 0 2AU
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Fligure 18. HP'LC profile for fractions $ and 6.
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using silica gel and 309 cthyl acetate in hexane as solvent
gave twelve fractions eliciting larvicidal activity. The
most active fractions were subjected to high pressure
liquid chromatographic purification, using MCHIO
column (250 mm x 8 mm) and acetonitrile as the solvent.
Figure 18 shows the profile obtained. The larvicidal
activity of each fraction is givenin table 50. Fractions 1, 2
and 3 have so far been purified to HPLC homogeneity.

Table 50. Mosqaito larvicidal activity of HPLC fractions
obtained (rom column fractions $ and 6.

2 3 4

Fractions® !

Time of
observation (hr)) 24 17 1758 L7510 10 17

Mortality percent 70

*Dose for ench fraction: 0.01uq/mi.

Work 15 now in progress to obtain the necessary
spectroscopic data (‘Home, 'C amr, UV) for structural
clucidation. The mass spectrometric data shows that
fractions | and 2 have the same mass number 229 which
prabably fits the molecular formula € H ON while
fraction 3 has mass number 247 corresponding to the
formula C, . H,LON.

EVALUATION OF LIMONOIDS FOR ANTEINSECT
ACTIVITIES
A Hassanah, M. Bentley, P E Npwroge, N. le-Suavo

The tonger term goals of the limonoid preject at ICIPE
are to carry out detailed structurc-activity studies on
limonoids on a number of ICIPE target insccts, to

100 1) 100 10 o 5(_)~

identify potentially useful naturally occurring limonoids
or readily accessible derivatives, and to synthesize and
evaluate simple analegues of active limonoids.

In the present report more complete data on
antifeedant activities of 6 litonoids (I-V]) against S.
exempta, M. testulalis and E. saccharing are presented
(Table 51).

Table 51. Feeding detestent activities of limonoids against S.
exempta, E. saccharina and M. testulalis

ing inhibition (“¢)

’ L Jaﬁ'hu-

Test Dose
compound  (ugrdisc)  Noexempta ring M. testdalis

1 100 a 62 75
10 1 42 S8
It 100 a K3 39
10 i 81 56
! K 66 i
1 100 o 55 67
1 K 48 b
1A% 100 48 94 82
10 F 65 16
v 100 kY 74 81
10 a 76 69
| Q 73 b
\1 100 a b v
10 i b b

Inhibition calculated as

(1= ‘_qu # 100, where WT - weight test disc eaten, WC,

we weight control control disc eaten.
] No significant activities
b Results not yet available

¢ This is the first case we have observed where a depression of
antifeedant activity is observed at the high dosage. Dose
response data, we have so far, suggests a maximum actlvity
at 20 pg/disc.

]
0
H

Obacunone (IV)

Harrisonin { V)

Citrolin ~ {111)

Acetoxyharrisonin (V1)




From structure-activity relation point of view, this
data is pussling. If the moderate activities of obacunone
(IV} and harrisonin (V) against the Alrican “rmyworm
are attributed to the presence of A-ring umsaturated
lactone  groups it s surpnsing to tind  that
acetoxyharrisomn (V1) with an ACCLONY group temote
from the Lactone ring is inactive cven at concentriations
higher than 100 g dice. On the other hund, the activities
of the imonowds agarst 1 saccharing and A, testudaliv
suggest that there may be several regions of interaction IH|
the imenoid skeleton with the appropriate ety e site, of
clse there mas be difteren: receptors which interact with
the ditterent functional tegions i the limonoid molecule.
It s hoped that broassays ol othes closely related
hmonods  and  then simple analogues currently
underwiny, as well s semsory phyvsiological screening of
the compounds would help throw some light on the
structural umis sesponsthle for the activities of these
compaunds

The C-7 keto group m these limonods provides a
comvemient handle Jor manmpulating the pulanty of the
molecules by appropriate denvatization and i« number of
such compounds derived from deoxylimonin and ity 7-
Ol analogue are curtently being investigated  for
systenie activity

PAEA TCIPE R ADIOISNG L Opg PROJTECT NUGOTE AR
TECHNTON ES 1N NS IO HIOCHY MISERY
ENTOMOL Oy

AND

P Dl RO Caters
the Tnternational Atonie Frcrgy Agency (1AL A) has
provided  technical ICHE 1 establish
facihities at the Centre tor tadinsotope work, [he aims of
the project are theee-1old, First, to cquip the Centre with
laboratory cichines sintable tor the safe handling and
measurement of radionuchdes and to provide cxpert
assistance to set up and establish propet functioning of
the equipment and to institute safe working prictices,
Second, to provide expert assistiance to train 1CIPL staly
in the use ot rachonatopes through apphcation of
techniques to their own research work, therehy huilding
up d base of experienced people. Fhird, to use this core of
knowledge to provide training m radioisotope techniques
in entomological rescasch on a regional basis,

Much of the fiest objective has been achieved cacly this
year during the visit of Dr. Alan R McCalfery, the first
of three vissing experts provided by TAEA. A small

i bithice to

laboratory  was  modified 10 meet with class H
specifications  for g radioisotope laboratory  and
cquipped  wath an notope grade fume hood,

decontanmnation sinks, work bench and storage facilities
for radiochemicals, The major equipment for detection
and assay installed was a Packard model 4530 hquid
santillation counter mterfaced with a Philips 2000 T
microcomputer for on- and off-line data manipulation.
Other equipment installed were a manual GM counter
(‘ienelec, USA)autoradiographic cquipment and high
sensitivity film and a radioisotope camera {(beta imager)
and print projector {Birchover Instruments, UK) for non-
destructive detection of radioactivity in thin layer
chromatograms and gels.

A short course was also given to 12 members of staff
covering such topics as properties ¢f radionuclides,
detection and  assay of radioactivity, radionuclide
hardling, safety, protection and disposal, use of tracers,
rediochromatography and radioimmunoassay,
Instruction inthe practical use of the available equipment
wits provided. ICIPE scientists were advised on ways of
incorporating radivisotope techniques into their own
work, To demonstrate the type of study which can be
undertaken, a short research project was carried out to
investigate the metabolism of a tritiated anti-allatal
agent, precocenc I, in S, exempia, a non-sensitive insect,

Metabolism of the pro-allatocizi, procecene I jn a
lepidopteran
LR McCatfery

The pro-allatocidin precocene 11 s presumed to be
metabolized by the corpora allata (CA) of sensitive
insects such as Orthopiera 1o a reactive epoxide which
bunds covalently to cellular macromolecules, This causes
vell death and  leads 10 the morphological and
physiological symptoms of a cessation of Juvenile
hormane (JH) production by the CA : precocious
metamorphosis and adult sterility.

The compound has been shown to have a singular lack
of effect in Lepidoptera. This is particularly unfortunate
since compounds of this typeare clearly potential control
agents and Lepidoptera represent one of the largest
groups of pest insect apecies,

The recent  commercial availability  of tritiated
precocenc pives the opportunity to study in detail the fate
of the compound in insects. The metabolism of precocene
I1in the Iepidopteran, S, exemta was studied so as to
indicate possible reasons for its inability to disrupt JI1J-
controlied metamorphosis,

Unlabelled precocene 11 was topically applied in
acetone to penultimate larval instar (V) 8. exempa
within 24 h of the previous moult showed that precocious
metamorphosis did not occur in the treated insects. At
high doses the compound was toxic with death following
2to Sdayslater. Doses ol 50 ug produced 12.5¢;, martality
by the time that the insects pupated. doses of 200 ug gave
5077 mortality by the time the insects pupated and doses
of 400 pg were rapidly Tatal to all the test inscets, Control
insects topically treated with acetone alone showed no
mortality whittsoever. Surviving test insects reproduced
normally. Precocene 11 appears therefore to have no
direct anti-allatal or anti-J 11 action in this insect. A scries
of authentic  reference precocene  nctabolites  was
prepared (Dr. PG, McDawell). These were assembled
nto a standard cocktail for use in the HPLC analysis of
the products of tritiated precocene {1 metabolism. The
mixture was prepared at frequent intervals and was
composed of the following: cis + trans precocene [1-3,4-
dinls, precocene H-é-of, precocene 11-3-0l and precocene
IL. The retention times of 6-(0)-desmethylprecocenc 11
and 7-(0)-desmethylprecacene 11 wese deteimined using
limted anounts of authentic reference materials,
Separation of the components was achicved using the
Phase-Sep C-8 column witha gradicnt clution of 0-5 min,
250 acctonitrile in water and from S to 25 min a linear
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gradient from 25% to 759 acetonitrile in water. UV
detection was performed at 254 nm.

Daoses of 1uCiof precocene 11 in acetone with S0 ug of
non-labelled carrier precocene were topically applied to
fifth-instar Spodoptera within 24 b of the previous moult.
The larvae were analyzed in various ways as follows.

After varying lengths of time the larvae were surlace
washed with acetonitrile, the washings reduced in bulk
and a known portion analyzed by RPHPLC as above.
(The radioactive content of a similar known portion was
directly determined using liquid scintillation counting
=] §C 5. The eluent from the HPLC was collected n 0.5
ml fractions in scintillation viily containing scintillation
cocktail, the samples counted by LSC and a
radiochromatogram obtained. 1t has been assumed that
co-chromatography  of radiolabelled  products with
authentic reference standards gives i reasonably reliable,
though not definttive, indication of thar ideatity. After
2.5 honly 5007 of the original applied dose of radioactive
precocene was recovered by solvent wiashing. By 6 h,less
than §¢ of the ongmal material remained on the surface
of the msect, Hp to -4 b after treatment at feast 750 of the
applied radioactivity semanned as unchanged precocene
11 but by 6 h this was reduced to around S0 Fhe only
otuzr significant component isolated by radiochre ~ato-
graphy appeared to be @ non-polar matenal eluting by
RPHPLC Later than precocene 1 This accounted for
10 ot the radioactivity recovered at 4 ho By 6 hatter
treatment 70 of the recovered counts coclued with the
Vd-drols,

The haemuolymph was removed from test insects and
cjected anto dce-cokd acetomtnle. The samples were
thoroughly extracted then reduced i bulk and a known
pottion taken for REHPLC analysis and LSC as above.
Fhe precipitate contiuned negligible radioactivity.

Ihe titre ot precocens 11 reached a peak of around
0. WM at about 2 hafter treatment. By 4 hthis was below
0. mM and decreasing rapidly, In atl samples, precocene
1 accounted Tor less than 7000 of the radieactivity
recovered and apart from one sample was always below
307 of the recovered counts. Three other significant
radiolibelled components were consistently found in
haemolymph samples: precocene 1-3.4-diols accounting
for 309 of the hacmolymph radioactivity 4 b after
treatment, an unidentitied polar material cluting before
the diols and an unknown fraction cluting between
precocene [-4-0f and 6-(O)-desmethylprecocene 1 and
accounting for 1407 of the radioactivity at 4 h,

The midguts of the treated insects were also examined.
Samples were analyzed using the RPHPLC method
described above. A varicty of labelled conmiponents was
always recovered: Polar materials 10-1507, precocence 11-
3.4-diols 10-19°¢, unknown (eluting between precocene
[1-4-0] and 6-(0)-desmethylprecocene 1) 5-1077,
precocene 11-3-01 100 and precocene 11 20-60%.

These preliminary observations indicate that:
Precocene I is without direct anti-CA action in
Spodoptera and that high doses are toxic.

Fifty percent of topically ».plied precocene disappears
from the surface of the inscct within 2.1/2 h. After6 h
less than 5%, remains.

® A component less polar than precocenc 1T 2nd a
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material eluting with the diols both appear inincreasing
amounts on the cuticle surfuce after treatment.

The maximum haemolyinph titre of precocene 11
observed was 0.3mM at about 2 h after treatment,
This is a titre which in sensitive insects would be
effective at producing anti-CA actions, The titre falls
rapidly thercafter.

Significant quantities of the diols appear in both
haemolymph and midgut samples as do fast cluting
polar materials (conjugates”?) and @a unknown
metaholite eluting between the -0l and 6-(0)-
desmethyl metabolites.

A material co-cluting with the 4ol and 640)- desmethyl
metabolites.

A material co-cluting with the 3ol appears in the midgut.
it is concltided that whilst prococene 1 is without obvi-
ous action on the Ca, topical application of the compound
results in haemolymph titres which would be effective in
sensitive  species. Nevertheless, the ntre of authentic
preencene  decreases  rapidly.  Peripheral - detoxication
processes  probably reduce the effective titre of the
compound still further by metabolizing the compound to a
variety of more polar components. These factors, together
with possible unknown aspects of CA biochemistry
probably render the compound ineffective,

IAEA SPECIAL PROJEC T ON THE BIOL OGY BIOCHEMISTRY
OF MICROORGANISMS FOR IMPROVED BIOMASS
DEGRADATION

Biochemical section
i e

Quantification of the rates of lignin degradation by
microorganisms requires utilization of substrates of
known structures, Accordingly, we cmbarked on the
synthesis  of several lignin  substructure model
compounds in 1984 Our attention was drawn mainly on
maodels of the 3-0-4 and -1 type, which represent the
major structural linkages in native lignin. Biphenyl
linkage type models were also synthesized and of these
dehydrodivanillin has been employed extensively in the
search for novel enzyme activitics.

Ihe models were used to assay the following enzyme
activities  in cultures ol Fusorium  semitectum,
Trichoderma harzianum, Aspergillus niger, Aspergilius
Sfluvus, Actinomyces spp. and Termitomyces:

o Ccllobiose oxidase

@ Polyphenol oxidase

e Protocatechuic acid oxidase (protocatechuate 3, 4

oxygenase)

o Cecllobiose quinonc oxidoreductase

An interesting finding was the detection of ccllobiose
oxidase in cultures of F. semitectum and Actinomyces
spp. The extracellular enzyme utilizes molecular oxygen
to oxidise ccilodestrins to the corresponding aldonic
acids. Degradation products were analyzed by GC and
HPLC. Protocatechuate oxygenase was found in the
fruiting bodics of Termiiomyces and in the mycotetes,

The last quarter of 1984 saw the beginning of
radioisotopic studics using “C-labelled model compounds
and lignin polymers. This work was conducted during a
study fellowship from IAEA to Dr. Osore in the USA.
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A serious  obstacle o the study  of lignin
biodegradation hus been the tack of sensitive assays for
measuring lignin decomposition. However, with the
advent of sensitive speafic radinisotopic methods, rapid
advances have been made. 1he RTTHISTY on
ncubation of the organisms ip tghtly closed 125 ml
Erlenmeyer thasks in the presence ol a known amount of
the "Covubstrate, and Hushing out the Iibetated OO
suttable antervads, trapping it a santillation cocktinl
incorporating ethanolamine, and eventually counting the
Viaby an i liquid santllaon specttophatometer. From
the counts abtaimed, the pereentage ol the onginal ¢

hased

hberated ws OO can be caleulated

Organisms selected  tor these  studies were:
Prichoderma harzianum, Fusarim semitedum and two
species ol Actimomyces. The white-root tungus
Phancrodhacte chrvvspornon BE A 1967 v used s
referenice o The tungr were tested apgarnst -
ferulic aend Oeprosentative of monomene amt in lignin
biopoly men and O OQCH poly puiracol

Fucaraem, Actinenyees Ay and Acting vees MAL oxidized
"Clerulie aad o varying degrees. Figure 19 shows that
Fusariam coltures oxidved "Crerulic acid by up to 63¢;

within 6 days.

OO

OCH3
CH CHCOOH

1013 OCH,

Ottt
12 G2

Figure 19. Oxidation of 1« . [2] - ferulic acid to “CO1 by cultures of
Fusarium semitectum, Actinomyces A1A and Actinomyces MA|

The devdiopenation polymersate CC-DHP) was
degraded more sdowly than Cletulate -l tmomy e \ Al
teleased anlo 05 ol the onpmal 'O o ) atter 20 days

cibation Diveswise, L anarnon showed a slow release of
¢

COL reaching o recovery of only 0224 alter 14 days

incubation ( Labje 532)

Table 52, Oxidution of 14¢ (ring) - DHP by cultures of Furarium
semilechtum (tofal DPM 479 - 109

(O Recovered as 14¢02

Incubation time tdiy s

| .010
4 0.066
7 0.006
9 0.130
1) 0.144
2 0.157
14 0.220
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The results obtained with HCARing)-DHP clearly
indicate that ring-labelled polymeric compounds are
relatively harder to decompose microbially than side-
chin monomeric compounds. Results obtained with
HC-(Ring) vanillin and vanibie acid have shown that the
degradability of such compounds falls intermediate
between  those  of  side-chain labelled  monomeric
compounds and nng-labelled polymeric compounds.

A number of substrates were used 1o assay for
higninolytiz enzyme activities. A H,0, - dependemt
ligninase that converts veratryl alcohol to veratraldehyde
wits detected in cultures of Fusarium and Trichoderma,
Veratryl alcohol is converted by the H O, dependent
Benmase 1o veratialdebyde which has a Amax value of
HO oM making it easy to follow the reaction
spect aphotometnically at this wavelength,

2-Methoay-3-phenyl bensoic acid was used to sty
tor demethylase  activity,  [his compound  was
demethylated by cultures of Fusariunt to 2-hydroxy-3-
phenylbensoic acid, which Bias a Amax ol 30 oM,
whereas the parent compound absorhs maxaimally at 290
nAML I hgninase assays employing dehydrodivanillin,
changes wr the UV vissble absorption spectra of the
conpound were monitored between 400 and 200 oM.
Significant changes were only ohserved atter 1020 min
incubation at 200 in the cuvette.

Capillary  gas chromatography wos ased in
comunction  with  the above studies to clucidate
degradation pathways tor v eralic acid. Fipure 20 i an
thstration ot the metabolic pooducts obtained after
meubation far 13 days with cultures of F. semitectum,

0/o MC Recovered as idc02
r »**® Fusanium semitectum
35k
30].
[
25( Actinomycos A2A
20 te
15H
aa=——5 Actinomyces MAI
10
5
A H L 1 1 A A 1 1 A A i
0 2 46 81012 1416 182022 24

Figure 20. Capillary (;.C. trace of metabolic products from
C- ferulate by Trichoderma harvianum

Microbiology section
M. Okech

Since our last report, complete identification of the four
fungi associated with the fungus combs of Macrotermes



michaelseni has been done. They are now as follows: F.
semitectum, T. harzianum, A. niger and A. flavus. The
work on protozoans and anacrobes was shelved
following the decision to narrow the work plan that was
originally proposed.

In carlier reports, it was indicated that attempts to
grow Termitomyces spp. from the mycotetes, spores and
tissue cultures was unsuccessful and alternative methods
were being cexplored. Since then, Termitomycees
mycolctes have been succzssfully grown on potato
dextrose agar. The mycotetes were collected from the
fungus comb of M. michaelsent and surface sterilized as
follows:

Washed in 0.5, sodium hypochlorite for 2 minutes,
then wached in sterile distilled water for 5 minutes, then
rinsed in 0.85¢ sterile saline and inoculated on to potato
dextrose agar.

Within a week myceiia started to germinate from the
mycotetes and in sbout three to four weeks mycotetes
appeared on the mycelia.

The atlity for the Termitomyees mycotete to produce
cellulase was demonstrated according to standard
methods. A positive result was obtained within 11 days.
‘Their ability to produce ‘ligninasc’ is currently being
tested.
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Histology and Fine Structure
Research Unit

In 1984 work an the Histology and Dine Structure Research Unit focused on
ultrastructural studies of neuroendocrine organs, reproductive organs, salivary
glands of tetse and sensory organy of erop borers. The objeciive was 1o provide
variows  core programmes  with the structural  information  needed  in
understunding and mterpreting cell functions. A few examples of the activities
have been selected (o ilhatrate research achievements and at the same time
indicate new horizony which have been opered.

® [he sudy of the corpus cardiacum - corpus allatun - aorta (CC-CA-A)
comple v of Glossina mesitans, aspectalized organ which produces neuro-
secrettions and juventde hormones have shown that the complex in G,
morstans comtains o hyperglyeaemic fuctor that induces a considerable
merease i total haemaolymph carbohydrate.

® Retardation of isetse testes development following ligation was another
sigmtficant observation. This structural analysis of testes development has
alse suggested a number of important fuctors which skould be considered
for studvan future including hormonal involvement in tsetse fly sperma-
logenesty.

® [fused on previous investigations on the precocene - induced steridity in Fy
generation of G. morsitans, the present report gives an ultrastructural
account of the structural transformations undergone by mitk glands from
Iy generation following treatment of the female parent.

o The essenial functions of the tsetse uterus include temporary storage of
spermatophores recerved during mating and ensuring egg development
into a mature larva. In performing the function of egg development, the
wterus is modified to remove the chorion fram the newly hatched first-in-
star larva and the exuvium from the newly-moulted second-instar larva.
The work reported here suggests that the protein-mucopolysaccharide
product which is secreted by the chariothete of the uterus acts as a cement
to bind 1o the chorion and the exuvium during their removal.

® A cellulur sty at the transmission electron microscope level was under-
taken on cultured embryonic tick cells in order to elucidate any morpho-
logical differences between the observed ep thelial and fibroblast type cells,
This can he wsed 1o speculate on the functional basis of these cells in relation
1o the synthesis of the antigen for experimental immunization against tick
infestation with Rhipicephalus appendiculatus,

® In conjunction with the clectirophysiological techniques, the electiron micro-
scope has revealed 1ypes of sensilla found on larval and adult antennae of
Chilo partellus. The most significant ohservation to emerge from this study
iv the role of sensilla styloconicum and basiconica in the hivlogy of C.
partellus larvae.

® The morphology of the trichomes on certain resistant and susceptible
maize genotypes were studied by scanning electron microscopy in order to
determine the influence of such plant characteristics on oviposition by

C. partellus.
67
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HYPERGLYCAFMIC ACHVITY IN THE CORPUS
CARDIACUMACORPUS ALEATUM AORTA COMPELEN O
G MORSTEANS

FRS twae R Maungr % 1 (homg
Ultrastructural stadies have shown that the corpus
cardiacam (CC) cells produce an antnnsic granulas
secretion which s transported v avon-hike cell processes
to the aortic wall tor release The neurosecretory matenal
from the hrun transported vin the nervus corpons
cardiacum (NCC) are alvo released 1 the aortic wall,
which s apparently the mun neurohacmal organ in the
tettucerehtal system ob (lovsna

Fhe vbjecnve of s study was toanvestigate whether
the nruroscecrctiony, in the corpus cardiacum - cotpus
allatom-aorta (CC-CA-Nycomple vain (6o maorstan hine
hy perglyeacnue actisaty

Extracts of the glandular Labes of the corpora cardneca
trom Locta pugratoria and the CCCALA comples
trem Goomorsitans were preparcd by distuption using o
150 W ultrasonic tissue disintegrator, and diluted with
sahimne such that 0 0V chinds were continned i 10 wi ot
saline tor snjecton an L omiratong and Peripaneta
armtertcana For matenal amected snto G morsigany the
diution was 0 604 plands contamed in b opl ot saline. £
prgratorne and Poamernoang were igected between an,
two abdonnmad stecna, whle €0 roratans were injected
through the arthrodial memhiane at the neck The
hacmolymph was collected by princtunmye the antarodial
memshane at the base ot one ot the hind degs i /
rneratorig and Poameroana, bat by shittine the neck
membrane i G marsians
Fotal huemolymph carbohvdrate tanthrone-positive
determined by spectrophotometne
[o determine the effect of thght on
tlies

mdatertal)  was
absorbent readings
tota! haemolymph carbohydrate concentrations
were placed o 30 ' mosquito netung cages and
stimnulated to fiy by rotating the cages at the rate ol 45
cycles per minan all duections up to a maxaimum of | h
Results shown i table 5V indicate that the €CC CA A
extract from G morstany evohed a 6577 tnerease in total
hacmolvimph carbohvdrate concentration (1 HCC) when
assayed on FPoumericana The response to the CCextract
trom /. puvratorig when sumifarly assaved was shghtly
less than that observed for the CC-CA-A extract from (4.

maorsitany. There was a slight and insignificant change in
the THCC in control P americana treated with setse
brain extract. Tsetse treated with their own species CC-
CA-A extract showed an increase of over 100 in THCC
compared to the controls, A sigmificant change in THCC
was also observed mthose ties treated with £ migratoria
extract, However, the refative increase in F'HCC i the
cxpenmental thes treated with tsetse CC-CA-A extract
was much lgher than in the expenimentad flies receiving
tocust CC extract. There was no significant change of
VHOC a0 the thes receiving hrain extracts from cither
locusts o1 tsetse

When a group of flies wes agitated to fly ina cage, there
was a shghtdecrease i the THCC after 0 min of flight as
compired to the resting control thies. However, within 60
min s fhght the THOC was observed @o be higher than
that ohtimed tor resting control tsetse, The difference in
FHOC between thes town for 30 minand those tlown for
60 min was sigmticant at P 001 and represented a
change of 1230 an THOC i 30 nan,

It s well known from Wterature that an inerease in
blood sugar (trehalose) concentration is a measure of
hyperglycaemic activity i ansects. The obscrvations
reported here show that the CC-CA-A complex of G.
maorsttany contnns @ hypergiyveacnie factor that causes
considerable inerease i total hacmolymph carhohydrate
(henee trehalose) concentration, ne tonly in G, morsitans
but also in P.oumericana.

PRECOCENE [T ON THE MILK GELAND OF 1,
MO MORSTTANS (WESTWOOD)

LEFECT OF
GENEFRAVTION OF ¢4

RS v M B Chawdhury

Treatment of female parents with precocene [ has been
shown to cause stendiny i the by generation of female G
m. morsitans. This sterility involves abnormalities in
tollicle development and  retardation  in oocyte
development.

The present study was carried out to investigate the
etfect of precocene 1 on the ultrastructural morphology
of mitk glands of both the treated parents and their sterile
and normal By otfsprings.

Mothers were treated wath prococene I soon after
emergence, and on days 2,9 and soon after larviposition,

Table 83, Effect of corpus cardincum extracts on total haemolymph carbohydrate concenteationsin adult female I, americana and

4-dav-ald ¢ morvitam

Total harmolvimp

Frasue extract and arnn
py gl maan

during
rest
P oamericana
G omorsptans CO CAZA RRERE N |
I overatorie CC extradt 21148
(0 morsians hran extracts 200221
(5. miorsitany untreated 72120

G morviamy CC CA A
1.omagratona CC extract
hritn e xtract
[ mugralord bann extract

O maorsiam

*Percentage hused on untreated resting controls

carhobvdrate concentration

i change

Sk mnconcent N
after

injection

w340 651 12
LIT IR 425 12
257116 17 12
155422 115.2¢ 10
11.02 36 S2.8 21
K3t17 15.2¢ 11
65429 9.7 12
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for the first three lurvipositions. Their by females were
allowed to mate und feed routinely. The mith glands of |,
females that managed to develop a larvi m the uterus
were dissected out dunng ditferent stages of larval deve-
lopment, and processed routinels for transmission
clectron ancroscopy. Sinlarly the glands from untreated
sterile females as wellas those fromstenle temz tes treated
topicatly with ZR SIS (uvenile hormone analogue) were
processed tor election microscopy
The ik glands I,
characterized by a cytoplasm consisting predommantly
of free nbosomes. Stacks of rough  endoplasmic
reticutum (RER) that chatacterize an actively secreting
cell, were completely Lscking. nstead, ringed arrays ol
RER, some of which resembled finger-prints, surrounded
the lipid globules i the cvtoplasm. Nuclear and
cytoplasmic shrninkiuges were common m such glands.
The latter torm of shiokage was observed along the basal
as well as lateral plasta membranes. The Lateral plasma
membranes, however, reimatned attached to cach other at
the points where they were tghtly held by separate

ol stenle othprimg  were

destiosomes (g 21

Lysosomal bodies, tormed i the cytoplasin around
the Golgi vacuoles and saccules, and ther membranes
The cytoplasm around the Golgi

became indistinct

Flgure 21. Milk gland of sterile female Ft of G.m. morsitens showing shrinkage of the basal (BL.) and Interal (LL) plasma membranes. Note that the Isteral

hodies appeared 1o disintegrate. This gave rise to
enlirged seservoir-like opening in the cyteplasm (Fig.
2 Diuntegration was alse observed in the nuclens,
with the chromatin and aucleotus falling apart.

Following treatment of the sterde females with the JH
analugue, signs of recovery of the protein synthetic
apparatus in the secretory cells were observed. This
included the recovery of the Golgl membranes, the
reappearance of stacks of RER 1n the ¢ytoplasm, and the
disappeirance of lysosomal bodics. The nuclei became
ovabin shape and there was nosign of disintegration in
the nucleop! -

In terole Ty temale oftspring, and in the mothers, the
seeretory cells of the milk gland were active. The RER
were aligned mto well developed stacks and abounded in
the ovtophsm (big 23). Tapid globules were also well
formed

Lhis study has revealed that following precocene 11
treatient of the females, the synthetic activity of the milk
glands of the by gencration were atfected to a varied
degree. In the treated mothers and fertile offspring, the
muilk glands weie not alfected at all, and appeared to
support and provide the necessary nonrishment to the
larva. In sterile By females, however, the milk glands
were rendered inactive due to nuclear and cytoplasmic

plasma membranes are held (ogether only by separste desmosomes (arrows). Note also the armay of fingerprint-tike rough endoplasmic reticukum (RER)

N, nuclewn; Ly, lysosome
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ligure 22. The disintegrating cytoplasm in the mith gland of a sterile F, female. Note the collection of celf debris (C1)) into reseryuir-like openings
(). G, Golgi apparatuy; RER, rough endoplasmie reticulum,

Figure 2V Inanormal b, female the actively secreting gland celis have numerousstacks of well developed rough endoplasmic reticulum (RER ) and
lipid glebules il ()
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shrinkage and disintegration. Although steiility itself was
irreversible 1t was possible to reverse this inactivity of
milk glands by treatment with o quventle hormone
analogue

PUITRASTRECTERE O 6L TURED EMBRYONNH
HOK chtls

PR G M Sandol TS Dhaddulla

lick  embryonie cells have been cultured  tor the
production of antigens to be wsed tor experimental
snmunzaton ob cattle agamst nfestation by the brown
car tich, Roappendiculatn

Light mrwcroscopic observations of the celis in culture
revealed the presence of two adherent cell tpes
epithebal tpe cells whichare smalland oval i shape are
predomimant wihule spindle shapod cells which e
clongate are tewet

Phis teport concetin the ulttastiu tural obsersations o
the two cell tpes Cells which had been i culture tor 1o,
60 and 96 davs were palleted and transteried to cold
plutaraldebivde ivative The pellets were then processed
tor clectten mmcroscopy toltowing standard procedures

Ulrastiuctoral observations contitm the presence ol
ol tvpesieelltvpe Tand cell type 11y The type Teells
ate pircdominant and e charactenized by a plasma
menibrane which o thrown mto tolds, giving it the
apearance of g mctovilly brosh border, henee the name
cpethchiad el tvpe In the type 1 cell, the plasma
iemntane has noandentations, but tike i smooth course

around the cytoplasm (Fig. 24). Often the cells clump
together into a monolayer,

The cytopliasm of both cell types is characterized by the
presence of rough endoplasmic reticulum. These occur as
single short strands scattered evenly throughout the
cytoplusm. The canaficub of the RER are Lairly wide and
seem to contin a o secretion, They  resemble  the
documented RER ot trophocytic fat body cells of some
femuade ticks. The Golgrarea of the s toplasm s made up
ot flattened suceules with an election-lucent core, and
vesicles which are electron transpatent. Condensing
vacnoles with secretory granudes hiave not been observed.
Apart from the pthosomes that stud the RER, free
tabosomes and polysomies oceur in the evtoplasm, The
nuclens accupies 4 centrad positton. The chromatinin the
nucleus iy evenly dispersed, but condeased chromatin
oceurs along the inner membraine ot the nucleolemma,

A number ol intracellulin nclusions occur in beth cell
types. Dipid elusions have been obaerved insome of the
celly Ao conspicuous imhoth cell types is the presence
ol membrane-bound, clectron-dense granules.  These
appear in ditterent sizes. Lhe smaller ones have electron-
dense griuns resembling glycogen particles. The larger
ones appear to be made up of similar grains cemented
together by an electron-dense matrix. They resemble
volk  granules observed in

seeretory vesicts and

vitellogenic vocyvtes from ticks. Lysosomal activity
mantdests Hsell in two forms. The first form of this
actinvity consisis of numerous small membrane-bound
vesicles within o larger membrane-hound enclosure,

Figure 24. A type 1 cultured tick embryonic cell.



These are referred to as multivesicular bodies. The other
form of lysosomal activity consists largely of whorled
rings and other Xinds of cell debris. Al the intracellolar
inchusions observed in these cmbryonmic cells are typacal of
thuse ohserved by other workers i tick voeytes duning
vitetlopenesis.

The observations
cnbryore cells are active o protewn svathesss and also,
possibly synthesize materin simnfar to that observed in
tick vitellogenic nocytes

tepected mdieate that the tk

SENSOIY ORGASS OF SO PiRTETTTES

PO Aobowane S M aladde, M Clnnstana
Scannmng electron microscape studies on the larval and
adieftantennae were conducted. ltwas observed that cach
Latval antenna bas a senstlbum styloconeum and two
types of senstla basicomica. Flecttophysiological data
from sensitlum stylocontcnmn showed that the seasillum
responds o temperature changes while thiee of the
semsilla basiconica were sensitise to odour stinmad,
Fransmisston election ticroscopy on these sensibhivas i
progiess  Furthermore hehavionsal tests to odour are
being conducted 10 order to establish the relationship
between hehivioural responses and clkecttophysiological
data

Work on the marphology of the moth antennal sensilla
has continued. Toas now known that the grooved sensidli
on the anterrma ot the male moth are innervated by two
cells. One of these vells s oscasitive to odours from the
abdomnal gland ob virgin Chndo temales Tramsmission
electron ancroscopy studies on the rest of the adult

antennal senstlla are i progress
FRICHONMES ON MAZE TEAE SUREACES

P Acheare TA tmpoto

Hased on ccologcal studies which showed that trichomes
on maize leat surtaces appeared tointluence the selection
of oviposition sites on resistant and susceptible maize
genotypes, the scanning, clectron microscope was used to
study various leaf surfaces in order to explain the role of

Figure 25. Scanning electron micrograph of the upper leaf surface of
maize, X 725 T - Trichomes; Note stomata (S) in the background

trichomes i C. partellus oviposition, The lower surfaces
where there are no tnichomes or where they had been shed
were more preferred for vviposition. On the other hand,
where there was a mixture of trichomes and spines (Fig,
25), ovipositton was hindered.

Ihese observations indicate that apart from insect
sense organs  plant texture plays part in guiding C,
parielhis to suntable ovipositional sites,

FEEECT OF LTOATION ON SPERMIOGENESIS IN
G MORSITANY

LD Kohwaro, N Y

We have previowsly reposted an the cellular organization
of the pupal testes of the tsetse G morsitans and recorded
vltrastructurat changes which characterize the transfor-
mation of cells during the process ol spermatogenesis
(1CIPE Eleventh Anpual Report, 1983). The objective of
the present study has been to examine the effect of liga-
tan on testicular development and spermiogenesis.

Gross morphological studies showed thet ligation
delayed pupariation, retarded testicular development
and caused alterations in cellular components. The testes
trom hgated pupice faied to clongate, to coil and finally
degenerated. The histological festures most noticeable in
the pupal testicular cells were mainly a reduction in the
number of cysts and spermatids, development of thick
intercystial tissue and the appearance of vacuoles of
vartous sizes indicating that there may be a breakdown of
celt contents, Future studies will aim at clucidating the
hormonal control mechanism on spermatogenesis in G.
TROrstadny

FUNCHON OF THE CHORIOTHE 1IN THE ISELSE,
G M MORSITANS

Jot Aongoro

The ventral part of the uterus of glossinids s
characterized by the presence of a glandular structure
known as the choriothete. The structure was so named by
its discoverer, Jackson, in 1948, who suggested that it was
responsible for the removal Of the chorion from the
newly-hatched first-instar larva and the exuavium from
the newly-molt  second-instar  larva. Subscquent to
Jackson's observations, however, there has been some
controversy regarding the function of the organ, some
authors suggesting that the choriothete is merely an
organ for support of the developing embryo or larva,

The aim of the present study is to elucidate the function
of the choriothete and te investigate the nature of its
involvement in the removal of the chorion and exuvium.

Qur observations on the sccrctory nature of the
choriothete confirm those of other workers. It has been
suggested by other authors that the secretion, which
consists of at lcast protcins and mucopolysaccharides,
acts as a cement to bind the chorion and the first larval
cxuvium in turn, during their removal. The choriothete
cells are probably also involved in ionic exchange by
virtue of their extensive plasmalemmal invaginations,
which are associated with mitochondria (Fig. 26).

In 1983 we reparted the presence of cuticular spine-like
structurcs and rows of depressions on the choriothete,



Figure 27. Photomicrograph showing the cast cuticular mass (strows}in clove susaciation with the choriothete (( ) in o Th-day-old mated female
Gom morarane X A,
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Figure XX Trapsmission electenn micrograph showing part of the cast caticular mass (urrows) in close assaciation with the apical part of the
chuoriothete Cu, cuticular lining of the choriothete: Pi, plasimatemmat infoldings of the apical cell membrane; Mi, mitochondria; Cy, cytoplasm
S LAY

[hese featuses are probably myvolved in the temoval of
the chonon and exuvium

Light and clectron ncroscopic observations siiow that
both the cast chonon and exuviun are closely associated
with the choriothete (Figs 27, 2%) From obsersations
made va the chorothete of flies both at an advanced
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stage of pregniancy and at younger stages, it appears that
the choriothete probably changes its contour at different
stages of development. These observations support the
suggestion that the choriothete is involved in the removal
of the chorion and first-instar larval exuvium.
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GUSTATION IN THT STEM HORER € PARFELICS

Waladde, H M. Kahoro

Since the Sensory Phyvsiology Research Unit (NP RU) was set up over ten years
ago, there has been an increase in the number of staff and s cientific equipment.
Inorder to create a bener n‘ur/\‘ilu,' environmeni it was necessary to renovale the
lohoratory and improve on the placement of elecrrophysiological set ups as well
av other items an the tuboratory, This exercise ways started and completed early
this year. This has contributed 10 a reduction i the mechanical and electrical
mterferences which used 1o affect experiments.

SPRU has continued 10 collaborate with the crop pests and tsetse research
programmes and collaborative efforts with the sister units (chemisiry and
hioassay and fine siructure) have condinued. Studies on the t1serse fIv have heen
Socussed on behaviour, expecially the antennal reaction 10 certain stimuli
assumed to affect the fIv's behaviour. Some of the stinli 1ested are componunds
of known composition and concentration. Other stimuli are of unknown
composition but are mainly extracts of the host animal by-products sueh as
buffalo urine which is supposed to e a good tsetse attractant. This work will
soon he supported by electrophysiological test especially single coll responses
Srom the antennal sensilla. With regard 1o cran pests, the chiemical stimuldi
related 1o host plant resistance or susceptitality 1o siemt borers are not well
tnderstood. We have therefore employed electrophysiological and behavioural
hivassays on C. partellis 1o investigate the eoffects of materials ohtained from
susceptible and resistany host plant genotypes. Since behaviour is an imporiant
aspect of the work, steps are heing taken 1o develop an adequaze feeding
hivassav for Chilo furvae. So far most of the electirophysiological studies on
olfaction have been done on the moths and very little on the larvae., Olfactory
studien on the larvae have therefore been initiated and are beginning 1o yvield
resulis.

week-old  maiz- plants, (susceptible Inbred A aad
resistant CM & 324). The stimuli from the above maize
genotypes woere as follows: the leaf exudate enllected
frem the upper surfaces of the maize leaves, the other
exudate was that which oozed from maize stems whesi the

During the peried we investigated electrophysiological
responscs [rom the gustatory receptors especially sensilla
styloconica on the larval mouthparts and the trichoid
sensills on €. partellus ovipositor and tarsi. Some
functional morphology studics were done to verify the
function of same of the sensilla studied. NaCl (0.91 to
0.1M} and D sucrose (0.01-0.1M) dissolved in 0.1M NaCl
werz used s standard stimuli on the taste hairs. The other
stimuli of unknown composition were obtained from 4-
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leaf-bearing part was cut off and the other stimuli were
agueous extracts obtained by passive extraction of maize
stem tissues. Since there is no adequate feeding bioassay
for Chilo larvae, we are developing a method suitable for
such a bioassay.

Electrophysiology
Math ovipositor 1arsal and sensilla. Four sensilla on
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the Chilo ovipositor are contact chemoreceptors. They
are more seasitive to NaCl than sucrosz. Fhe presence of
sucrose in the stimulating solution inhibits the effect of
NaCl. {t was observed that the leaf exudates from both
susceptible and resistant plants were as good a stimulant
as NaCl solution. This does not necessarily imply that
the stimulating component in the leaf exudateis NaCl ht
is however apparenc ihat the presence of the leaf exudate
can be detected by the ovipositor and the intensity of
response to the above exudate is stronger than that
recorded from the tarsal sensilla, It is also interesting to
note that when the leaf exudate is forming on the upper
sutface of the leaves, the moths are actively lovking for
oviposition sites on the undei-surtace of the leaves. 1t will
be worthwhile ta establish the chemical components in
the leaf exudate and to find out whether the presence of
the exudate on the uppersurfacr ot the leaves is one of the
factars which inhibit oviposition on that surface. It has
been reported, however, that moths supplied with leaf
exudate from any ol the cultivars had a shorter longevity
than those supplied with distilled wates. Thisimplies that
female maoths which imbibe leof exudate are affected
physiotogically in terms of survival and egg-production,
As reported in our earlier studies on the tarsal sensilla of
Pyzalidiae moths, each tarsomere on the first pair of legs
has three pairs ol trichoid sonsilla. The medial and
medio-lateral sensilla (formerly pairs number 1 and 2)are
bimodal in that they are innervatad by mechanochemorece-
puve cells. On the other hand the lateral sensilla (formerly
pair number 3} iv sensitve to mechanostimulation only,
Recently, transmission electron microscopy shawed that
the medial and medio-lateral sensilla shafts contain four
dendrites and a fifth dendrite  terminates at the base of
cach sensillum. On the other hand the lateral sensilla are
cach innervated by two cells, The dendrite of one of the
cells extends into the sensillum lumen while the other
terminates at the sensilium base, Electrophysiological
tests showed that more than one cell in the medio-laterai
sensilla are sensitive 1o sucrose whereas in the medial
sensifla only | cell s sensitive. Other workers have
reported that on the white butterfly, Pieris brassicae, the
tarsal contact chemoreceptors aave been implicated in
the selection of oviposition sites. The available informa-

Laterdl .,tyloconlcum

tion on Chilo suggests that the tarsal and ovipositor
contact chemorecepto- sensilla are likely to play a crucial
role when moths are selecting oviposition sites.

Larval mouthparts sensitla. Although the external
features of the medial and lateral seasilla styloconica are
similar, the lateral styloconicum sensillum respond with
increasing spike frequency to increasing concentrations
of sucrose but the medial styloconicum sensiilum does
not, (Fig. 29). As shown in figure 30, stimulation with
aqueous extracts from the susceptible and resistant
cultivars evoked rapidly adapting responses from the
lateral styloconicum seasillum, whereas responses from
the medial styloconicum sensillum adapted less rapidly.
The reverse was true when the two sensilla were
stimulated with exudates collected from the stems. The
effect of the tested stirmuli on the styloconicum is shown
in table 54 in terms of average impulses frequencies
generated in the first 200 ms of stimulus application,
Adding sucrose to NaCl almaost quadrupled the spike
frequency from the lateral styloconicunt but had almost
no effect on the medial one, Response in the medial
sensillum was mainly caused by NaCl and among the
stimuli tested the leal excdate had the least effect on the
wwo sensilla,

Impxdues per second
Lateral
Y ?0/[) 7'5 i}x 29.9x2
300} % 01
o]
200
100
Y= 7 48.3 e
(F 14=27. 128 X)
p< 0.0
(0] | 1 1 L 1 -
107 163 102 161
Sucruse concentration (log scale)
Figurs 29. Graph showing the reiationship between sucrose

concevtration and impubse.

Med»al styloconlcum

Figure 30. Responses from the laters! and medial maxillary sensilla styloconica of C. partellus.
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Table 54. Average impulses per second in the first 200my of
stimulus application

T ateral Medial

Stimutus shyloconicuin styloconicum
2\ 50 IS
Nadcl

WM NACT

24 - (I swrine T 3
Inbred A dew 28 40
CMIT g dew 2 3)
fnbred A stear evadate 140 49
M 32 tem evudate [71 R)
Inbred A agueous extract 9y 12
CML D2 agueous extract RA] V0

It known thatan mmpostant part of the sense of taste
i keprdopterous Luvee s localized in the maxillac where
cach maxtla bears o paar of sensilla styloconica. Hence
the need to get more intformation shout the sensitivity of
those sensilla to known compounds and plant extracts
The sane ought to be done on the maxilliery palpr sensilla
but v relatively ditticult 1o obtam  meaningtul
clectrophysiological data from these Results reported
here sind those ot other workers show that the sugar
sensitnve cells i the Lteral styloconica ot Chido are more
sensttive  than then counterparts in the  medial
stvlocomica. Thes s alvo the case tor other leprdopterous
lurvae studied Under normat circumstances the fourth-
or tifth-istar larvae used o thes study would not come in
contact with the leal exudate as they would already be
burrowing in the stem. s therelose not surprising that the
leal exudate had the least sumulating etfect on both the
maxtlary stvlocomea sensitla On the other hand the
stem exudate and extracts are important components of
the mediam i which such larvae grow and develop. The
sumalt 1 those components can have far-reaching
conmsequences on larval behavious aod it isainteresting to
note that the teo stvlocomen sensitly were affected
difterently by the two components. It s essential to
establinh the sumult responsible for the
observed dilterences.

chemcald

Feeding hioassay

For the feeding broassays it was essential to use a porous
substrate which could absorb the phagostimulant
solutions and s also amenable to Chilo larvae feeding
behiviour Mature piths from maize and papyrus stems
were selected. Water soluble and organic compounds in
the two piths were extracted by soaking *he piths in two
changes of methinol for at least two days, The piths were
then washed m runmng water for another two days,
freeze-dried and weighed. Piths so prepared readily
athsorbed the testsolution. A pair of piths were soaked in
citch of the test solutions (D-sucrose, diluted aliquots of
the agucous and organic maize extracts). Since the
aorganic extracts were dissolved in acetone, the solvent was
allowed to evaporate from the piths before they were
made dump by soaking in limited amounts of water. All
the treated piths were then dropped in labelled vials
contmining two fourth to fifth-instar larvae which fed on
the piths for seven days. At the end of the feeding period
the larvie were removed and the intact pith together with
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the saw dust (feacal material plus pith crumbs) were dried
in the oven at 60° C. After drying, the sawdust debris on
the pith was shaken off and the weight of the sawdust and
trass produced by larval activity as well as that of the
intact pith taken. The amount of the original pith weight
which was converted to sawdust or {rass was tahen as a
measure of larval feeding activity. This was expressed as a
percentage of the initial pith weight.

The maize and papyrus piths served as suitable
substrates for feeding Chilo larvae. As shown in table 55,
the lurvae displayed more activity on the maize piths than
on the papyrus piths. This is possibly due to the fact that
the maize pith has a fina texture and doces not soal; up s
tmuch moisture as the papyrus pith. Most of the larvae
used were recovered alive at the end of the experiment.
Those Barvie recovered from the maze piths which had
been treated with the argamic extracts showed a marked
degree ot growth and a few pupated. his suggests that
the orpanic extract had more nutrients than the agueous
CATACts,

Fable 58 Fercentage of pith weight converted to sundust by
lasal activity {feeding)
Percent converted

Stinulus on puth Miaze stem Pypyrus stem

pith
Cantrol b 26
Inhred Aiqueous extract S8 3
124 aqueous extract 10 9
Inbred A arganic extract 1) 4K
CMI 324 organic extract I 7.9
Suctose KoL 1070 M 14 1.4

Feeding bioassay reaffirmed the fact that sucrose is a
good phagostimulant for the larvae. The piths treated
with sucrose induced far much better feeding activity
than the controls (table 55). More tests have to be done
before uny conclusive statement can be made on the
effects of othier stimuli currently under investigation.
Feeding bioassay for Chilo are a necessity because they
provide an opportunity to observe what happens when
larviie are presented with one or more stimulants under
specified  conditions.  Furthermore the observed
behaviour reflects the interaction of different sensory
cells namely those on the maxillary galea, the
epiphryngeal surface of the labrumn and possibly the
mandibles. Feeding is one of the factors which determine
establishment of insccts on different plants. It has been
suggested that insect feeding activity on plants has two
main aspects: the acceptance of a diet for feeding and the
degree of food ingestion from the accepted diet. During
the initiation and continuation of feeding the observed
behaviour results from the message gathered by the
sensory cell. This message comes from the combined
cffect of several chemical stimuli in plant tissues.
Obscrvations by other workers experimenting on other
lepidopterous larvac showed that insects prefer certain
combinations of phagostimulants. This implies that
plants with the right combinations may be susceptible
whereas those lacking the combinations may be resistant,
In order to identify such difference in various cultivars
clectrophysiological and behavioural methods will be




very uselul. However, it s tmportant to point out that
coltaboration with the chemists is indispensable

ANTESS AL SENSITEAN OF ¢ HH i EARY AL

S M Waludde 18 hoksoaro. AL Cheniiont

There s very little electrophysiological data on the
olfactory  sensills  of

lepidopterous larvae, This s

HEAD CAPSULE -L ARVA

.

probibly due to the fact that those farvae ire very clumsy
and difficult to handle. The larval antenna are situated in
sochets where they can be completely retracted thus
making 1t impossible to  approach  their sensilla.
Hewever, when the antenna are forced out of their
suckets the use of metat clectrode s w means Hf ohtaining
electrophysiological responses has limited apphcation
beciuse the antennal structure has a tendency to recede

Figure 31. Scanning electron miceograph of the head capsute of €. partellus Iarva.
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while the electrode is being implanted at the bases of the
sensilla. Therefore, in our electrophysiological studies we
used the cut-tip recording method, which proved 1o he
much more applicable, and 1t was possible to obtain
reproducible results.

Scanning clectron microscopy showed that the Chilo
antenna has three different sensilla types; the blini tipped
sensilla basiconica, the sensilla styloconica and a lone
sensillum basiconicum with a sharp pointed tip (Fig. 31).
No clectrophysiological data has been obtained from the
latter seasillum. Data obtatned from  sensillum
styloconicum shows that it is a cold receptor while the
blunt tipped sensilla basicomca are oltactory receptors.

[tis interesting to aote that the styluconica sensilla on
the Chulo larvise has @ coliar which marks the borders ot
the platform from which the sensillum shaft projects like
a missile. The same is true tos sensilla styloconica on the
adult Chilo antenna but the sigmiticant ditference is that
the larval styloconica sensilli are three tmes longer than
those of the adult. Furthermose both larval and adult
antennal stylocones are coeld receptors responding to
low temperatures with increasing spike frequency, and
arc inhibited by light and rising temperature (Fig 32).

So far, we hiave more electrophysiological data from
the olfactory hair {A) sttuated cloue to the steloconicum
sensillum. This sensidlum has at Teast three active cells
producing high medium and low amplitude spikes (Fig.
33 Analysis of the spike trequencies from those cells
showed that sorghum and maize odours affect those cells
differently (Fig. 34). This suggests that Chido larvae are
capable of distnguishing between sorghum and maize
adour.

These kinds of electrophysiological data from the
larval antenna are encouraging in that we may be able to
use electrophysiological bioassays to find out whether
susceptible and resistant genotypes differ in their odour
compaonents. For this work to be meaningful it will have
to be done in close collaboration with the chemists who
have to isolate the pertinent chemical compounds from
these plants.

Trod il
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CHEMOCOMMUNICATION IN ISFISE FLIES
RA Savu

Experiments to screen various synthetie and nateral
chemicals in order to identify attractive und repelling
chemicals are in progress. The perception of the cuticular
female sex pheromone (15, 19, 23-uimethylheptatria-
contanc) was also studied electrophysiologically and
behaviourally.

Electrophysiological recordings of responses from
tarsal, tibial and even temoral chemaoreceptive hairs on
any of the legs of G. . mornsitans ginve no indication of
the stimulatory  effect of monsiture.  ilowever,
clectroantennograms (EAG’s) were recorded  during
stimulation with the odour of morsilure indicating that
the pheromone wis pereeived by the insect via olfactory
receptors on the antennae (Fig. 35). The amplitudes of
the EAGs ranged from about 0.1 mV onstimulation with
5 pl ot morsilure to about 1.0 mV on stimulation with 20
wl I comparison, aleohols and ketones evoked much
higher EAGs. In fact on stimulation with the odour of
only 5 ulofasubstance bike 2 butano e, .n FAG of about
YmV omay occur.

The fact that the tlies were able to smellthe pheromone
wis further contirmed b, behavioural experiments in
which antennal movements on stunulation with the
adour ot synthetic pheromone were studied. These
cxperiments also indicated  that male responses to
morsifure increased with increasing starvation 1 Fig. 36).
The observed increase in male responsiveness to
morsilure with increasing starvation 1s in agreement with
other behavioural activities such as spontancous flight
activity, visual respansiveness and  probing
respansivencess which also increase with increasing
starvation,

Experiments 1o screen chennicals  for
attractancy or repellency indicate tormaldehyde,
pentanal, acetone, methylvinylketone, methylethylketone

virious
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Figure 3. Scanning electron micrograph of the sntennal styloconicum sensillum (S5) and the adjacent sensills.
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S0RGHUM STEM ODOUR

Figure Y3 scutming clectron micrograph of the antennal distal end of (. partellus larva.

82



Impulses per second (ips)

. MAIZE STEM ODOUR SORGHUM STEM ODOUR
80}k -
o e Medium spikes =~100v
Ou—O Small spikes == 50 pv
60 ° [~ A~ alarge spikes =150 pv
(o]
40} / }-
0 - O 0 e O
) o o~
[ ]
ool ~——. _/
’ e
h
) bl e St Sttt D N
20 10 650 80 0 20 40 61 80

Time 1n MS after stmulus application

1

I tmV

ANttt Ao nnre (ilLer paper

W 10 nl morsilure

IH ut morsilure
20 yl morsilure

5 ul 2.hutanone

Flgure 35, EAG recordings from 12-day-old (;.m. morsitans

and l-octen-3-0l 1o he attractants. Overall responses of
males to these chemicals were significantly more than
those of females. The amplitude of the FEAGS on
stimulation with 10 ul of the above chemicals ranged
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Figure M. Geaph showing the effect of maize and sorghum plant odours on the cells Innervating antennal semalllum *A° of O partelbus lasva

Percent resnonse
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Figure 6. Rehavioural (antennal) responses of 4 groups of 7-day-old
G.m. morsitans

from about 3 mV on stimulation with octenol and
methylethylketone to about | mV on stimulation with
pentanal. Studies are also in progress to determine the
attractive substances in buffalo urine.
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COMPUTER PROGRASIMESSG CONSTETATTONS
ASSISTANSCL SHORT COr #ES AND WORKSHOP

1o
Scientific §sape

Prosevamnie Nineteey programnmes

wiattenand tesred i data tron the tesearch scientists

commputer were
by Dr Magalit Five progronmes trom Bometry by b1
Rohlt (HOMOV . NEFSTAD BASTAT, BINOM, and
NEGHIN) were rewnitten and tested

Foenhance the computinge capaibity of the screntists,
programmies such as hadanced imcomplete block (BIBI Y,
multiple (MUDPREGY,  correlation with
s vadue (CORRL . 2y frequeney (FREO), [ atin
Squarey with Covarmnce (E ATINANO), SORT (sortuing
of data), LALIN (lann and 2 factors
(EACTOROY) e prosentls beiy developed

Some standards are bean et up i BOST o wonng
FORTRAN propranunes and e meluded moanother
report Sidteen trom  R.G
Computer Programimoe were rewitten and tested

represston

Sepuate),

proviammes Davies,

Aventor programmer, was haed i October YR 1
maniun the foreyoiny. programmes and wite maore
sacabiti and simulation programmes i the umt. He s
currenthe testing w programme i the Wang PC 1o
estimate the mortaliy rates of the tsetse thy He will help
supervise the openations of the computer sustems of the
Centre mcludime the Wang PCs which wereaeguived late
this veas

Comsultanion cnd vsdance Computer Progricmming
comsuftations and aasintance on data analysis and word
processig s bemy extended to the Mbata Point Research
Stavon statl These serviees are presenthy done at
Duduvile but wall be shifted to MPES a8 woon as the
Wang PCs are mnstalled there.

An operator programmer was hired in August 1984
for Mbita and 18 currently bemy trinned at Dudusidle
before assignment. He 1y presently converting the
FORTRAN programmes, under the supervision of the
Dt Systems Manager, in the VS 80 for the Wing PCs
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which will be snstalled at MPES. He s also testing the
MSTAT aostatsnical package, which will be used hy the
research statt at MPES.

Consaltations and assistance on data processing and
atalvsiand word processing were extended to 29 staff
metnbers, The 19 programmes mentioned above were
watten as aresult of these consultations. Assistance on
word processing was extended by My, Ssehunya to other
tnernbers of statt asing the 'S 80 at Duduville. Dr. R,
Dransticld continues to give assistance 1o the rescarch
statt on expenimental design, data processing  and
analysiy His assastance is very valuahle to the BCSU,

Computerized duta sosten This was develaped for the
Peetse Feology Project e March 1984 and similar
swstemy will be developed tor the other projects later this
sear Several test programines were written for testing the
above svatem Programmes to summitize the 1setse data
are beog deseloped and tested. The data entry and
cditmp, re-cditinge and MCIge  programmes  were
deseloped for the above data system and more will be
watten toanaly et We tinished analyzing six large data
sets ot Do Sesha Reddy, In collaboration with Dr.,
Bransticld, we also completed analysis of data for Dr.
Unmithan. Thewe were many other analyses done for
other TCIPE staft on a limited scale.

Iraining

Aone week course in computer programming was given
o ARPPIS students and sorie ICIHPE stalf in May 1984,

Anather one on biostatistics  was given by Dr.
Dransficld tor one week. A one-hour lecture on data
analysisand computers was given to the ICIPE/ UNEP
BrOUp truning course participants,

Alecture-demonstration (3 h) on computers and word
provessing wins conducted for participants of a workshop
Scientific Technical  Editing, sponsored by
International Development Research Centre (IDRC) on
August 27, 1984,

The Data Systems Manager attended the workshop on
Microcomputer Applications in Agricultural Research

on



and the Training on Database Software for Micro-
computers, held at the International Rice Research
Institute, Loy Banos, Philippines, on 24 Seplember to 5
October 1984, He presented  two  papers entitled:
*Microcomputer applications in analysing experimental
data’, and ‘Computing expericnce of [CIPE'. The MSTAT,
a statistical package, was given to him at the end of the

workshop.
Word procesung. BCSU staft extend trimning and
assistance  reguiarly  to seeretarial staft on Word

Processing using the OIS 105, VS 80 and the PC.
A computerized mailing st for our hbrary and

publications department and @ list of the 19%3 stuff

publicitions and research are now in our manframe.
Accounting records, purchases and sales report tor the
Duduville International Guest Centre are being prepared
in the mainframe using word processing.

An OIS sepervisor was hired 1 October 1984, She
takes over the responsibihty of traming and supervising
the seeretanial staft on word  processing. She will
supenvise the operationy of the OIS 105 system and the
POy at Chirome.

Computer hardware. The VP 2200 system
adeguate tor many scientfic appheations. However,
becatse of the limited memory (32KB) and the hmited
number of computer programmes o this system, new
progrunmes aie being imtiated and written for the VS 80

Wil

syatem as mentoned above.

It was tound ditticult to write and mantinn BASIC-2
programmes tor the 22000 VPO The 2200 system
programmes were also found to he cumbersome and
ditheult to mamtamn. More than 80U o scientific
appheations are now n the VS 80 and this usage will
INCICAse iy more progrignmes are written for the VS 80
syaten The 2200 VP il be phased outin 1985 and will
be replaced by the PCs. There were frequent breakdowns
i the punters (dassywheel and band) of the VS 8O, These
were due mostly to mechanical and heating (inadequate
wr-conditioning) problems.

Preventive maintenance on the system helped a lot to
stabilize the operators of the printers. The OIS at
Chiromo had frequent breakdowns carly this year and
the repairs had to be supervised closely. The operations
of both the VS 80 and the OIS are now in stable
condition. The VS B0 30 MB hard disk was found
insufficient for the storage space requirement of the
system,
A maintenance  agreement  between ICIPE and
Computer Applications Limited (CAL) was finalized.
The maintenance capability of CAL was studied carefully
and found adequate. For a while, the word processing
documients of the V5 80 cannot be read at the OIS in
Chiromo. 1t was discovered later to be a hardware
problem, e, unproper disk alignment. Another “rork
station and a new printer were installed in Chisomu in
19K,
Three WANG personal computers (PC) were ordered;
2 tor Mbita research station and 1 for the administration
division at ICIPE House.
The following upgrading of the VS 80 were carried out
n 1984
e Disk drive from 30 MB to 90 MB in January 1984,
e One work station from 32 KB to 64 KB - October
1984,

® Y6 character print-band was installed to include
small letter capability to the band printer - October
19K4.

® Purchise of high-density matrix printer 5577V,
This will give the VS 80 graphics capability and high
speed quality “draft letter print. The 40 CPS Daisy
Prnter of the VS 80 was installed to the OIS 105
(November 1984) to upgrade the printing speed of the
OIS and the 20 CPS Daisy Printer was connected to the
VS RO,

Two PCs, one for the use of the Chiromo scientific staff
and one for the administration division were acquired towats
the end of the year.
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Outreach and
Training Unit

COLLABORATIVE RESEARCH AND DEVETOPMEN |

The creation of the Outreach and Development Programme in 1984 added a new
dimemsion 1o [CIPEs activitivs. 1 provides an outlet 1o national research
systemis Jorinformation, methodologies and technology developed by ihe
Centre and for trauny opportunitios for national mangprower development. Thiy
strengthened 1CHPE's commutment 1o existing colluborative linkages in research
and development and paved the way for establishing new linkages with more
national research and extension services, international agendies and advanced
research labaratories Jor the parpase of sharing information and technology,
The programme was restructured di ing the same vear mte o unit compaosed of
o sectioms. Colluboranve Research and Development, end Training.

The obgective of 1CIPES Outreach and Training Unit is 1o facilisate further
testng and development of mitegrated pest and vector control strategies at the
national Alevel through  national programmes av well av regional and
mternational networks. 1ns also ainted at developing national capabilities in
order 1o faclitate and enhance 1CIPES mandate and irs objectives and the
application of pest management technology, and consequently, creating foci
for collahorative netw ork i national research programmes. The programme i
meant toassist wr building local veientific and technolugical capacitios of tropical
developing countries, partculasiv i Africa, where the fucus iy onstrengthening
national research programntes 1o make them heter equipped for transfer of pest
management technologies.

To achieve these objectives, the Unit was engaged i activities to strengthen
exusting collaborative links and missions to explore arcas and instinions where
1CIPE pugh, through collaborative work, have mutnal henefir i researcl
development and traning,

systems in pest management and training. As a result, an
agreement was signed between ICIPE and fhe Ministry of

LM Ninea

Collaborative activitics with other institutions contimued
in Kenya on investigations of resistance to ticks i sheep
and goats (Kenyvatta Unnversiy Collepe), research on
leishmaniusis (Mimistry of Health) and on maize and
surghum tolerance to the stem borers, and in Ivory Coast,
on rescarch and training in inseet seisary physiology and
fine structure.

A the invitation of national agencies,  1CHPE
exploratory missions visited Somalia and Upanda to
asscss what role CIPE might play in the development
and strengthening of national research and cxtension

9N

Agriculture of the Somaii Democratic Republic for
ICIPE to assist the Somali Agricultural Research
Institute in investigating the biology und ccology of stem
borers of sorghum and maize in rainfed as well as
irrigated arcas of Somalia, in Uganda, the ICIPE team
identified a number of arcas in which collaboration with
national institutions could result in mutual benefit, OF
particular interest were rescarch on African trypano-
somiasis and on incegrated pest management of sorghum
stem borers and the training of Ugandans in these areas.

Contacts were made with Tanzania regarding rescarch
and training on tsetse; with Zambia, on rescarch and



truining on tsetse and ticks; and with Sudan, on research
and training on livestock ticks. During 1984, in addition
to the on-going colluboration with the International Rice
Research Institute (1RR1), ICIPE consolidated its long-
standing linkage with the {nternational Institute of
Tropicai Agriculture (HHTA). New arcas where ICIPE
and ITA might undestake cooperative rescarch and
training were identiticd. Abo, ICIPE maintained active
tnteraction  with the international Crops  Rescarch
Institute for the Szmi-And Tropics (ICRISAT), the
International Centre for Maize and Wheat Iimprovement
(CIMMYT) and the International Laboratory lor
Rescarch on Anmad Diseases (HLRAD). Contiet was
established betwesn the Centre and the Comnusston for
Scientific and  Industrisl Rescarch Organization
(CSTRO), Australia, und the International Livestock
Centoe Jor Atnca (1 CAy i Addis Anaba, Ethiopia.

The Centre continued to have useful collaboriative
Linksy with Umted Navons instututions and with other
centres ob excellence such as the Eniseraty of Neuchatel
(Switzerland) and Kuvin Centre tor the Study of
Intectious and Tropieal Diseases (Isaaeh). The Univeraty
of Kaattoum abso expressed interest 1 collaborating
with TCHE an research and traiing on leshiansasis

ICIPE was represented at a number ot iternational
tora deltberating on aspects of hilateral or multilisteral
conperation which attorded the Centre opportunities to
assess what eole st might play i the applhication of incect
serence and pest management technology.

PHE AFRICAN REGIONATL POSTGRADIUATE PROGRANMMYE
ININSTO D SO SNCE (ARPPISY
M Nmalley
vhe Atocan Reponal Postgraduate Programme

Insect Science CARPPIS) continued to estanhish itselt
during 1984 as an important and etfective contribution
by 1CTPE to the trainmg ot insectscientists in Africa. The
programme 15 a4 collaborative venture between [CIPE
and Atncan vniversities which began in 1983 Students
tegaster with a participating university tor the Phob),
degres of that university, but carry out thewr ressarch
work ander the sup=rvaston of [CIPE sentor seientific
statf, using the tacilities and expertise of 1CIPE.

Phe 1984 ARPPIS class started therr studies on March
9%t Phe cipht students, who came trom 5 Afrnican
countries, were, Miss Do Adakie, Ghana; Mro U Bahana
and Mr A Ogenpa-lango, Ugandic Mo UL Elncims,
Sudan; Mro 1 Kantky, Matawr; and M C) Maraaga,
Mo o Ndeota and M L Omollo from Kenya.

The el spent their Lirst two weeks visiting relevant
rescarch nstitutes i and around Nairobi, therehy
becommg fvmihar with the local scientific community.
Lhey then oegan o six-month penod of coursewark
designed to bring i the students to the same high level of
understanding within arcas of inseet science considered
essential. Where ,-assible, the courses were taught by staff
scconded from a participating university so s toanerease
the cxposure of ARPPIS stadents toas wide anacademic
background as possible. The six courses, all compulsory,
were:  Insect Taxonomy and  inscet Functional
Morpaology both taught by Professor R Kumar of the
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Rivers State University of Science and Technology,
Nigeria; Insect Ecology, presented by Professor D.
Griffiths of the University of Dar es Salaam, Tanzania;
and Insect Pathology, Insect Physiology and
Biochemistry; and Biostatistics and Computer Science,
taught by ICIPE scientists,

Following their coursework, the 1984 class began their
rescarca projects. Fogether with the 1983 class this
resulted in 16 postgraduiste students from ARPPIS,
working alongside ICHPE scientists. The 16 students were
attached to ICIPE research programmes as follows: 3
in the Isetse Research Programme, 1 in the Medical
Vectors Programine, 6 with the Plani Resistance to Inseet
Attack and Bionomics and Applied Ecology
sections of the Crop Pests Programme, 2 in the Insect
Pathology and Pest Management Programme and |
student working on a termite project jointly supervised
by the 1CHPE and the National Museums of Kenya.

Dunng the year the first ARPPIS semivar was held.
Phis was a highly successful meeting organized by the
ARPPIS students themselves at which the discussion of
ei.ch student’s research was both robust and valuable,
Itie seminar, twice yoarly meetings of all ARPPIS staff
and students, and regular informal contacts made
possible by having all students working in and around
ICTPE facilities have produced a sense of community and
common purpose which is a valuable feature of the
ARPPIS.

Mr. Richard Bagine, & member of the 19823 class, spent
six months working in the United Kingdom at the
Tropical Development and  Rescarch  Institute, the
British  Museum (Natural MHistory), the Chemical
Laboratery Unit, University of Southampton and the
Department of  Applied Biology, Imperial College,
London Umversity. His visit was to study collections of
Fast African Odontotermey and to learn technigues of
morphometric analysis and the application of isoenzyme
analysis to termite taxonomy. He was funded by the
British Council.

‘The ARPPIS Acidemic Board met twice during 1984,
i June and December, both times in Nairobi, The
meetings continued to guide the programme by resolving
the concerns and problems inevitable in such a new and
unique postgraduate training venture as ARPPIS. The
December meeting also selected the cight new students
for the 1985 class.

During 1984, three more universities signed  the
Memorandum of Agreement with the ICIPE thus
recogaizing the rationale and objectives of ARPPIS, and
s0 becoming Participating Universities. They were the
universities of Malawi, Zambia and Sicerra Leone. There
arc now cleven participating universities within
ARPPIS.

At the end of September, Professor J. Okedi left the
ICIPE and icturned to his post as Head of Department of
Zoology, Makerere University, Uganda. Professor Okedi
had been on leave of ahsence from his University since
December 1982, when he became the first Academic
Coordinator of ARPPIS. On 1 October 1984, Dr. MLE.
Smalley joined as Academic Coordinator.



POSTDOCTORAL RESEARCH FELLOWSHIPS
ML Smalley

The postductoral research fellowship . erae has again
drawn o ICIPE young scientists wanting to develop their
rescerch skills and work m a tropical environment.
During 1984, cight postdoctoral fellows were working
with [CIPF research programmes and units; three with
Crop Pests, two with Tsetse and one with Livestock Ticks
Research Programmes, and two with the Chemstry and
Bioassay Resciarch Umt, The crght came trom Ghana,
Tanzania, Upandi, Kenva, India and the USA,

GROUP TRAINING COURNE N PEST AND VEC LOR
MANAGEMENT SYSTEAS

I Omanee

The seventh International Group Trnnimg Course on
Components basential tor | cologically Sound Pest and
Vector Management Syatems which was postponed in
1983 was tinally conducted i 1984, 1rom 22 July to 10
Augint Iwenty cight tGaees from 1] countries
pirticspated . This brngs the total number of pitticipant,
to IX7 from 36 countries, from the time the course started
in 1977 The distibution ol participants by country iy ay
shown below

The Food and Agriculture Organization of the United
Nations (FAO) sponsored two Ethiopian Pes:,
management specialists to the 7th International Group
Training Course on Pest and  Vector Management
Systems followed by & two-week training course in
termite biology, ecology and control, organized by
ICIPE. Four members of [CIPE staff of the former
Termite Programme  conducted the course which
involved extensive tield excursions to semi-arid parts of
southern und northern Kenya.

SEARE DEVELOPMENT TRAINING
b Omange

Staff development scheme is intended to provide staff
with opportunities for upgrading their skills or acquiring
johaids that would enable them to become mor~ effective
in carrying out their duties and resporsibilities at the
ICIPE. Several institutions outside the host country,
Kenyi, provided at the postdoctoral, postgraduszic,
technical and managerial levels. Besides ICIPLE, major
spomsors of the staft under the scheme wers: The
International Pevelopment Research Centre (IDRC),
the World Health Organization (WHO), the Food and
Agriculture Organization of the United Nations (FAQ),
T2 Interaational Atomic Energy Agency (IAEA), the

Countey distrthur'on v ¢ s~ticipants at [CIFE Internationa) Group Trainlng Course in Pest Management, 1977.84
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United Nations Development Programme (UNDP) and
the John Pringle Fellowship Schenie,

Locally, five ICIPE technical staff were sponsored for
taining in laboratory  technology  at the  Kenyi
Polytechnic, one secretiry was sponsured for training at

Kianda College and an accountant was part-sponsored at
Struthmore College to complete some courses for an
ACCA certificate. Within the certs, sceretarial staff
were trained in the use of the word processor,
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Management

The nueragement and adminsiration ol core reseiarch
programimes and umts of the Centre as i whole was
sigmiticantly strengthened dunng the year  through
recrustment lorall the key positions previously vacant as
follows

[ Mathew Paton
Cunninghain

Deputy Durectin

Manager vor Commun-
I sancrd Okola
emer Nyars

My
M

cations Systenn
Admnutrotive Manager
Progrumme Leaders
Medical Vectns

Tyetse

Unit Heads

Cheimstry and Broassay
Histology and Fine
Structure

Dro Mutuku John Mutinga
Dr 1eomud Harnson Oueno
Do Ahmed Hassanali
Dr. Flizabeth Dorothy
Kokwiro
Acting Unit Head
Sensory Physic logy Dro Samuet Mukasa Walidde
Steps to streambine admistrative procedures and
strengthen management systems were amplemented to
promote greater elficiency, effectiveness and ecenomics

Intuenational professional staff

The nternational professional staff leve! has been
maictined within the himit of 40-man years deaded
upon by the Governing Boarnd.

Ihe tull statt list appears at the end of this report.

AMENITIES AND SOCTAL WEDLEARE INTES

General: Supervision by the Administrative Manager of
the operations of the International Guest Centre System,
the Mbita Point International School, and the Mbita
Point Ficld Station Clinie was tormalized during the year
with a view t refining clear hines of integration and
coreiunication v ith the Centre’s management.

Mbita Point International School. Fxtensions to the
School were Y71 completed and the new Standard K class
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established. A Deputy Principal was appointed, bringing
the total establishment of teachers to 9 against a total
carolment of 64 pupils.

Mbita Point Freld Station Clinie. Over 9C7% of
extemvion work 1o construct a mmitlernity wing was
completed. The clinie treated anaverage of 300 cases per
month dunng the year.

International - Guest Centre System. Construction
work on the Guaest Centre at Mbita Point Field Station
commenced dunieg the fast auarter of the year, It will
have a sapactty ol 16 study-bhedrooms and a conference
room fur 150 people. Meanwhile the 4-bedroomn
temporary Guest House at the Station was intensively
utilizzd by the [CIPE staff travelling to tae Station on
duty and by the centre's visitors.

Averagr occupaney at the Duduville International
Guest Centre was 6007 for the year. Its expansion
programme is incornorated in the Duduville Phase 11
Capital Development,

CAMITAL DEVELOPMENT

Mbita Paint Field Station. Priority work on the
laboratories, senior staff howsing and office comr vlexes
were completed and became operational during the year.
Wark carried forward to 1985 within the 1984 budget
concerns the guest centre complex and ~ompletion of
fittings and furnishing of the school and clinic extensions.

Duduville: Phase 11 Develosment. Efforts to raise
fu rds for this project continued throughou! the year. In
virw of thie acute space problems at Chiromo, the Board
decided to allocate modest funds annually from core
funds for this development, Towards the end of the year,
the World Bank signified its support of the programme
by some USS 2.5 mullion and the Kenya Government
contributed USS 0.2K6 million, leaving a balance of US3
3714 million yet to be raised.

REEATIONS WITH THE HOST GOVERNMENT

The Centre's relations with the Government of the



Republic of Kenya continued n an excellent basis. In
view ol the growth of the 1CIPE research, scientific,
trning and outreach activities, and the decision to
construct an expanded headquarters complex, formal
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discussions on a new headquarter agreemsnt were
initiated with the host government. These cordial
discussions were carried forward to 1985,
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Communication and
Information Division

The Communication and Information Division provides critical professional
support to the 1CIPE as a whole in the area of publications, graphics,
photograpiz;, library and documentation, public relations and conference and
liaison services.

During the year under review the Division took firm steps to strengthen its
capabilicy i all these arvas. In particular, the Division hegan 1o introduce a
wider cange of publications, and 1o improve the guality of existing ones. New
methods of information dissemination are being explored und towards the end of
the vear a well-known film-maker was commissioned to make the first video-
tape documentary on the work of the Centre. An introductory history of the
ICIPE was also commissioned and will he published shorily.

The Open Day held at the Mbita Point Field Station on 31 Alay 1984 wus a
maior challenge to the staff of the Division, but one that was met with great
success. Other new venures included the estal. lishmens of the 1CI12E Archives.
The Division is also pushing ahead with the gradual change of ICIPE's
corporate image, whicl started during the year with the introduction of a new

logo.
LIBRARY AND DOCUMENTATION

N M Nubuga
Acquisitions

The Library accessioned 203 buoXs and monogrey b
during 1984, Current jouraals were 130 titics out of which
94 were subscription and the rest from donations aic¢
exchange.

Services

Duc to staff shortages, some of the services did not reach
expected levels. However, they were all maintained.
Current awareness service continued on a moderate pace
relying much on published and other outside tools. The
full staff establishment achieved towards the znd of the
year helped to lay ground work for a more vigorous
scrvice during 1985, Profiles will ihen be fully developed
so th.t selective dissemination (SDI) starts in carnest.
The library continued to procure reprints of ICIPE
staff publications and work was started to improve on
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their indexing for quick retrieval and :ffective utilization.
‘Through purchases from the British Lending Library
(BLL) and cooperation with other libraries and
institations around Nairobi and beyond, photocopies of
publications and where necessary originals were acquired
for the users throughout the year.

A muiling list is maintained for the distribution of
ICIPE publ :ations througli donations and exchange
arrangements. The publications include Insect Science
un s Applications (for exchange) Dudu, ICIPE
Annual  Report, and occasional publications. The
mailing list, still growing, with about 500 addresses at the
endd of 1984, was compriterized for casy manipulation.

Through the assistance of the Commonwealth
Agricultiral Burcau and the Commonwecalth Institute of
zntomology, the hibrary was able on behalf of its users to
do ninc retrospective computer searches during the year.
Because of its limitzd budget, charges for computer time
and postage of results have always been passed on to the
requester programmes. Other services included loans of
books and reader enquiry service.



Mbita Point Field Station Library

New shelves and other furniture were acquised for the
hibriry which 15 now tully operational, to extend the
above Iisted services 1o the Field Stinon statt.

PURTIC A TIONS

N Vwanockhs b Wihaoanee. 8 0 e

The depart-nent continued to pive editonal, praphic and
photographic services to the Centre. A Iist ol statl
pabhications appedrs at the back of the report. For the
first tune the  Annual Report was
produced eatirely o howse and was published o time tor

the Annual Research Conterence and meetings of the

1M N Veals,

Govermng Board

Other pubhications imcluded recommendations ot the
iwo workshops beld dunimg the vear, The International
Study Workshop on Hoot Plaot Resstance aed s
Sty otbcance i Pest Management and the Interaationad
Study Waorkanop Feshmanss Podenmiology
Recommendations tronm the Planning Group tor [CHPES
A

ilsn

an

Hiolopical Control esearch were also pubhshed
hrochure for Mbita Pomt Field Station
aublshed as wellas the ARPPEINS Calendar and Annual
Repart tor that wveat

Ihe journal, and 1
vontintes  too publish nunrresiews, onanal rewsarch

Was

et Scuwense I, phication,
papers book revicws antormation on new petents ielated
to sect control, and obituaries of promnsent insect
saientists. The joucnad, now mats fitth velume, secame bi-
monthly trom the bepinnimg ol the current vear and all
the sie ssues hase beenon schedule and werd completed
this sear Dwo specl isaues (of Volume 5), were sssued
duning the vear The tist, on the theme: "Perception and
Management of Pests and Pesticides’, based on the
interoational Meeting on Peiception and Management
ol Posts and Pestiades, wae supported by B AG),
UNESCO Man and the Biosphere (MAR) Prosramme,
UNER, aned the Pmted Stites Apenes tor International
Development-t aded International
Crop Protection (CHCPY The second, wirs on the theme,

Consortinm  for
Isetse Behaviour and Populition Feology” and hased
the Study - Warkshop on
Behaviour and Population Feology convened by the
HCIpE

Ihe total pagtnation of the volume was 534, close 1o
the anticipated pagination of 600 tar 1984 Eflorts are
continuing to diversity the content ot the journal, and to
reach i wider readershup. A computer Software Survey
Sceetton 1 underway for Volume 6 (198S).

an International [etse

Fhe Look series, Current Themes i Tropieal Science,
with ats thitd volume entitled, Caste Differentiation i
Social Insects (with emphasis on termtes), edited by
J 4 Watson, B.M. Okot-Kotber and C. Noirot, which
is s .cted to appear in bookshops carly in 1985,
has continued to receve assistance from guest editors.
The volumes have been basically  proceedings of
international workshops convensd by [CIPE, although
the manuscripts are now made more comprehensive for
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the book readership. However, future plans will highlight
spectfic publications in selected topics.

Dudu, The Dadu newsletter has taken a new direction
from being an mternal organ to o more international
oticntiation. T he emphasis is now on reports on research
and related activities. All staff news and announcements
will be covered by the imternal newsletter 1CIPE News,

Staff  Activities. Mrs. Winnie Oyuko, the graphic
designer, conipleted a G-months tranmng course at the
[nternational Rice Rescarch Institute (IR R1), Los Banos,
Phihppines. Her trmming involved all aspects of graphic
design and book production. Her newly acquired skills
will e great boost to the publications programme at the
Centre.

Miso Sarah Mwanyekhs, Associate Fditor, and Miss
Jos Mubanvange, Communications Ofticer (Editor),
participated mthe planmngand coordination of a 2-week
warkshop on “Technical Scientific Editing'. 'The work-
shop wis attended by some 30 participants from Eastern,
Centratand Southern Atnca. [t was organized within the
tamework of the International Development Research
Centre’s (1DRC) project to strengthen publishing capa-
bihties within the region.

Future Plans

Within the coming yvear the departunent intends to
acquire a phototypesetting machine and to import high
yuality printing paper i arder to improve the general
stondard of our publications.

CONFERENCE AND LIASON

R Waiuka
International Study Workshops

tternaional Study Workshop on liost Plant Resistance
and Its Significance i Pest Management. This was held
at Duduville International Guest Centre (DIGC). The
workshop attracted approximately 80 participants and
uhservers from various national and internaticnal crop
research and plant protection institutes, The themes
dircussed included:
® [ypes and mechamsms ol host plant resistance
(HPR).
® [uctonsantluencing the expression and stability of
host plant resistance.,
® Screeming techniques and methodologies for Host
Plant Resistance, and
& Host Plant Resistance in Pest Management,
Usetul recommendations emanating from this work-
shop were published and circulated to all relevant
anstitutes. Proceedings of the workshop are being
published in a special 1ssue of the journal, Insect Science
and Ity Application vol. 6 (1),
International - Study Workshop  on Leishmaniasis
Epidemiology. This workshop took place at Duduville
International Guest Centre from 10-13 September 1984
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and attracted  approximately 26 parncipants from
various national and international research ivtitites
The broad arcas discussed included:
® Ruview o advances i the status of leshmantasis in
difterent regions of the world
& Vectors and resenvorrs i the epidennology of the
disease
® tpudeminiopical patasitalogy and chemotherapy
and treatment ot s himaniasis
Phe patticpants vinted one o TOEPES Bicld research
sttes tor terdunamasas eprdemiology st Margat, Banngo
District, 0 Western Kenva Field wety
devoicd to Tormulating tecommendations, taking mto

discusyions

decount scecammendations ol the WHO) bFapernt
Comouttee on the Teshimannnes oW HO  [echmeal
Report Nao ol lus )

Papers prosented it this work shop and recommenda
tions are bemgs published an o speaal vaue oF frivedt
Sctence and i Appdicarsoom

Plarinione Growp tor Biolosical Control Researd e at
e
Tevay Vand A E e C T

and FAO Rome with p

A panel ob s prominent orntst from BEE A
Pabitan, CIBC Keny g

b eapertie mopest manage-

ment cesess che o particalaa by biolorcad vontrol, et ot
Duduv e Troan T8 200 Tane PING 1o asast TCHPE 1
tormulatior o cnch stateries tor the Brologial

Contiol Sectnn ctthe Coop Pests Rewearch Pragrainnne
[he panel was requsred
® o provide Coprit opunon. L nzeestions o
the desstopnt ol lnoloscad contiol component,,
toran mteriated postmanecemenit syatem lon rap
Borers
® Londentily miaper vapaowathin e on poinge teseanch
® (o totmbate o owork programme tor the pettod

fos=4 t9-e

® Lo st arean of collabotation wath cther meh-

tates on ceseare b atd Grammimge

oth Annual Research Conference
ICTPE S bl Nunaad Rewarcl Contercnce was hehd
from by 1o b Apnl 19t Aedical Vectors Researeh
Programine lovbimanaag and the Cran ests
Rescarch Provcoane toction on Plant R we e
Insect Peatsi wers coviewed anedepth The the
tescarch on tobse Ivestocd toks, chemistey ard

bossas . tine stractar, and senson plivstolopy and
trune were reviewed thiouel pester presentations

A wide crossection ot the saentitie conmumty e
Kenva, and from other countres mcluding sacnce
admunistoatons, donor apencies, polics makers and
Natomel and itrnational collaborating imsttitions
participated e the conterence and, asan the past, oftered
etul advice and aporon to JCIPE 'S research statl, | he
traditional Annual Pubbe lecture was given by Professor
Peter Midier of the Usiveraity of Oxtord | he theme of

the Jecture v Speroy Competition in Deagonthies

Open Day

An Open Dy Bt Das was orgamzed at Mbita Pornt
Fickl Station in My 1950 The aim was to acyuant
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farmers, extension workers and  national  research
pensonnel with the role of an international research
centre. such s the TCIPE inpromoting agrcalturat and
anmmal production. This awareness will promote active
diatogue between TCHPE scientists and farmers leading to
with agricultural
rosearch programmes and extension systems

Over 3000 guests including scientists, institutional
caecrine, governnent otticials, adomstrators, farmer,
and students attended. The  otficial opening  was
pertormed by Honourable WAL Arap Saina, Assistant
Mumster tar Agniculture and Livestock Development. In
view al the suceess of this event, it s planned to organize

mmproved  collaboration nattonal

stmibi anes bsnmigdly

VINSHTORS

Dumg the vear a number ol distingished persons
vimted the Centie They included the tollowimyg among
uthers

Protessor Marim Bettolo, Chanman of  the
Department af Chennstiv, University of Rome and a
member of the Goverming Board of the Nalo-African
Institnte which mantams saentdic and cultural
exchange with Afncan countiies. He pave a series of
seminans both at TCTPE and the Uninersity of Nairobi.

A deman mission to Kenya from the International
Service for National Agricultural Research (ISNAR}, the
Hapue, Nethetlands. They held wide-ranging discussions
withstadt ot the Bsetse, Fivestoch Tieks, Crop Pests and
Framng programmes

His Eacellency Joao Augosto de Medicis, Brazilian
Ambassidor to Kenya. He wasalso the chiel guest at the
opentng ot the International Study Workshop on
Leshmimasts Fpidemiology:,

Dro LW, Kochring, Ditector of the Fast African
Regional - Economie Development Services Office
(REDSO} of the Umited States Ageney (or International
bevelopment. REDSO have given 1CIPE a five-year
prant to support reseirch on plant resistance to pests.

Meo Robert Bell, Programme Manager, Sub-Sahara
Atocan Programme, US Nationa! Science Foundation,
Washington .

Dr. Richard W. Lyvman. President of the Rockefeller
Foundation, New York

Dro B AL Hartmans, Daector General, International
Insttute tor - Lropical Agniculture (HITA), Ibadan,
Nigena

His Excelleney LR, Garechter, Swiss Ambassador to
Kenya, June 1984,

Honourable Dr. Mohamed Al Nour, Minister for
Livestock, Republic of Somalia,

Dr. Luigi Chiarappa, Chief, Plant Protection Services,
A, Rome.

Hiv  Excelleney  Fmile  Tydemann,
Netherlands Ambassador 1o Kenya.

iy Fxeellency Zoran Zagar, the Ambassador of the
Socialist Federal Republic of Yugoslavia to Kenya,

His  Excell~acy Gian Luigi Valenza, Italian
Ambassador 1o Kenya, accompanied by Mr. Gian
Ludovico Pennacchio, UNDP Resident Representative,

the Royal
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Professor Abdus Salam, 1979 Nobel Laurcate for Dr. Nyle C. Brady, Senior Assistant Administrator for
Physics and Director of the International Centre for Scienc~ and Technology, Agency for International
Theoretical Physics, Trieste, Italy — March 1984, Development, Washington, D.C.



1984 Seminars

Speaker

D1 Michel Brossard
University of Nenchated
Switserland

Prolessoe PN Campbell
Courtauld Institote of Brocheminiry
Unisersity ot London UK

Protessor A G Gatehouse
Haneeaty Collrge of North Wales
UK

Dr baac Jondik
1CHPE, Narob

Professor G B AManm-Bettalo
Chemntry Department
Unisersity of Rome

Protessor G B Munn-Bettolo
Chemastry Departmient
University of Rome

De Aan McCatlery
Tropical Pesnades Pesearch Institute
London

DM MMutinga
CIPL, Naarobs

Mrs M A Oketch
TCIPE, Nuaro

Dr R F Bhoades
Internationat Potato Centre (C117)
Lo, Peru

Profesor KN Savens
ICIPE, Najtobs

D DA Turner
1CIPE, Narobs

De. DA furner
[CIPE, Nairoby

Mis. R M. W. Vundla
ICIPE, Narobi

Titles

Immumity i rabbats agnnst the tick Tundes rcinia 1.

The application ot recombinant DNA tor the identification of new biologically active peptides

Genehie and environmental factors controlling flight perfonnance in Spodopiera exempla

A new approach to syathesis of Rethroloney, the alcohol porton of pyrethrins

Recent gesearch in Afran medicinal plants

Natural chenical factor n plant protection

The tole of the corpora allata and measurement of their activity during adult development in
Orthoptera

Progress un the insestigations on the vector of Leishmama major 1in Baringo District

Isolation and culture of termmte mcroorgamsms for patential use in bioconversion processes

Farmrer-hack to-farmer: Aninterdisciphnary medel for the generation of acceptable agricultural
technology

Interaction amuong host and non-host plants determining the establishment of the leafhepper
Amrasa devavians

Recent progress in cultivation of the African trypa osome in-vitro

The status of tsetse and teypanasomiasis on Zanzibar Island

The production of antibodies to Rhupicephalus uppendiculatut egg antigens in mice and rabbits,
using different immumization methods
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1984 Publications

Awiti, | RS, Ulirastiucture of the cetioverehral and ncurohacmal
sitenan Glovrng mor oty monsttam (Westwood) Proceedimgs ot
the Fitth Annual Conterence of the Arcan Aswcution of Tisedt
Scientists (AATS), Casro, Fpt, December 104117

Binta, M G and Cunmingham, M P Cutancous responses of cattle to
exttacty teom Rhipacephadusappeadic ndatio Lavae ber Parasiood
1410, 67-7)

Castro, 1 ode and Sewseen RN Tioks and Dast Atecan Wildhle g
MEITRTIRL

Chapya, AL Galeth, C O Sperander, Mo Sicoletta, M Moessn, [oand
Manm-Bettolo, G BN () Aces T methoustry Chnesplendine,
s new abkalowd tram the toot hark of Sirschons hennnn Gazetia
Chuntica Halianag, 110074

Chandbury, ME B and Ramasamy, M5 EHect ol precocenes on tse-
tetlies tn fhares imertebeate repreaduction, e W Engels
Proveeshngs of the symposium onanseitehrate reproduction held
e Tubingen, West Gernnany, August 2128

Chiera, 1 W, Camubiatise etlecty of host resetance on Riupreephalus
appendi e Seomann (Acanna boodudac) i the laboratary
Proeadings of the Hafth Annual Conterenve of the Alncan Aso-
Cution ol Tnsect Saentinty (CAATS) Cadro, Bgypt December 10413

Darhngton, TP E O, N ncthod tor sampling the populations of Larye
teanite nests Ann appd Hiol 104, 427 436

Duarimgton, TR C 0 Paotypes of mound budt by the terantes Maero-
ternnes subhalime e Kensa Insecr S Appl Y6y As 491

Denhinger, D1 Grages, AT Rockey, S T Chaudbusy, ME B and
Ferel, ®OH . Chanpe i fevels of Gyehe AMP and cychic GAP
dunng pregnancy and Laeval des-lopment of the tsetse Hy, Glavvina
morapare Comypr fiocheny Physiod T7C 1), 82w

Dren Otter, C ) and Saam, R K, Cheneal commumcation in I rtse
Proceedings of the Seventh International Congress of Fntamology
held in Hamburg, Federal Republic of Genmany, August 20-24

Dransicld, R 1Y, The range of attraction of the bconwal trap for
Glovara palhcipes and Glossira brevipalprs It Sei Appl 85
AR A

Galder, TK, tieno, 1 H, Patel, NY and Onvangao, 17 Incicased
sensitinaty toa natneal pyrethinm extract of rypanosomuacnfected
Glosunag maoratants Acia trop 4101, 7779

Havsanal, A | Stigol anadogues wathetic achiesements and prospecis
In Strgea Rodogy and Contrad ed. VS Ayensteral Proceed ngs
of the Workshap an the Biolopy and Cantrol of Mrga TOSE Press,
125-132

Kaayi, G P and Alemu, P, Further observations onsursival and fert-
hl) of Glosvuna morstany morsiany mantauned on mmunized
rabbis, fmwect S Appl 5151 443430

Kaddu, J B and Mutinga, M J, L eishimania in Kenyan phlebatonune
sandflies 1 Natural infection m the malpighian tubules of
Sergentomira yarnhame and Sergentomarantennaias Inecr Sar.
Appl 8 14) 239-2413

Kaddu, LB, Mutnga, M 1 and Nyamon, M P, Leshomama i Keny .
sandilies, a search for vectors. Proceedings of the 1 th Interna-
tonal Congress {or Tropial Mediane and Malana, held in
Calgary, Canada, September 16-22
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Khat, 2 R and Savena, R C, lechigue tar d=monsteating phloem or
wiern Teeding by feafhoppens (Homoptern Gicadellidae) and plant-
hoppers (Honwopters. Delphaadae) an e plant. S econ.
Prtomed 77 () 540492

Khassnuddin, 5 and Lubcga, M O Quantitative broassays tor sex
pheramone analysis i Spedopiera e veopra ¢WIL ) (Leprdoptera,
Noctiadar), and Liborstony ovidence of cross attraction among
thive speaies Jrsect Sar tppd 8 () 325324

Nokwara, b Irownd Oteno, U HL Cliistioctural observations on
taetae valivat - plands itected with Tripanosona bricetand virus-
ke particies Proceedings of the Thard Internatsanal Congress on
Cell Biology held sn Tokyo, Japan, Augist 26-31.

Pepape, o Goand Darlington, )3 E.C L Observations on the ant
Carebara vidua R Snith, prevang en termites an Kenya, U Nat.
I 18, 293302

Mackoy, CON and Labtowsky, Z.1., Prebamnary studies on cowpes
tesistanee 10 Aphny cracenora Koch (Hom: Aphididac). Zeivschirift
frar angewandie Latomologe 97, H2,S, 202-200.

MeCrae, A W.R . Oviposition b Afncan mialana sector rsosgustoes
ptoIL Fiteots of site tone, water type and conspealic, Aanal trop.
Med Parasaol 18 (3 307K

Marappan, ¥ and Saexena, RO, Fifeet of suxtures of custard-apple
ol and neem ol onsurvival ol Nepliterticvrescens (HonLoptera:
Crcadellidac) and on oce tngro sieus tansmission. J. econ.
otomod 77 () $50-552

Mernaut, AR, Arshad, MOA snd Amaud SR Micopedological
study ot termite moun<s af theee speaes ol Macrotermes in Kenya,
Sord Nt Soc, Amer [, 48 (1) 611620

Mutcro, C M, Mosha, FWoand Subra, 8, Biting actisity and resting
bohavious i Anophedes mens Domtz (Diptera: Culicidace) on the
kenya Coast Annal trep Med Parasitol 78 (1) 4347,

Mutinga, ML and Kamau, €, Investigations on the epidemiology of
lenhmamass i Kenya studies on the breeding sites of Phleboto-
rne sandilies in Mangat, Banrgo, Proceedings of the Flth
Annuat Conforence of the Afnicin Assaciation oi [rscet Scientists
(AAISY held i Cairo, Fgypt, Deceraber 10-1),

Mutiga, M1, Kiddu, LB and Kysi, FML, The use of live bait to
determine host preference of palebotomine sandflies in Baringo
Instrict, Kenya. Proceedings of the |th Inernational Congress
for Tropical Mediane and Malana, held in Calgary, Canada,
September [6-22.

Mutinga, M1, Ngoka, LM and Odbuambo, 1.R., Epidemiological
imvestigations of visceral lashmaniasis in the West Pokot District,
Kenya, Javect Scr Appl 8 (6) $21-525.

Teewson, ROML, Chiera, LW, Young, AS, Dolan, 1T, Cunningham,
MUP and Radiey, D E, Survivat of Rlupicephalius appendiculatus
{Acanna; Ixedidac) and peesistenwe of Theileria parva (Apicomplexa:
Theilerndae) wn the ficld dnt. . Parasuol. 14 (5) 483-498.

Nicokett, M, Chapya, A, Mcsana, |, Sperandes, M. and Marini-
Bettolo, G.B., New indaid glucoudes from Muswenda arcuata
and farena graveolens (S, Moore) Bremek. Gazetta Chimica
haliana 114, 49.

Odhiambo, 1.R | International aspects of ceop protection: the needs of
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tropical developing countnes fnsect Set Appl $(2) $9-67

Odindo, M.O, Infection and mortality of the cereal stem borers (o
partellus, Busseola fusca, Sesarma calamaotis and Eldang v cha-
ring onsarghuim. Procecdings of the Fifih Annual Conferenie of
the Aftican Associaton af Insect Sacntists (AAIS) held in Cairo,
Egypt, Decemter 10440

Oloo, (0 W, Some ubsétvatinm on the tral-daving behaviour ot
Macrotermes puchaebeni (Sjost) (lermtedaz) frvect Sev. tppi 8
(4) 259-262.

(rore, H L Lignocelulose decomposiion by fung selated from the
{ungus-garden ol Mucrorernutinae group ot higher Alncan ter-
mites. Proceedingy of the Biomass Conversion Fechinologs
Symposium, ekl in the Unnvensty of Watetloo, stitute of Bro-
technulogy, Canada, July 1620

Osore, 1, Serecning of Fast Afncan planty tor novel cuntraceplive
agents. Proceedings of the NG SCO Fith Asun Sympasan on
Medianal Plants and Spices €ASOMPS) held in Seoul, Kores,
August 2024, 1oxd

Otena, U H L Lesiens on tatae salivany plandy anlected with 1 (7
Peucer and virus-like patticies Procesdings of the Thrd Inter
national Congress on Coll Biology Lol i Lokyo, Lapan, August
NART]

Oueno, I H . Some perlinent questions regarding Rhodesin sleepung
sickness Priceedingy of the £t Annual Contercie of the
Afncin Avociation ol Enect Scentits (A ALS) beld in atro,
Fgypt, Iecomber 10 1S

Oueno, TH, Vandb, R MW and Momgr, AL Gbservations ou Glos g
rrorsitans morstans mamtained onorabits mmunized with crde
beise mudgut protedses fivecr Sai dppl 8 44) 27302

Owaga, ML A Fpg oand Lanval development stages ay & ineans ot
studying some hehavioural aspects and abortion fates i Lield
paputations ot Glovsng pallihipey tAUSeRY i Renva fnect St
Appl 8(3) 11%4m

Owaga, M T AL Preliminary observations on the elhicacy of ollactors
attractants derived from ikt hosty ot tsebse Jasecr Sar typd 500
A1

Punyua, D K | Dievelopinent periods of Rhiupacepisalio appends ulatus
Neumann (Avanng Todidacy under Lield conditions frese r S
Ippl S (85175 379

Punyua, DK and Newson, [ M L Phe etfect ot sulptugannotaline on the
leeding and hreeding petfonmance ot the ek iz e ephudhi
gipendiculang Neumann (Aanna buadudacy S Parasrol 70 (5
N2H-H2S

Punyua, DK Newson, BM O Mutinga, Y
actiaty ot unfed wdult Rhyncephuhe appendiouhatio (Acanng
Tvodutac) morelation to vome it aad extinse tactarsy [l
Factors aflecting serticad dastribution of ticks in the lushitat Imsecr
Scr Appl 8 () 245- 246

Rama, A K, Phimbwa, H 2 Othiena. S Moand Douglas, | W, Reu-
tance i sorghum ta sorghum shoottls ipteca Moo faey ovy-
poution onselected caltivars / voon Frtomol 77: 51

Sabwa, DA Odindo, M O and Oueno, WA Seasondl ner, ¢ ol
Atmblvorpora Sp (T helonanndae Microspotidia 1n € e vonens
larvae at the Kenya Coast Jiecr Sor Appl S (4) 20072

Saim, RK L Acomtic enmsions of tsetse rsect Sot Appl S5y 4134

Diurnal and wasonal
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Sant, RK, Pheromone perception i telse Proceedings of the
Afncan As. cciation of Insect Scicntists (AAISY beld an Cairo,
Fgypt, Txecember 10-13

Saxcrs, R Coand Khan, Z.R , Comparison between free-choe and
no-choie seedling bulk tsctee fur cvaluating tesistance of fice
cultivary to the whitebacked planthicaper Crop Suence 24,
12041204

Saven, KO, Jisto, HD dp, and Epino, P B, Evaluation snd utils-
s4tion ut neem cake aganst tne te brown planthopper, M-
purieta wigens AtHomoptera Delphacdae) /o econ tatomad. 71
12) 802507

Stvw W E et ol size of cattle bait on the range ol attraction of te-
tse und aenguitoes Iy Ser Appl & (5) 343.345,

Subra, R Service, MW Mosha, F W, The eftect of domestsc deter-
penity on the population dynamiscs of the unmature stages of two
competitor mosquitoes, Culey cmereas Theobald, and Cufex
quinguefasciatis Say (pteras. Colicidie) in Kenya, At Trop.
41, 00758

Subra, Roand Mouchet, ), he regulation of presmaginal populations
ot Aedes aeei (Lo iptera. Culiadae) on the Kenya Coast. I1,
Foodas i mam segulatony factor Annal Trop Med. Parasitol 18
th6el7n

Larim, SR, Snow, W E oand Butler, 1., the barrier to infection
between the taetve host interface. 11 Estimation of trypanosotne
vhatlenge to wanimals Procecdings of the 1th International Con-
Ri=ss for Fropo.ad Medicane and Malana, held m Calguy, Canada,
September [6-22

Tatimo, SR, Saow, W I, Butler, 1, Frypanosome infections in
wild taetse, Glosuna pall dipey Austen on the Kenya Coast Insect
S dppl S(S) 417 41N

Turner, DA LA preliminary assevsmient of some immediate and long-
term etlects ob aerad spraying of endosulfan on Glossina pullicipes
tAwsten) i the Lambwe Valley, Kenya. Invecr Sa Appl 5(5)
ERLPS AL

Furner, DA and Oueno, 1.H, Ihetse and trypanosomiasiy in the
Fambwe Valley, Kenya: a dilemma in mintature. Proceedings of
the Lth International Congress tor Tropical Medscine and Mala-
ta, held i Calgary, Canada September 16222,

Vundla, RMW | Digestive enzyme of the brown ear tick, Rhupicephu-
fs appendicudas Neuman pattial punltication and some pro-
pertics of carboxy! protanase Proceedings of the Fifth Annual
Conference of the Alncan Association of [nsect Scientists IAALS)
held i Carro, Fgypt, Ixecember t0-13.

Waladde, S M, Kokwaro, B and Chimtawi, M., Antennal 1esponse
to physical and chemical stimul among the pyralidac Chilo
partelius, Maruca testulaln and Fldana saccharina, Proceedings
of the Seventn Intenational Congress of Entomology held in
Federal Repubhic of Germany, August 20-26,

Waladde, S M. Kokwaro, £ D, Galun, R and Chimtawi, M., Tibial
companiform sensilla of Glossinag morsuans 1 et Phivol, 30
) 751-75%

Yarto, J G, Life and fertibty tables tor Spodoptera evempa (Wk.)
thepidaptera: Noctuidae). Insecr Sei. Appl 8 (4) 303-308.

Yarto, J G, Survival and deselopment of .he African armyworm
Npodoptera exempta (Wid.) (Lepidoptera: Nuoctuidae) on some
grass speies (Graminace). Imvect Scr. Appl. § (4) 303-305.
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Dr. JK.CoAmgofo, research saentist
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Mr M. O. Bungu, pienor technician
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Dr GO Unnithan, senier research scientist
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Mr 5.0 Paye, punior technician

Mo O Amala, techmcal asuviant

Mr. ) G Wibuka, techmoal asustant

Biological Control Section

D, GW. Oloo, sertor research s-ientist | S H

Dre. WA Oticno, researct scicniist

De ML Odindo, revearch vacazisg

M 5 B Okeyo-Owuor, posts raauate research scholar
Mt J Kilos, semor technician

M1 P Muwiemisi, penor technican

Mr. R Okello, juniar technician

M. S Muat, pumior technieian

Mr. R.C. Odhiambo, jurior techri.ciun

Mr. P Amutalla, techmeal assistern'driver

Insect Mase Rearing Sxction

D RS Ochieng, research scientise ! Section head
LIVESTOCK TICKS RESEARCH PROGRAMME
Dr. M.P. Cunningham, principal research scientist/ P1.

De. R.M. Newson, senior sesearch scirntist
Dr. N.B.A. Nyinda, senior research scientist



Dr. C.K.A. Mango, research scientint
Dr. 2.0 de Castro, research seientist
Mr. DK, Punyua, scienufic officer
Mr. O.A. Mongi, posidoctoral research fellow
Mr. A. Chicra, research asustant

Mr. C.A. Aganyo, chief techniciun
Miss R. Chevang, rechnician

Mr. R. Ojowa, techmician

Mr. 2.0 Ngoko, technician

Mits ¥ Ndenitu, secretary

Mre. P. Mutenia, techmcal avsivians
Mr. J.N. Ndunguy, technical assistant
Mr. G Thuo, techmical asviyiang
Me. M.G. Kimondo. technical assestant
Mr. G.M. Hindi, technicai assisam
Mr. F. Wanyangu, technical aseistan
Mr. S Mulindo, techmcal uvvistan:
Mr. N.R. Tonw, technical Jsvivtent
Mr. O. Opere, techmical avistant

Mr. ). Mugacic, technical asvivtan
Mr. S.G Ouy inva, rechmcal ayvnstant

MEDICAL VECTORS RESEARCH PROGRAMME

De. M 1 Mutings, wnior eesecrch ienuse: P,
De. B M. Oko-Kother, sevearhy sientist
Dre LR Kaddu, research vienme

Mrs L Rogo, saenufic off.aer
Profesior 1 Gemetehu, research avvo e
Miss U brungu, eraduate revearch sholar
Mr C.C Kamau, resedrch avvant

Mr. BN (Meno, chue techmecan

Mr MOP Nyamorn, senor e bocsan

Mr 1 Mwandandu, fumor techimcan
Me. DM Omogo, funior techne un

Mo F M Kyar, techmcal asinang

Mr R Musyaki, techntcal avustant

Mr K. Kiswil, techmal asvstam

Mr S Mutua, techmical avivan:

Mr 3 Ndambuks, technial ase ang

Mo D Mbavu, techancal wiastant

Mr P.# Chephownet. t=chme! avsistam
Mr 1 Mungut, techemcal arssagns

Me B Munywoki, rechimeal avasignt
Me P Matvo, techneal avuntan

Mr. P Wa.Nder, e hieal avigant

Mr. W Mulwas, techmcal sustan

Mr. S Singn, techm al asistant

Mr I S.D Tawuo. technmeai avivian
Mr. R Muaky, =chascal avastam

Miss M T Okulo, techincal asvsrant
Miss RoL Ndurum, e haeal aesistant

TSETSE RESEARCH PROGRAMME

D 1 H. Glieno, werinr reseqreh s centist) Pl
De. T.K Golder, temor research « entivt

Dr. MLE.B Chaudhury, sentor resrarch scwenting
De. DA Turner, semior research et

Lo G P Kaaya, recearch wienny

Dt S R. Tansmo, pastdoctoral research fellow
Mrs. M Owaga, reirnnfic officer

Dr. 1. Yuich Chigusa, scientist-in-residence
Miss N.F. Dan, senor researc’s aveistant

Mr. R. Baghtwei, retearch asustam

Mr. E.1 Dnwe'vro, praduate research scholar
M M. Oluatws, eecrerary

Mr. P.O. Agutu, wenior technician

Mr. i.G. Cryango technician

Mr. E. Mpanga, techmician

M D). Uvyr, jwsior tevhnician

Mr. M R. Mutuarubiv, junior techmeian

Mr. S Maremba, t:chnical arsistant

M. D K. Mungay, technical assistant driver
M. ). M. Muchini, techanicof assistans

Mr. LA, Maknu, technical assisignt

Mr, J.K. Wiila, rechnical assistans

Miw B.N. N wangi, technicaf awsistant Arives
Mr. Sc2ph n S, Wakape, technician

CHEMISTRY AND BIOASSAY RESEARCH UNIT

Dr. A. Hassanali, senior research scientist | Ul
Dr. T.S. Disdiala, research sciengis

Dr. P.G. McDowcell, research scienny

Do H Osore, research scientist

Dr. D.A. Oticno, research scientise

Dr. )1 Jondike, postdoctoral research Sfellow

Mrs. M A Okech, scientific offiver

Mr. W. Lwande. postgraduate research seholar
Mr. E. Osir, graduate reseqrch scholar

Mres. RM.W. Vundla, seientific officer

Mirs. R.A. QOkoth, secrelary

Mr. M.S. Rajab, research avvisiant

Mr. A, Chapyu, chief technician

Mr E.N. Ole Sitayo, semor technician

Mr. E. Nyandat, technician

M. L. Moreka, junior technician

Mr. G. Ochieng’, technical assistant

Mr. G.O. Adul, research assistan

Mt P.O. Amoke, technical assistans

HISTOLOGY AND FINE STRUCTURE RESEARCH UNIT

Dr. E.D. Kokwaro, research scieniist [ (1)
De. LLR.S Awili, research scientist

Me. M.B. Chimtawi, chief technician

Mr P Lisamulla, principal technician
Mes. LK. Munithi, senior technician

Mrs. J.A. Kongoro, research assistang.
M1 NCT. Ogoma, junior technician

SENSORY PHYSIOLOGY RESFARCH UNIT

Dre. S.M. Waladde, rescarch sciernt [ Ag. U
D RK. Saiv, research scientise

Me. P.G.N. Njagi, graduate research scholar
Mr. H Kahoto, senior technician

Mr. S.A_ Ochieng, technician

Mr. P Ahuya, technical asvistamt

BIOSTATISTICS AND COMPUTER SERVICES

De. HF. Magalit, data systems manager

Mra. WON. Ssebunya, senior sestems analyst
Mr. F.C. Obeyu, computer programmer

Mr. LK. Maina, senior computer progranmnier
Mry .M. Alla, office systems supervizor

INSECT AND ANIMAL BREEDING SERVICE

Mr. ). Wanyanje, principal techmician/ U 14
Mr. H. Bandah, techmcian

Mr 1. Kagoiya, technician

Me. J. Ongudha, junior technician

Mr. E.O. Awuoche, junior technician

Mr. G.M. Birit, junior technician

Mers. R, Kariuki, techmical assistant

Mr. 1.K. Gitegi, technical asvistant

Me. S.M. Mhugua, recnical assistam

Mr. G. Mburu Nganga, technical assistant
Miss M.G. Wanjiru, technical as:istant
Mr. M. Mwikya, rechnical assistant

Mr. J.O. Omolo, technical assistant

OUTREACH AND TRAINING UNIT

Dr. M.P. Cunningham « sordinaror

Dr. 1.2 Abe, principal training officer
Mr. LF. Omange, senior training officer
Mrs, M. Antao, tenior secretary

ARPPIS Programme

Dr. M.E. Smalley, academic coordinatos
Mrs. M.U. Arara, senior secretary
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Mrs. Y. Obicro, secresary

Miss D.A. Adabic, posiyraduaie research fellow
Mr. L.A. Abdullahi, posigraduate research fellow
Mr. J. Bahana, posigraduate research fellow

Mr. R. Bagine, postgraduate research fellow
Mry. U M. Elncima, posigraduate research jellow
Mrss. W.S. Forawi, posigraduate research fellow
Mr. L.M. Kantiki, posigraduate research fellow
M:. S. Kyamanywa, posigraduate re carch fellow
Mr. M.O. Latigo, posigraduate research fellow
Mr. C. Maranga, posigraduate research fellow
Mr. J. Nderity, posigradiate research fellow

FINANCE DIVISION

Mr. £ 5 Enghsh, fingncial manager

Mr. R.M.P. Okura, principral accountant
Mr. G.W. Kanza, senior accountans

Mr. A A M Oguda, accountant

Mr. R. OQueno, accountant

Mr. G.O. K'Owino, wpplies offices

Me. C M Oloo |, assistant supphies officer
Mry. A A Okumall, semor vecretary
Miss | Ogode, semor secretary

Mr M.A Kawaka, assiviant aecountant
Mr. ¥ K. Ongola, asvistant accountant
My, | Kimam, gecotats assistant

Mr. DM Owine Olalo, storekeeper

Mr F K. Cheserek, clertcal assstamt
Miss S Adoyo, dccotanty elerk

COMMUNICATION AND INFORMATION DIVISION

Mr L Okola, manager for conumunication sysiems
Miss B Washika, tenior commumcation officer
Mr NS M. Neubuga, semor librarian

Mise J. Mukanyange, commurication officer (Editor)
Mrs. S Mwanyeky, astocrate editor

Mrs W. Oyuko, graphi artist

Mr S E Odonwaenttfic vhasirator

My R.D.P Ortega, documentalist

Miss b Kahuhu, hbrary avsevant

Mrs M R Opande, vemor vecretary

Mis E Opere, secretary

Miss A W Muhato, secrerary

Muss H Githunp, nypesetier

Mre b3 Shikhubars, techmician

Mr A Shioka, clerical asattam

WORKSHOPS AND LABORATORY MANAGEMENT

Mr A Mando, prncipal conteoller for technical servicey
Mr M Suchoicks, electronics and insirumeniation engineer
Mr A R. Bhaloo, asastunt elecironivs engineer

Mr H.N R, refrigeration technologin

Mr O, Nyacheo, remior technician

Mr. 1 1O, Oxcholloh, semor techmeian (mainicnance)
Mr LN Mter, wemor techmician

Mr I M. Mama technivian

Mr. 8.0 Obicro, rechnician

Mr ) O Ogalle, technician

Mr 1B Omullo, technician

Mrc. J O Onyango, plunber/mav. n

Mr. B Oluya, unior techmeian/gluss blower

Mr E.N Nvoike, yumor technician/glass hlower

Mr. J K. Gadonya, yunior technician (maintenance)

Mr. K. Kinuthia, rechnical astutant

Mr. J. Omaonds, techmcal assistunt

SECURITY, TRANSPORT AND JANITORIAL SERVICES

M:. P.M. Arrumm, controller for security, transport and janttorial

Jervices

Mrs. P.A. Oriwa, security officer
Mr. 1.0. Oduol, senior mechanic
Mr. F. Ombija, senior mechanic
Mr. [.0. Hamala, mechanic|driver

Mr. P.N. Mahogo, senior driver
Mr. Akhaya, assistant Janitor

Mr. J.M. Kiaric, technical assista.it [ driver
Mr. J.B. Oyondi, driver

Mr. G.M. Kinyanjui, driver

Mr. P.O. Owuor, driver

Mr. S.N. Achochi, driver

Mr. S.N. Rukungu, driver

Mr. M.M. Zahlon, driver

Mr. S.K. Langat, driver

Mr. G.K. Too, driver

Mt. S.0. Arala, driver

Mr. M.O. Ombech, driver

Mr. D.1. lsoso, driver

Mr. P. Ouende, driver

Mt. L. Kisutia, ¢ leaner

Mr. A.M. Bubusi, cleaner

Mr. D). Chege, cleaner

Mr. E. Asami, cleaner

Mr. E. Okulo, cleaner

Mr. J.0. Opondo, cleaner

Mr. E.E.Q. Obuya, cleaner

Mr. S. Obondo, gardening assistant
Mr. N. Okunihe, cleaner [messenger
Mr. L.l Ayckba, gardening assistant
Mr. J. Elegwa, gardening assistant
Mr. W. Achiroma, security guard
Mr. D.O. Singa, security gudard
Mr. J.D. Nyawalo, security guard
Mr. R.K. Milgo, scurity guard

Mr. A Makola, security guard

Mr. J.A. Laban, security guard

Mr. E.H. Oticno, security guard
M. A.M. Ouma, security guard
Mr. A.A. Muyanda, security guard
Mr. S.M. Kibati, security guard
Mr. T.S8.A. Ekisa, security guurd
Mr. M.O. Yongason, security guand
Mr. F.M. Muinde, security guard
Mr. J.N. Nrioka, security guard
Mr. C. Mulela, security guard

Mr. T.M. Otieno, security guard

DUDUVILLE INTERNATIONAL GUEST CENTRE

Mr1. J.A. Achilla, seniar business and cciering coniroller
Mes. P. Owitti, senior secretary

Mr. J.E. Mwangi, head vook

Mrs J.A. Musiga, housekeeper

Mr. A.l Okapesi,assistant head covk
Mr. A. Lweya, cook

Mr. D.K. Yaem, stores asyistans

Mrs L.A. Nyamora, gssistant accountant
Mrs. E. Kwach, telephonist[receptionit
Mr. P.O. Omollo, barman/waiter

Mr. A.M. Mutwoli, room steward

Mrs. P.A. Ochola, roem stewuard

Mr. H.M. Kibisu, atsisic::i launder

Mr. C.M. Lumati, assisiant launder
Mr. G. Gichuru, kitchen assisiant

Mr. J.M. Mwakisha, kitchen assistant
Mr. R. Gathu, driver

Mr. AM. Mugone, driver

Mr J.0. Mukhobi, funitorial assistant
Mr. M.O. Songa, security guard

Mr. A. Muyanda, security guard

Mr. E. Kiprono, security guard

MBITA POINT FIELD STATION

Dr. 7.M. Nyiisa, principal research scientist| SM
Mr. S.M. Kimaita, senior administrative officer
Mr. Z. Orwa, security transport officer

Miss M.W. Mathai. librarian

Mr. F.A, Ahanga, cccountant

Mrs. (5. Kwanya, secretary

Miss E. Afandi, secretary

Miss F.B. Fsalako, secretary

Miss S.M. Digolo, secretary

Mis. M.N. Okach, assistant secretary
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Ms. P.O. Ngugi, accounis assistant
Mr. M.E.N. Asudi, accounts assistant
Mt. J. Ongonga, clerical asvistant
Mr. C.N. Keli, tuppliey assistunt
Miss D.A. Achicng’, receptionistftelephonist
Miss A.W. Makoko, copy 1ypist
Mr. J.O. Ohato, mechanic [driver
Mr. J.N. Asanyo, mechanic/driver
Mr. P.O. Mbuya, driver

Mr. A.A. Olwokuw, driver

Mr. 1.0. Odongo, driver

Mr. J. Mokaya, driver

Mr. 8. Ogechs, driver

Mr. W. Jayatilcka, driver

Mr. N. Quya, driver

Mr. R.O. Okello, funivr technician
Mr. B.O. Ogal, rechnical asvistant
Mr. J. Atiche, yantior

Mr. R.R. Nyands, senior machine operaror mevsenger
Mr. 7.0. Nyandere, cleaner

Mr. E.K. Ogutu, vleaner

Mr. €.(). Okcllo, gardener

Mr. RS K. Masyanga, farot controller
Mr. P.O. Ouma, farm asyistant

Mr. P.O Outa, farnt asustans

Mr. J. Sagini, farm assistant

Mr. .0 Odcro, farm atsistant

Mr. J.W Achola, furm asystant
Miss P. Nyagaka, furm avustant
Mr. F.O Arum, farm assivtam

Mr. E.X. Ong'onge, furm avsistant
M1 J.O. Osumba, farm avsevtan
Mr. J.O Odero, securuty guard

Mr. [ Sonye, secunty guard

Mr. R.C. Joshi, siation ste engineer
Mr. DY Oyoto, securiny guard

Mr. B Maogendy, security guard

Mt A O. Opaja. secunity guard

Mr. J K Opere.security guard

Mr AN Makon, securiy guard
Mr D L. [Xebe, security guard

Mr. M. Wasulwa, security guarid

Abbreviations

PL Programme | eader
SH Section Head

UH Unit Head

SM Staton Manager

Mr. P.L. Rakwach, security guard

Mr. J.J. Okach, security guard

Mr. J.J. Okach, security guard

Mr. A. Agoro, security guard

Mt. H. Abura, securuy guurd

Mr. P.M. Aliarda, plumbing and water works technician

MBITA POINT INT.RNATIONAL SCHOOL

Mes. P.A. Ogada, principal
Mr.F.0. Omolo, tearher

Mrs. C.O. Ndirge, seacher

Mr. 1).P. Makachola, teacher
Mr. Y.M. Koko, teacher

Mr. H.M. Mulwa, teacher

Mr. A M. Semtamu, reacher

Mr. D.B.E.O. Okong'o, teacher
Miss S Omune, school attendunt

MBITA POINT FIELD STATION CLINIC

Dr. J.B. Odhiambo, instirational doctn

Miss Z.M Mucharia, staff nurse

Mr. C. Munafu, lehoratory technologist

Mr. E.O. Kirowo, pharmaceutical techaalogist
Mr. C.O. Nguty, clerical asustant

Mr. L. Odongo Oieno, driver

Mrs. L.A. Abuya, janitorial assistant

Mr. John H. Odoyo, cliical officer

MPFS GUEST HOUSE

Mr. C.B Oyieyo, MPGS Guest House supervisor

NKURUMAN OUTREACH STATION
Mr. J.M. Kobaai, Securtty Guard

MUHAKA OUTREACH STATION
M. S, Abdalla, Security Guard
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