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Y Preface 

Preface 
The International Centre of Insect Physiology and Ecology (ICIPE) considers itself as serving three principal communities: 
the international scientific community (in advancing the frontiers of insect science in all its rich diversity in the 
tropics and sub-tropics): the national research, technological development, and extension service (in developing, 
testing, validating, and demonstrating technically efficacious, ecologically sustainable, and long-term pest management 
technologies); and the resource-poor rural community (in developing a common R&D agenda for the priority issues 
critical for the permanent reduction of the economic and social impact of insect pests and disease vectors, and for 
doing so within their particular socio-economic means). This is an essential framework for understanding the priority 
R&D core programmes that the ICIPE has adopted over the last two decades to serve the tropical regions of the 
world, especially Africa. 

It is clear that targettiog the intellectual resources of the ICIPE on the pest management problems of the resource
poor rural community in the tropics greatly upscales the complexity of the scientific challenges that the ICIPE 
scientists have to face. The challenges range from the need to develop pest management technologies that have some 
foundation on the traditional knowledge base of the community served, to the requirement that the technologies 
should break through the conventional confines that have so far proved to be either short-term in their efficacy or 
low-level in their impact. The establishment of the Social Science Interface Research Unit (SSIRU) at the ICIPE in 
the last three years has greatly enhanced the Centre' s capacity to address these issues; while the establishment of the 
Pest Management Research and Development Network (PESTNET) in the last seven years has enabled the ICIPE to 
closely work in partnership with the national research, technological development, and extension service to ground 
the work of the ICIPE in real-life situations. 

The work summarised in this Annual Report, more than in previous years, highlights the diversity of ICIPE 
scientific and education work which is all focused on the single, ultimate goal of assisting the resource-poor rural 
communities living in the tropics to have in their possession a menu of pest management technologies that can serve 
their interests in the most sustainable way possible. 

Duduvi/le, Nairobi 
May 31,1991 

THOMAS R. ODHIAMBO 
Director, ICIPE 
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1 
Crop Pests 
Research Programme 
The Crop Pests Research Programme (CPRP) has been engaged in research 
and development activities that will contribute to sustainability in. food crop 
production by sma/1-scalefarmers in developing tropics. particularly in Africa, 
through reduction of losses due to insect pests. To allain this goal, strategies 
are being developed for integrated pest management (!PM) of major insect 
pests of staple food crops, grown mostly by small-scale farmers with limited 
resources. The !PM strategies being developed need to be environmentally 
safe, technically feasible, economically viable, and socially acceptable to the 
target groups of farmers. 

The food crops and their insect pests that have been under study during the 
year include the following: 

Sorghum and maize: The stem-borers Chilo partellus and Busseola fusca 
Cowpea: The pod-borer Maruca testulalis. The aphid Aphis craccivora 
Banana: The banana weevil Cosmopolites sordidus. The banana nematodes 

Pratylenchus spp. 
Cassava: The green spider mites Mononychellus spp. 
Rice: (under ICIPE-IRRI Collaboration) 
The rice leaf-folders Cnaphalocrocis medina! is and Marasmia patnalis (at 
IRRI, Philippines) 
Insect pest complex of upland rice {at Mbita Point Field Station) 
The research and development activities of the Programme are carried out 

under four major Sections/Sub-Programmes: 
• Bionomics and Applied Ecology (BAE) 
• Plant Resistance to Insect Pests (PRIP) 
o Biological Control (BC) 
o Insect Mass Rearing Technology (IMRT) 

The /PM components currently under research and development include 
the following tactics: 
• Use of pest resistant/tolerant cultivars; 
o lntercropping and other cultural practices: 
o Use of biocontrol agents (parasitoids. predators and pathogens of target 

pests). 
In addition, the following aspects have been under study to provide support 

to the above components for their effective application: 
• Assessment of crop losses due to insect pests and determination of economic 

injury levels and control thresholds; 
• Population surveillance and forecasting. 

Development of the above components and of the !PM strategies is being 
taken up in two major stages: ( 1) Mission-Oriented Basic Research (MOBR). 
and (2) Interactive Technology,Selection and Development (ITSD ). 
Stage 1. The Mission-Oriented Basic Research (MOBR) involves in-depth 

study of pest-related aspects by a multi-disciplinary team of researchers in 
the field. as well as in the laboratory in three sub·stages:Sub-stage 1: Identification 
of potentiai!PM components: Sub-stage 2 : Elucidation and manipulation of 
factors that can maximise the efficacy of the !PM components; Sub-stage 3: 
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Development of modes of application and integration of the /PM components. 
Stage 2. The Interactive Technology Selection and Development (ITSD) 

involves field trials, in partnership with farmers and extensionists, with such 
/PM components as are found promising in the 1st stage. The /PM components 
are tested in different combination patterns, referred to her,e as "I PM menus". 
These trials enable the researchers, the extensionists and the farmers jointly 
to select and develop those /PM menus which show the desired performance. 
On the other hand, the components or menus that show limitations are taken 
back to the 1st stage (MOBR) for improvement. 

The activities undertaken during 1990 in the Programme have involved 
collaboration with the other Research Units of the ICIPE and also with the 
National Agricultural Research Systems (NARS) of Kenya, Zambia, Somalia, 
Rwanda, and with the international agricultural research centres (!ARCs) 
like C!MMYT, ICRISAT, 1/TA and IRRJ. The collaborative activities with 
NARS and /ARCs have involved the exchange of germplasm, information on 
pest management, visits by scientists, and also field trials. 

The progress made in different areas of activity during 1990 is given hereunder. 

BIONOMICS AND APPLIED ECOLOGY 
SECTION (BAE) 

The main objective of BAE is to develop methodologies 
and generate information on those aspects of the biology, 
ecology, and behaviour of target pests as well as 
information on assessment of on-farm yield losses, that 
will provide support for /PM strategies. The pests currently 
under study are: 
• Stem-borers of cereals with particular emphasis on 

Chilo partellus (Swinhoe) 
• Banana weevil, Cosmopolites sordidus (Germ.) 
• Banana lesion nematode, Pratylenchus goodeyi Sher 

and Allen. 
This section also has the responsibility of integrating 

the !PM components developed by different sections of 
the Crop Pests Research Programme into effective and 
sustainable /PM systems. 

1.1 COLLECTING DATA FOR SIMULATON 
MOI?>ELLING OF CHILO PARTELLUS 

L. M. Smith 

A simulation model of within-season population dynamics 
of the stem-borer, C. partellus on maize is necessary for 
the investigation of the effects of various control options 
on the population dynamics of this pest. Among the 
prerequisites for such a model arc developmental rate 
equations, and mortality factors and rates, for each of 
the life stages. Data on these prerequisites are currently 
being collected, in addition to data on model validation, 
dispersion of life stages, and yield losses. 

Work in the short rains at Ogongo (maize planted 
September 1990) have produced some preliminary results 
on stage-specific mortality . Mortality factors affecting 
C. partellus eggs on maize are given in Table 1.1. Mortality 
for eggs on maize was very low, although very high 
mortality on sorghum was reported earlier. 

Mortality factors of larvae and pupae were identified 
as a larval bacterial disease and a pupal parasitoid, 

Table 1.1 Mortality factors affecting C. parte/Ius eggs on 
maize at Ogongo during the short rains, 1990 (based on 
observations of 248 egg masses) 

Mortality factor 

Failure to hatch 
(larvae formed) 
Infertility 
Presumed sucking predation 
Ant predation 
Unexplained 

Total seasonal mortality 

Number of 
eggs 

28 
60 

100 
96 

208 

%Mortality 

0.56 
1.54 
2.02 
1.94 
4.19 

10.25 

Dentichasmias busseo/ae, both of which were not very 
important. They accounted for small percentages of 
mortality. approximately 10 and 1% of each life stage 
respectively. 

Density-dependent mortality was also expected, since 
it is known that a maize plant can normally support upto 
seven larvae. Sizes of the egg masses ranged from 3 to 
68 eggs at Ogongo in the short rains of 1990, with the 
average being 20 eggs. In order to establish this density 
relationship, plants with hatched eggs were tagged, the 
eggs counted and the plants subsequently dissected after 
3 weeks. The results of this experiment (n = 52) are 
presented in Figures l.la and l.lb. Figure l.la shows 
the relation between sizes of the egg masses and the 
numbers of larvae found in the dissected plants. The 
number of larvae found was independent of the size of 
the egg mass. This was confrrmed in Figure l.lb, where 
increasing larval survival was apparently associated with 
egg masses of small size (15-10). thus suggesting that 
with increasing size of the egg masses larvae have a 
decreasing chance of surviving. The mechanism responsible 
for this is not known, but it is likely that the hatching of 
many larvae simultaneously from an egg mass may 
stimulate neonate larvae to spin threads and disperse with 
the wind. However, more data is needed with a large 
sample of egg masses to come to a firm conclusion on 
the density-dependent relationship. 
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Figure 1.1 (a) Relation of egg mass size with larvae; (b) relation of % recovered larvae with egg mass size. 

1.2 INFESTATION~ YIELD RELATIONSHIP AND 
DETERMINATION OF ECONOMIC INJURY 
LEVELS (ElL) OF Cl/JLO PARTELLUS IN 
FOUR VARIETIES OF MAIZE, ZEA MAYS L. 

K. V. Seshu Reddy 

Lack of proper understanding of the relationship between 
insect density and grain yields has resulted in the 
uneconomical use of broad spectrum insecticides with 
limited benefits. However, if phenological events are 
synchronised with levels of insect populations that inflict 
economic damage, then necessary control measures could 
be accurately timed and unnecessary applications 
minimised. 

In the present studies the infestation-grain yield 
relationship and economic injury level (ElL) of the maize 
stem-borer C. parte/Ius was determined by artificially 
infesting plants of four maize cultivars viz; INB-A (a 
stem-borer susceptible cultivar), KRN-l and V 37 (stem-

borer tolerant cultivars) and ICZ-2 (a stem-borer resistant 
cultivar) with freshly hatched C. partellus larvae at six 
levels, each representing a treatment viz; 0, 2, 4, 6, 8 and 
10 larvae/plant at 21, 28,35 and 42 days after emergence 
(DAE). The experiment was replicated three times in a 
split plot design with a combination of cultivar/crop stage 
constituting the main plots and larval density as sub
plots. 

A significant infestation-yield relationship was obtained 
by a regression of larvae on yields based on testing three 
forms of relationships i.e. linear y = a + bx:log linear, 
log y == (log a + b log x) and quadratic y == (a + bx + cx2

), 

where y and x represent grain yield and larval density, 
respectively. Economic injury level was determined for 
the respective cultivars and crop growth stages by use of 
the determined significant infestation-yield relationship 
(model), cost of protection for three commonly used 
insecticides for stalk borer control i.e. Dipterex 
(Trichlorophon), 2.5 G, Thiodan 3G and Furadan SG 
(carbofur~n) granules · applied in the leaf whorl of the 
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plants twice (at 21 and 35 DAE) at the rate of 0.5 g/plant 
(finger-thumb pinch index) and market price of maize of 
KSh 4 per kg. 

ElL was calculated based on the following arithmetic 
procedure: 

ElL = Cost of insecticidal treatment/ha 

Market price of crop/kg x b 

Where: b = Regression coefficient 
ElL= Density of C. partellus estimated to cause 

loss equivalent to the cost of control. 
As shown in Table 1.2, regression analysis significantly 

explained the linear form of equation y = a + bx for all 
the four cultivars and growth stages as opposed to the 
log linear and quadratic forms of equations. This was 
confirmed from the relatively higher values and significant 
coefficients of x observed in the linear form. 

In all forms of the equations tested, the coefficients b 
and c for the independent variable (larval density [x)) 
were negative, showing a descending slope whkh implies 
reduction of yield with increase in larval density irrespective 
of the varieties. Also shown in the results is a decrease 
in regression slopes with increase in plant age which 
shows that the tolerance of the crops to borer damage 
increased with increase in plant age regardless of variety, 
though the magnitude was dependent on variety. 

ElL increased with increase in plant age (growth stage), 
but there existed varietaJ differences in ElL's with the 
less tolerant varieties such as KRN~l and INB-A having 
lower ElL values than the more tolerant/ resistant ones 
like V -37 and ICZ 2. 

1.3 SUPPRESSION OF INSECT INCIDENCE IN 
SORGHUM BY JNTERCROPPJNG AND ITS 
RELATIONSHIP TO GRAIN YIELD 

K. Ampong-Nyarko 

Under normal cir~umstances insect population reduction 
in intercropping is frequently incomplete. Also the 
relationship between population reduction and grain yield 
needs to be quantified. An experiment to establish the 
relationship between insect suppression by intercropping 
and grain yield in sorghum was conducted during the 
long rains of 1990. Sorghum (cv. Serena) was intercropped 
with cowpea (cv. ICY 2) in protected or unprotected 
plots using factorial experimental design. The sorghum 
was protected by the application of carbofuran granules 
at planting, and again in the plant whorls at 20 and 35 
days after emergence. The cowpea was protected by 
spraying cypcrmethrin at 21, 30, 40 and 50 days after 
emergence. In the monocrop unprotected sorghum, yield 
was reduced by 28% whilst yield reduction in the 
intercropped sorghum was 15% (Table 1.3). Similarly, 
unprotected cowpea yield was reduced by 90 and 64% 
for the intercrop. The number of flower thrips was also 
lower in intercropped cowpea than in monocrop. 
Jntercropping gave a high land equivalent ratio (LER) of 
1.88 when sorghum and cowpea were not pro~ected, 
compared with a LER of only 1.04 when the crops were 
protected. This suggests that intercropping is very stable 
under low input agriculture. 

Table 1.2 Economic Injury levels (Ell) of Chilo parte/Ius for four varieties of maize and three Insecticides 
applied twice (x2) calculated from linear regression relationship between maize yield (y) kg/ha and larval 
dens ity (x) 

DAE Economic injury level (Ell) 
Cultivar Crop stage Ff y • a+ bx Dipterex x2 Thiodan x2 Furadan x2 

ICZ-2 21 0.933 y .. 7723.03 - 378.04x 0.82 1.0 2.28 
28 0.858 y = 7003.04 - 347.11x 0.90 1.10 2.48 
35 0.716 y .. 8247.47 - 284.01x 1.10 1.34 3.03 
42 0.773 y . 8069.28 - 220.90x 1.41 1.72 3.90 

V-37 21 0.880 Y = 8189.47 - 469.99x 0.66 0.81 1.83 
28 0.902 y. 8166.585 - 313.29x 0.99 1.21 2.75 
35 0.648 y = 8695.47 - 271.6x 1.15 1.40 3.19 
42 0.745 Y = 8602.14 - 234.66x 1.33 1.62 3.67 

KRN-1 21 0.936 Y• 8945.69 - 582.53x 0.53 0.65 1.49 
28 0.956 y = 9434.13 - 490.62x 0.63 0.77 1.76 
35 0.837 y. 9871 .06 - 397.78 0.78 0.96 2.17 
42 0.749 y = 9897.46 - 301 .86x 1.03 0.79 2.85 

INB·A 21 0.920 y = 6981.8 510.79x 0.61 0.74 1.69 
28 0.883 Y = 7003 422 .66x 0.74 0.90 2.04 
35 0.823 y . 7336.38 - 324x 0.96 1.17 2.66 
42 0.766 y = 7619.95 - 291x 1.07 1.30 2.95 
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Table 1.3 Insect pest incidence as affected by lntercropping and Its contribution to sorghum grain yield 

Cropping pattern 

Sorghum intercrop 
Sorghum monocrop 
Cowpea lntercrop 
Cowpea monocrop 

Protected 

0 
0 

4 ± 1.5 
19.3 ± 5.7 

No. of Insects t 

Unprotected 

5.3 ± 1.8 
8.1 ± 2.6 

287 ± 29.6 
422 ± 35.6 

Protected 

4964 ± 135 
6141 ± 698 

244 ± 12 
1046 ± 100 

Grain yield kg/ha 
at 12"/o moisture 

Unprotected 

4227 ± 105 
4444 ± 108 

89 ± 39 
106:!: 33 

Yield 
reduction 

% 

15 
28 
64 
90 

tSorghum • Chilo partal/us per 10 plants 62 days after planting. 
Cowpea • thrips per 10 flowers. 
± s.e. n . 3. 

1.3 .1 Compatibility of sorghum cultivars in intercropping 
lntercropping cereals and legumes have reduced the insect 
pest incidence. As a result, it has become a component 
of integrated pest management. There is need, therefore, 
to select compatible crop cultivars for intercropping, as 
interspecific and intraspecific competition will vary with 
the cultivar. 

Four sorghum cultivars, Serena, LRB 5, LRB 8 and 
IS 1044 were intercropped with cowpea (ICV 2) at Ungoye 
Field Site in the long rains of 1990. Intercropping reduced 
the number of stem-borers of sorghum and percent plants 
attacked. It also reduced the number of flower thrips in 
cowpea (Table 1.4). There was no difference in the relative 
growth rates of the sorghum and cowpea when grown as 
mixtures or as sole crops. Sorghum cultivars LRB 8 and 
Serena with the higher relative growth rate had the least 
intercropping advantage as shown by the land-equivalent 
ratio. It is concluded that cultivar differences in 
compatibility for imercropping may exist. 

1.4 STUDIES ON THE COMPATIBILITY OF lPM 
COMPONENTS, ON-FARM 

A. M. Alghali 

Scientists in the Crop Pests Research Programme have 
been identifying and formulating insect control tactics 
that could be used as components in an IPM programme 
for the control of stem-borers on sorghum. Two of these 
components that have shown promise are resistant cultivars 
and intercropping. Sorghum tolerant cultivar LRB 5 was 
planted as a monocrop and also as an intercrop with the 
locally grown cowpea cultivar ICY 6. The locally grown 
sorghum variety, Serena, was also planted both as a 
monocrop and as an intercrop with ICV 6. These were 
planted in field plots in Ogongo Village near Lambwe 
Valley in western Kenya to examine the following: 
• the contribution of tolerant sorghum cultivar LRB 5 

to stem-borer control 

Table 1.4 Effect of intercropplng of susceptible/tolerant sorghum cultivars on Insect infestation relative growth rate 
and yield of the component crops 

Land 
Sorghum component Cowpea component equi-

Relative Relative 
valent 

No. of stem-borers/ growth rate Yield No. of thrips/ growth Yield ratio 

Cropping pattern 10 plantst g/g/day Kg/ha 10 flowers rate g/g/day Kg/ha (LEA) 

Serena monocrop 8" 0.13" 2906" 

LAB 5 monocrop 6.3•b 0.10' 2343•b 

LAB 8 monocrop 5.S•bc 0.12" 2104obc 

IS 1 044 monocrop 7.1• 0.09' 1230C 

Serena + ICV 2 1. 73<> 0.11* 1962abc 152b 0. 10• 31.2b 0.82 

LAB 5 + ICV 2 2.9bo 0.10• 261 1• 136b 0.09' 33.6b 1.33 

LAB 5 + ICV 2 7.1• 0.13" 1423•be 11 Ob o. 1 o• 28.5b 0.39 

1S 1044 + JCV 2 2.6bC 0.09' 1166C 157b 0.01' 82.2b 1.39 

Cowpea monocrop 269• 0.1 1 • 211" 

Within column means followed by the same letter do not differ significantly (P > 0.05). 
t Complex of C. parte/Ius, B. fusca and Eldana ssccharina. 
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Table 1.5 Number of C. parte/Ius and sorghum grain yields for sprayed and unsprayed subplots 

No. of 0. parte/Ius larvae/ Sorghum grain 
10 plants at 5 WAEt yields (g/12 m2) 

Cropping 
system Sprayed Unsprayed Sprayed UnspraY.ed Mean 

Serena/ICV 6 

LRB 5/ICV 6 

Sole Serena 

Sole LAB 5 

2.1 

2.5 

3.9 

2.8 

tWAE means weeks after emergence. 

2.4 

2.9 

3.6 

4.1 

Table 1.6 Number of flower thrips and cowpea grain 
yields for sprayed and unsprayed subplots 

No. of flower 
thrips/ 

20 flowers 

Cowpea grain 
yields 

g/12 m2 

Cropping 
system Sprayed Unsprayed Sprayed Unsprayed 

Serena/ICY 6 26.8 483.5 397.2 
LAB 5/ICV 6 15.9 667.7 274.8 

5.3 
29.8 

• the contribution of intercropping sorghum LRB 5 and 
cowpea ICV 6 to stem-borer control 

• the interaction between intercropping and tolerant 
sorghum variety on (a) stem-borer control (b) cowpea 
growth and yield 

• the benefit of tolerant sorghum LRB 5 in terms of 
yield (if any) compared to the widely grown local 
cultivar, Serena 

• on-farm grain yield losses. 
The results are summarised in Tables 1.5 and 1.6 

and the salient points are: 
• stem-borer numbers, moslly C. parte/Ius, were low 

and did not differ for the Furadan-treated and untreated 
subplots. However, Lhe insect numbers were slightly 
higher in the monocropped sorghum 

• sorghum grain yields were not very different for the 
treated and untreated subplots. Also similar were the 
grain yields for LRB 5 and Serena 

• the major insect pest recorded on the cowpea was 
flower thrips, Megalurothrips sjostedti Trybom. The 
presence of other insects was negligible 

• spraying with the insecticide Sherpa plus (a mixture 
of cypermethrin and dimethoate) reduced the number 
of flower thrips and increased cowpea grain yields 
substantially 

• cowpea grain yields were higher for the Serena/ICY 6 
intercrop compared with the LRB 5/ICV 6 intercrop, 
thus suggesting that intercropping sorghum LRB 5 
with cowpea ICY 6 has some deleterious effect on 
the cowpea grain yields. 

1749.1 2300.3 

2126,7 1730.7 

2489.8 3475.3 

2968.7 2944.9 

1.5 PHEROMONAL BIOLOGY OF CHILO 
PARTELLUS 

K. N. Saxena and G. C. Unnithan 

2024.7 

1928.7 

2982.6 

2956.8 

Research on pheromonal biology of C. partellus was 
initiated some years ago with a view to developing effective 
strategies for utilising the female sex pheromone in the 
integrated pest management of the insect. Four strategies 
were envisaged: 
• Monitoring the pest populations through pheromonal 

trapping with the objective of timing the application 
of microbial or chemical pesticides for pest 
management, and/or assessing the impact of various 
pest management measures on the infestation of crops 
by C. partellus 

• Suppressing the population in any one or both of the 
following ways: (a) mass trapping at low population 
density; (b) interfering with pheromonal communication 
between males and females and thereby interrupting 
mating and subsequent reproduction. 
This work is partly supported by the Swedish Agency 

for Research Cooperation with Developing Countries 
(SAREC) under a project involving collaboration between: 
(1) the Crop Pests Research Programme (CPRP) and the 
Chemistry and Biochemistry Research Unit (CBRU) of 
the ICIPE, and (2) the Pheromone Research Group of the 
University of Lund (LO) and the Department of Plant 
and Forest Protection of the Swedish University of 
Agricultural Sciences at Uppsala (UG), in Sweden. The 
chemical aspects including the identification of the 
constituents of the pheromone and its synthesis are being 
taken up by CBRU and LO, whereas the biological aspects 
including field experiments are taken up by CPRP. 

In order to achieve the objectives outlined above, it 
was first necessary to elucidate the various factors that 
determine the pheromonal communication between the 
sexes and the trapping of males. It would next be necessary 
to develop effective methods for pheromonal trapping of 
males, utilising the information on the controlling factors. 
These aspects have been taken up within the CPRP, using 



the virgin females as lures until the synthetic pheromone 
becomes available. Some of the results have been given 
in the previous reports and published papers. The progress 
made during 1990 is briefly given here. 

1.5.1 Monitoring of C. partellus populations through 
pheromonal trapping 

Pheromonal trapping of the males, once every week, 
continued during 1990 at MPFS , and on the farmers' 
fields in Ogongo (Larnbwe) for monitoring the populations 
of the pest. Water pan traps were used at MPFS and 
sticky slit-delta traps were used on the farmers' fields, 
using two virgin females per trap. 

At MPFS, the male catches during the periods April 
12-26, May 10--17 and August 23-30, 1990 were much 
higher (ranging 14-50/4 traps/week) than during the 
remaining period (ranging 0--7/4 traps/week). This pattern 
was similar to the patterns of fluctuations in trap catches 
during the previous years. 

At Ogongo, the number of males caught in four traps 
every week fluctuated as follows: During the first two 
weeks of February 1990, shortly before the onset of the 
long rainy season, the number of male catches was 16--26/ 
4 traps/week. The catch rose to as high as 94 during the 
3rd week of February and then gradually declined. From 
the last week of March, the number of catches remained 
quite low, ranging from 1 to 10 per 4 traps per week. 
OccasionaJly, the catch rose above this number e.g. from 
the last week of August to the 2nd week of October 
when lhe number ranged 11-25/4 traps/week. Thereafter 
it again declined to below 10 and remained at that level 
till the end of the year. 

1.5.2 Role of host plant signals in pheromonal trapping 
These experiments were carried out in specially designed 
test chambers (210 x 80 x 80 em) in the screen house to 
determine whether the presence of the host plants of C. 
partellus would influence the pheromonal trapping of 
the males. The results showed that the traps placed among 
the borer-susceptible sorghum plants caught 60-80% males 
released in the test chamber. On the other hand, in the 
absence of the plants, only 0-20% of the released moths 
were trapped, This infonnation is most useful in designing 
experiments to test the synthetic pheromones and 
pheromonal inhibitors in the test chambers placed in the 
screen house Of in the field with known but different 
populations of the males. 

1.5.3 Pheromonal trapping in relation to competition 
of traps with females 

This study was taken up to investigate if virgin females 
that may be present in the field would affect the male 
catches in traps baited wilh the female sex pheromones. 
For this, a trap baited with two virgin females was 
surrounded by virgin females enclosed in wire mesh cages 
and placed in two concentric circles of 10 and 20 m radii 
or in three concentric circles of 2, 4, and 6 m radii. The 
number of females in the circles varied from 9 to 48. A 
control trap was arranged at a distance of 110m without 
any females surrounding it. The number of males caught 
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in the trap surrounded by the females was significantly 
lower than that in the control trap. The reduction in the 
trap catch was only 6% with nine females surrounding 
the trap. But, the reduction ranged from 75 to 100% as 
the number of surrounding females inc~eased from 18 to 
48. However, such a disruption in the pheromonal trapping 
by the surrounding females was not accompanied by a 
corresponding redu~tion in mating. These results also 
demonstrated the competition among the pheromone traps. 

1.6 MONITORING OF THE ADULT MALE MOTH 
POPULATIONS OF BUSSEOLA FUSCA AND 
CHILO PARTELLUS IN OYUGIS AND 
KENDU BAY DIVISIONS 

B. T. Nyambo 

1 .6.1 Busseola fusca 
Monitoring of B.fusca started during 1989 using synthetic 
pheromone and the Uni-trap and continued on 22 farmers' 
fields in Oyugis and 24 in Kendu Bay Divisions. The 
traps were set up permanently in the fields and lhe catches 
recorded once a week. The lure was changed every 6 
weeks. The total trap catches are shown in Figure 1.2. 
Several points can be drawn from lhe catch trends. 
• B.fusca adult population is active throughout the year 

in both divisions with peak during the long rains (LR) 
and lowest activity during the dry season 

• Although the larva is known to enter diapause, it seems 
that a small proportion of the population either breaks 
diapause erratically and/or survives on alternative host 
plants, particularly in Kendu Bay where there is only 
one cropping season and a prolonged dry period 

• Highest catches were recorded in June at the end of 
the heavy rains in the Oyugis Division 

• Despite the fact that Oyugis has two cropping seasons, 
catches during the short rainy (SR) season were at 
the lowest level which is likely to be due to the factors 
other lhan host plant availability 

• During 1990, catches in Kendu Bay showed a gradual 
decline beginning from March with fewer moths being 
caught as the dry season progressed. 

1.6.2 Chilo partellus 
In Oyugis Division monitoring of C. parte/Ius started in 
1990 and it was expanded to include five sites in Kendu 
Bay. Trapping was done once a week using one-day-old 
virgin females and the ICIPE water traps. 

In Oyugis, the total number of male moths per five 
sites ranged from 5 in January to 23 in April, while in 
Kendu Bay they ranged from l in November to 21 in 
July 1990. 

Although the catches were very low, it was evident 
that C. parte/Ius was active throughout the year in both 
Oyugis and Kendu Bay Divisions. The prevailing agro
ecological conditions in Oyugis would allow continuous 
breeding of the pest on its cultivated host plants, while 
in Kendu Bay C. parte/Ius might survive on altemative 
wild host plants during the dry season. 
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Figure 1.2 Total monthly B. fusca male moth catches in Oyugis and Kendu Bay. 

1.6.3 Monitoring immature stages of insect pest 
populations on cereals and grain legumes 

Cereals. During the 1990 LR season the level of infestation 
and damage caused by the major borers viz; B.fusca and 
C. partellus on maize and sorghum was very low in both 
Divisions. In Kendu Bay where the incidence of the borer 
anack was relatively higher, the percentages of damaged 
plants at 3-4 WAE and 7- 6 W AE were 20 and 30 
respectively. 

However, there was a moderate to heavy armyworm, 
Spodoptera exempta (Wlk), outbreak in both Divisions 
beginning from crop emergence to about4 W AE. Sorghum 
was severely damaged and a few of the farmers had to do 
repeated sowing. 

During the 1990 SR crop, the incidence of the borer 
attack was even much lower than in the LR season, and 
the crop was therefore clean of borer damage. 

Grain legumes. During the LR season, GLP 2, a 
commercial bean variety, and ICV 2, the lCIPE cowpea 
variety, were grown in intercrop combinations with maize/ 
sorghum in Oyugis and Kendu Bay respectively. 

On GLP 2, the flower thrips and Ootheca spp. were 
the most damaging, whereas on ICV 2, Ootheca spp., 
flower thrips and Maruca testulalis were the most frequent. 
Maruca was particularly damaging in Kendu Bay. 

In the SR season both ICV 2 and GLP 2 were sown in 
intercrop combinations with maize in Oyugis Division . 
The amount of rainfall and its distribution were scanty 
and erratic and as a result there was a very high incidence 
of bean fly and aphids on GLP 2. ICY 2 was badly affected 
by the aphid attack and in many fields mosaic virus 
infestation was high. 

.Damage assessment at harvest indicated that pod bugs 
and pod flies were the main insect pests attacking the 
grain rn both divisions in the two seasons. 

1.6.4 Relationship of B. fusca and C. partellus moth 
trap catches infestation and damage by the insects 
to maize and sorghum in Oyugis and Kendu Bay 
Divisions 

The adult male populations of B./usca and C. parcel/us 
were monitored at the fields, one in each division during 
the LR season. In the SR season only Oyugis site was 
monitored. 

The Uni-trap baited with B.fusca synthetic pheromone 
was used to monitor the populations. The traps were 
permanently s ited in the field and moth reaclings done 
weekly. The pheromone capsule was changed every 6 
weeks. 



The ICIPE water trap baited with two one-day-old 
virgin female moths of Chilo were used to monitor the 
Chilo adult male population. 

The relationship between the weekly moth catch and 
crop infestation and damage was assessed. 

In Kendu Bay, moth catches at 6 WAE to 10 WAE 
were low. An average of3.8 B.fusca and 6.25 C. partellus 
moths per week was recorded. The levels of infestation 
and damage were also low. The larval populations per 
plant were 0.13 and 0.07 for C. parte/Ius and B. fusca 
respectively, with an average of 19% borer damaged plants. 
Overall, !lO relationship could be established between 
weekly moth catches and the level of infestation by either 
of the stem-borers, nor with the % plants damaged. 

In Oyugis, B. fusca moth catches at 3 to 10 WAE 
ranged between 0 and 37 with a mean of 9 moths/week. 
Chilo partellus moth catches remained very low, with a 
mean of 5 moths/week. However, the levels of infestation 
and damage remained persistently very low at l.he site, 
with an average of 1.1% damaged plants. 

During the SR season in Oyugis, monocrop hybrid 
maize 511 was monitored from 3 to 11 W AE. 

The average levels of infestation were 0.17 and 0.05 
larvae per plant/week of C. partellus and B. fusca, 
respectively. The average percent damaged plants was 
15. Moth catches were generally much lower compared 
to the LR season averaging 2 and 1.2 moths/week of C. 
partellus and B. fusca respectively. However, there was 
no significant correlation between weekly moth catches 
and the level of infestation and damage. 

1.7 POPULATION PATTERNS OF BANANA 
WEEVIL, COSMOPOLITES SORDIDUS 
(GERM.) 

K. V. Seshu Reddy 

At Ungoye Field Research Site, the adult weevil population 
of C. sordidus was monitored by using both disc-on
stump and split-pseudostem traps of cooking as well as 
sweet banana types. The number of C. sordidus adults 
trapped/5 traps/week ranged from 0 to 67 in split
pseudostem trap and 0 to 89 in disc-on-stump trap of 
cooking type. However, the trapped weevils in the sweet 
type bananas were in the range of 0 to 9 in split-pseudostem 
and 0 to 11 in disc-on~stump traps. A total of 2505 C. 
sor!lidus weevils were trapped using cooking type banana 
pseudostems in one year as opposed to 198 in sweet 
types. 

At a farmer' s field in Oyugis, the weevil population 
ranged from 0 to 26 and 0- 29/5 traps/week, respectively 
in sweet type disc-on-stump and split-pseudostem traps 
as opposed to 0 to 52 and 0 to 54 in cooking type bananas. 
In all, there were 1526 and 616 weevils collected using 
cooking and sweet type banana traps respectively in one 
year. 

Although C. sordidus was trapped almost throughout 
the year, the period of attraction to the traps was found 
to be during February-May and September-October which 
coincided with the peak rainy period. In addition, cooking 
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type banana pseudostem traps were observed to be 80% 
more efficient and attractive to C. sordidus than the sweet 
types. 

1.8 BANANA GERMPLASM MAINTENANCE 

K. V. Seshu Reddy 

As a part of the banana IPM project, 126 varieties of 
bananas (cooking 60, sweet 57, roasting 4, multipurpose 
3 and beer 2) were collected from various parts of Kenya 
and planted at the ICIPE's Ungoye Field Research Site 
on the shores of Lake Victoria. In order to study the 
relative susceptibility levels of certain banana cultivars 
to C. sordidus, the percentage coefficient of in festation 
(PCI) was taken when the cullivars were at the age of 
one and a half to two and a half years. The results showed 
that the PCI ranged from 50-100 (86. 7 ± 7 .1) in seven 
cooking type cultivars as against 16.7-70 (45.4 ± 6.1) in 
nine sweet types, indicating variation in the degree of 
susceptibility. 

1.9 EFFECT OF DEPTH OF PLANTING ON 
WEEVIL INCIDENCE 

K. V. Seshu Reddy and A. M. Koppenhoefer 

Two trials were carried out to study the effect of depth 
of planting banana suckers on the incidence of weevil, 
C. sordidus. In both the trials, the commonly grown cooldng 
variety "Nakyetengu" was planted in 250 litre oil drums 
at a depl.h of 15, 30, 45 and 60 em on a randomised 
complete block design with five replicates. ln one trial, a 
total of 20 adult weevils (10 females + 10 males) were 
released on to 4-week old suckers and the infestation 
continued for 4 weeks. In the second trial, the same number 
of weevils, were released on to 8-week old suckers and 
the infestation allowed for a period of 6 weeks. Later the 
suckers were uprooted and observed for weevil population. 

In both the trials, it was found that planting depths 
significantly affected the occurrence of the weevils. 
However, there was no significant difference in the weevil 
population density between the depths of 15 and 30 em, 
which had significantly higher population than at 45 and 
60 em depths. 

1.10 EFFECT OF MULCHING AND INTER
CROPPING ON THE BANANA WEEVIL 
COSMOPOLITES SORDID US POPULATION 
DENSITIES AND ON BANANA 
PERFORMANCE 

B. Uronu 

A test was established in a field naturally infested with 
the banana weevil, C. sordidus, a major pest of bananas 
in Tanzania, to investigate the effects of mulching and 
intercropping on weevil population densities and banana 
plant performance at the Agricultural Research Ins ti tute 
(ARI) Maruku, Bukoba District, Tanzania. A randomised 
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Table 1.7 Mean number of C. sordidus, and heights, pseudostem girths, and number of suckers per stool of banana 
(c.v. Nyoya) five months after mulching and intercropping 

~ 

Treatments C. sordidus Heights (em) Girth (em) No. of suckers 

Maize/banana 1.70 154.86•bt 40.53 0.79 

Banana (control) 1.70 161.95'b 42.37 1.26 

Beans/banana 1.70 154.30b 39.93 1.25 

Bean mulch 1.60 160.601
" 42.49 1.35 

Sweet potato mulch 1.42 149.74b 40.06 1.51 

Maize stalk mulch 1.30 168.971 42.88 1.19 

Sweet potato/banana 1.09 159.37•b 39.72 0.72 

tMeans with the same letter are not significantly different P = 0.05. 

Table 1.8 Predators of banana weevil, C. sordidus 

Predacious on weevil life-stages 
Predator E 1 2 3 4 5 6 p 

1 . Thyreocephalus interocutaris A + + + + + + + + 
(Eppelscheim) L1 + + + + + 
Staphllinldae L2 + + + + + + + 

2 . Hesperus sparior (Bernhauer) A + + + + + 
Staphilinidae 

3. Holofepta strlatidera (Marsuel) A + + + + + + + 
Histeridae 

4. Dactylosternum abdominale (Fabr.) A + + + 
Hydrophilidaa L + + + + 

5. Staphilinldt A + + + + 

6. Histerid' A + + + + + + + + 

7. Carabidt A + + + + + 

8. Tenebrionldt A + 

9. Forficulld {Small)t + 

10. Forficulid {Medium)' + + + + + 

11. Forflculid (Big)t + + + + + 

E = Egg; 1-6 = 1st to 6th lnstar of C. sordldus; P . Pupa; A. Adult; 
L 1 & L2 • Larval stages of predator; + = predacious;-= not predacious; 
t • unidentified. 

complete block design with four replicates was used. 
Twelve sLOols, 4 stools per row, constituted a plot. Spacing 
between stools and rows was 3.5 and 4.0 m, respectively. 
Blocks were separated by 5 m space. Cultivar .. Nyoya," 
a good host of the weevil, was used in the test. Sampling 
of weevils was done fortnightly for five months. 

Numbers of C. sordidus were not significantly different 
five months after planting. Maize/banana, beans/banana 
and banana (alone or control) treatments had the highest 
weevil counts (Table 1. 7). The sweet potato/banana 
treatment had the lowest weevil population. Banana 
pseudostem girth and number of suckers per stool were 
not significantly different (Table 1.7). Plant heights were 

significantly (P = 0.05) different (Table 1.7). The maize 
stalk mulch and sweet potato mulch treatments gave the 
tallest and shortest plants respectively (Table 1. 7). 

1.11 NATURAL ENEMIES OF COSMOPOLITES 
SORDJDUS (GERM.) 

A. M.Koppenhoefer 

Intensive field studies in search of potential predators of 
the banana weevil C. sordid us were conducted in Oyugis 
and Ungoye field research sites and at Mbita Point Field 
Station. So far, 11 predators were recorded (Table 1.8) 
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Table 1.9 Necrosis index and mean numbers of Pratylenchus goodeyi/1 0 g wet root of 18 banana cultivars 140 and 
279 days after planting, respectively, in a nematode-infested field in Tanzania 

Cultivar1 

Njubo 
Kinunu 
Nklla 
Enzingo 
Enshule 
Nshansha mbire 
Nkonjwa Khayaya 
Nyoya 
Nkonyjwa .Nshakara 
Jamaica Sweet 
Kisubi 
Ntobe 
Nshakara 
Kikonjwa 
Kiguruwe 
Banana 
Mbwairuma 
Red Sweat 

1Each cultlvar was replicated four times. 

Necrosis lndex2 

2.67'3 

2.17•b 
2.17•b 
2.09•b 
2.o8•b 
2.00•b 
1.83•b 
1.78•b 
1.72•b 
1.67•b 
1.66•b 
1.59•b 
1.541b 

1.46•b 
1.28b 
1.25b 
1., 3b 
1.00b 

No. of P. goodeyl 

340.00 
244.00 

1929.00 
670.00 
119.00 

2158.00 
1806.00 
301.00 
241 .00 
179.00 
40.00 
88.00 

285.00 
285.00 
101.00 

48.00 
148.00 
285.00 
NS~ 

2Based on a 0-4 rating scala where 0 • no necrosis and 4 • 75-100% of a root being necrotic. 
3Figures followed by the same letters are not significantly different (P = 0.05). 
~Not significantly different. 

and most of them were found in rhizome, pseudostem or 
mulch. The feeding potential, searching capacities and 
impact of these predators on the weevil population are 
being studied. 

1.12 RELATIVE SUSCEPTIBILITY OF BANANA 
CULTIVARS TO THE LESION NEMATODE, 
PRATYLENCHUS GOODEYI SHER AND 
ALLEN 

S. W. Waudo 

Eighteen banana cultivars were planted in a nematode 
infested field at Agricultural Research Institute, Maruku, 
Tanzania, to screen for resistance against Pratylenchus 
goodeyi, a major banana nematode pest in Tanzania. Each 
cultivar was replicated four times in a randomised complete 
block design. Spacing between stools and blocks was 3 
and 5 m, respectively. Plants were fertilised with calcium 
ammonium nitrate, 289 g/stool 30 days after planting. 
Nematodes were extracted from roots using maceration· 
sieving technique. Necrosis index, as a measure of disease 
severity, was obtained by rating infected plant roots using 
a 0-4 rating scale where 0 "" no necrosis and 4 ;;;::; 76 -
100% of a root being necrotic. 

Necrotic indices were significantly (P = 0.05) different 
140 days after planting (Table 1.9). Cultivar Njubo had 
the highest necrotic index. Cultivar Red Sweet.. Mbwairuma 
and Banana had the lowest. second and third lowest necrotic 
indices respectively (Table 1.9). Numbers of P. goodeyi/ 
10 g of banana root were not significantly different 279 
days after planting (Table 1.9). However. cultivars Banana 
and Ntobe had the lowest nematode populations whereas 
Nshansha mbire and Nkila had some of the highest 
nematode populations (Table 1.9). These results indicate 

that cultivars Red Sweet, Banana and Kiguruwe arc less 
susceptible toP. goodeyi than cultivar Njubo. 

1.13 HOST RANGE OF PRATYLENCHUS 
GOODEYI SRER AND ALLEN 

A. S. S. Mbwana 

A field test was initiated at the Agricultural Research 
Institute. Maruku, Tanzania to test 81 different local plant 
species for susceptibility to the lesion nematode, 
Pratylenchus goodeyi Sher and Allen, a major pest of 
bananas (Musa spp.) in Tanzania. The test planlS were 
grown in a naturally nematode·infested field using a 
randomised complete block design with six replicates. 
RoolS for nematode extraction were taken three months 
after planting. Nematodes were extracted from the roots 
using maceration-sieving techniques. Counting of 
nematodes was done using a Hawksley slide under a 
compound microscope. 

The lesion nematode was extracted only from roots of 
Commelina benghalensis (wandering jew), Hyperrhenia 
rufa (Omushenje), Musa sp. (Banana) and Kijela which 
supported 243, 224, 68 and 50 P. goodeyi/10g of wet 
root weight three months after planting. respectively. 
These resuiLS indicate that the lesion nematode has a 
narrow host range. 

1.14 INCIDENCE OF BANANA ROOT ROT IN 
OYUGIS AND KISII 

P.R. Speijer 

In Oyugis and Kisii areas in western Kenya, the two 
commonly grown banana cultivars Sukali Ndizi and 



1990 AnnUQ/ Rtport 14 

Nakyetengu, differed considerably in the incidence of 
root necrosis. The cultivar Sukali Ndizi, a dessert type, 
had a lower incidence of root-rot than the cultivar 
Nakyetengu, a cooking type. This difference in root necrosis 
may explain farmers' observation that the cultivar Sukali 
Ndizi and Nakyetengu can stay at one location for upto 
30 and 7 years, respectively. 

Fungi isolated from necrotic tissue of roots of the 
banana cultivar Nakyetengu in Oyugis and Kisii were 
identified by the University of Bonn, Germany. Fusarium 
oxysporum was the most common fungus followed by F. 
redo/ens, Nigrospora musae, and Rhizoctonia so/ani in 
that order of prevalence. 

Pratylenchus goodeyi was consistently isolated from 
necrotic tissue. Less frequently observed were: 
He/icotylenchus multicinctus, Meloidogyne spp., and 
Radopholus similis. Pratylenchus goodeyi was isolated 
in larger numbers from root material from the cooking 
cultivar Nakyetengu than the sweet cultivar Sukali Ndizi. 
Also higher numbers of P. goodeyi were isolated from 
necrotic tissue than from healthy tissue. 

Pratylenchus goodeyi was found to be positively 
correlated with root necrosis of the two cultivars. Also 
the frequency of F. oxysporum isolated was positively 
correlated with root necrosis and with the number of P. 
goodeyi extracted from banana roots. 

PLANT RESISTANCE TO INSECT PESTS 
(PRIP) 

The work in this area is aimed at developing strategies 
for efficient utilisation of plant resistance in sorghum, 
maize and cowpea against the target pests as a component 
of their integrated pest management (!PM) . The insect 
pests which have been under study include; 
• Stem-borers of sorghum and maize, major emphasis 

being on Chilo partellus followed by Busseola fusca 
• Cowpea-pod borer, Maruca testulalis 
• Cowpea aphid, Aphis craccivora. 

The research and development activities undertaken 
during the year 1990 included: (a) Evaluation of sorghum 
and maize geMtypesfor components of resistance to the 
stem-borers; (b) Mechanisms of resistance in these crops 
to the respective pests; (c) Genetics of pest resistance in 
these crops; and (d) Improvement and development of 
selected sorghum and maize genotypes for stem-borer 
resistance. 

1.15 SORGHUM RESISTANCE TO STEM-BORERS 

K. N. Saxena 

1.15.1 Evaluation for multiple borer resistance 
In the previous years, sorghum lines obtained from diverse 
sources have been evaluated for resistance against the 
stem-borer Chilo parte/ius. But, in the field, other stem
borers likeBusseolafusca, Eldana saccharina and Sesamia 

calamistis can also auack sorghum in different parts of 
Africa. It would therefore be important to know the levels 
of resistance or susceptibility of different sorghum lines 
to these other stem-borers as well. This study was initiated 
in 1990 and involved two experiments: (1) evaluation of 
sorghum lines in multi-row plots under natural infestation 
by stem-borers; and (2) evaluation in single-row plots 
under artificial infestation with stem-borer larvae. 

Evaluation of sorghum lines in multi-row plots under 
natural infestation by stem-borers. For this experiment, 
15 sorghum lines out of those that had been previously 
evaluated for resistance or susceptibility to C. partellus 
were tested: (1) IS 18520 (Serena), (2) IS 18363, (3) IS 
1044, (4) ICS 3 ( = LRB 5), (5) JCS 4 (- LRB 8), (6) 
LRB 6, (7) LRB 7, (8) Seredo, (9) 2 KX17, (10) KAT 
83487, (12) IS 2269 (13) IS 5469, (14) Gaddam El hamam, 
(15) IS 4405. Of these lines, no.l (Serena) has been 
previously reported to show tolerance to C. partellus 
and is an officially recommended, commercially available, 
variety grown in many pans of Kenya. This variety was 
therefore treated as the reference check with which the 
other test lines could be compared. No. 8 (Seredo) and 
No. 9 (2KX17) are also the varieties grown in Kenya. 
No. 2 (IS 18363) has been shown to be highly susceptible 
and No. 3 (IS 1044) highly resistant to C. partellus. Nos. 
12 and 13 (IS 2269, IS 5469) have been reported to be 
resistant to the shootfly Atherigona soccata. Nos. 4 and 
5, (ICS 3, ICS 4) are the lines derived through single 
plant selections from farmers' landraces in Kenya whereas 
Nos. 6 and 7 (LRB 6 and LRB 7) are similarly derived 
from the African materials received from EARCAL/ 
SAFGRAD. No.14 (Gaddam El hamam) is from Sudan 
where it is grown widely. 

All these lines were grown in 5.4 x 5 m plots in a 
completely randomised block design, replicated three times, 
at the ICIPE's Mbita Point Field Station (MPFS). The 
plants got infested with the stem·borers from natural field 
populations. The components of resistance or susceptibility 
to the stem-borers, that were compared among the tested 
sorghum Jines, included the following: (1) egg-population 
density, (2) larval+ pupal population density, (3) foliar 
damage, (4) deadheart, and (5) stem-tunnelling. These 
components were measured as described previously for 
C. partellus at four different plant growth stages expressed 
as "weeks after emergence" (WAE): 6, 9, 12, 15 ( = 
harvest). 

Larval + pupal population density as a component of 
sorghum resistance/susceptibility. Differences in the larval 
+pupal population density, expressed as numbers of larvae 
+pupae per 10 plants in each replicate, would reflect the 
plants' suitability or otherwise for larval establishment. 
This component was found to be most readily comparable 
among different borer species which could be clearly 
distinguished from one another in the larval and pupal 
stages. 

The results (Table 1.10) showed that C. parte/Ius, B. 
fu sca and E. saccharina infested different sorghum tines 
at one or another crop growth stages sampled. C. partellus 
larvae/pupae were the first ones to be observed on almost 
all the sorghum lines when the plants were 6 W AE. Their 
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Table 1.10 Levels of natural infestation of different sorghum lines at various weeks after emergence (WAE) by different species of 
stem-borer larvae+ pupae at different stage& of crop growth in multi-row plots at MPFS during 1990 long rainy season 

No. Larvae+ Pupae/10 plants 
Plant (Mean :1: G.e.) 

Sorghum age 
line {WAE) C. partelll.lS B. tusca E. saccharina 

A. IS 18520 6 6.7± 4.4 0.0 :1: 0.0 0.0 ± 0.0 
9 10.3 ± 3.4 0.0 ± 0.0 0.7± 0.7 

12 16.7± 1.9 2.7 :1: 0.3 0.7:1:0.3 
15 32.3 ± 0.3 4.0± 0.6 6.7 ± 2.9 

B. IS 18363 6 6.0 ± 1.7 0.0 ± 0.0 0.0 ± 0.0 
9 12.0 ± 4.2 0.7 ± 0.7 0.3 :1: 0.3 

12 14.7:1: 2.7 0.7± 0.7 0.3 ± 0.3 
16 43.0 :1: 9.2 9.0 ± 0.0 16.0 ± 0.0 

C. IS 1044 6 1.3 ± 0,7 0.0:1:0 0 0.0 ± 0.0 
9 3.0 ± 1.2 0.0 ± 0.0 1.0 ± 1.0 

12 7.7 ± 2.4 5.0 :1: 2.5 1.0 ± 0.6 
15 17.0 ± 2.5 6.3 ± 2.4 0.7:1:0.3 

D. IS 4405 6 14.7 :1: 9.9 0.0 ± 0.0 0.0± 0.0 
9 11 .7 ± 12.4 0.0 ± 0.0 2.3::1: 1.2 

12 13.3 :1: 3.2 2.7 ± 0.9 2.0 ± 0.6 
15 29.7±1.5 5.7 ± 2.2 4.7 ± 2.4 

E. IS 2269 6 3.0 ± 1.7 0.0 ± 0.0 0.0 :1: 0.0 
9 10.7 :1: 3.8 0.0 ± 0,0 0.0 ::1: 0,0 

12 8.7 ± 4.1 3.7:1: 1.2 2.0 :1: 0.6 
15 53.3 :1: 1.8 13.6 ± 4.2 14.3 ± 3.4 

F. IS 5469 6 5.0:1: 1.5 0.0± 0.0 0.0 ± 0.0 
9 6.3 :1:2.4 0.0± 0.0 0.7 ± 0.7 

12 20.0 ± 6.2 8.0 :1: 2.3 2.0:1: 1.5 
15 42.7 ± 5,7 10.3 :1: 2.6 27.7:1:7.2 

G. Seredo 6 4.3 ± 2.8 2.3 ± 2.3 0.0 :1: 0.0 
9 7.3 ± 4.0 0.6 ± 0.3 0.3 ± 0.3 

12 6.7 ± 1.8 4.3 ± 2.3 1.3 ± 0.9 
15 '3.9 ± 2.0 4.3 ± 1.2 8.7 ± 6.8 

H. 2 KX 17 6 4.7 ± 2.3 0.0 ± 0.0 0.0 ± 0.0 
9 9,3 :1: 2.8 0.0 ± 0.0 1.3 ± 0.3 

12 24.0:1:6.0 1.7 ± 0.3 3.0 ± 1.0 
15 42.0 ± 9.7 4.7 :t 1.3 2.0:1: 1.5 

I. KAT 83369 6 4.6 ± 1.2 0.0 :1: 0.0 0.0:1:0.0 
9 6.3 :1: 1.7 1.3 ± 1.3 0.3 ± 0.3 

12 15.7 ± 5.9 8.7 :1: 3.3 6.3 :1: 1.7 
16 52.0 :1: 7.2 5.0 ± 2.1 6.0 ± 1.2 

J . KAT 83487 6 12.0 ± 4.2 0.3 ± 0.3 0.0 ± 0.0 
9 8.0 :1:2.1 0.0 ± 0.0 0.79 ±0.7 

12 16.7 ± 2.3 6.3 ± 1.2 3.7 ± 2.0 
16 60.0:1:3.8 4.0 ± 1.2 10.7 ± 7.2 

K. Gaddam El hamam 6 5.3 :1: 2.8 0.0 ± 0.0 0.0 ± 0.0 
9 10.0 ± 2.1 1.0:1: 0.6 1.3:1: 0.9 

12 6.0 :1: 0.6 4.3 ± 1.9 4.0 ± 1.7 
15 18.0 ± 4.0 5.3± 1.8 0.3 ± 0.3 

L. ICS 3(.; LAB 5) 6 7.7 ± 2.4 0.0 ± 0.0 0.0 ± 0.0 
9 6.7± 3.2 0.0 :!: 0.0 0.3 :1: 0.3 

12 9,3 :1: 0.3 7.0 ± 2.3 6.0 ± 1.0 
15 27.7 ±10.4 13.0 ± 2.1 9.3 :t 7.8 

M. ICS 4(= LAB 8) 6 10.6 ± 4.3 0.0 :1: 0.0 0.0:1:0.0 
9 7.3 ± 2.9 0.0 ± 0.0 0.3 ± 0.3 

12 8.6 ± 4.7 11 .6 :1: 3.7 7.7±2.2 
16 57.6 :1: 11.0 9.3 ± 2.3 11.7 ± 6.1 

N. LAB 6 6 13.0 ± 6.6 0.0 ± 0.0 0.0 ± 0.0 
9 4.7 ± 2.2 1.7 ± 1.2 2.0:1: 1.5 

12 11.0 :1: 3.5 7.7 ± 2.4 5.7± 1.2 
15 35.7 ± 5.4 9.3 :1: 1.2 2.7 ± 1.7 

0 . LAB 7 6 14.3 ± 7.5 0.0 :1: 0.0 0,0 ± 0.0 
9 8.0 :1: 5.5 0.0 ± 0.0 1.0 :1: 1.0 

12 16.7 ± 3.2 3.3 :1: 0.7 3.3 ± 0.7 
15 53.7:1: 8.1 8.0 ± 2.0 2.0:1: 1.5 
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numbers generally increased at successive samplings at 
9, 12 and 15 W AE. reaching the maximum at the last 
sampling. B .fusca started being recorded on most cultivars 
from 9 W AE and increased to the maximum level at 
harvest (15 WAE). The same was more or less the case 
with E. saccharina. 

The levels of infestation of the above three borer 
species differed markedly from one cultivar to another 
at any stage of crop growth (Table 1.10). At harvest, 
when the infestation level of each species was generally 
highest, the population density of larvae + pupae of C. 
partellus ranged from 17-18/10 plants on Chilo-resistant 
IS 1044 and Gaddam El hamam to 58-60/10 plants on 
the Chilo-tolerant ICS 4 and Chilo-susceptible KAT 83487. 
The infestation level of this borer species on the Chilo· 
tolerant check IS 18520 (Serena) was 32.2 and on the 
Chilo-susceptible IS 18363, 43.0. 

B. fusca, on the other hand, had a maximum larval/ 
pupal population density of 12- 13.7/10 plants in ICS 3 
and IS 2269, about one-fifth of the maximum level of C. 
partellus on any sorghum line. Nevertheless, these two 
sorghum lines may be regarded as susceptible to Busseola 
larval establishment relative to the check IS 18250 on 
which the population density was only 4.0/10 plants. 
The infestation level for both Seredo and KAT 83487 
was the same, whereas IS 1044 was slightly more 
susceptible. 

With reference toE/dana, the highest population density 
at harvest was 27.7/10 plants on rs 5469 which ~as 
therefore highly susceptible to larval establishmenl relative 
to the check IS 18520 with only 6.7/10 plants. Even lS 
18363, ICS 4, IS 2269 were quite susceptible, having a 
population density of 14-16/10 plants. IS 1044 and Gad dam 
El hamam with the lowest larval/pupal population density 

of0.3-0.7/10 plants were most resistant to Eldana larval 
establishment. 

1.15.2 Egg-infestation, foliar damage, deadheart and 
stem-tunnelling as components of resistance/ 
susceptibility 

Observations on eggs were made with reference to C. 
parte/ius only. As. regards the remaining parameters, the 
three types of damage by different borer species were 
not distinguished from one another. Nevertheless, the 
results (Table 1.11) can be regarded as showing the relative 
resistance or susceptibility of the tested lines to these 
types of damage by the stem-borer complex rather than 
by any one borer species. 

Resistance to egg-infestation was high in IS 1044, IS 
4405, IS 2269, IS 5469 and Gaddam El hamam. Moderate 
resistance in this respect was also observed in res 3, 
LRB 6 and LRB 7. But, ICS 4 was as susceptible as the 
check IS 18520 and IS 18363. Same was true for the 
officially recommended other varieties like Seredo, and 
2KX17. 

In respect of larval establishment, resistance was 
observed in IS 1044 and Gaddam El hamam only. The 
susceptibility in this respect was much higher in ICS 4, 
LRB 7, IS 18363, IS 5469, IS 2269, and KAT 83487, 
relative to the check. 

In respect of the damage levels, stem-tunnelling 
resistance was observed in IS 1044, IS 4405 and even in 
ICS 4 in spite of its high larval infestation, suggesting its 
tolerance. Foliar damage and deadheart levels were rather 
low on all lines. 

The grain yields of ICIPE's tolerant lines ICS 3 and 
ICS 4 were close to those of the varieties Serena (IS 
18520) and Sere do officially recommended for Kenya. 

Table 1.11 Relative values1 of the major components of resistance and overall resistance/susceptibility Index (ORSI) 
in some sorghum lines to stem-borers at MPFS in multi-row plots under natural infestation during 1990 long rains 
season 

Relative damage levels 
Infestation levels Grain 

Foliar Dead- Stem- yield 
Cultivar Eggs Larvae/pupae lesions heart tunnelling ORSI kg/ha3 

IS 18520 1.0 1.0 1.0 1.0 1.0 1.0 6290 
14.0± 1.72 (43.0 ± 2.9) (1 .3 ± 0.1) (5.0 ± 0.8) (37.4 ± 1.3) 

IS 1044 0.33 0.6 1.1 0.3 0.4 0.7 4292 
ICS 3(= LAB 5) 0.60 1.2 1.6 2.1 1.1 1.4 5069 
ICS 4(= LAB 8) 0.96 1.8 1.1 0.9 0.3 1.2 5513 
LRB 6 0.67 1 .1 1.2 1.1 1.0 1.0 5772 
LAB 7 0.61 1.5 1.1 1.0 1.2 1.1 4968 
IS 5469 0.53 1.9 1.7 0.6 0.7 1.2 3108 
KAT 83369 0.71 1.5 1.0 1.5 1.1 1.2 5550 
2 KX 17 1.00 , 0.9 0.7 0.8 1.0 5032 
KAT 83487 1.10 1.7 1.3 3.2 1.2 1.8 5143 
IS 2269 0.57 1.9 1.1 0.6 0.8 1.2 3700 
Seredo 0.86 1 .1 0.9 , .6 1.0 1.2 6364 
IS 4405 0.33 0.9 1.3 0.9 0.6 0.9 5365 
IS 18363 1.00 1.5 1.2 2.3 1.0 1.4 1887 
Gaddam El hamam 0.53 0.6 1.2 1.2 1.0 0.9 4884 

1 Calculated as the ratio between the value of a parameter for a test cultivar and that for the check IS 18520. 
2 Values within the parentheses represent the actual ones for the check IS 18520. 
l Calculated on the basis of the yield per plot. 



1 .15.3 Evaluation of sorghum lines under artificial 
infestation with B. fusca larvae 

For this study, two experiments were carried out, using 
three sorghum lines: IS 18520 (Serena), IS 18363 and JS 
1044 which are tolerant, susceptible and resistant, 
respectively, to C. partellus. 

In the first experiment, 10 plants of each sorghum line 
were infested at 3-4 WAE with neonate B. fusca larvae 
at the rate of 10 larvae per plant. A control was arranged 
for each line in which the plants were not infested. Three 
replicates were run. The plants were evaluated for: foliar 
damage, .stem-tunnelling at harvest, larval + pupal 
population density (no./plant) and grain yield (g)/plant. 
The results showed that: 

Foliar damage was higher (3.4 ± 0.2) on IS 18363 
than on IS 1044 (2.6 ± 0.1) or on the check IS 18520 (2.6 
± 0.1). 

Stem-tunnelling(%) was highest on the check IS 18520 
(48.7 ± 14.7%), less on IS 18363 (15.7 ± 2.9%) and 
lowest on IS 1044 (5.8 ± 2.1%). 

Larval + pupal population density was higher (0.7/ 
plant) on IS 18363 than the density (0.4/plant) on the 
other two lines. 

The 2nd experiment was carried out to observe the 
effect of a larger number of B. fusca larvae on foliar 
damage. For this, 20 neonate 1st in star larvae were released 
on each plant at 3-4 W AE and foliar damage was scored 
two weeks later. The results showed that the damage 
score on the check IS 18520 was almost as high (4.1) as 
that on IS 18363 (4.2) whereas the damage on IS 104'4 
was low (2.1). 

The above observations show that IS 1044 is resistant 
to Busseo/a relative to the check IS 18520 in respect of 
foliar damage, stem-tunnelling as well as larval/pupal 
establishment. On the other hand, IS 18363 is more 
susceptible, at least in respect of larval + pupal 
~stablishment. though not in respect of stem-tunnelling. 

1.15.4 Nature and extent of damage by Chilo partellus 
to sorghum plants in relation to crop phenology 

This study established the relationship between the 
phenological stage of sorghum plants at the time of 
infestation with C. parte II us larvae and the resulting type 
and extent of damage. Infestation of 1-2 week old Serena 
plants with 1st instar larvae caused deadheart in more 
than 30% of the plants. With the postponement of infestation 
to 4~week old plants, the incidence of deadheart declined 
and leaf lesion damage increased, resulting in stunting 
of the plants and consequent yield loss. Further delay in 
the infestation by the 1st instar, i.e. in 6-week old plants, 
reduced the incidence of deadheart as well as leaf lesions 
while the stem-tunnelling remained unaffected. But, 
infestation of 6-8 weeks old plants by 4th instar increased 
stem-tunnelling particularly in the peduncle, resulting in 
partial or complete retardation of head formation and 
consequent yield loss. These results will be very helpful 
in my assessment of resistance levels and also in timing 
the application of bio-control agents. 
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1.15 .5 Performance of sorghum lines in different agro-
ecological conditions 

As in previous years, evaluation of selected sorghum 
lines for resistance to stem-borers and agronomic 
performance under different agro-ecological conditions 
continued during 1990. Three off-station sites were used; 
(1) Kodera (fanners' fields) near Mbita Point Field Station, 
and also warm like the station, but having two rainy 
seasons; (2) KARI ·Regional Research Centre at Embu 
(Central Province); and (3) KARI Regional Research Centre 
at Mtwapa (Coast Province). The trials at the KARl stations 
were carried out in collaboration with the staff there. 

The results showed that the infestation of the sorghum 
lines at Mtwapa with Chilo spp. was quite high, the larval 
+ pupal population density at harvest having been as 
high as about 50/10 plants on ICS 4 ( = LRB 8). This 
infestation level was about 1. 7 times that on the check IS 
18520, with about 29 larvae+ pupae per 10 plants. The 
population density was about 24 on IS 1044, previously 
identified as Chilo·resistant. 18 on Seredo and 15 on IS 
3962 which thus showed some resistance to Chilo larval 
establishment. The ICIPE's lines ICS 3 (= LRB 5), LRB 6, 
and LRB 7 were almost similar to the check in this respect. 
Even IS 18363, previously identified as highly susceptible 
relative to the check, was similar in the larval + pupal 
population density. 

With reference to B.fusca, not a single larva or pupa 
was observed on any sampling date. 

With respect to stem-tunnelling as one of the three 
types of damage, the check IS 18520 and Scredo showed 
the highest level (59- 65%). The remaining lines including 
ICS 3, ICS 4, LRB 6 and LRB 7 suffered the same level 
of stem-tunnelling. However, relative resistance in this 
respect was seen in IS 1044 (as in previous tests). IS 
3962, IS 5469 and IS 4405. Incidence of foliar damage 
and deadheart was quite low on all the lines during the 
season. 

More or less similar patterns of Chilo infestation and 
damage were observed at Embu, except that resistance 
to stem-tunnelling, relative to the check, was observed 
in not only IS 1044, but also in a few other lines including 
ICIPE's ICS 3, LRB 6, LRB 7. 

The grain yields at Mtwapa were, in general, higher 
than at Embu. The yield of ICS 3 was 1406 kg/ha and of 
ICS 4, 1816 kg/ha as compared with 2220 kg/ha of the 
check IS 18520 at Mtwapa. LRB 6 gave a yield of 2479 
kg/ha and LRB 7, 1816 kg/ha whereas 2KX17 gave 2146 
kg!ha. In view of these results, the ICIPE's lines JCS 3, 
ICS 4, LRB 6 and LRB 7 are worth investigating further 
for both resistance and yield. 

1.15.6 Mechanisms of resistance in sorghum to C. 
partellus 

In the previously reported studies, it has been demonstrated 
that the resistance/susceptibility of different sorghum 
cuhivars to the stem-borer C. partellus is determined by 
an interaction of three types of behavioural responses 
and nutritional factors. The behavioural responses include 



1990 Annual Report 18 

oviposition, larval orientation (dispersal, attraction, arrest/ 
settling), and feeding. During the current reporting period. 
the ability of the insect to discriminate for behavioural 
preference/non~preference among the resistant and 
susceptible cultivars was investigated in a greater detail 
with particular reference to larval orientation and settling 
on or dispersal off the plants. 

1.15.7 Efficiency of discrimination in Chilo partellus 
between a susceptible and a resistant sorghum 
cultivar grown mixed together 

In the course of study of mechanisms of resistance in 
sorghum to C. partellus, the efficiency of the insect to 
discriminate between susceptible IS 18363 and resistant 
IS 1044 cultivars was examined. The plots of the two 
cultivars were mixed together in a specific design leaving 
a vacant space in the centre where the ovipositing females 
were released. The larval-pupal infestation levels and 
the leaf lesions on the resistant cultivar plots were much 
less than on the alternating susceptible cultivar plots. 
These results suggest that the insect can discriminate 
and colonise the susceptible cultivar plants even when 
they are mixed with the resistant ones in an area. There 
must therefore be involvement of some type of "apparency" 
of the susceptible cultivar while the resistant cultivar 
seems to lack such "apparency". The factors governing 
this "apparency" are under further study and will shed 
additional light on mechanisms of resistance. 

1 .15.8 Larval orientation: settling and dispersal in 
relation to colonisation of host plant 

It has been reported before that the orientation of 1st and 
4Ut instar larvae of C. part ell us involving their arrestment 
on and attraction to or dispersal off the plants can determine 
differences in colonisation of resistant and susceptible 
sorghum lines. However, the factors that determine such 
orientation behaviour of C. parte/Ius need to be fully 
investigated to elucidate their role in resistance or 
susceptibility of different sorghum lines. The study of 
these factors was therefore undertaken during 1990 in 
two parts: (1 ) On-plant and (2) Off-plant orientation. 
The results are summarised below. 

On-plant orientation of the 1st instar larvae, emerging 
from eggs on a sorghum plant leaf, may involve their 
movement in varying patterns, which may result in the 
larvae dispersing off the plant or advancing to the leaf 
base. lf the leaf is outside the whorl, the larvae advancing 
towards its base reach the shoot on which they move 
upward till they reach the overlapping leaves of the whorl. 
If the leaf bearing the 1st ins tar larvae is within the whorl. 
then the insects reach the overlapping bases of the leaves 
directly. The larvae then move in between the overlapping 
bases of the whorl leaves and settle at feeding. The larval 
arrestment on the resistant IS 1044 (57.5 ± 4.3%) and 
the tolerant IS 18520 (68.8 ± 5.5%) was significantly 
lower than that on the susceptible IS 18363 (83.3 ± 4.4%). 
Thus, a higher dispersal off the resistant line would be 
partly responsible for its lower colonisation by C. partellus. 

The above pattern of on-plant orientation of C. parte/Ius 
1st inst.ar may be determined by: (a) non-plant factors, 

and, (b) plant-related factors. 
The non~ plant factors determine the direction of larval 

movements along vertical and horizontal planes. 
Among these factors, photo- and geo-t.actic stimuli 

play an important role, as summarised below: 
In darkness. the larval movements along a vertical 
plane were downwardly directed (positive geotallis) 
on a non-plant substrate like a filter paper rod, but 
upwardly directed (negative geotaxis) on the shoot of 
the host plant sorghum. Thus, certain host plant 
characters could influence the vertical movements of 
t.hc larvae 
In the presence of light, the larval movements along 
a vertical plane were mostly downwardly directed 
(positive geotalliS) on both the sorghum shoot and 
the non-plant substrate (filter paper rod) when the 
light sources were on the sides. But, when the light 
sources were vertically above and the intensity was 
2500 lux or more, whether an artificial light source 
or natural light from the sky in the open, the larvae 
moved downward (positive geotaxis) on the non-plant 
substrate (filter paper rod) and upward (negative 
geotaxis/positive phototaxis) on the sorghum shoot 
Thus, the photo- and geo-tactic stimuli can determine 
the movements of the larvae towards the whorl, or 
movements off the plant 

Once the larvae move to the whorl, the thigmotactic 
stimuli provided by the overlapping bases of the leaves, 
combined with the surface moisture and surface chemicals 
bring about the final arrestment and settling of the larvae 
within the leaf whorl for feeding. These factors are more 
favourable in the susceptible IS 18363 than in the resistant 
IS 1044, resulting in a lower level of larval settling in 
the latter sorghum line. 

On-plant orientation of the 4th inst.ar larvae is quite 
different from that of the 1st instar, in as much as the 
larvae developing within the whorl up to the 4th instar 
move out of it to bore into the stem for further feeding 
and development. The larvae in the 4th ins tar also move 
about on the plant and gradually advance downward on 
the stem. They may finally disperse off the plant or bore 
into the stem. The percentage of larvae arrested on the 
plant and boring into its stem was significantly lower on 
the resistant IS 1044 (30.0 ± 15.3%) than on the susceptible 
line IS 18363 (73.3 ± 8.8) or even on the tolerant IS 
18520 (66.7 ± 8.0). Of the larvae boring into the stem, a 
majority entered in the basal internodes and very few in 
the upper internodes, in all lines tested. 

Off-plant orientation of the larvae in the 1st or 2nd 
instar, after they disperse off a plant, may result in their 
arrival on other plants, or in their death due to predation 
or other causes. The arrival of these dispersing larvae on 
other plants is determined by their attraction, which may 
vary from one plant species or variety to another. The 
present work showed that in the 1st instar even single 
plants could attract the larvae, the percentage of larvae 
reaching the resistant line lS 1044 at 30 em distance 
being much lower (39.2± 12.3) than the percentage reaching 
the susceptible IS 18363 (63.3 ± 4.6). Even on the tolerant 
line IS 18520, the larval attraction was almost the same 



as on IS 1044. However, the percentage of larvae attracted 
to the plants decreased with increasing distance. Maximum 
attraction (75.0 ± 2.9%) was at 10 em and minimum 
(47.5 ± 10.3) at40 em distance. 

The 4th instar larvae also showed differenes in their 
off.plant orientation (attraction) to the three sorghum 
lines tested. The response to IS 1044 (20.0 ± 3.5%) was 
significantly less than that to the tolerant IS 18520 
(35.0 ± 5.0) or to the susceptible IS 18363 (43.0 ± 4.6). 

Thus, differences among the sorghum lines in eliciting 
positively directed orientation of off-plant dispersing larvae 
of C. paNe/Ius can also contribute to the resistance or 
susceptiblity of the plants. 

1. 16 MAIZE RESISTANCE TO STEM-BORERS 

Jl. Kumar 

1.16.1 Components of resistance to Chilo partcllus in 
certain maize genotypes in relation to stages of 
crop phenology and Larval development 

Comparisons of major components of resistance in several 
maize genotypes from diverse sources to the stem-borer 
Chilo parte/Ius have been given in previous JCIPE Annual 
Reports and other publications. These comparisons were 
made for only one phenological stage of the crop, namely, 
3-4 weeks after emergence (WAE) in single-row plots 
(1st stage evaluation) as well as multi-row plots (2nd 
stage evaluation). These tests identified the genotype~ 
that show borer resistance in respect of one or other 
component. However, in the field, C. partellus has two 
generations and it may attack the maize crop at different 
phenological stages. Particularly. the 2nd generation moths 
normally attack the crop in the flowering and subsequem 
stages of crop development. A genotype showing resistance 
during a particular stage may not show the same resistance 
at another stage. Also. the level of susceptibility or 
resistance of the crop at a particular stage may differ 
according to the developmental stage of the C. partellus 
larvae attacking the plants. It was therefore necessary to 
evaluate selected maize genotypes for borer resistance at 
different stages of crop phenology and larval development 
during the year 1990. 
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1.16.2 Resistance in relation to crop phenology 
These tests were conducted both in the screenhouse and 
in the field. In the screenhouse, five maize genotypes 
were tested: Inbred A (susceptible check), Nyabwana 
(landrace from South Nyanza), LS-4 (Zambia), Across 
7844 (Zambia) and ER-29 SVR (CIMMYT). The plants 
were infested. with 1st instar C. partellus at 2 and 3.5 
W AE. and were rated for foliar damage, deadheart, stem
tunnelling and larvalipupal infestation levels by previously 
described methods. 

When infested at 3.5 W AE, the susceptible Inbred A 
and the remaining genotypes (ER-29 SVR, SL-4, Nyabwana 
and Across 7844) showed no deadheart and could not be 
differentiated by the extent of foliar lesions. However, 
when infested at 2 weeks after germination (WAG), 
differences among the cultivars were apparent. The only 
cultivar which showed leaf-feeding resistance and dead
heart resistance to C. partellus was ER-29 SVR. The 
remaining cultivars showed as high a level of foHar damage 
and deadheart as the susceptible check Inbred A. These 
results suggest that evaluation of maize germplasm for 
resistance to the borer is more reliable when done by 
early infestation at 2-3 WAE. 

The field tests involved the maize genotypes Inbred 
A, Katumani Composite B (Kenya), Y·68 (CIMMYT), 
V-50 (CIMMYT), Y·37 (CIMMYT), Poza Rica 7832 
(CIMMYT), MMV-400 (Zambia), Bulk CG-4141 
(Zambia), ICZ2-CM (ICIPE). The plants were evaluated 
in: (a) single-row plots under artificial infestation with 
C. partellus larvae at 3 W AE (pre-flowering stage) and 7 
W AE (flowering stage), and (b) in multi·row plots under 
natural infestation. 

The results (Table 1.12), of the single-row evaluations 
showed that when the crop was infested during the whorl 
stage with 1st instar C. parte/lus, the test cultivars showed 
moderate to high level of resistance to leaf damage and 
dead heart. The stem-tunnelling was high in V -37, ICZ2-
CM and Poza Rica 7832 and low in the remaining cultivars. 
Thus,the cultivars MMV -400, V -37, V -50, ICZ2·CM and 
Poza Rica 7832 would show high levels of all the 
components of resistance to first generation C. partellus 
larvae. The grain yields of these cultivars were also found 
to be high. 

Table 1.12 Relative values of the different components of the overall resistance/susceptibility index (ORSI) for eight 
selected maize cultivars in single-row plots at MPFS under artificial infestation at 3 weeks after germination 

Relative 
infestation level Relative damage levels 

Maize Foliar Dead- Stem length OR$1 Grain yield 
cultivar Larvae + pupae rating hearts tunnelled Value (g/plant) 

Inbred A 1.0 1.0 1.0 1.0 1.0 54± 23 
MMV400 (3.4± 0.8) (7 ± 0.2) (39 ± 8) (27 ± 3) 0.35 154 ± 2 
V-68 0.7 0.42 0 0.29 0.71 99 ± 18 
V-50 1.0 0.57 0 0.67 0.56 125 ± 9 
V-37 1.3 0.57 0 0.52 0.59 107 ± 13 
Bulk CG 4141 1.2 0.57 0 1.0 0.69 96 ± 8 
ICZ2-CM 0.85 0.42 0 0.44 0.43 128 ± 10 
Poza Rica 7832 0.06 0.29 0 0.03 0.10 162 ± 13 
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Table 1.13 Relative values of the infestation and damage caused by second-generation C. partsllus on certain maize 
cultivars under artificial infestation at 7 weeks after germination of the crop 

Relative 
infestation level Relative damage levels 

Maize Stem length Grain ORSI Grain yield 
cultivar Larvae + pupae tunnelled damage Value (g/plant) 

Inbred A 1.0 1.0 1.0 1.0 16 ± 5 
MMV 400 0.79 0.63 0.5 0.64 90 ± 7 
V-68 0.84 0.56 0.45 0.55 118 ± 4 
V-50 0.57 0.70 0.65 0.64 76 ± 8 
V-37 0.36 0.31 0.30 0.32 125 ± 18 
Bulk CG 4141 0.57 0.48 0.80 0.62 71 ± 15 
ICZZ-CM 0.71 0.48 0.30 0.50 113 ± 9 
Poza Rica 7832 0.50 0.45 0.20 0.38 116 ± 30 
Katumanl 0.64 0.61 0.50 0.58 61 ± 7 

Table 1 .14 Expresssion of overall resistance/susceptibility indices (ORSI) on different maize cultivars to the attack of 
first and second generation C. parte/Ius in relation to their grain yield 

ORSP Values 
Maize 

Grain yield/plant (g) 

cultlvar 1st Generation 2nd Generation 1st Generation 2nd Generation 

Inbred A 1.0 1.0 54± 23 16 ± 5 
MMV 400 0.35 0.64 154 ± 2 90±7 
V-60 90.71 0.55 99 ± 18 76± 8 
V-50 0.56 0.64 125 ± 9 118:1:4 
V-37 0.59 0.32 107 ± 13 125 ± 18 
Bulk CG 4141 0.69 0.62 96:1:8 71 ± 15 
ICZ2-CM 0.43 0.50 128 ± 10 113 ± 9 
Poza Rica 7832 0.10 0.38 162 ± 13 116 :1: 30 
Katumani _2 0.58 _2 61 :1: 7 

10RSI represents average of all the relative infestation and damage levels on a cultivar. 
2Not planted. 

When the crop was infested during the flowering stage, 
the results (Table 1.13) showed that many cultivars which 
were resistant during the whorl stage had extensive stem
tunnelling as well as larval-pupal population density. The 
second generation C. parte/Ius attack also occurred on 
the ear to damage the grains. The only cultivars which 
showed resistance at anthesis to second generation C. 
parte/Ius attack were V-37 and Poza Rica 7832. 

A comparison of the overall resistance/susceptibility 
indices (ORSI) and grain yield of different cultivars under 
first and second (Table 1.14) generation C. parte/Ius attack 
showed that a high ORSI value was associated with a 
low grain yield. The ORSI values for MMV-400, V-50, 
ICZ2-CM, and Poza Rica for attacks by first generation 
C. parte/Ius larvae were lower than those during the second 
generation attack. Consequently, the grain yields during 
the 1st generation attack were greater than during the 
2nd generation attack. The cultivar V -37 had a higher 
ORSI value and lower grain yield when infested by C. 
partellus during the whorl stage (lst generation) than 
when it was attacked during the anthesis stage (Second 
generation). 

In multi-row plots, Poza Rica, V-37, V-50 and ICZ2-
CM continued to show resistance to C. parte/Ius (Figure 
1.3). The agronomic performance of these cultivars in 
tenns of grain yield was also better than that of the remaining 
cultivars. The cultivars V -68 and KRN-1 had higher ORSI 

values than the susceptible check and were thus considered 
to be susceptible. The cultivar MMV-400 showed 
susceptibility in terms of egg-population density and larval
pupal population density but showed resistance in terms 
of foliar damage, stem-tunnelling and deadheart symptoms. 
The grain yield of this cultivar was almost as high as of 
the remaining resistant cultivars . MMV -400 would 
therefore be a highly suitable cultivar for those locations 
in Kenya where the populations of egg-parasitoid 
(Trichogramma) are likely to be high, as the parasitoid 
could thrive well enough to maintain their high population 
density. 

1.16.3 Resistance in maize genotypes to different 
developmental stages of C. partellus larvae 

This aspect was studied in the field as well as in the 
screenhouse. For field studies, 10 genotypes were used, 
namely: Inbred A (Kenya), Katumani Composite B 
(Kenya), Hybrid 511 (Kenya), MP-704 (Mississippi), 
Population 10 (CIMMYT),ER-29 SVR (CIMMYT), Poza 
Rica 7832 (CIMMYT), V-37 (CIMMYT) and MMV.-400 
(Zambia). When these cultivars were infested with lst 
instar C. parte/Ius larvae, the percentage of plants showing 
deadheart symptoms due to borer attack was significantly 
more in the susceptible Inbred A, than in the remaining 
genotypes. On infesting the crop with 3rd instar larvae, 
the percentage of plants showing deadheart symptoms in 
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Figure 1.3 Relative levels of components of resistance and overall resistance/susceptibility Index (ORSI) for some 
maize genotypes against C. parte/Ius in multi-row plots. 

MP-704, ER-29 SVR, ICZ2-CM, Poza Rica, Population 
10 and the commercially grown Hybrid 511 was as high 
in the susceptible Inbred A. Significantly low percentage 
of plants with deadheart symptoms were observed in the 
resistant genotypes V-37 and MMV-400. 

For screenhouse studies, 5 of the 10 genotypes described 
above were used; Inbred, MP-704, Y-37, ER-29 SVR 
and Poza Rica 7832. The plants were infested with neonate 
1st and 3rd instar larvae of C. parcel/us. The emergence 
of moths from the pupae collected from these genotypes 
was monitored. The observations showed that emergence 
of moths from the pupae reared on resistant cultivars 
from lhe neonate 1st inst.ar larvae was delayed in comparison 
to those from the susceptible Inbred A. However, no 
difference was observed across the resistant and susceptible 
genotypes in terms of the period for the peak emergence 
of the moths if they were infested with 3rd instar larvae. 
This shows a neonate sensitivity of C. partellus larvae to 
growth inhibiting factors of the resistant plants. However, 
this deleterious effect of the resistant plants is relieved if 
the neonate larvae are reared on artificial diet until 3rd 
instar and then released on different genotypes. 

1.16.4 Mechanisms of resistance in maize 
This aspect was studied in four cultivars which have shown 
varying levels of resistance to C. pattellus. The responses 
that arc involved during the colonisation of a plant by an 
insect belong to the following categories: (a) behavioural 
responses determining initial selection or rejection 
(orientation, feeding and oviposition), (b) physiological 
responses (utilisation of ingested food and nutrition), (c) 
larval development, and (d) egg- production. The nutritional 

value of the four cultivars to C. partellus was examined 
and the observations arc presented in this report 

The whorl leaves of four maize cultivars were dried 
in the oven at 60°C for 24 hours and were ground in the 
electric blender. These leaf powders were then incorporated 
into the artificial diet in different proportions to elucidate 
their effects on the growth of C. partellus larvae. 

The results (Table 1.15) show that when first-instar 
larvae of C. partellus were released on the normal artificial 
diet, almost 96% of the larvae were recovered after an 
observation period of 20 days. Of the recovered larvae. 
almost 80- 90% were in the 5th-6th instars. The mean 
larval weight was 68 mg for fifth and 81 mg for the 6th 
instar. On removing the sorghum leaf powder from the 
normal artificial diet, there was a decline in the percentage 
of larvae recovered from the diet. A majority of Lhe 
recovered larvae were in the 5th and 6th instar and larval 
weights were as high as on the normal diet. When bean 
powder was removed from the normal diet (BPDD), the 
percentage of larvae recovered from the diet was very 
low. None of the larvae was in the 5th or 6th instar. On 
removing the sorghum leaf powder and the bean powder 
(SLBPDD) from the artificial diet, there was no larval 
recovery from the diet. Thus, both sorghum leaf powder 
and bean powder provided the optimum nutrients for the 
growth of C. parte/Ius. 

When the sorghum leaf-bean powder deficient diet 
(SLBPDD) was compensated with an equivalent amount 
of dry maize leaf powder, the growth of C. partellus 
larvae varied according to the nature of the cultivars 
(Table 1.15). The leaf powder of the susceptible Inbred 
A was nutritionally as good as Lhe normal ingredients 
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Table 1.15 Eflect of Incorporating loaf powders ot certain maize cultlvars In the artlllclal diet on the growth of Chilo psnal/u$ 

%Larvae % LatVae In different lnster& (Moan :1: s.e.) Larval weight (mg) 
Troatmant recovered 2 3 4 s 6 2 3 4 5 6 

Normal diet 95:1:3 0 0 11 :1: 4 79± 5 10 :t 2 51 :1:3 1!6 :1:2 81 :1:3 
SLPDD 62 :1: 3 0 0 31 :t 6 66 ;1; 6 3:1:1 40 :1: 4 70:1:4 112:1: 10 
eooo 14 ± 3 25 t t2 5H 10 2~ :1: 10 0 0 2:1:0.1 ":1: 1 8 :t 1 0 0 
SLBPDDO 0 0 0 0 0 o· 0 0 0 0 0 
SLBPOO + MLP(A) 85:1: 5 0 0 28± 4 60:1:5 12:1:4 0 0 35:1:3 68 ;I; 3 114 ;I; 11 

SLBPOO.,. MLP(704) 85:1: 7 0 18:1:8 65:1:9 17:1:5 0 0 6:1:1 27;1; 10 42 :1; 2 0 

SLBPOD + MLP(SVA) 67:1:8 2:1:2 10:1: 3 53± 6 32:1:5 3:1:2 2:1:0 6:1;1 23:1:2 46 ;I; 3 73 t 6 
SLBPDO + MLP(V37) 73:1:8 0 2:1:1 43:1: 5 45 :1: 6 11 :1: 4 0 6:1:2 38:1:2 59:1:2 9:1:5 
SLBPDD + MLP(PR) 73 :1; 7 0 27 :t 6 65:1: 5 10:1: 4 0 0 5:1:0.3 16 i 2 37:1:4 0 

Normal diet = Artificial diet containing all the Ingredients. 

SLPOD • Artlllcta! diet conte.lnlng alllngrodient& oxcapt sorghum teal powdgr (SLP). 

BPOD • Attlflclal diet containing all lngrodlent& GXcopt bean powder (BP). 
MLP • Malze leal powder Incorporated Into tho artlflclol dlot equlvalont to weight of SLP and BP. 

A, 704 , SVR, V37, PR • Denoto maize cultlvars Inbred A, MP-704, ER-29 SVR. V-37 and Poza Rica 7832. 

(sorghum leaf powder and bean powder) in the artificial 
diet for growth and development of C. partellus larvae 
(Table 1.15). 

When dry leaf powders of the resistant maize cultivars 
MP-704, V-37, Poza Rica 7832 and ER-29 SVR were 
incorporated into the artificial diet, the growth and 
development measured in terms of percen tlarvae reaching 
5Lh and 6th instars as well as larval weight gain were 
significantly lower than on the normal diet. These 
observations suggest that the insect's nutritional 
requirements were not met equally on different resistant 
and susceptible cultivars. Since dry leaf powder of the 
resistant cultivars had an adverse effect on growth and 
development of C. partellus larvae, it is concluded that 
antibiosis as a mechanism of resistance to C. parte/Ius is 
involved in these cultivars. 

1.17 MECHANISMS OF COWPEA RESISTANCE 
TO THE POD-BORER MARUCA TESTULALIS: 
ROLE OF PUBESCENCE 

S. Oghiakhe 

The role of cowpea pubescence in determining mobility 
and feeding of the larvae of the legume pod borer, M. 
testulalis was investigated as part of efforts to elucidate 
the role of biophysical factors in cowpea resistance to 
this pest. 

1 .17.1 Effect of pubescence on larval mobility 
Three cultivars with djfferent levels of resistance to M. 
testulalis were used: TVuu 72 (highly resistant), TVu 
946 (resistant) and 1T82D-7l6 (susceptible). Mobility 
of freshly hatched first instar larvae reared on artificial 
diet was measured on pod wall and on abaxial and adaxial 
surfaces of mature fresh leaves. 

Mobility was assessed by tracing the path followed by 
each larva on plant parts using a needle and measuring 
the total distance covered. A Timex quartz stop watch 
was used to record time taken in each observation. There 
were ten replications for each experiment Measurements 
were obtained in mm/scc and later converted to em/min. 

The highest larval velocity was observed in the 

susceptible check, IT82D-716, followed by TVu 946 
(resistant) and TVuu 72 (highly resistant). Larval velocily 
was higher on leaf surface than on pod surface for all. 
The abaxial surface of leaves of TV u 946 and IT82D-
716 allowed faster velocity than adaxial surface, although 
the reverse was observed in TVuu 72 (Table 1.16). 

Tabla 1.1 6 Velocity of first instar Maruca larvae on different 
parts of cowpea plant 

Cultivar 

TVuu 72 
TVuu 72 
TVu 946 
TVu 946 
IT82D-716 
IT82D-71 16 
TVuu 72 
TVu 946 
IT82D·716 

Plant part 

Leaf (adaxial surface) 
Leaf (abaxial surface) 
Leaf (adaxial surface) 
Leaf (abaxial surface) 
Leaf (adaxial surface) 
Leaf (abaxial surface) 
Pod surface 
Pod surface 
Pod surface 

Velocityt 
(em/min) 

2.28 
1.98 
3.78 
4.44 
4.86 
6.42 
1.20 
3.24 
3.72 

tResults are means of ten replicates using a different 
larva each time. 

1 .17.2 Effect of pubescence on larva/feeding 
For this study. no-choice and free-choice feeding tests 
were conducted. 

In the no-choice tests, single pods of the cultivars 
TVuu 72, TVu 946 and IT82D-716 were placed in 
transparenL plastic petri-dishes (9.5 em diameter and 1.5 
em depth). One freshly hatched 3rd instar larva starved 
for 5 hours was introduced into each petri-dish for 24 
hours. Each cultivar was replicated 10 times while the 
whole set up was covered with a black cotton cloth. Weight 
loss after 24 hours was measured for each pod. 

In the free-choice tests, pods of the cultivars used in 
the no-choice tests were arranged in a circular form in a 
plastic petri-dish of 10.5 diameter and 2 em depth. Three 
3rd instar larvae, starved for 5 hours, were released at 
the centre of the petri-dish lined with filter paper for 24 
hours. Each cultivar had 10 replicates while the set-up 
was covered with a black cotton cloth. 

In another experiment, shaved and unshaved pods of 
TVuu 72 were used in a two choice feeding assay wil.h 
two 3rd instar larvae for 24 hours. The results showed 



that Lhe pubescence reduced feeding by M. testulalis larvae 
on pods (Tables 1.17, 1.18 and 1.19). The clearly visible 
non-glandular trichomcs on TVuu 72 pods and leaves 
act as physical barrier toM. te.~tulalis larvae. They were 
observed under a microscope to impede larval movement 
and determine feeding through preventing direct contact 
with pod wall surface. 

Table 1. 17 Effect of pubescence on feeding by 3rd instar 
M. testu/alis larvae on cowpea pods (no-choice tests) 

Cultivar 
Initial wt. 

(gm) 

IT82D-716 1.56 

TVu 946 1.63 

TVuu 72 (control) 1.85 

Final wt. Wt. loss after 
(gm) 24 hrs (%) 

1.14 

1.20 

1.72 

26.92 

26.38 

7.02 

Table 1.18 Effect of pubescence on feeding by 3rd in star 
M. testulalis larvae on cowpea pods (free-choice) 

Initial wt. Final wt. Wt . loss after 
Cultlvar (gm) (gm) 24 hrs (o/o) 

IT820-716 1.08 0.38 64.81 

TVu 946 1.16 0.63 45.69 

TVuu 72 (control) 1.78 1.68 5.62 

Table 1.19 Effact of pubescence on feeding by 3rd instar 
M. testula/ls larvae on shaved and unshaved pods of wild 
cowpea TVuu 72 (2-cholce tests) 

Initial wt. Final wt. Wt. loss after 
Cultivar (grn) (gm) 24 hrs (%) 

TVuu 72 (shaved) 3.09 2.47 20.01 

TVuu 72 (unshaved) 1.86 1.70 8.60 

The spaces between non-glandular trichomes on pod 
wall surface were large enough to allow first ins tar larvae 
to make contact due to their small size, but this was not 
so for larger instars. Although first instar larvae were 
observed to maneouvre their way directly to the pod 
wall surface due to their small size, they were usually 
not able to bore or feed at this stage. As a result of the 
presence of trichomes, mobility and feeding was shown 
to be increasingly difficult with increase in larval age. 

The implications of this study in breeding cowpea 
cultivars for resistance to M. testula/is are obvious. 
Incorporation of this trait into improved cultivars will 
contribute to a substantial reduction of yield losses due 
toM.testulalis in the integrated management of this pest. 
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1.18 GENETICS OF RESISTANCE TO CHILO 
PARTELLUS IN MA1ZE AND SORGHUM 

R. S. Pathak 

1.1 8.1 Heritabilities 
Knowledge concerning the inheritance of quantitative 
trait should increase the effectiveness of selection of these 
tTaits. Previous studies on genetics of maize and sorghum 
resistance to the spotted stem-borer, Chilo parte/Ius, have 
indicated that each of the three components of resistance, 
i.e. leaf-feeding, deadhearts and stem-tunnelling shows 
quantitative (polygenic) variation. Partioning of generation 
means indicated different proportions of additive and non
additive genetic variances in the inheritance of these 
components. For example, leaf-feeding and stem-tunnelling 
have a greater magnitude of additive genetic variance 
than Lhe deadhearts where non-additive genetic variance 
is of greater importance. The present study was therefore 
undertaken to estimate and compare the heritabilities of 
these components of resistance. 

Six populations, P1, P2, F1, F2, B1 and B2 of a maize 
cross MP 704 (resistant) x Inbred A (susceptible) and a 
sorghum cross IS 1044 (resistant) xIS 18363 (susceptible) 
were grown separately in a randomised complete block 
design with 6 replicates. TAC P1, P1 and F1 populations 
had one row plot; B

1 
and B

2 
had 2 rows and F2 had 6 row 

plots. Each row had 10 plants spaced at 75 em between 
rows and 30 em between plants. The experiment was 
planted at ICIPE Mbir.a Point Field Station during the 
long rainy season of 1990. Each plant was infested with 
30 eggs (blackhead stage) of Chilo parte/Ius two and a 
half weeks after plant emergence. The plants were rated 
for leaf-feeding (1-9 visual scale), and percentage 
deadhearts 3 weeks after infestation. The percentage stem
tunnelling was measured as length tunnelled over Lhe 
plant height at harvest. The variances on individual plant 
basis included P" P2 , F" F2 , B1 and B1 populations of 
bolh maize and sorghum crosses and were used to calculate 
the heritability estimates. 

Heritabiltiy in broad sense is the ratio of the genetic 
variance (additive, dominance, and epistatic) to total 
variance, and was calculated as: 

h2(b) = 
3 X 100 

where VF
2

, VP
1

, VP
2 

and VP
1 

are totals within variances 
ofF

2
, P1, P1 and F., respectively. Heritability in the narrow 

sense was calculated as 
h2(n) "" (V 2)D 

VP2 
where (1/2)D = the additive genetic component of variance 
of F2 and VF2 total within variance of F2, and {l/2)D ;:;: 
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Table 1.20 Heritability estimates for resistance parameters 
in maize and sorghum 

Heritability (%) 
Cross Resistance parameters h2(b) h2(n) 

Maize 
MP 704 Leaf-feeding (1-9) 52.2 33.3 
X Deadhearts (%) 74.6 30.6 
Inbred A Stem-tunnelling (%) 38.1 26.3 

Sorghum 
IS 1044 Leaf-feeding (1-9) 54.7 39.9 
X Deadhearts (%) 62.3 40.6 
IS 18363 Stem-tunnelling (%) 44.1 34.7 

h2(b) • broad sense heritability; h2(n) .. narrow sense 
heritability. 

2(VFJ- (VB1 & VBJ where VB1 and VBl arc the total 
within variance of the backcrosses of the F

1 
to the P1 and 

F1 parents, respectively. 
The estimates of broad sense and narrow sense 

heritabilities for three resistance parameters in maize and 
sorghum are given in Table 1.20. In maize cross MP 704 
x Inbred A the heritabilities in broad sense for stem
tunnelling, leaf-feeding and deadhearts were 38.1, 50.2 
and 74.6%, respectively. The estimates of heritabilities 
in the narrow sense for stem&tunnelling, deadhearts and 
leaf-folding were 26.3, 30.6 and 33.3%, respectively. 
The heritability in the narrow sense computed on the 
basis of the additive genetic variance is of a greater interest 
because it indicates the degree to which the progeny of 
these Fl plants will resemble their parents better. A 
significant difference was noted in the estimates of 
heritabilities in the broad sense and narrow sense in case 
of deadhcarts compared to those for leaf-feeding and 
stem-tunnelling. Thus, the contribution of non-additive 
genetic variance was of much higher magnitude for 
deadhearts (44%) compared to leaf-feeding (12%) and 
stem-tunnelling (12%). This confirmed the results on 
gene action reported earlier. The low estimates of 
heritabilities in the narrow sense (30%) on the average 
for the three resistance parameters suggest that the expected 
advance through selection will be slow in maize 
populations. This would require an efficienL selection 
programme to exploit the additive genetic variance for 
the improvement of resistance to C. partel/us. 

The estimates of heritabilities in the broad sense and 
in the narrow sense for the three resistance components 
in sorghum had similar trends. The h2(b) estimates were 
62.3% for deadhearts, 54.7% for leaf-feeding and 44.1% 
for stem-tunnelling. The h2(b) varied from 34.7% for 
stem-tunnelling to about 40% for leaf-feeding and stem
tunnelling. The h2(n) estimates for resistance parameters 
in sorghum were slightly higher (35-40%) compared to 
estimates for maize (30%). It was also noted that the 
non-additive proportion of the genetic variance dcadhearts 
in sorghum was only half of that for maize. In general, 
the non-additive genetic variance for resistance components 
in sorghum varied from 10 to 20%. A comparison of 
heritability estimates for sorghum and maize, therefore, 

indicate that the progress in selection for resistance to C. 
parte/Ius in sorghum could be achieved faster than in the 
case of maize. However, the efficiency of the selection 
would depend on the selection procedure adopted. 

1.18.2 Germplasm enhancement 
Since 19801 the programme on Plant Resistance to Insect 
Pests at ICIPE ha~ concentrated its efforts on evaluating 
germ plasm of maize and sorghum for their resistance to 
the stem-borer, Chilo parte/lus. A number of maize and 
sorghum cultivars with a high degree of resistance have 
been identified. These cuJtivars were obtained from diverse 
sources; some of them from temperate regions. They differ 
in their resistance mechanisms. Most of these sources of 
resistance are poor in agronomic attributes, susceptible 
to diseases and lack in adaptation to tropical conditions. 
Due to the narrow genetic base of these resources efforts 
to use them as commercial cultivars have not been 
encouraging. There is a need to promote a more intensive 
use of the genetic sources available. Therefore, a 
programme on germplasm enhancement at ICIPE has 
been initiated in 1990. In this improvement process, 
populations that combine attributes of various resources 
are envisaged to be produced. The resulting progenies 
will be screened, and the chosen genotypes undergo further 
selection to remove undesirable characters such as yellow 
seed colour in maize and susceptibility to diseases and 
insect pests. Selected genotypes could be used as parental 
materials to produce F1 hybrids or population varieties. 
Breeders using the improved populations will have the 
advantages of a broad genetic base, higher frequencies 
of desirable genes as well as reduced genetic losses due 
to lack of adaptation. 

Maize. A total of 204 families resulting from different 
crosses between resistant sources ICZl·CM, ICZ2-CM 
and MP 704, and the locally adopted white grain but 
stem-borer susceptible line, Inbred A, were selected. All 
the resistant sources have yellow grain colour and are 
susceptible to diseases such as leaf-rust and maize streak. 
They are poor in agronomic attributes and grain yield as 
well as ill-adapted to tropical conditions. Most of the 
selected families come from F4 and BC1F3 

populations 
of crosses between resistant and susceptible Inbred A. 
The selected families were resistant to the stem-borer, 
C. partel/us, free from leaf diseases and had white grain 
colour. The initial cross population (Co) will be developed 
during the short rainy season of 1990/91 which will result 
from: 
• Half-sib crosses between different families 
• full-sib crosses within families and 
• selfed plants in different families. 

Sorghum. The resistant sources of sorghum included 
in the germplasm enhancement programme are: IS 1044, 
IS 2205, IS 22069, IS 12308 and the locally adapted 
commercial cultivar "Serena". F

1 
crosses were obtained 

on the male sterile line Tx624 during the long rainy season, 
1990. The F1s and mixture of different F2s were planted 
in alternate rows with male sterile line Tx624 to obtain 
the BC1F1 and BC1F2, respectively. Some plants in both 



F1s and Fls populations will be selfed LO produce F
2 

and 
F

3 
seeds during the short rainy season 1990/91. Equal 

quantities of the Backcrosses, F2s and F3s seeds from 
different crosses will form the initial (Co) population for 
improvement. 

1.19 IMPROVEMENT AND DEVELOPMENT OF 
RESISTANCE IN SORGHUM CUL TIV ARS 
AGAINST STEM-BORERS 

A.M. Nour 

The work on sorghum improvement during the last year 
has shown that some of the sorghum cultivars possess 
high yield potential with varying degrees of resistance to 
stem-borers. The study during the year 1990 covered 
three main activities: (1) Early stage evaluation of promising 
sorghum hybrids for resistance to stem~borers and yield 
potential, (2) Screening or segregating generalions for 
both agronomic traits and resistance to stem-borers, and 
(3) Initiation of new sorghum crosses to combine multiple 
resistance for stem-borers and shootfly. 

1.19.1 Evaluation trials 
During the short rains of 1989, 41 promising sorghum 
hybrids were identified and grouped, according to maturity, 
into early hybrids (flowering in less than 55 days), and 
late maturing (flowering in more than 65 days). These 
hybrids together with two local checks (Serena and I$ 
1044) were evaluated in two main trials: 

Early maturing hybrid trial (EMHT). In this trial 18, 
different sorghum hybrids and two checks were planted 
in a field experiment using a randomised complete block 
design with three replications. Each plant was artificially 
infested with egg batch containing 25-30 blackhead-stage 
eggs of Chilo partellus, four weeks after plant emergence 
(WAE). The parameters used for assessing resistance 
included: leaf lesions (scale 1-9), deadheart (%),stem
tunnelling(%), and larval plus pupal population density. 
Leaf damage and percent deadheart were recorded 4- 5 
weeks after artificial infestation. Stem-tunnelling and larval 
plus pupal density were recorded at harvest by dissecting 
10 plants chosen at random from each entry. In addition, 
plant height (em), number of tillers per plant, and grain 
yield (gm/plant) were recorded. Statistical analysis was 
performed on agronomic data. 

F.our hybrids namely Tx623A x Serena, 1441A x Serena, 
1441A x IS 1044, and Tx 624A x Serena, significantly 
outyielded the tolerant check Serena by 70, 66, 55, and 
50%, respectively. Hybrids with high yield potentials 
and minimum stem-borer damage included 1416A X IS 
1044, Tx 623A xIS 1044, Tx 624A x lS 1044, Tx 624A 
X PP 29, and 1416A x ICSV 335. 

The correlation between each resistant parameter and 
yield components was examined. The larval plus pupal 
density could not be related to any one of the yield 
parameters. However, it was positively and significantly 
correlated with stem-tunnelling. The percent stem
tunnelling was negatively and significantly correlated 
with plant height and grain yield. Thus serving as a good 
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indicator for expected grain yield, Foliar damage rating 
was not related to any one of the resistant parameters, 
and therefore it is a poor indicator for resistance. These 
results are in agreement with the findings of Singh et al. 
who, in 1983, reported no relationship be~ween leaf-feeding 
injury and grain yield. Positive and significant correlation 
was also observed between plant height and grain yield. 
This shows that tall. plants are more productive than the 
short plants. 

Late maturing hybrids trial. 23 sorghum hybrids with 
Serena and IS 1044 were evaluated this season. The 
experimental procedures were the same as in the early 
maturing hybrids trials (EMHT). Six hybrids showed overall 
resistance/susceplibility index values of less than 0.85, 
and were thus identified as resistant. Out of these six 
hybrids two were significantly higher yielders than the 
tolerant check Serena. The hybrids Tx 623A x PLOT108 
1441A x A-672 possess high yield potentials and less 
stem-borer damage. Tolerant hybrids included 296A x 
Cs-3541, 1424A x ICSV-335, 1416A x A-672 and Tx623A 
x A-643. The mean plant height ranged from 133 to 230 
em, which were acceptable for combine harvesting. 

The correlation between the resistant parameters and 
yield components was examined. The larval plus pupal 
density was positively and significantly correlated with 
two of the resistant parameters (foliar damage and stem
tunnelling) and negatively and significantly correlated 
with plant height. Thus tall plants were associated with 
less larval density. Foliar damage rating was negatively 
and significamly correlated with plant height and grain 
yield, and positively and significantly correlated with 
stem-tunnelling. On the other hand, stem-tunnelling was 
positively and significantly correlated with two of the 
resistant parameters, and negatively correlated with two 
of the yield parameters. This implies that tunneUing 
parameter is a good indicator for both resistance and 
grain yield. Positive and significant correlation of plant 
height with grain yield indicated that tall hybrids produce 
higher yields. 

1 .19.2 Segregating generations 
F3 progeny rows. 425 F

3 
progenies, selected during 1989 

short rainy season, were planted (head~to-row) on one 
non-replicated row of 5 m long. A susceptible check 
{Swarna) was planted after every 20 progenies for 
comparison. Each plant was artificially infested with egg 
batch containing 25-30 blackhead-stage eggs of Chilo 
partellus four weeks after plant emergence ryl AE). Data 
were recorded on percent dead heart, foliar damage rating, 
percent stem-tunnelled, and larval plus pupal density. 
The number of families selected and the characters for 
which they were selected arc shown in Table 1.21. Out 
of the 425 families, 63 were selected, and a total of 100 
good plants were identified and advanced to the next 
generation. 

Population selection. Population method of breeding 
is a long-term approach for upgrading and strengthening 
the sources of resistance to more than one pest. The 
objectives and methods of developing composite population 
were outlined in the ICJPE 1989 Annual Report. One 
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Table 1.21 Number of selected F3 families and the characters for which they were selected (long rains,1990, 
MPFS) 

Number of Dead heart Number of Larvae and 
selected (range) Foliar damage selected Stem-tunnelling pupae 

Cross families SSF BS 

LAB 6 x LAB 5 17 0-69 0-14 
LAB 6 x LAB 8 27 0-47 0-5.9 
LAB 8 x LAB 5 8 0-36 0-7.2 
IS 1044 x LAB 6 4 0-31 0-7.2 
IS 1044 x LAB 5 7 0-36 0-0 

Total 63 

broad-based population, developed last long rainy season, 
was planted, as first cycle, this season in isolation plot of 
30 x 35m at Mbita Point Field Station. 

Plants were spaced 60 em between the rows and 30 
em within the row. Each plant was artificially infested 
with Chilo eggs four weeks after plant emergence ry.t AE). 
At flowering time, several male sterile plants with minimum 
insect damage were tagged. At the same time agronomically 
good looking fertile plants with less insect damage were 
identified and marked. All the seeds from Lhe selected 
male sterile plants together with the seeds of selected 
fertile plantS were bulked and advanced to the next cycle. 

Developing multiple resistance to stem-borer and 
shootfly. Mulliple resistance can be gradually built up 
into high yielding well adapted backgrounds. This depends 
on the presence of suitable parents, screening methodology, 
and selection procedure. The objective of the present 
study is to combine the existing sources of resistance 
into good agronomic backgrounds. To do this. two sources 
of stem-borer resistance namely IS 1044 and N-13, and 
two sources of shootfly resistance e.g. IS 2269 and IS 
5469 were crossed to three adapted varieties namely LRB 
5, LRB 6, and LRB 8, using hand emasculation. The F

1 
seeds were planted in the screc.nhouse to generate F

2 
seeds. Each F1 hybrid was planted on one row surrounded 
by its parents. At maturity the Fl seeds of each hybrid 
were bulked and advanced to the next season for further 
evaluation. 

1.20 IMPROVEMENT AND DEVELOPMENT OF 
MAIZE FOR RESISTANCE TO STEM
BORERS 

S. 0. Ajala 

Efforts were initiated towards improving and developing 
maize varieties for resistance against stem-borers, with 
particular reference to Chilo parte/Ius. Particular objectives 
included: 
• improvement of the level of resistance in some identified 

sources of resistance 
• Utilisation of the already identified sources or their 

improved versions for developing varieties for resistance 
to stem-borer. 

(range) heads (range) (range) 

2.1-3.6 22 1.6-54.6 1-11 
2.7-4.4 45 5.3-62.5 3-18 
2.2-3.7 13 11.1-49.2 4-10 
1.6-2.9 8 14.2-52.3 2-10 
1.7-3.5 12 10.8-65.4 4-15 

100 

J .20.1 Improvement of the level of resistance in some 
identified sources of resistance 

Some open-pollinated maize populations have been 
identified as being moderately resistant/tolerant to C. 
partellus attack (ICIPE 1989 Annual Report ). These 
include Poza Rica 7832, MMV 400, V-37, ICZl-CM 
and ICZ2-CM. The improvement procedure is outlined 
in Figure 1.4. For the improvement method, a large number 
of individuals within a population was planted and each 
plant was artificially infested with a batch of egg masses 
at3 W AE. Individuals with foliar damage rating of between 
1 and 3 were selected and selfed at flowering. Rating is 
on 1 (resistant) to 9 (susceptible) scale. Further selection 
of the selfed plants was carried at harvest by estimating 
and selecting those with the least stem-tunnelling. Of 
course, along the line, plants showing symptoms of 
deadhearts were eliminated. Equal number of seeds from 
the top 20% of selfed and selected individuals from each 
population were recombined to form Cycle 1 (C1) 

respectively, of improvement in the level of resistance. 
The procedure will be repeated for successive cycles in 
subsequent years until the desired level of improvement. 

1.20.2 Extraction of inbred lines 
Selected S 1 lines from the above procedure were 
concurrently advanced to the S2 generation during the 
recombination phase. T!lble 1.22 gives the number of Sl 
lines selected from each of the population advanced to 

Table 1.22. Source and number of S
1 

lines with reasonable 
levels of resistance to Chilo parte/Ius (Swlnhoe) Intended 
for advancement to the s2 generation of inbreeding 

Source 

ICZ1-CM 
ICZ2-CM 
V-37 
MMV 400 
Poza Rica 7832 

No. of S
1 

lines 

1 15 
115 
138 
190 
140 

the Sz. Also, inbred lines earlier identified as resistant 
(MP 701, MP 702 and MP 704) together with resistant 
open-pollinated varieties were crossed in pairs to form 
single crosses, top-crosses or population crosses as 
appropriate. F2 population from each of these crosses 



®=selling of selected individuals. 
goa • general combining ability. 
sea= specific combining ability. 
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Figure 1.4 Procedure for population improvement and extraction of inbred lines. 

were artificially infested and individuals from wil.hin each 
cross with the desired level of resistance were sclfed to 
initiate an inbreeding procedure (pedigree selection). This 
effort has produced about 1000 selected sl lines for 
advancement to the sl generation. 

1.20.3 Development of maize populations 
Highly resistant plants from MP 704 (an inbred line from 
Mississippi), were crossed with selections from ICZl
CM, ICZ2-CM,Poza Rica 7832, V-37 (CIMMYT), MMV 
400 (Zambia), H-511, H-512 (Kenya), MP 701 and MP 
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702 (Mississippi). Grains from selfed materials of the 
product were subsequently separated along colour lines 
and recombined to form EV -90-WI and EV -90-Yl, 
respectively. These two populations will be improved 
further for both resistance and agronomic traits. 

1.20.4 Evaluation of maize germplasmfor resistance 
C. parte/Ius (Swinhoe) is perhaps the most important 
insect pest of maize in Eastern Africa. Therefore, a 
reasonable approach is to search for sources of resistance 
among adapted populations. A group of 40 maize 
germplasm collected from all over Kenya arc being 
evaluated for resistance. Each entry was artificially infested 
and rated for leaf-feeding damage, deadheart and stem
tunnelling. 

A control (no infestation) was also planted for each 
entry. Percent yield reduction will be calculated as 100 
((Yield Uninfested- Yield infested}/Yicld uninfested). 

This represents the possible reduction in yield due to 
C. parte/Ius attack on a variety. Results obtained so far 
for leaf-feeding damage and deadheart are promising. 
Materials selected as having desirable levels of resistance 
will be used for experiments to develop varieties for 
resistance. Furthermore, information on the relationship 
between resistant parameters including yield reduction 
will, possibly in future, aid in reducing the workload 
involved in using the current evaluation methodology. 

1.21 ICIPE/IRRI COLLABORATIVE PROJECT 
ON UPLAND RICE IMPROVEMENT 

Z. Harahap and J. C. Olela 

ICIPE and JRRI have been running a collaborative project 
since the short rainy season 1988/89 on upland rice 
improvement. The main objective of the project is to 
identify suitable upland rice varieties for cultivation in 
western Kenya. These varieties should have high yielding 
potential, early maturity (90- 120 days), good grain and 
rating quality, resistance to major pests and diseases, but 

tolerance to local soil problems. The materials for 
e~periments were obtained from IRRI and African Upland 
Rice Observational Nursery. Many promising lines have 
been evaluated during the long and short rainy seasons 
of 1990, the results of these experiments are given here: 

1.21.1 Yield trials 
Twelve varieties of upland rice were evaluated for yield 
potentials using a randomised complete block design with 
three replications at Mbita Point Field Station during the 
long rainy season 1990. The entries were planted in single 
rows ~ 5 m long and 25 em apart with plot size of 
5 x 3.5 m. Basal application of diammonium phosphate 
(18 -46 -0) at the rate 36 kg N/ha and a top dress with 
calcium ammonium nitrate (26% N) at the rate of 26 kg 
N/ha at 45 days after emergence were applied respectively. 
Very severe drought for two weeks occurred at 60 days 
after emergence which caused prolonged maturity of the 
tested varieties. Two varieties from Brazil namely lAC 
233/79 and lAC 220/79 produced 4.7 and 4.5 L/ha 
respectively, which were significantly higher than local 
check Dourado Prccoce of 2.1 l/ha (Table 1.23). 

1.21 .2 Drought tolerance 
Ninety upland rice varieties or lines obtained from the 
4th African Rice Observational Nursery were evaluated 
for drought tolerance at Mbita Point Field Station in the 
long rainy season 1990. The entries were planted in single 
rows 3.5 long with 25 em spacing, plot size 3.5 x 30 m 
and replicated twice. The experiment suffered from drought 
stress at21-45 days after emergence. Visual rating scale 
of 1.0 to 9.0 were used to evaluate varietal reactions to 
drought (1.0 was considered the most tolerant and 9.0 
the most susceptible to drought). Ten varieties were found 
tolerant to drought that is, GIC 165-80 with score 1, and 
IR 32021 -B-1-B-5·2, B3906F-6-13-St-37, IRAT 144, lR 
47 697-4-3-1, GH 305, CR 314-5-10, IR 47690-27-1·2, 
IT 47686-6-1-1 and IR 47606-6-5 with score 2. There 
were five lines or varieties with score 3 and the rest with 
score 4- 7.5 . 

Table 1.23 Agronomic data of twelve upland rice varieties In yield trial, MPFS, LR 1990 

Height Flowering Maturity Yield 
Variety (em) (DAE) (DAE) t/hat 

lAC 233/79 88 68 124 4.72• 
lAC 220/79 87 68 123 4.50• 
lAC 272179 103 96 129 3.26• 
UPR 1 03-80·1-2 42 102 141 2.82' 
CNA 762089 76 54 124 2.62•b 
Ble Chai 70 64 143 2.30b 
Dourado Precoce 
(Check) 75 60 122 2.11b 
lAC 19/79 81 94 140 1.98b 
IR 38529-b-b-b-12·4·1 70 88 140 1.83b 
Nam Roo 96 72 134 1.42b 

tWithin column means followed by the same letter do not differ significantly (P > 0.05). 
c.v . .. 41 .07%. 
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Table 1.24 Varietal reaction of five upland rice to Dlopsis thoracica at three sites in western Kenya, LA 1990 

MPFS 

lAC 233/79 140 
lAC 220/79 16.0 
Dourado Precoce 7.0 
Nam Roo 0.0 
Ble Chai 10.0 
Mean 13.0 

1.21.3 Insect pest status and varietal reaction 
There are nine kinds of insects usually found in upland 
rico crops that is stalked-eyed rice borer (Diopsis thoracica), 
leaf-folders (Cnaphalocrocis medina/is), stem-borer (Chilo 
partellus), leaf roller (Marasmia sp.), earwigs (Forficula 
auricularia), large plant bug (Timbraea limbaterentis), 
black stink bug (Scotinophora sp.) and grasshoppers (long 
and short horned). 

During the long rainy season 1990, the damages caused 
by D. thoracic a were evaluated on five upland rice varieties 
at MPFS, Ungoye and Busia as shown in Table 1.24. 
Apparently, Dourado Precoce had lower damages as 
compared with other varieties in those three locations 
and the damages due to D. thoracica was more severe in 
Busia than in Ungoye and MPFS. This suggests that Busia 
is a good place for screening varietal reaction to D. 
thoracica. 

1.21.4 Varietal reactions to Striga hermonthioa 
Forty selected lines/varieties were evaluated for drought 
tolerance during the short rainy season 1990/91 at Ogutut 's 
farm- Mbita Point. The entries were planted in a plot 
5 x 2m in rows with 30 em spacing and four replications. 
The experiment suffered from severe drought and striga 
infestation. The reaction of lines/varieties to striga ranged 
from resistant to highly susceptible. The striga infestations 
were not uniformly distributed. The striga weeds were 
infested at 90 days after emergence and their dry weights 
were taken from each plot. There were five entries 
belonging to resistant lines/varieties which were free from 
striga infestations in all 4 replications, that is IR 38547-
B-B-7-2-2, IR 49255-B-B-5-2, IR 47255-B-B-5-4, IR 
47697-4-3-1, B3913F-16-5-St-42 and B.le Chai. The rest 
of the tested entries had an average mean dry weight of 
striga ranging from 485- 1570 g,which can be considered 
as very susceptible. 

BIOLOGICAL CONTROL SUB
PROGRAMME (BCSP) 

The objective of the BCSP is to develop strategies for 
efficient utilisation of natural enemies (predators. 
parasitoids and pathogens) of target pests of crops and 
vectors of human and livestock diseases. In 1990 the 
BCSP conducted studies in the following Research 
Programmes: Crop Pests, Tsetse. Livestock Ticks , Medical 

%Damage at 

Ungoye Busla Mean 

23.0 31.0 26.7 
20.0 26.0 20.9 
13.0 11.0 10.3 
25.0 30.0 23.7 
16.0 23.0 16.3 
, 9.4 25.8 

Vectors and Locust. The experiments conducted together 
with results obtained are reported under each programme. 

In the Crop Pests Research Programme, parasitoids, 
pathogens and predators were further evaluated for the 
control of cereal stem-borers. The experiments undertaken 
and the results obtained are briefly described below. 

1.22 SEARCHING CAPACITY OF TRJCHOGRAMMA 
SP. NR. MWANZA! 

M. 1. Chacko and E. Dwumfour 

The aim of this study was to determine the ability of 
Trichogramma sp. nr. mwanzai to locate the host when 
the host population varied considerably in the field. The 
trial was conducted at MP.FS on a 500 sq m field divided 
into 20 plots, each measuring 25 sq m and where sorghum 
(Serena) was grown during the long rainy season. The 
treatments were: 
• F ive plots with 100 plants artificially-infested with 

Chilo parte/Ius eggs, 1 batch of eggs on each plant 
• Five plots with 50 plants infested 
• Five plots with 25 plants infested 
• Five plots wil.h 13 plants infested. 

Two hundred freshly-emerged Trichogramma sp. were 
released in each plot after infesting the plants with the 
host eggs (parasitoids and host eggs obtained from mass 
rearing units). The exposed host eggs were recovered 48 
hours later, reared in glass jars in the laboratory and the 
nature of parasitism recorded. Caterpillars hatching from 
unparasitised eggs were removed as and when they 
emerged. Host eggs predated upon in the field were also 
recorded. The trial was repeated five times and the results 
are presented in Table 1.25. 

Table 1.25 Parasitism by Trichogramma sp. nr. mwanzai 
with varying densities of host eggs 

Treatments 

1 
2 
3 
4 

% Parasitism 
Mean± s.e. 

11.15±2.94b 
16.96 ± 1.11•b 
20.90 ± 2.688 

17.74 ± 4.13ab 

%Predation 
Mean± s.e. 

26.54 ± 4.82•b 
23 .26 ± 4.13"b 
22.01 ± 4.96b 
29.22 ± 6.26• 

Mean± s.e. followed by the same letter(s) are 
not significantly different, P < 0.05. 
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The level of parasitism was very low and did not increase 
with the availability of increasing number of host eggs. 
Parasitism was highest in treatment 3 and lowest in 
treatment 1. Jn general, the level of predation was higher 
than parasitism, the predators involved being ants and 
spiders. The searching ability of Trichogramma sp. was 
poor. 

The studies were being repeated during the short rainy 
season, on a farm outside MPFS. So far, it was repeated 
four times, the first two with 200 Trichogramma sp. in 
each plot and the other two with 400 in each plot. The 
work is. still in progress. 

1.23 COMPATIBILITY OF INTERCROPPING 
WITH VARIETAL DIFFERENCE FOR 
BIOLOGICAL CONTROL OF CHILO 
PARTELLUS BY THE EGG PARASlTOID 
TRICHOGRAMMA SP. NR. MWANZAI 

E. F. Dwumfour and M. J. Chacko 

The searching ability of pamsitoids may be enhanced or 
perturbed by crop associations. At MPFS, we set up 
experiments during the long rains of 1990 to study the 
impact of plant associations on Trichogramma perfonnance 
in parasitising eggs of Chilo parlellus artificially attached 
to cereal plants in the field. Maize (Katumani), sorghum 
(Serena) and cowpea (Ex-Luanda) were intcrcropped on 
a field measuring 36 x 20m with individual plots (a total 
of25) of dimensions 6 x 5 m. There were five treaunems 
of five replicates each. In this experiment, 50 egg batches 
of C. partellus were attached to 50 plants mndomly chosen 
on each plot during each release date. In all four releases 
were made during the vegetational period and equal 
numbers of parasitoids (ca. 200 per plot) released at the 
centre of each plol. 

Trichogrammtl performance (i.e. rate of parasitism) 
on eggs of C. parte II us was very low, with rates of parasitism 
ranging between 9.6 and 19.2%. Parasitism on eggs in 
sorghum monocrop was apparently higher (19.2%) than 
in maize monocrop (9.6%). Levels of parasitism in the 
intercropped fields of sorghum/cowpea and maize/cowpea 
ranged between 16.8% and 12.3%, respectively. Parasitoid 
efficiency in the cereal/cereal combination was 9%. 

Observations show egg "djsappearance" between 24.5 
and 31.8%, and this was exclusively due to predation, 
lhe rate of predation increasing as plants aged. 

Another set of experiments was started in the short 
rainy season of 1990 at MPFS to study parasitoid 
perfonnance in mono- and inter-cropped fields of sorghum 
(Serena), maize (Hybrid 511 and Hybrid 622) and cowpea 
(Ex-Luanda). Treatments were repeated five times on 
plots measuring 5 x 5 m with 2 m crop-free zones between 
them. Sixty plants were selected randomly and each 
artificially infested with freshly-laid eggs of C. partellus 
(1 egg batch/plant). The first prey infestations and parasitoid 
release (at the centre of the plots) were made 3 weeks 
after plant emergence (W AE) and a total of nine releases 
were made. J7igures from data analysed show that rates 
of parasitism are very low and are in the same order as in 

the long rain season. Significantly higher rates of parasitism 
were recorded in the sorghum monocrop (17 .8%) and 
sorghum-cowpea intercrop {16.9%). Irrespective of the 
maize variety used, levels of parasitism in maize (of 
both cropping patterns) were statistically the same (range 
4.9-6.2%). Results from trials during the short rains of 
1990 confirmed that predation mtes are significantly higher 
in maize, especially in monocropped maize, than in 
sorghum. Apparently, egg ''disappearances" were due to 
predation. The variety of crop used did not seem to affect 
the efficiency of the egg parasitoid. 

We suspect vitality losses in this "strain" of 
Trichogramma since this has been in culture under optimal 
laboratory conditions for an unspecified number of 
generations. Egg emergence in the laboratory has been 
low and duration prolonged. We dissected 243 parasitised 
eggs of C. partellus and found only 51 of these containing 
a parasitoid each. We found 2, 3 and 4 parasitoids each 
in 130, 44 and 15 parasitised borer eggs, respectively. 
Where superparasitism occurred, parasitoids were smaller 
and, in many cases, underdeveloped. Presently, studies 
are going on to devise proper rearing techniques to resolve 
this trend. The performance of this "strain" is compared 
in the laboratory with another strain brought from the 
Kenyan coast during the planting season in September 
1990. 

1.24 ROLE OF TRJCHOGRAMMA SP. NR. MWANZAI 
AND PREDATORS IN THE CONTROL OF 
CHILO PARTELLUS 

M. J. Chacko and K. Ogedah 

The objective of this study was to assess the role of 
Trichogramma sp. nr. mwanzai and naturally-occurring 
predators in the control of eggs and young larvae of 
Chilo parte/Ius. 

The trial was conducted atMPFS in a sorghum (Serena) 
field divided into 20 plots, each measuring 4 x 4 m. The 
following were the treatments: 

1. Five plots protected by mosquito net cage throughout 
the experimental period. Moths and Trichogramma 
released. 

2. Five plots with mosquito net cage only during the 
release of moths and Trichogramma. 

3. Five plots with mosquito net cage on I y during the 
release of moths. Trichogramma not released. 

4. Five plots not caged. No release of moths or 
1'richogramma. 

The moths were cultured on natural diet in the laboratory 
and the number released in each plot in treatments 1, 2 
and 3 was 25 pairs. Trichogramma was obtained from 
the Mass Rearing Unit and the number released in each 
plot of treatments 1 and 2 was 200. Both moth and parasitoid 
were released only once. The parasitoid was released 2 
days after moth release. In treatment 1, the cages were 
retained throughout Lo exclude predators. The cages in 
treatment 2 were removed 6 days after moth release and 
those in treatment 3, 3 days after moth release. After the 
establishment of the caterpillars in the plants, 60 plants 



Table 1.26 Establishment of Chilo parte/Ius larvae In 
plots treated with Trichogramma and in check plots 

Treatments 

1 
2 
3 
4 

Larval establishment 
Mean ± s.e. 

129.4 ± 29.46• 
114.6 ± 12.79' 
83.8 ± 13.48" 
73.8 ± 8.89" 

Mean± s.e. followed by the same letter are not significantly 
different, P = 0.05. 

from each plot were dissected and the number of borers 
found in each plot recorded. The data were statistically 
analysed and are presented in Table 1.26. 

There was no significant difference between the 
treatments. Release of Triclwgramma in tteatment2, as 
a mortality factor in addition to the naturally-occurring 
predators did not reduce the level of infestation of the 
borer. The predators observed in the plots were ants, 
lacewings, ladybirds, and spiders. 

1.25 SUR.VEY FOR OTHER PARASITOIDS OF 
SORGHUM AND MAIZE STEM-BORERS 

M. 1. Chacko and K. Ogedah 

The survey was carried out to find out whet.hcr or not 
Apantelesflavipes occurs locally in view of t.he proposed 
introduction of this parasitoid from Pakistan. A.f/avipes 
was introduced into Uganda in the 1960s and was also 
released in a number of sites in Tanzania and at Mtwapa 
on t.he Kenya coast. However, there are no reports of 
any follow-up observations. Therefore, the survey was 
initiated at Mtwapa and surrounding areas and in some 
other localities in Kenya to find out whether A.flavipes 
has established anywhere. 

Borer-infested stems of sorghum and maize were 
collected, dissected and the larvae obtained were reared 
in the laboratory. The parasitoids recorded from t.hcse 
were: 

Apanteles sesamiae: This was found in almost all areas 
surveyed, but in low numbers on Chilo sp./spp. and 
Busseola fusca . The data obtained in September at the 
coast are given in Table 1.27 below. 

Table 1.27 Parasltlsation of sorghum and maize 
stem-borers by naturally occurring parasitoids at Kenyan 
coast 

No. of 
infested No. of 

Locality Host plant stems larvae 

Kika mba Ia Maize 100 101 

Mtwapa Maize 44 49 
Mtwapa Maize 100 18 

Mtwapa Sorghum 100 154 

Bamburi Maize 20 13 

No. parasitised 
by A. sesamiae 

5 

0 

0 

0 

0 
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A. sesamiae was also reared from collections of Chilo 
sp./spp. and Busseola fusca collected from Gwassi , 
Kakangutu, Kanyamkago, Kcndu Bay, Lambwe, Mbita, 
Migori, Oyugis. Rusinga, and Siaya. ButA.flavipes was 
not reared from any of the localities. 

Euvipio rufa: From a larva of Chilo partellus, at Mbita. 
Brachymeria sp: From a pupa of C. parullus at Mbita. 
Macronychia sp:,Found in association with the remains 

of a B. fuse a larva on sorghum at Migori. 
An unidentified larval, gregarious, ~toparasitoid feeding 

on C. parte/ius at Kikambala. Parasitoid larvae pupated 
in the laboratory in August, but so far the adults have not 
emerged. 

Aphanogmus fijiensis; Found as a hyperparasitoid of 
C. parte/Ius through cocoons of A . sesamiae at 
Kanyamkago, Lambwe and Siaya. 

1.26 SOME OBSERVATIONS ON THE 
DEVELOPMENT OF TETRASTICUS 
SESAMIAE ON TWO HOST SPECIES 

C. 0 . Omondi 

The suitability of the pupae of Maruca testulalis. which 
is a natural host of Tetrasticus sesamiae, was compared 
with that of Chilo parte/Ius, which is used as host for 
rearing the parasitoid in the laboratory. 

Pupae of M. testula/is and C. parte/Ius were kept in 
separate plastic vials , each vial containing one pair of 
freshly emerged male and female adults ofT. sesamiae. 
The parasitoids were provided wit.h 20% sucrose solution 
for their feeding and left in the vials until they died. 
Fresh pupae were provided for each pair of parasitoid 
every 24 hours until they died. The pupae were then kept 
in sealed vials until the parasitoids emerged. 

The period of development of the parasitoid, the progeny 
produced per female, the sex ratio of the progeny and the 
percentage parasitisalion were compared for the two host 
species. The observations are shown in Table 1.28 below. 

The period of development of the parasitoid was almost 
the same on the pupae of both the host species . Similarly. 

Table 1.28 Comparison of M. testulalls and C. parte/Ius 
pupae as hosts for Tetrasticus sesamiae development in 
the laboratory 

Biological Host 
criterion Maruca pupae Chilo pupae 

Period of development 
(oviposition to adult 
emergence) 16 days 17 days 

Progeny 260 282 

Longevity 13.9 days 16 days 

Sex ratio 
(Male:Female) 1:3 1:3 

Parasitisation 10.3% 11.7% 
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the male: female ratio in the progeny emerging from both 
hosts was the same. However, the progeny production 
from Chilo was higher than that from Maruca. Parasitoids 
emerging from Chilo pupae Jived longer than those 
emerging from Maruca. 

Progeny production was also much higher in female 
parasitoids emerging from Chilo pupae. It would appear 
then that Chilo partellus is a more suitable host for 
Tetrastichus sesamiae than Maruca testulalis. 

1.27 PREDATORS OF CHILO PARTELLUS 

E. F. Dwumfour 

Predators in any complex ecosystem play a vital role in 
the suppression of pest population to levels below the 
economic injury level. Observations in the field have 
compounded justifications that, in many cases, the role 
played by predatory insects and mites is very significant, 
and their contribution to pest population decline may be 
greater than that of parasitoids. Field surveys provide us 
with salient tools to follow up both pest and natural enemy 
population growth as well as their synchronisation in 
space and time. This spatial and timely synchronisation 
is a factor, among others, that determines the efficiency 
of a naturaJ enemy. 

1.27.1 Relative abundance of various graminaceous 
stem-borers and the predators Oiaperasticus 
erythrocephalus, ForficuJa sp. and Chrysopa 
(?) sp. 

Previous catches in the field had identified a number of 
polyphagous predators associated with stem-borers in 
maize and sorghum. These included the ants (Pheidole 
sp., Camponotus sp., Dory/us sp.), the ladybird beetles 
(Cheilomenes sp., Ganocephalus simplex), the earwigs 
(Diaperasticus erythrocephalus, Forficula sp,), the minute 
predatory bug (Orius sp.), the common lacewing 
(Chrysopa? sp.) and many spider species. -

Pest and natural enemy populations alter with the 
cropping season, and numbers of antagonists remaining 
after harvest may relate to population growth in the next 
planting season. It is therefore necessary to identify thh 
when studies on population dynamics are carried out. 
We inaugurated field surveys during lhe off-season 
(August-October 1989) in most parts of western Kenya 
to identify the relative abundance of three major predators 
of stem-borers, (D. erythrocephalus, Forficula sp. and 
Chrysopa? sp.) relating numbers also to borer frequency 
in these localities. Previous surveys had established only 
presence of antagonists in the ecosystem without any 
mention of their relative abundance. 

Table 1.29 gives the relative numbers of stem-borers 
and predators on 50 cereal plants dissected per plot in 
various localities in Nyanza Province. Pest incidence in 
many of the areas surveyed was numericaJly very low. 
Eldana saccharina and Sesamia calamistis were not found 
in many of the localities, and when found they were in 
negligible densities. Pest densities were relatively higher 

for Busseo/afusca than for Chilo partellus in the Homa 
Bay/Kendu Bay locality. On the other hand, C. partellus 
was the most predominant borer species in the sorghum
growing areas of Migori-Nyavombo and Migori
Nyabisawa, and earwig densities per plant ranged between 
1 and 2. C. parte/Ius and B.fusca numbers per plant on 
Rusinga Island were 0.78 and 1.08 larvae, respectively. 
We found an average of 0.5 earwigs on each plant. 

There were no significant differences between numbers 
of larvae of C. parte/Ius and B.fusca recorded on sorghum 
in nearly all eight localities in Kisumu District. Except 
at three localities (see figures for Ngomo-Nyakach, 
Nyakach-Koguta and Kajimbo-Mbugra) where E. 
saccharina and S. calamistis were found in very negligible 
densities, larvae of these borer species were not recorded 
in Kisumu District. Earwig numbers ranging between 
0.0 and 0.58/plant (cf. densities in the Migori/Homa Bay/ 
Lambwe VaJley area of 0.58-2.62) in these localities 
were relatively very low. We established a high 
predominancy of B. fusca larvae over C. partellus in aU 
seven areas surveyed in Siaya District Other borer species 
were not recorded. Earwig densities ranged between 0.10 
and 3.5 per plant. 

There were occasional catches of spiders, ants and 
coccinellids, but their densities were not established. At 
a sampling site at Kanyamkago-Chunga high numbers of 
Or ius sp. were recorded on maize plants. The third predator 
for consideration in the surveys, the lacewing Clzrysopa ? 
sp. was colJected only on wild grasses bordering cotton 
fields in Ogongo or in the vicinity of sorghum fields in 
Nyalenda/Lambwe Valley. Chrysopid densities (established 
by 20 sweeps) in both areas were however very low. 

Some collections of the braconid larval parasite 
Apanteles sesamiae were made during these post-harvest 
surveys, but numbers were not established. 

1.27.2 Rearing and laboratory evaluations on some 
biological characters of the green lacewing, 
Chrysopa? sp. 

Chrysopids, although mostly aphidophag, would predate 
on other soft~bodied insecl<;. Evidence exists that immature 
stages of tbjs voracious genus are abundant on maize on 
the Kenyan coast. We therefore embarked on developing 
rearing techniques of a chrysopid species we collected 
on grasses during the off-season of 1989, while at the 
same time studying some of its biological characters in 
the laboratory. A nucleus culture was set up with insects 
collected from wild grasses in August 1989, and the progeny 
used for bioassays. Studies involved establishing the 
developmental cycle of this predator species on natural 
diet that comprised aU stages of Chilo parte/Ius. 

Adult insects have been kept successfully on artificial 
diets consisting mostly of either only 30% sucrose solution 
or a mixture of honey, sugar, enzymatic yeast hydrolysate 
and egg yolk. Both diets supported reproduction in adults 
as well as their survivaJ. Immature stages of Chrysopa ? 
sp. wen~ maintained on eggs and larvae of C. parte/Ius. 
Many generations have been successfully maintained on 
both artificiaJ and natural diets since initiation of the 
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Table 1.29 Relative abundance of various stem-borers and their natural enemies in the field 

No. of borer larvae No. of natural 
recorded 4 enemies recorded5 

No. of 
Date of stems 
survey Locality dissected C.p. B. f. E.$. S.c. A 8 c D 

Aug. 17,1989 Migori-Nyavombo 50 16 2 0 0 98 0 
Migori-Nyabisawa 40 20 0 0 0 105 0 

Aug. 24,1989 Kanam {Homa Bay/ 
Kendu Bay) 0 10 102 0 30 0 

Kadel (Homa Bay/ 
Kendu Bay) 501 0 0 0 67 8 0 

Kadel (Homa Bay/ 
Kendu Bay) 502 30 20 4 0 0 0 0 0 

Aug. 31,1989 Nyalenda (Lambwe Valley) 50 10 8 0 0 42 06 
Godolo (Lambwe Valley) 50 6 44 1 0 53 0 

Sept. 4, 1989 Rusinga Island 50 39 54 2 0 25 0 0 0 

Sept. 7, 1989 KadweUNdhiwa 50 5 6 0 1 48 0 0 0 
Rapedh 1/Kang idoto 50 13 6 0 1 59 0 0 0 
Kanyam Kago-Chunga 502 15 1 0 4 55 0 0 0 
Kanyam Kago-Chunga 501 11 6 1 8 38 0 Many 0 

Sept.14, 1989 Ngomo-Nyakach 
(Kisumu Dist.) 50 47 37 0 2 4 
Nyakach-Koguta 
{Kisumu Oist.) 50 20 13 0 6 
Kajimbo-Mbugra 
(Kisumu dlst.) 50 17 35 0 2 6 
Kadlanga-Nyakach 
{Kisumu dist.) so 13 31 0 0 10 

Sept. 21,1989 Kano-Kachogo 50 26 14 0 0 0 
Kobura-Kano 50 69 42 0 0 1 
Nyakongo-Kano 50 25 24 0 0 1 
Agoro-Nyakach 
(Kisumu dist.) 50 8 7 0 0 29 

Oct. 12, 1989 Yimbo-Majlmbo 
(Siaya dist.) 50 1 18 0 0 5 
Nyamonge (Siaya dist.) 50 7 68 0 0 60 
Uyoma-Katwenga 
(Siaya dist.) 50 15 29 0 0 21 
Seme Kakelo (Kisumu 
dist.) 50 52 30 0 0 48 

Oct. 13, 1989 Ugenya-Sikinya/Kondiek 
(Siaya dist.) 
Ugenya-Bondo (Siaya 

50 2 71 0 0 54 

dist.) 50 2 81 0 0 51 
Gem Kagilo (Siaya dist.) 50 8 a 0 0 5 
Luanda-Doho (Siaya dlst.) 503 0 34 0 0 18 

1Dissected plants: Maize growing adjacent to sorghum. 
2Dissected plants: Sorghum growing adjacent to maize. 
3Dissected plants: Maize with no other cereal plants. 
4 C. p., Chilo parte/Ius; B. f., Busseola fusca,· E. s. , Eldana saccharins; S. c., Sesamia calamlstis. 
~A. Dlaperastlcus erythrocephalus + Forficula sp.; B, Coccinellids; C, Orius sp.; D, Chrysops (?) sp. 
6Adult Chrysopa? sp. recorded on wild grasses growing around sorghum field. 
- No recordings of numbers. 
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culture. A sustainable cullurc exists at MPFS. 
Further investigations on the role this predator might 

play in suppression of borer incidence under natural 
conditions are necessary, and this could be done through 
periodic surveys during the planting season in 
recommended areas, particularly hot spots, and thereby 
bring the biological studies to a logical conclusion. 

We established a total developmental cycle of 
approximately 21 days forchrysopids. Eggs took an average 
of 3.63 ± 0.92 days to hatch. The duration of the pupal 
stage lasted 7.42 ± 1.52 days. Predator development on 
all stages of the stem-borer is receiving attention and 
other biological parameters such as fecundity, sex ~:atio, 
longevity and killing efficiency would be studied. 

1.27.3 Rearing attempts and biological studies on the 
earwigs. D. erythrocephalus and Forficula sp. 

Large collections of earwigs were made during post-harvest 
surveys conducted between August and October 1989 
and were held on the natural diet of Chilo partel!Ils (eggs 
+ larvae). In the period under review, all auempts to 
induce adult earwigs to reproduce failed. It is hoped that 
appropriate rearing techniques would be developed to 
culture these two species and to induce them to reproduce 
under laboratory conditions. A culture has been initiated 
recently to investigate methods of earwig propagation 
under controlled environment. 

We designed experiments to study the response of 
earwigs to varying densities of C. parte/Ius in the laboratory. 
Statistically, there was a much higher preference by earwigs 
for early instars than for eggs of C. parte/Ius. Under 
forced conditjons (no-choice situations), eggs of the borer 
were readily taken by earwigs. Predator response increased 
with increasing numbers of prey available; Numbers of 
larvae of the borer killed and consumed by each predator 
doubled when prey numbers were increased from 10 to 
20 per experimental cage. 

1.28 PATHOGEN-INCORPORATED DIET FOR 
MANAGEMENT OF CHILO PARTELLUS 
INFESTING SORGHUM 

M. 0. Odindo, E. Ngugi, P. Amutalla, B. Ouma 
and M. Yogo 

The present technique of preparing Nosema marucae 
inoculum for application on sorghum infested with borers 
involves a rather lengthy process. Larvae intended for 
pathogen production are reared separately on an artificial 
diet. This is then removed from the diet, inoculated with 
pathogen suspension, reared on a natural diet and changed 
every alternate day. Larval cadavers are removed at each 
changing. The aqueous inoculum applied in the field is 
then prepared from the larval cadavers, which have to be 
soaked overnight in distiUed water and purified by filtration . 

The objective of the studies described here was to 
develop a diet formulation into which Nosema spores 
could be incorporated, and used directly for pest 
management. 

1.28.1 Preparation of pathogen formulation 
A simple diet based on bean meal, and sorghum leaf 
powder was prepared and dispensed into 0.51 glass jars. 
Twenty such jars were infested with either C. parte/Ius 
eggs (black-head stage) which had been dipped into N. 
marucae spores suspension (10 jars), or 3rd instar C. 
partellus larvae previously dipped into pathogen 
suspension . 

The eggs hatched and acquired infection from the egg 
chorion. They were then allowed to feed for at least three 
weeks. 

The larvae were maintained on the artificial diet for 2 
weeks, a period which was considered sufficient for 
incubation of nosematosis. At the end of the respective 
incubation period, the diet was scooped into a mixer/ 
blender and thoroughly blended to give a homogeneous 
diet/pathogen preparation. A small portion was examined 
under phase contrast microscope to demonstrate the 
presence of microsporidian spores. The diet was then 
spread on an absorbent, and placed in front of a fan 
overnight. The following morning the diet was collected 
into crumbs which were stored in plastic boules until 
used. 

1.28.2 Tests in screenhouse 
Sorghum (var. Serena) were planted in the screenhouse 
in 4 plots of 10 rows each. At 3 weeks after plant emergence 
(W AE), 8 rows in each plot were infested with 1st instar 
C. parte/Ius larvae at the rate of 15 larvae per plant. The 
larvae were placed directly into the leaf-whorl, and each 
two infested rows (subplot) were screened off from each 
other by erecting a polythene sheet between them. This 
provided a protection of non-infested plants from larvae 
that may move from infested plants as well as between 
the various treatments. 

The infested plants were treated randomly with N. 
marucae in four formulations as follows: 
• Infested plots- not treated (control) (IC) 
• Diet infested with eggs (EN) 
• Aqueous suspension (AS) 
• Non-infested plots (Control II) (NIC) 
• Diet infested with 3rd instar C. parte/Ius larvae (LN). 

Beginning from the day of pathogen application, and 
every alternate day, data was recorded on plant height, 
and on foliar damage to each plant. At the end of the 
growing season all the plants were uprooted, dissected, 
and records made on plant height, emergence/entry holes, 
larval numbers+ pupal numbers, as well as tunnel length 
and sorghum head formation. 

Larvae recovered from sub-plots were brought to the 
laboratory, dissected, and portions of the haemolymph, 
fat body, integumental epithelial cells examined in a phase 
contrast microscope for presence of Nosema spores. The 
results were analysed after transformation to arcsine 
proportion and analysed by one-way ANOV A. 

The highest control of borers was achieved by the 
foliar application of an aqueous spores suspension (Table 
1.30). There was no significant difference in the number 
of borers recovered per plant between the plants previously 
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Table 1.30 Infection in Chilo parte/Ius larvae and pupae recovered from sorghum plants previously treated with 
various formulations of Nosema marucae 

Number Mean Diagnosis 
Host larval instar Number of of dead borer 

Formulation 3 4 5 Pupae live borers borers per plant +Ye % Infection 

EN 1 6 42 83 131 0 1.68" 4 3.1 

AS2 3 6 6 4 17 2 0.22b 18 94.7 

LN3 11 26 103 135 5 1.97" 59 42.1 

IC~ 3 41 62 103 4 1.38" 0 0 

NICs 0 0 .01b 0 0 

1Formulation prepared from C. panel/us eggs and Nosema spores. 
2Aqueous spray. 
3Formulation of diet + C. parte/Ius larvae + Nos9ma spores. 
4Sorghum plants infested with C. parte/Ius larvae without pathogen application. 
6lnsect-free sorghum plants. 
Means followed by the same letter are not significantly different (P > 0.01 ). 

non-infested and the plants infested and subsequently 
sprayed with the spore suspension (P > 0.01). However, 
infestation level in the sprayed piaL'> was significantly 
lower than in the plots where the diet formulations were 
applied (P < 0.01). 

ll is important to note, however, that the largest number 
of borers were recovered from the plants which had been 
treated with the pathogen incorporated diet (LN 
formulation). Although the proportion of infected larvae 
in the LN plot (42.1 %) was lower than in the sprayed 
plots (94. 7) many of the larvae had a high level of infection, 
and would be important in spreading Nosema spores in a 
field situation. Further studies will be carried out to refine 
this formulation of N. marucae. 

1.29 SAFETY TESTS OF NOSEMA MARUCA£ TO 
SOME COMMON PARASITOIDS AND 
PREDATORS 

M. 0 . Odindo and E. Ngugi 

In the present research work which is in progress at Mbita 
Point Field Station, about nine species of parasitoids and 
predators are being investigated for possible control of 
cereal and legume borers. These include Apanteles 
sesamiae, Pediobius furvus, Dentichasmias busseolae, 
Trichogramma mwanzai, Tetrastichus sesamiae. In addition 
coccinellid beetles Cheilomenes lunata, and Chilocorus 
nigritus, the earwig Diaperasticus erythroccpha/a and 
the chrysopids Chrysopa sp. have been recorded to cause 
an impact on the level of borers, especially Chilo partellus. 

In a pest management strategy involving the integration 
of pathogens, predator and parasi toids, the microsporidian 
Nosema marucae is likely to be used in the field together 
with the other natural enemies. Experiments were carried 
out in order to investigate the safety of N. marucae to the 

above predators and parasitoids. 
Microsporidian spores (concentration 4.8 x 108 spores/ 

ml) were sprayed on the cowpea aphid Aphis craccivora 
and then fed to the earwigs Diaperasticus erythrocephala 
and larval ladybird beetles Cheilomenes lunata, Chilocorus 
nigritus and Platynaspis vittigera. 

The predators were reared for 2 to 3 weeks (earwigs) 
or 1-2 weeks (ladybird beetles) on the inoculated aphids, 
dissected, and portions of the fatbody , gut, muscle tissue 
and integumental epithelial cells examined for presence 
of microsporidian spores. Portions of the same tissues 
were also macerated with a fine forceps and a thin smear 
prepared on a glass slide. This was fixed with methanol 
stained in Giemsa, and examined in an oil immersion for 
presence of developing stages of microsporidia. 

Infectivity of N. marucae to parasitoids was tested by 
offering egg of infected C. partellus to female 
Trichogramma mwanzai. Similarly, infected borer larvae 
were offered to Apanteles sesamiae for oviposition, and 
infected pupal borers were offered to Pediobius furvus 
and Dentichasmiasis busseolae females . Emerging 
parasitoids were examined in a phase contrast microscope 
for presence of microsporidian spores. 

The spore suspension of N. marucae used in these 
safety tests were also used to inoculate cut sorghum stems. 
Fifty 3rd instar C. partellus larvae were reared on this 
natural diet until they either died or pupated. 

All the tests were replicated three times. Neither 
developing stages (meronts, sporonts, sporoblast) nor 
mature spores were observed in any of Lhe predators or 
parasitoids examined, indicating non.infectivity of N. 
marucae to these natural enemies (Table I. 31 ). In contrast, 
a high proportion (89.7%) of C. partellus larvae reared 
on infective natural diet died before pupation. All the 
surviving pupae were diagnosed to have microsporidian 
spores. 
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Table 1.31 Comparative Infectivity of Nosema marucae to common parasitoids, predators and Chilo parte/Jus larvae 

Tested insects 

Species 

Apantsles sesamiae (Braconldae) 
Pedlobius furvus (Eulophldae) 
Dsntichasmias busssolae (lchneumonldae) 
Trichogramma mwanzai (Trichogrammatidae) 
Tetrastichus sesamiae (Eulophidae) 
Che/lomsnss lunata (Cocclnellidae) 
Chi/ocrf!s nigritus (Coccinellidae) 
Platynasp/s vittigera (Coccinellidae) 
Dlaperasticus erythroctJphala (Forficulidae) 
Chrysops sp. (Chrysopidae) 
Chilo parte/Jus (Pyralidae) 

rae. 7% mortality; 1 00% infection. 

1.30 SPREAD OF H/RSUTELLA THOMPSON/I 
FISHER (HYPHOMYCETES) IN CAS SA VA 
FIELD PLOTS: A POSSIBILITY FOR 
PATHOGEN RELEASE FOR CASSAVA 
GREEN MITE CONTROL 

M. 0. Odindo, L. Ochoggo, J. Obilo and 
J. Ongoma 

In previous reports, we had indicated that the Hyphomycetes 
Hirsutella thompsonii can give an effective reduction in 
the level of the cassava green mite M ononychel/ us tanajoa 
when sprayed on cassava plants infested with the mite. 
We carried out further research on the possibility of 
introducing the pathogen at various points of focus in 
the cassava field . 

Two varieties of cassava (Kibandameno and Black) 
were planted in a diagonal pattern (see diagram in a 
major cassava growing area of western Kenya, Ugunja, 
Siaya District), so that there were two replicated plots 
for each variety (Figure 1.5). 

At 6 weeks after planting a conidial suspension of H. 
thompsonii (concentration 1.5 x 1 OS conidia/ml) was applied 
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Figure 1.5 Planting arrangement for two cassava varieties. 
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in the centre of the field, an area enclosing nine plants of 
each variety per plot (Figure 1.5). The pathogen application 
was repeated once after two weeks. 

From two weeks pre-application of pathogen and every 
two weeks thereafter, three plants were sampled at random 
from each variety within the sprayed area. Plants were 
also sampled at random in the unsprayed area, and tagged 
with a label. The distance of such sampled and tagged 
plants from the point of pathogen application was noted. 

In the laboratory, sampled leaves were examined under 
a stereo-microscope, and the number of live and dead 
miles recorded. Mite cadavers were placed on sterile filter 
paper which had been marked appropriately, and wetted 
with sterile distilled water and covered to induce high 
relative humidity. They were incubated at room temperature 
(25° ± 3°C) for 7 days and examined for presence of H. 
thompsonii mycelia/conidia. 

The results indicated thatH. thompsonii infection moved 
from the sprayed to the unsprayed portion of the plot 
within two weeks from the time of pathogen application. 
Within 1 month, infected mites were recovered from the 
whole of the research site. H. thompsonii was continuously 
recovered from dead mites sampled in research plots. By 
May 1990, 56.8% mite mortality was observed in plants 
sampled at 15 m from the site of application of the pathogen. 
No significant difference was observed in the level of 
mortality or spread ofthe pathogen between Kibandameno 
or Black (P > 0.05). It appears that H. thompsonii 
established itself in the cassava plantation. Since the 
pathogenicity of this pathogen to M . tanajoa is well 
documented, it is safe to note that the .results reported 
here opens up new avenues for CGM control. 

1.31 EVALUATIONOFFUNGALPATHOGENSFOR 
THE CONTROL OF STEM-BORERS 

N. K. Maniania 

In the JCIPE 1989 Annual Report we reported isolation 
of entomopathogenic fungi and susceptibility of Chilo 
partellus to Hyphomycetes fungi. Isolation of pathogens 
still continues and our fungal collection has reached 60 
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Table 1.32 Cumulative mortalities (%).of Busseola fusca larvae caused by three entomogenous fungi at 108 conldla/ml 
3, 5, 1 0 and 15 days after inoculation 

Fungus Strain Day 3 

Controls 0 

Beauveria bassiana ICIPE 1 3.3 

ICIPE 3 0 

ICIPE 4 0 

ICIPE 12 3.3 

ICIPE 31 0 

ICIPE 33 6.7 

Metarhlzlum anisopliall 
ICIPE 18 0 
ICIPE 19 10.0 
ICIPE 20 6.7 
ICIPE 30 0 

Paeci/omyces fumosoroseus 
ICIPE 11 16.7 

stmins. We report here the pathogenicity of fungi to larvae 
of Busseolafusca and field evaluation of one promising 
isolate of Beauveria bassiana on C. parte/Ius. 

1.31 .1 Pathogenicity of entomogenousfungi to Busseola 
fusca larvae 

Several strains of 1-lyphomycetes were assayed in the 
laboratory to determine their pathogenicity against 5-6th 
ins tar larvae of B. fusca. Insects were collected one day 
before the initiation of the experiments from sorghum 
stalks remaining in the farmers' fields after grain harvest 
in the Kendu Bay area, South Nyanza, Kenya. Non
diapausing larvae were selected for the assays. 

Inoculations were performed by dipping the larvae 
into spore suspensions for about 30 seconds. All isolates 
were tested at a concentration of lOS conidia/mi. Controls 
were treated with sterile distilled water. B. fusca larvae 
were then transferred to fresh pieces of sorghum stems 
(cv. Serena) in glass bottles. Insects were checked every 
two days for 15 days to determine mortality caused by 
fungus . Each experiment consisted of three replicates of 
10 larvae each . 

All the fungal species tested were pathogenic to B. 
fusca larvae Table 1.32). Differences in larval mortality 
were found between the different strains of B. bassiana 
and Metarhizium anisopliae assayed. The most pathogenic 
isolate of B. bassiana (ICIPE 12) induced mortality of 
86%, and the least virulent sttain (ICIPE 1) caused only 
26% mortality. Strains of M. anisopliae were highly virulent 
for B . fusca, killing 70-96% of the test larvae (Table 
1 .32). AU fungal isolates appeared to take longer to infect 
and colonise B. fusca larvae. No pathotype was able to 
induce SO% larval mortality within 5 days after inoculation. 
One isolate, M . anisopliae ICIPE 30, outperformed the 
other pathogens, causing 93% larval mortality 10 days 
after treatment (Table 1.32). B. bassiana isolate ICIPE 4 

Day 5 Day 10 Day 15 

5.0 12.5 12.5 

6.7 20.0 26.7 

10.0 20.0 50.0 

13.3 60.0 81 .0 

30.0 66.7 86.7 

0 43.3 76.7 

10.0 50.0 83.3 

10.0 36.7 70.0 
36.7 73.3 83.3 
30.0 70.0 80.0 
36.7 93.3 96.7 

33.3 60.0 75.7 

and M. an.isopliae ICIPE 18 and 30. which were effective 
against B. fusca, were previously found to be virulent 
against C. partellus. Therefore, they appear to have potential 
for use as microbial agents in the control of B .fusca and 
C. partellus. 

1.32 EVALUATION OF BEAUVERIA BASS/ANA 
ISOLATE ICIPE 4 FOR THE CONTROL OF THE 
STEM-BORER CHILO PARTELLUS 

N. K. Maniania , R. Okello, R. Odhiambo 
and 1. Akinyi 

Maize, cultivar ''Katomani" was planted on 20 x 12 m 
plot, at Mbita Pciint Field Station (MPFS), ICIPE, during 
the short-rain season 1989. Plants were spaced 30 em 
within rows and 90 em between rows. Plot was weeded 
and irrigated as necessary . Plants were thinned to one 
per hill. 

The experiment was designed as a split-plot arrangement 
Subplots were separated by two rows of maize. Three 
weeks after crop emergence (W AE), maize plants were 
artificially infested with two 12 hour~old egg masses of 
C. partellus (ca. 20-30 eggs) placed in the whorl. 

Two treatment variants of B . bassiana, aqueous 
suspension of conidia (treatment 1, T1) and aqueous 
suspension of pregerminated conidia (treatment 2, T 2) 

were tested in two applications. The first application 
consisted of 3 x 1014 conidia/ha and 2 x 1013 pregerminated 
conidia/ha sprayed the day after artificial infestation. The 
second one was made 8 days later at the concentration of 
2 x l01l infective units/ha each. The control consisted of 
infested plants without treatment. 

Twenty egg masses were sampled from each subplot 
2 days after the second application to determine the number 
of hatched egg masses and those killed by fungus. Once 
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Tabla 1.33 Damage caused by Chi/p part91/us under different treatments 

Larvae and pupae/ Tunnel length/ Grain yield 
Treatment Foliar damage' plant1 plant (cm)1 (g/plant) 

Treatment 2 o. 725 ± 0.0508 1.345 :t 0.4131 3.548 ± 3. 787* 134.4 ± 12.41 

Treatment 0.708 ± 0.044 1.350 ± 0.637• 2.515 ± 2.50QI 122.3 ± 10.1" 
Control 1.293 ± 0.151b 5. 170 ± 4.840b 21.563 ± 14.01 ob 104.0 ± 11 .7• 

1 Means (X ± s.d.) of data collected over the entire season. Data were subjected to Log (x + 1 ) before analysis of 
variance. Data show transformed means. 

2 Within-column means bearing the same letters are not different at the 5% level. 

a week five plants were randomly picked from each subplot 
to assess foliar damage (scale from 1 to 9). number of 
larvae, and stalk borer tunnels within the maize plants. 

Significant effect of treatment was found on C. partellus 
eggs. The percentage of hatched egg masses was 83% in 
the control, 13% in T

1 
and 21% in T

2
• The rates of egg 

masses killed by fungus were 56 and 26% in T1 and T
2 

respectively . The level of foliar damage was found to be 
most severe on infested and untreated plants (fable 1.33). 
The fungal treatment suppressed C. parte/Ius populations 
effectively as compared to control. Stalk tunnelling was 
also affected by treatment Although all the damage 
parameters monitored were significantly different from 
the control, they did not influence the grain yield in the 
present experiment (Table 1.33). 

B. bassiana isolate JClPE 4 thus appears to have 
excellent potential for use in the management of C. 
partellus. This strain will be evaluated further in large 
field trials. 

1.33 ACTIVATION OF BACILLUS THURINGIENSIS 
D-ENDOTOXIN lN A CULTURE MEDIUM AND 
IN AN INSECT LARVAL GUT 

Z. N. Otieno 

The work reported upon hereunder was done in Israel 
during a fellowship from the International Atomic Energy 
Agency . 

Bacillus thuringiensis, (B.t .) has gained much 
recognition from insect scientists in the war against insect 
crop borers and vectors of diseases. Some strains have 
already been commercially produced and many more 
isolated. While evaluation and use of the already isolated 
strains continue, the mode of action of the pathogen stiJI 
remains to be a subject of debate. The key to understanding 
this lies on the d-endotoxin-gut interactions. B .t. produces 
a crystalline body during sporulation, which contains 
the toxic units that kill the target insect pest when ingested. 
This is the d-endotoxin, which becomes activated in the 
insect guL The crystal is composed of major polypeptides 
of molecular weights 130 KDa, 68 KDa, 38 KDa and 28 
KDa. Activation of the protoxin may start in the culture 
medium by (partial) degradation of one or more of the 
protoxins. 

In the B.t.i. d-endotoxin studies, radioactive tracers 
were used to determine the fate of the parasporal crystalline 
body when ingested by a target pest. A defined sporulation 

medium was used for labelling of B.t.i. crystals under 
modified conditions. Toxicity of the crystals from Lb 
medium and from the defined medium were compared 
by probit analysis. Larval stage mosquito, Aedes aegypti, 
was used as a model system. Detection of radioactive 
crystals in the gut was done by a combination of SDS
PAGE in a continuous buffer system and autoradiography. 
Rate of ingestion of radioactive crystals (by 3rd instar 
larvae) labelled at a specific radioactivity of 6.39 x 107 

cpm/mg crystals was approximately 20,000 cpm per minute 
per larva. This declined to a plateau at 5-6 minutes after 
the beginning of ingestion. 

When ingested, the 130 KDa and the 68 KDa 
polypeptides were quickly degraded into smaller units, 
giving rise to the toxic component(s). Autoradiography 
of ingested radioactive crystals revealed at least four 
new polypeptides with molecular wejghts of 46 KDa, 26 
KDa, 22 KDa and 12 KDa. These did not appear in the 
uningestcd crystals, suggesting that the protoxin(s) was/ 
were degraded in the mosquito gut to give rise to the 
toxic units. The 28 KDa polypeptide remained resistant 
to both the culture medium and the mosquito gut proteases. 
Another band that seemed to be resistant was of molecular 
weight 38 KDa. 

This work illustrates the path to developing a novel 
method for screening B.t. isolates using radioisotopes 
together with molecular biology and protein chemistry 
techniques. Similar methods may in the near future be 
applied to develop a novel B.t. strain with selected characters 
of the toxin and the protox.in. This could possibly be 
done by genetically "adjusting" specific polypeptide bonds 
that give in to "protease pressure" to--or not to- give 
rise to the toxic units. 

1.34 CONTINUING RESEARCH ON THE 
CONTROL OF CEREAL STEM-BORER SPP. 
WITH BACILLUS THURINGIENSIS 

M. Brownbridge 

Bacillus thuringiensis (B.t.) sLtains isolated in Kenya were 
demonstrated to be highly effective for the control of 
Chilo parte/Ius in laboratory, screenhouse and controlled 
field conditions. In order to validate this efficacy, small 
scale fieJd trials were initiated in the 1989 short rains 
period at the Mtwapa Research Station in the coastal 
Province of Kenya, an area of high natural Chilo infestation 
(see ICIPE 1989 Annual Report). 
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Table 1.34 Grain yield (kg) per 1000 maize plants (var. Coast Composite) following various 
plant protection treatments In field trials at Mtwapa Field Station, Coast Province, Kenya, 
August 1990 

Ttaatment Grain yield 
appllad 1 ooo plants 

Control 143.0 
B.t. 4% v/v 150.0 
B.t. 2% v/V 152.0 
Dipterex4D 144.5 

These trials were concluded in January 1990. Whilst 
theB.t. treatments used protected the plants in the respective 
treatment blocks, there was no significant difference in 
the grain yields obtained from these and the control plants. 
There was also considerable inter· plot variation in yields. 

To minimise the inter-plot variation, larger treatment 
plots were required. A field site measuring 52 X 90 m 
was therefore selected at the Research Station for the 
experimemal work during the long rains cropping period 
(March- August) of 1990. The amount of material needed 
for the treatments was also larger. Since no large scale 
fermentation facilities currently exist in Kenya, the 
fermentation work was contracted out to Becker Microbial 
Products (BMP) Inc., Hod-hasharon, Israel. 

ThcB.t. preparation was produced as a liquid formulation 
with a calculated toxicity of 8500 ITU/mg. The maize 
variety Coast Composite was grown in the field site. The 
site was divided into 16 plots in a 4 x 4 Latin Square 
design. Four treatments were applied to the crop, each 
treatment being replicated four times: The following 
treatment regimes were used: 

A. Control, no treatment 
B. B.t. spray, 4% v/v concentration 
C. B.t. spray, 2% v/v concentration 
D. Dipterex~ granules. 
The plants were naturally infested with Chilo spp. at 

the time of treatment. Treatments were applied 4 and 6 
weeks after plant emergence (W AE). Using a knapsack 
sprayer, the B.t. suspensions were directed into the leaf 
funnels of the plants at 4 W AE, and at the developing 
flower heads 6 W AE. These were observed to be the 
major sites of larval infestation in the preliminary field 
trials undertaken in 1989. DipterexGD granules were supplied 
in a shaker-applicator and were directed into the leaf 
funnels or developing heads of the maize plants 4 and 6 
WAE. 

Plants were sampled and djssected every 2 weeks to 

harvest to determine damage levels. At harvest, grain 
yields from 250 plants/replicate were also taken. 

Throughout the experiment, plant damage in the B.t. 
treated was markedly lower than in both the Dipterex* 
treated and the control plots. There was no difference 
between the damage levels observed in the plants in the 
B.t. 2% v/v or the B.t. 4% v/v treated plots. 

Increases in grain yield were obtained for all the plant 
protection treatments (Table 1.34). The highest increases 
in yield were recorded for the 2% v/v B.t. treatment which, 
if the data are extrapolated, represents an increase of 

Per cent Projected yield 
yield increase increase/ha {kg) 

4.8 486 
6.3 625 
1.0 70 

approximately 625 kg/ha. Revenue generated from the 
sale of this extra grain, although modest, would be sufficient 
to cover the projected cost of the B.t. material. 

Whilst these experiments have shown that B.t. is both 
efficient and cost effective for the control of cereal stem
borers, further investigations are required to determine 
the optimum time of application and targeting of the B.t. 
treatments, and the optimal rate of application. Much 
needs to be done to refine the treatment regime to be 
adopted and recommended to the farmer. This will 
undoubtedly vary from region to region according to the 
variety of maize or sorghum grown, the rate of plant 
development and the time of peak crop infestation. A 
critical factor too, would be the development of a forecasting 
technique for estimating borer populations to facilitate 
decision making on whether it is economically viable, 
and when, to apply a B.t. treatment. 

A series of screen house experiments designed to answer 
some of these questions are currently underway at MPFS. 
Plants artificially infested with neonate C. parte/Ius larvae 
are treated withB.t. 0, 2, 4 , 6, 8, 10, 12, and 14 days after 
infestation. These experiments, done with both liquid 
and granular B .t. formulations, will determine the amount 
of time, following larval infestation, that aB.t . treatment 
can be successfully applied to a plant to control c. partellus. 

Further field trials are also being done at Busia in 
western Kenya, and Mtwapa in the coastal region during 
the 1990 short rains. These are being done to determine 
the efficacy of B.t. to control stem-borers on different 
maize and sorghum varieties and cultivated at different 
agro-ecological locations. 

INSECT MASS REARING 
TECHNOLOGY UNIT (IMRT) 

1.35 PRODUCTION AND SUPPLY OF THE 
SORGHUM STEM·BORER CHILO 
PARTELLUS FOR RESEARCH 

F. 0. Onyango, M.D . 0 . Bungu, P. E. W. Njoroge 
and J. P. R. Ochieng-Odero 

Chilo partellus is the largest single species reared and 
used for research at the ICIPE. The Standard Operating 
Procedures (SOP) have been developed. At MPFS two 
colonies are maintained concurrently throughout the year, 
one on synthetic diet and the other on natural diet. 
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The colony on natural diet is maintained at a constant 
level to produce upLO 60 adult pairs daily and a larval 
population of upto 1500 at any one time. On the other 
hand, the colony on a semi~synthetic diet is regulated by 
the demand. 

The demand for C. parte/Ius for research has been on 
the increase over the years as summarised in Table 1.35. 
In 1990, despite the high demand of 37.9 million insects, 

Table 1.35 Total demand, production and supply of C. 
parte/Ius between 1985-1990 

Production 
year 

1985 
1986 
1987 
1988 
1989 
1990 

Quantity of C. parte/Ius (millions) 
Demanded' Produced2 Supplied3 

9.5 
8.5 
7.0 

12.5 
34.0 
37.9 

2.0 
9.0 
9.5 

18.5 
41 .5 
32.4 

75% 
88.9% 
89.5% 
94.6% 
94.0% 
85.5% 

1Quantity demanded was calculated for insect order forms 
completed by the scientists prior to supply. 

2 Quantity produced was approximated as the sum of the 
actual number of insects supplied and the number of 
Insects retained for colony maintenance. 

3As a percentage of production/year. 

the quantity produced was 27.7 million. This shortage 
resulted from lack of certain basic ingredients like agar, 
brewers yeast, and vitamin E, and has since been rectified. 

C. porte/Ius is also maintained in Nairobi (Duduville) 
on a small scale for supply to users in Nairobi. The colony 
which is maintained on a semi~synthetic diet is normally 
regulated by the demand but kept at the colony maintenance 
level of 100 adult pairs and 2000 larvae per day. 

1.36 REARING THE LEGUME POD-BORER, 
MARUCA TESTULALIS ON A SEMI~ 
SYNTHETIC DIET 

F. 0. Onyango and J.P. R. Ochieng' -Odero 

The demand forM. testulalis for research has increased 
over the years. In order to meet the user requirements, it 
was necessary to develop an easy, reliable, and cheap 
rearing technique for the supply of high quality 
experimental insects as and when required. 

To ascertain the quality of the insects reared for 
successive generations in the laboratory, the performance 
of the insects reared on the diet were compared with 
those reared from the wild. Both the G, and G10 generations 
on the semi-synthetic diet were compared to the 
performance of the field collected insects maintained on 
fresh cowpea flowers for one generation in the laboratory. 

Generally, the performance of the diet reared and field 
collected insects were comparable in most parameters. 
The total developmental periods (days ± s.e.) were 
19.0 ± 0.25, 21.3 ± 2.0, and 19.3 ± 0.35 for the G

1
, G

10 
(semi -synthetic diet), and field collected insects 
respectively. 

The moths obtained from the artificial diet were as 
fecund as the field collected insects and were able to 
recognise the cowpea host as an oviposition surface plant, 
even after G10• The neonate larvae fed and developed 
normally on fresh cowpea flowers, which suggest that 
larvae reared on the diet were suitable for host-plam 
screening for resistance studies. 

The Standard Operating Procedures (SOP) developed 
for rearing M. testula/is was found to be simple, labour 
and time saving, economical, reliable and all stages of 
the insect can be supplied conveniently to distant users 
in a new container system that consists of compartmented 
wooden crates which are safe for both the insects and the 
fragile vials. 

The trend of the demand and supply schedules from 
1988-90 are presented in Table 1.36 for comparison. 

Table 1.36 Quantity of M. testulalls supplied between 
1988-1990 

Production 
year 

1988 
1989 
1990 

Quantity supplied 
(numbers) 

10,634 
23,931 

114,296 

During 1990, a total of nearly 150,000 third to fifth instar 
larvae and pupae were supplied to different research 
sections. The quantity demanded was equal to the quantity 
supplied. The production was maintained just above the 
supply schedule for colony maintenance. Thus, the quantity 
of M. testulalis produced and supplied was regulated by 
the quantity of insects demanded . 

1.37 REPRODUCTIVE BIOLOGY OF THE MAIZE 
STEM-BORER, BUSSEOLA FUSCA ON A 
SEMI-SYNTHETIC DIET 

F. 0 . Onyango, E. 0 . Amboga and 
J. P. R. Ochieng' -Odero 

The performance of B. fusca reared on an artificial diet 
developed at the Mbita Point Field Station was reported 
in the IC/PE 1989 Annual Report. However, studies on 
oviposition were omitted due to protracted problems 
encoumered in synchronising pupation and eclosion. This 
year we highlight the reproductive history of the insect 
when reared on the artificial medium for five successive 
generations. 

The pre-oviposition period ranged between 2.0- 2.5 
days during each of the five generations. Fecundity 
increased progressively from an average of 158.0 eggs 
per female in the first generation to 348.1 eggs in the 
fifth generation. The highest number of eggs laid by an 
individual female was 625.0 in the fifth generation. 
Similarly, progressively more eggs hatched as the 
generations advanced. In the first generation, egg hatch 
averaged the flrst generation, 44.8% and 74.2% in the 
fifth generation. The better performance in fecundity and 



egg hatch in the advanced gcnerations.could be attributed 
to adaptabilility of the insects over time on the artificial 
rearing conditions. In general, the larvae hatched in 6.2-7.0 
days through the five generations. 

Mated females laid fertile eggs through the five 
successive generations while eggs from virgin females 
did not hatch indicating that there was no parthenogenesis 
inB.fusca. 

As a result of the development of a diet and a rearing 
technique, it has been possible to rear B .fusca continuously 
and on a sustained basis in the laboratory even during 
off-season when the wild populations are on diapause. 
This has facilitated a regular but modest supply of truly 
non-diapausing larvae and pupae to various research 
sections of the ICIPE for studies on multiple borer 
resistance, efficacy of candidate natural enemies, and 
for the elucidation of the nature and causes of induction 
and termination of diapause in B . fusca. 

Table 1.37 Production and supply of B. fusca at the 
ICIPE, 1990 

Number of Number of Total number 
Month adults pupae of insects 
1990 collected collected supplied 

Jan. 8 28 0 
Feb. 36 27 0 
Mar. 29 102 15 
Apr. 73 160 4 
May 41 86 994 
June 18 63 1391 
July 50 139 401 
Aug . 136 173 100 
Sap. 48 181 1221 
Oct. 312 380 464 
Nov. 18 160 795 
Dec. 157 231 280 

Grand total 926 1730 5665 

The production and supply schedules for B. fusca in 
1990 is presented in Table 1.37. Notwithstanding, the 
quantity of B.fusca demanded for research far outweighs 
the present level of production. It will take some time 
for an equilibrium to be reached. However, the colony is 
steadily building up. 

ICIPE-IRRI RESEARCH PROJECT 

The ICIPE-IRRI research project on the insect pests of 
rice is supported by core funds of the International Centre 
of Insect Physiology and Ecology (ICIPE) . Nairobi, Kenya, 
and by partial funds of the International Rice Research 
Institute (IRRI), Los Banos, Laguna. Philippines. We are 
deeply indebted to Professor Thomas R. Odhiambo, 
Director, IC!PE, and to Dr. Klaus J. Lampe. DirecJOr 
General. IRRJ, for their keen interest in our work and 
for providing us with excellent facilities for research. 
We also take pleasure in thanking Dr. H. G. Zandstra, 
Deputy Director General (Research) and Dr. F. A. 
Bernardo, Deputy Director General (International 
Programmes), Dr. D. G. Bottrell. Head of Entomology 
Division, Dr. K. L . Heong , Deputy Head of Entomology 
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Division, IRRI, Dr. Paul B. Capstick, Deputy Director, 
and Prof. K. N. Saxena. Programme Leader, Crop Pests 
Research Programme, IC/PE , for their interest. 
suggestions and cooperation. 

During the year under review,l990. our studies included 
biochemical bases of insect resistance, behaviour and 
biology of the rice leaf-folder on selected wild rices and 
weed hosts, leaf-folqer behaviour on callus initiated from 
susceptible and resistant rice varieties, colonisation of 
rice leaf-folders, evaluation of deepwater rices for stem
borer resistance. role of silica in resistance of deepwater 
rices to stem-borers, mating behaviour of rice leaf-folder 
and use of virgin females for monitoring leaf-folder 
population in field and insect pheromones. 

The results of above studies are reported here. 

1.38 ICIPE-IRRI RESEARCH PROJECT ON RICE 
INSECT PESTS 

Z. R. Khan and R. Ramachandran 

1.38.1 Leaf-folder resistance in Oryza brachyantha. 
A wild rice, Oryza brachyantha is highly resistant to 
rice leaf-folders. We studied the mechanism of its resistance 
to Cnaphalocrocis meditralis. Studie-s on t.he feeding and 
settling preferences of the larvae suggested that the 
mechanism of resistance of 0. brachyantha is that of a 
non-preference type (Table 1.38). Olfactometer tests with 
first instar larvae and electroantennogram responses of 
adults indicated a lack of, or low levels of, volatile 
attractants in 0. brachyantha (Table 1.39). C. medina/is 
larval development on an artificial diet containing 
lyophilised leaf powder of 0 . brachyantha was comparable 
to that on a diet containing leaf powder of a susceptible 
rice plant, indicating absence of antibiosis effects (Table 
1.40). Bioassays of sequential solvent extracts of these 
plants indicated that non-preference for 0 . brachyantha 
by Cnaphalocrocis medina/is is partly due to chemical 
factors present in hexane and methylene chloride 
extractables. Closer arrangement of silica cells in the 
epidermal layer of 0. brachyantha and a higher mandibular 
wear in larvae reared on this plant suggest that physical 
resistance due to silica is an additional cause of resistance 
(Table 1.41). It is concluded that the high level of C. 
medina/is resistance in 0 . brachyantha is due to a 
combination of absence ofkaitomones (attractants, feeding 
stimulants) and presence of deterrents and silica. 

1.38.2 Behaviour and biology of two sympatric rice leaf-
folder species on selected graminaceous weeds 

Several species of graminaceous weeds are reported to 
be alternate hosts for rice leaf-folders. We studied various 
behavioural and biological responses of Cnaphalocrocis 
medina/is and Marasmia patnalis on 12 common 
graminaceous weeds of rice fields. 

Arrest and dispersal. Arrest and dispersal behaviour 
of first instar larvae of C. medina/is and M. pamalis was 
studied using a no·choice petri dish bioassay. The number 
of larvae remaining on the leaf cut was scored 10, 30, 
60, 120, 180, 240, and 300 minutes after infestation. 
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Table 1.38 Settling response of first-instar and third-instar larvae of C. medina/Is on leafcuts of 0 . brachyantha, 
IR 31917-45·3-2, F, hybrid of 0. brachyantha and lA 31917-45-3-2, and TKM 6 In two-choice tests1 

First instar Third lnstar 

Larvae that Larvae that 
Plant settled (%) Dlfference2 settled{%) Difference2 

lA 31917-45-3-2 86 ± 3 71 ± 8 

0 . brachyantha 3±6 
sa·· 

13 ± 9 
sa· 

IR 31917-45-3-2 82 ± 6 36 ± 6 
72•• -4"' 

F1 hybrid 10±4 42 ± 8 

F1 hybrid 37± 7 50:1:0 
3o•• 42** 

0 . brachyantha 7±4 8±5 

TKM 6 83:1:8 58± 11 

0. brachyantha 0:1:0 
as·· 

8±5 
so· 

TKM 6 79 ± 4 50± 7 
69"" 13"' 

F1 hybrid 10:1: 3 38 ± 6 

1Data are averages of ten replications. 
2ns, not significant; •significant, P < 0,05; •• P < 0.01, ns • not significant (paired t-test. Zar, 1984). 

Table 1.39 Orientation of first in star larvae of C. medina/is 
to crushed leaves of IR 31917-45-3-2, 0. brachyantha 
and their F1 hybrid 

Plant 

IR 31917-45-3-2 
0. brachyantha 
F, hybrid 

Percent larvae 
orienting to 

Crushed 
leaf Control 

71 :1:3.5 29 ± 3.5 
57:1:3.7 43:1:3.7 
58± 4 42 ± 4 

Significance 
and Its 

significance 

42** 
14"" 
16"' 

Mean of 10 replications: ns, not significant. 
**significant at P < 0.01. Paired t-test {lar, 1984). 

Settling behaviour of the two species was similar for all 
test plants untill80 minutes after infestation. At 10 minutes. 
larval settling on all the twelve weeds was significantly 
less than the susceptible (IR 36) or the resistant (T.KM 6) 
rice plant (Figure 1.6). At 30 minutes after infestation, 
the number of C. medina/is larvae remaining onDigitaria 
ciliaris. Leptochloa chinensis, andLeersia hexandra were 
comparable to both lR 36 and TKM 6. The same trend 
also continued 60 minutes after infestation. At 120 minutes 
after infestation, the number of larvae remaining on L. 
hexandra was comparable to both the check varieties. At 
180 minutes after infestation, significant differences were 
found in the number of the two rice leaf-folder species 

Table 1.40 Performance of C. medina/is in artificial diet incorporated with leaf powder of IR 31917-45-3-2 and 
0 . brachyantha' 

Parameter Control lA 31917-45-3·2 

Survival cup/after 5 days2 (%) 50.7 ± 2.5• 50.6 :1: 2.7• 

Survival to pupation3(%) 96.0 76.5 

Larval weight (mg)4 7.35 :1: 0.98" 2.95 ± 0.961> 

Larval duration (days) 25 :1: 0.7• 29.1 :1: O.Sb 

Pupal weights (mg) 22.9:1: 0.5• 20.7:1: 0.5b 

1Freeze-dried leaf powder was incorporated in a leaf-folder artificial diet. 
2Qn the 6th day, the density/cup was reduced to 2. 

0. brachyantha 

51.4 :1: 2.9• 

69.1 

4.33 ± 1.0•b 

30.3 ± 0.7"' 

19.2:1: 0.51> 

3Survival to pupation was calculated on the basis of the proportion of all caterpillars that pupated after the 6th 
day. 

"Weight of 22 randomly selected larvae. 14 days after infestation. 
~-· Means in a row not followed by the same letter are significantly different, P < 0.05. 
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Table 1.41 Silica deposition pattern in the epidermal layer of the adaxial surface and silica content of IR 31917-45-3-
2, 0. brachyantha and their F

1 
hybrid leaves 

Parameter IR 31917·45-3-2 0. brachyantha F
1 

hybrid 

Number of single rows 
of silica cells in 
between double rows 

Distance between 
adjacent rows of 
silica cells in 
double rows (m) 

Distance between 
adjacent single 
rows (m) 

Number of silica 
cells/unit area 

Silica content (%) 

4.1 ± 0.3• 

53.5 ± 5' 

171 .8 ± s• 

12 ± s.ob 

4.73 ± 0.3a 

4.6 ± 0.2" 4.2 ± 0.2" 

116.2 ±5° 142.6 ± 8b 

86 ± 4" 

4.48 ± 0.18 5.2:1: 0.7• 

Means in a row followed by the same letter are significantly different P < 0.05. 

settled on D. ciliaris, Echinochloa colona, Paspalum 
distichum, Echinochloa crus-galli, Echinochloa 
glabrescens, and Dacty/octenium aegyptium. Settling 
response of C. medina/is larvae on D. ciliaris. L. chinensis. 
and L. hexandra was comparable to both the check varieties. 
while tor M. patnalis none of the weeds showed an 
attraction similar to eilher of the two rice varieties. At 
240 minutes after infestation, significant differences 
between C. medina/is and M. patnalis were observed on 
nine of lhe twelve weeds tested. Only L. hexandra leaf 
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cuts harboured as many C. medina/is larvae as the check 
varieties, while M. patnalis larval settling on any weed 
was not comparable to those on the two rice varieties. 
Similar observations were also recorded at 300 minutes 
after infestation. 

Growth and development. The growth and development 
of C. medina/is andM. patnalis were studkd by allowing 
neonate larvae to feed and pupate on different les t plants. 
Their subsequent emergence into adults was also monilored. 
Results show that the growth and development of the 

M. patnalis 

~4 

-

D. ciliarls 

. repens 
•e. colona 

P. con]ugatum 
0 ~--~~~--~~~~~~--~----------~~--L---~--~--L---~--~--------~ 

10 30 60 120 180 240 300 10 30 60 120 180 240 300 
Time (min) Time (min} 

Figure 1.6 Settling response of C. med/nalis and M. patnalis to selected wsed plants as compared to that to two 
varieties of rice plants. 
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Table 1.42 Biology of Cnaphalocrocis medina/is (Goenee) and Marasmla patnalis Bradley (Lepidoptera: Pyralidae} on 
selected graminaceous weeds 

Larval Growth Pupation Pupal %Adult 
Species Host period index (%} wt. (mg) emergence 

C. medina/is IR 36 , 5.613• 5.638• sa.o· 22.402• 83.5• 
TKM 6 17.648d 3.973bc 7o.o•~> 17.901d• 8s.s• 
B. mutica 21 .4501 2.065•1 44.od• 16.794'1 80.9• 
D. cl/larls 19.105' 1.820'1 34.0'1 15.4281" 75.81 

D. a.egyptlum 19.696• 2.149'1 42.od• 12.894h 80.71 

E. glabrescens 17.063•4 2.863d• 49.ocd• 20.31 Ob 90.8' 
E. crus-gall/ 16.461•b• 3.88911cd 64.0bC 19.687bo 82.1" 
£.colona 17.347•d 2.8446' 49.0cd• 18.21 ocda 80.91 

E. indica 15.883•b 4.875•b 77.o•b 19.753bC 92.0' 
L. chlnensis 18.922• 1.4921 28.61 10.1001 67.01 

L. hexandra 16.900b•d 3.491•d 59.ob•d 18.991 bed 84.1• 
P. distichum 16.592•-<1 4.303b• 11 .o•b 14.893" 7o.a• 
P. repens 18.723• 2.249•1 42.04' 14.853g 66.81 

P. conjugatum 17.401d 3.599cd 62.2bc 15.3891ll 76.6" 

M. patnalis IR 36 17.7521 4.957• 88.o• 19.561 1 90.2• 
TKM 6 19.737•b 3.764b 74.01 14.243" 72.7• 
B. mutica 20.411b 0.476d 10.8" 16. 768b 82.5• 
E. indica 26.945• 0.926d 23.5• 11 .005d 90.7' 
L. hexandra 19.99S•b 2.918" 5S.Ob 14.285• 12.o• 

In a column, means followed by the same letter are not significantly different. 

two leaf-folder species differed markedly on the 
graminaceous weeds selected for this experiment (Table 
1.42). Successful pupation of C. medina/is was recorded 
on all the 12 weed plants while only on three weeds for 
M. patna/is. 

Percentage pupation and pupal weight of C. medina/is 
reared on Eleusine indica and Paspalum distichum were 
comparable to those on susceptible IR 36. Percentage 
pupation on Echinochloa crus·galli, Leersia hexandra, 
and Paspalum conjugatum were comparable to TKM 6. 
The weights of pupae reared from Echinochloa glabrescens, 
E. crus-galli, L . hexandra, Echinochloa colona, and 
Brachiara mutica were comparable to those larvae reared 
from TKM 6. The larval periods on E. indica, E. crus
galli, and P. distichum were comparable to those on IR 
36; while those on E. glabrescens, E. colona, L. hexandra, 
and P. conjugatum were comparable to TKM 6. The 
growth index of C. medina/is raised on E. indica was 
comparable to IR 36 while those raised on P. distichum. 
E. colona, L. hexandra; and P. conjugatum were comparable 
to TKM6. 

Pupations of M. patnalis on the three weeds (where 
successful pupation occurred) were significantly less than 
on the two check rice varieties. The weights of the pupae 
collected from B. mutica were intermediate between IR 
36 and TKM 6 while those from L. hexandra were 
comparable to TKM 6. The larval period on L. hexandra 
was comparable to both rice varieties while that on B. 
mutica was comparable to TKM 6. However, growth indices 
of M. patna/is on these three weeds were significantly 
less than on the two rice varieties. 

The number of C. medina/is moths emerging from 
pupae raised from E. indica and E. crus-galli were 
comparable to those reared on IR 36, while those reared 
from P. disttchum, L. hexandra, E. glabrescens, and E. 
colona were comparable to those reared on TKM 6. The 
pupal periods of C. medina/is raised on P. repens and B. 
mutica were significantly higher than IR 36. Pupae from 
the rest of the weeds had comparable pupal periods to 
both the rice check varieties. The number of M. patnalis 
moths emerging from L. hexandra was comparable to 
TKM 6. The pupal periods on E. indica and L. hexandra 
were comparable to IR 36. 

Oviposition. Oviposition experiments in choice tests 
showed that leaf-folder moths laid eggs on all weed plants 
(Figure 1.7). Considerable percentages of the total eggs 
laid by the five gravid females infested in each cage 
were found on Leersia hexandra, Leptochloa chinensis, 
Echinochloa crus-galli, and Panicum repens. However, 
in each choice test, more eggs were always laid on the 
susceptible rice variety, IR 36. The number of eggs laid 
on the weeds was also significantly lower than the number 
laid on the resistant check variety. TKM 6. 

The electroantennogram response of gravid rice leaf
folder female moths of C. medinalis and M. patnalis to 
volatile compounds from selected graminaceous weeds 
were tested. Preliminary results derived by using 250 
mg crushed leaf cuts of each weed as stimuli showed 
that the highest response of both the leaf-folder species 
was to Digitaria ciliaris. The rest of the weeds showed 
responses comparable to the two rice varieties. 
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Figure 1. 7 Oviposition response of C. medina/is and M. 
patnalis to different weed plants as compared to that to a 
resistant variety of a rice plant. 

1.38.3 Feeding site selection of first instar larvae of 
Cnaphalocrocis medinaHs on susceptible and 
resistant rice plants 

Rice leaf-folders lay their eggs on the outer mature leaves 
while the first insLar larvae travel to the bases of the 
young whorl leaves to feed there. Successful movement 
of neonate larvae from oviposition site to feeding site is 
mediated by weather conditions and plant characteristics. 
We examined the oviposition and feeding site selection 
of C. medina/is on susceptible and resistant rice plants. 
More first-instar larvae of the rice leaf-folder were 
recovered from susceptible IR 36 and Rexoro rice plants 
than from resistant TKM 6 and Oryza perennis plants 24 
hour after infestation. Within a rice plant, higher proportion 
of larvae were recovered from young whorl leaf, followed 
by mature leaves and leafshcaths on all four rice plants 
tested. However, differences were observed between 
varieties in the distribution of larvae on these three plant 
parts. In laboratory choice tests, frrst-ins~ larvae preferred 
to settle on the young leaves of IR 36 and TKM 6 when 
presented with their respective mature leaves. No such 
preference was observed in tests with Rexoro and 0 . 
perennis. Larval survival was similar on young and mature 
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leaves of Rexoro. Larval movement was slower on mature 
leaves and it took longer for the larvae to reach the 
whorl leaf of TKM 6 than to reach that of IR 36. The 
density of trichomes of the abaxial surface of TKM 6 
was higher than that of all other plants tested. Failure or 
delay in reaching its feeding site may make the larvae 
more prone to predation. Differences in the ability of 
the neonate larvae to locate young whorl leaves in rice 
plants could thus be an important criterion for selecting 
rice varieties which act as biological control agents. 

1.38.4 A method for collecting leaf-folder (LF) eggs on 
nonplant substrates 

Methods for collecting LF eggs to use in experiments 
and varietal screening programmes involve in-caging 
field-collected or laboratory-reared moths on potted 30-
to 40·day·old rice plants. Plants with eggs are removed 
daily and incubated until the larvae hatch. The process 
is cumbersome and inefficient. and it requires large cages 
and ample insectary space. Most eggs are laid on the 
walls of the cages. 

We developed a new oviposition cage in which the 
moths lay their eggs on black cloth (Figure 1.8). Wire 
gauze is rolled into a S-cm-diameter cylinder 10-cm
long. Two 6-cm-diametcr petri dishes lined with a layer 
of moist cotton overlaid with a circular piece of black 
cotton cloth are filled onto each end of the wire gauze 
cylinder with rubber bands. Two pairs of moths can be 
released inside the cage through a hole made in the wire 
gauze. The hole is closed with a ball of cotton dipped in 
25% honey solution. We kept cages with moths in darkness. 
Eggs were laid on the black cloth. They were removed 
daily and lhe black cloth reused. The number of eggs 
laid on the cloth and on polled rice plants did not differ. 
However, when cellulose paper was substituted for black 
clmh, no eggs were laid. 

Hatchability of eggs laid on cloth was >90%. Also, 
freshly laid eggs are easily counted against the dark 
background. (No colour preference by moths is implied.) 
Eggs collected on a nonplant substrate, such as cloth, 
are easier to sterilise. 

Collecting eggs on cloth would be useful in large
scale rearing of LF and when first-instar larvae are to be 
infested with minimum handling. This method would be 
particularly useful where larvae are to be tested in sterile 
conditions, such as on callus and on artificial diets. The 
oviposition cage can also be used in assaying various 
LF attractants and oviposition stimulants. 

l t 
-Petri dish 5 E 

u 
(Q It) 

l ! Moist cotton 

I 
Black cloth 

Figure 1.8 Oviposition cage for rice leaf-folders. 
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1.38.5 Artificial diet for rice leaf1older 
Incorporating 0.25% linseed oil in the leaf-folder artificial 
diet produced 90% C. medina/is adults wilh nonnal wings 
as compared to those adults lhat emerged from the control 
diet containing linoleic acid. However, the survival rate 
of first-instar larvae to pupae on diet wilh linseed oil 
was lower than that of larvae reared on the control diet. 
On the other hand, larvae reared on lhe artificial diet 
containing corn oil had a higher survival rate than those 
reared on lhe control diet wilh linoleic acid. 

Further evaluation and testing using different 
concentrations and combinations of linseed oil and corn 
oil will be carried out to improve lhe artificial diet for C. 
medinalls larvae. 

1.38.6 Yellow stem-borer pheromone 
Reanalysis of the pheromones of yellow stem-borer females 
revealed the presence of one more novel compound Z-
11-hexadecenol-1-ol in addition to lhe already identified 
Z-13-octadecenal, Z-11-hexadecenyl-1-acetate, Z-9-
hexadecenal and Z-11-hcxadecenal. These five compounds 
are present in the ratio of2.0: 1.15:0.1: 1.0:3.4, respectively. 

Electroantennogram studies indicated that Z-11-
hexadecenal elicited lhe highest response followed by 
Z-9-hexadecenal, Z-11-hexadccenyl acetate and Z-13-
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Figure 1.9 Percent EAG response relative to standard for 
yellow stem-borer males to Its pheromone components. 

octadecenal, while Z-11-hexadecenal-1-ol elicited lhe 
lowest response (Figure 1.9). Different combinations of 
the above chemicals are currently under field evaluation. 

1.38. 7 Colonisation and abundance of rice leaf-folders 
in upland and irrigated lowland rice fields 

Colonisation patterns and population densities of two 
rice leaf-folder species, Cnapha/ocrocis medina/is and 
Marasmia patn.alis were monitored during two dry seasons 
and one wet season under irrigated and upland environments 
atlRRI farm and in farmer's fields in Batangas province. 

During both seasons and in both environments, 
colonisation of rice leaf-folders started four weeks after 
transplanting. Likewise, it was observed that in both 
environments, M. patnalis was more predominant during 
the dry seasons while C. medin.alis during the wet season 
(Figure 1.10). 

1988--89 dry season 
Lowland irrigated 
IARI farm 

1988-89 dry season 
Lowland Irrigated 
Llan, Batangas 

1989 wet season 
Lowland 
IARI, farm 

1989 wet season 
Upland 
Tanauan, Batangas 

-o- C. medina/is 

__.,__ M. patnalis 

Figure 1.10 Population trends of rice leaf-folders in lowland 
and upland rice fields. 

Larval populations were synchronous with the peaks 
of the egg densities appearing one week after egg laying. 
Generally, distributions of eggs and larvae were aggregated 
because more eggs were deposited on plants growing 
near the levees, or in closed density near weeds. No 
significant linear relationship was established between 
densities of predators and rice leaf-folders despite high 
populations of these natural enemies during the 
experiments. 
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Figure 1.11 Zymogram of esterase of different larval instars 
of C. medina/Is and M. patnalis. 

As it was extremely difficult to separate the larvae of 
the two leaf-folder species from each other, we developed 
and used a starch gel electrophoretic method. Non
segregating esterase bands were chosen in the zymograms 
of the larvae (2nd to 5th instars) of the two species of 
rice leaf-folders. Two non-segregating bands with Rf 
values ranging from 0.190 to 0.235 and from 0.240 to 
0.380 were selected forM. patnalis while a single non
segregating band with Rf value of 0.240 to 0.380 was 
chosen for C. medinalis (Figure 1.11). These banding 
patterns inade the two species easy to differentiate from 
each other. 

1.38.8 Modulation of phototactic behaviour of first-
instar larvae of rice leaf1older by plant factors 

First-instar larvae of C. medina/is released on an upright 
rice leaf orient downwards and immediately crawl down 
to the base of the leaf. On a non-plant substrate such as 
filter paper, however, the larvae orient upwards. We 
analysed the causes of such difference in the orientation 
behaviour of C. medina/is larvae on host plant and non
host substrates. The direction of larval orientation was 
reversed both on host and non-host substrates when the 
light source was fr9m below. Such opposite direction of 
orientation also persisted when the substrates were held 
horizontal with the light sources from the sides. No 
difference was observed in the magnitude of reaction on 
susceptible and resistant rice varieties or when the rice 
leaf was held with its distal end pointing down. On non
host grasses, however, the directional orientation was 
lost. Dipping rice leaves in hexane decreased magnitude 
of reaction. On dried rice leaf, the reaction was similar 
to that on filter paper but was of a lower magnitude. The 
application of rice plant extracts on a filter paper decreased 
the intensity of upward orientation while 500 ppm of the 
volatile extracts applied on a dried leaf caused a loss of 
oriented movement It was also observed that the application 
of a mixture of seven volatile chemicals identified from 
rice plants decreased the magnitude of reaction 
significantly. It is concluded that rice plant volatiles along 
with some other hitherto unidentified rice plant factors 
cause a reversal of phototaxis, leading to downward 
orientation on the rice leaf. 
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1.38.9 Preference of rice /eaf{o/der larvae to calli from 
susceptible and resista!ll rice varieties 

Rice leaf-folder larvae showed marked preference for 
susceptible Rexoro (>40%) as compared to the resistant 
0 . ridleyi calli ( <20% ). Twenty-four hours after infestation, 
more than 60% of the larvae settled on the susceptible 
Rexoro while only less than 10% larvae settled on the 
resistant 0. ridleyi. This indicated that the larvae could 
discriminate between the calli of the resistant and 
susceptible varieties. 

Studies on Lhe rearing of the rice leaf-folder showed 
that the insect can successfully be reared on callus of 
susceptible varieties. At a rearing temperature of 26 ± 1 
oc under 12L:12D condition, the larvae took approximately 
3-5 weeks to pupate while feeding on the callus of the 
susceptible Rexoro. 

Extractables from 0. ridleyi calli were evaluated for 
their antifeedant properties to C. medinalis. Ten grams 
callus was extracted with 100 ml of hexane, diethyl ether, 
ethyl acetate, methanol or water. The extractable was 
concentrated to 10 ml and bioassayed for their antifeedant 
activities. Ten first instar larvae were released on IR 36 
leafcuts treated with 10 J,1l of the extractable. The number 
of larvae remaining and feeding on the treated leafcuts 
was recorded after 1, 2, 3, and 4 hour of infestation. 
Methanol extractables significantly reduced the number 
of larvae remaining and feeding on the extract-treated 
leafcuts as compared with those leafcuts with solvents 
only (Figure 1.12). 
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Figure 1.12 Settling response of C. medina/is first instar 
larvae to leaf cuts treated with methanol extract of 0 . 
ridleyi. 
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1.38.10 Evaluation of cultivated deepwater rice and 
elongating wild rices for resistancelloferance 
to yellow stem·borer 

Yellow stem·borer (YSB) is one of the most important 
pests of deepwater rice. In an effort to standardise 
greenhouse evaluation technique and to identify resistant/ 
tolerant deepwater rice varieties, we evaluated 122 
accessions of the cultivated deepwater and elongating 
wild rices for their resistance,' tolerance to YSB infestation. 
The test plants were planted in pots in a screenhouse. 
Forty·two days after sowing, the seedlings were placed 
in empty oil drums (88.1-cm-high and 56.8-cm-diameter) 
where the water level was raised from time to time to 
allow the elongation of the rice stems. When the drums 
were filled up (approximately 88 em water depth), the 
plants were infested with newly hatched YSB larvae at a 
ratio of two larvae per tiller. The plants were infested at 
the rapid elongation stage when the stems were succulent 
and the plants were prone to insect attack. Four weeks 
after infestation, all the stems of each accession were 
dissected. The number of damaged stems were counted 
and the percent damaged was computed. Likewise, larvae 
and pupae of YSB, recovered during dissection, were 
counted and their lengths and weights were recorded to 
find out if the resistance was due to antibiosis effects. 

Reactions of the different rice accessions to YSB 
infestation based on the percent damaged plants varied 
significantly. IRRI accession# 103639 (Oryza glaberrima) 
had the lowest YSB damage (6.5%) while nine IRRI 
accessions namely:# 100216 (0 . rufipogon), # 103636 
(0. glaberrima), # 103995 (0 . glaberrima), # 104000 
(0. glaberrima), # 104014 (0. glaberrima), # 104081 
(0. barthii), # 104406 (0 . sativa/ 0. nivara), # 104513 
(0. g/aberrima), and# 104514 (0. gfaberrima) had 100% 
stem damage. RD19 (BKN6986-147-2), Ban·Oh (IRRI 
accession# 4 790) and Ba Thiel (IRRI accession# 16693), 
cultivated deepwater rice varieties, had only 50%, 32.3%, 
and 8.4% external damage (deadheart/whitehcad) 
respectively, in spite of considerably high internal stem 
damage. This suggests that these varieties are tolerant to 
YSB attack. These rice accessions will be further studied 
for their mechanisms of resistance/ tolerance to YSB. 

1.38.11 Off-season behaviour of stem-borers in deepwater 
rice fields 

We studied off-season activities of rice stem-borers in 
deepwater rice fields in eastern India. Weekly observations 
on deepwater rice stubbles during January to mid March 
1990 revealed 15.4 to 22% stubbles infested with different 
species of stem-borers. Three major stem-borer species 
were recorded in the stubbles: yellow stem-borer (70%), 
striped stem-borer (20%), and pink stem-borer (10%). 

During first three weeks of January, 71.4 to 76.9% 
infested stubbles were found to contain stem-borer larvae. 
After the fourth week of January, the larval and pupal 
populations in the stubbles declined gradually and during 
the first week of March only 55% stubbles contained 
pupae. During the second week of March, stubbles were 
found not to contain any larvae/pupae. 

1.38.12 Silica and stem-borer resistance 
Silica hardens rice plant tissues. Our previous studies 
have demonsLrated that silica can protect rice plant from 
invasion by stem-borer larvae. Since all the known 
deepwater rice varieties are susceptible to stem-borers, 
the possible role of silica in imparting resistance to the 
pest is being investigated. As differrent rice genotypes 
have different silica-absorbing capabilities; we evaluated 
20 cultivated deepwater rice varieties and 18 elongating 
wild rices for such characteristic. The rice plants were 
grown in culture solution with 50 ppm silica throughout 
the experiment. Plant samples were taken at 42 days 
after sowing. They were oven-dried, ground, and analysed 
for silica content. 

Significant differences were observed in the amount 
of silica in the tissues of the different rice accessions 
(Table 1.43). The cultivated deepwater rice varieties 
absorbed more silica compared to their wild relatives. A 

Table , .43 Percent silica content of selected deepwater 
cultivars and elongating wild rices grown in a culture solution 
with 50 ppm silica 

IRA I o/o Silica 
accession Variety content 

39174 RD19 (BKN6896-1 47-2) 17.31. 
6542 Badal 106 ,6.75'b 
6539 Fulkarl 715 16.62"b 
26427 Arlchadlga 1 6.o3•b<! 
6504 Khama 49-8 15.73bc4 
6554 Laki 720 , 5.46t.-. 
6552 Laramon 720 15.21.,...1' 
6576 Laki383 14.94""9 
6508 Laki491 14.90<>-h 
104723 0. rufipogon 14.87e-h 
101967 0 . nfvsra ,4.84""'h 
6560 Joalbhanga 499 14.78.,..; 
6568 Lakl557 14.76"'"; 
101971 0 . nivara 14.64c-l 
101943 0 . rufipogon/0 . nlvsra 14.62.,..; 
104081 O. barthii , 4.60.,..; 
6503 Biroin 539 14.54d,..j 
6497 Laki495 14.52d-i 
6537 Laki488 14.47d-j 
6566 Baguamon 436 14.46d·j 
58,1 Baishbish , 4.04"-k 
,05568 0 . rufipogon 14.oo•-k 
6540 Bazail407 ,3.9SHI 
10, 99, 0 . ruflpogon , 3.871- 1 

101966 0 . nivars/ 0. rufraogon 13.86'-' 
101993 0 . nivara/ 0. rufpogon 13.62g-m 
,05199 0 . longistaminata 13.52g-n 
,02168 0 . nivara/ 0 . ruflpogon 13.4Qh-<J 
28539 Jaladhl 2 13.38H 
4347 Bir Co Tsan 13.37h-o 
6505 Katia Bagdar 348 13.29i-o 
101947 0 . latifolla 13 .0t~ 
100635 0 . rufipogon 13.001-0 
, 04711 0 . rufipogon 12.87k-o 
101979 0 . nivara 12.401-o 
100939 0 . barthlil 0 . glaberrima 12.,6mno 
104296 0 . barthil ,2.osno 
100897 0. nivara 12.03° 

Values followed by the same letters are not significantly 
different at 5% level of significance. 



deepwater rice variety RD 19 (BKN6986-14 7 ·2) (accession 
# 39174) absorbed the highest amount (17.31 %) of silica 
while silica absorption of a wild rice, 0 . nivara (accession 
# 100897) was the lowest (12.05%). Reaction of these 
two accessions, grown under different silica levels, are 
being tested to find out if their silica absorption ability 
would affect stem-borer resistance. 

1.38.13 Effects of water stress on the natural insect 
populations in a lowland rice field 

We studied the effects on insect pest popuJations due to 
water stress on rice plants. We established three water 
stress treatments on IR 72 rice variety: constantly watered, 
water-stressed from 20 to 40 DAT (early), and water
stressed at 45 to 65 DAT (late), in plots arranged in a 
completely randomised block design with six replications. 

Water stress was monitored by observing soil characters 
and recordjng leaf water potential. Water depth, piezometer 
and tensiometer readings were the soil characters observed. 
Leaf water potential in unstressed plots were highest at 
8.83 bars. Leaf water potential of the plants decreased 
right after the stress was introduced. The maximum score 
for leaf water potential (17 .35 bars) was reached towards 
the end of the stress period for early stressed plots. Plants 
recovered two weeks after the end of the stress period. 
For late-stressed plots, leaf water potential decreased 
after the ond of the stress period and the maximum level 
(23.53 bars) was roached seven weeks after stress was 
introduced. Plants recovered seven weeks after the end 
of the stress period. Leaf water potentials of the plants 
before and after recovery from stress were similar to the 
Jcaf water potentials found in unstressed plots. 

The effect of stress on the plants was monitored through 
data on plant characters. The water stress treatments 
significantly affected plant height,leaf area, but not tiller 
number. At the end of the eleven-week observation period, 
plants grown under constantly irrigated conditions were 
the tallest. They were followed by plants stressed at 20 
to 40 DAT. Shortest were the plants stressed at45 to 65 
DAT. The longest leaf length was recorded in early
stressed plants. At the end of the observation period, the 
leaves that remained were intermediate between unstressed 
and late-stressed plants. Measurements for leaf width 
recorded showed that the values were maximum during 
the last three weeks of observation for the unstressed 
plants, during the last four weeks for early-stressed plants 
and during the last two weeks for the late-stressed plants. 

The effect of water stress on insect populations was 
monitored through sampling by observations for stem
borer egg masses, deadhearts, whiteheads, leaf-folder 
larvae, leaf-folder damage, and tungro occurrence; and 
farmcop sampling of various insect pests and predators. 
Stem-borer egg mass counts were significantly affected 
by time as well as stress treatment. In all treatments, the 
highest average counts wore recorded during the fifth 
and sixth weeks after transplanting. The number of egg 
masses counted on the late-stressed plants was comparable 
to those on the unstressed plots, while those on the early
stressed plants were significantly lower than on the 
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unstressed plants. Deadheart incidence also differed 
significantly among the three treatments. Considerable 
increase in deadhearts appeared seven weeks after 
transplanting in unstressed and early-stressed plots. 
Deadhearts appeared one week later on late-stressed plots 
but in significantly greater magnitude than in unstressed 
and early-stressed plants. Whiteheads appeared in mass 
during the last three weeks of observations. Contrary to 
expectations from the number of deadhearts observed, 
more whiteheads were recorded on unstressed plants. 
Less whiteheads developed on early-stressed compared 
to late-stressed plants. Low leaf-folder population in the 
field prevented the meaningful analysis of the collected 
data. Tungro incidence was also not recorded. 

Compounded effects of water stress and insect damage 
on the crop were taken from yield data. Yield from an 
81-hill sampling area was comparable from unstressed 
and early-stressed plants, whHe yield from plants subjected 
to water stress at 45 to 65 DAT was considerably lower 
compared to control. The harvest periods of both water 
stressed plants were significantly delayed compared to 
unstressed plants. 

1.38.14 Effect of age on the responses of the rice leaf
folder Marasmia patnalis males to identified sex 
pheromone components 

Electroantennogram (BAG) responses of M. patnalis males 
of varying ages were measured to understand age-related 
variability during screening of pheromone compounds. 
The chemicals were diluted in heptane. Filter paper strips 
were impregnated with 10 jJl of the chemical stimuli and 
allowed to stand for a minute to evaporate the solvent. 
BAG responses to pheromone compounds were 
standardised by considering absolute responses to control 
(heptane) and standard (hexanol) stimuli. Male moths of 
known age (newly emerged to 10 days after emergence) 
were assayed with 0.5, 5, 50, and 500 jlg of cis-13-
octadecenyl acetate (Zl3-18:Ac) and cis-11-hexadecenyl 
acetate (Zll-16:Ac) with ten replications for each treatment 
The effect of moth age were analysed and responses to 
the pheromone compounds at different doses were 
compared. The sensitivity of the male antenna to both 
ZI3-18:Ac and Zll -16:Ac did not significantly differ 
with age (Figure 1.13). The response to both pheromone 
compounds were not significantly differen t at 0.5 ~. 
but responses to ZI3-18:Ac was significantly higher than 
to Z11-16:Ac at5 to 500 M· 

The comparable EAG response of newly emerged moths 
to those of older moths proved that their sensilla and 
antenna! receptor cells were already biochemically and 
morphologically developed, which enabled the antenna 
to discriminate between the two pheromone compounds 
at 5 to 500 ~· This study also demonstrated that no 
major changes probably occurred in the structure nor in 
the number of antenna! receptors of M. patnalis antennae 
within 10 days of emergence. The antenna! receptors 
could not discriminate between the compounds at the 
lowest dosage, but thei r sensitivity increased with the 
dosage. 
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Figure 1.13 EAG response of 0· to 1 0-day-old M. patnalls male to Z11·C1 6: Ac and Z1 3-C18:Ac at 0.5 J.I.Q(a) 5 J.I.Q(b) 
50 J.l9(C) and 500 J.lQ(d). Vartical bars represent the standard error of the mean response of 10 males. 

1.38.15 Effect of moth age and density on the mating 
behaviour of rice leaf-folder Marasmia patnalis 

The effects of moth age and density on the mating behaviour 
of M. patna/is were studied in the laboratory. Investigations 
were made under reversed cycle of 12 hours scotophase: 
12 hours photophase with 54.5-cm-high x 21-cm-diamcter 
mylar cage as observation chamber. To determine the 
effect of moth age on mating activities, three pairs of 
same-aged moths from newly emerged to 8 days old were 
placed in mylar cages prior to the onset of scotophase. 
The effects of moth density were studied by placing 1, 3, 

9, and 15 pairs of 3- to 4-day-old moths in the cage. For 
both experiments, the number of pairs that mated in each 
cage and the onset time and duration of mating for each 
pair were recorded. The experiments were laid out in a 
randomised complete block design and replicated ten 
times. 

Newly emerged, same-aged pairs never mated, while 
the mating proportion of 1-day-old pairs was significantly 
lower than that of 2- to 8-day-old, same-aged pairs (fable 
1.44). Females were probably not able to produce or 
release detectable quantity of pheromones until two days 

Table 1.44 Effect of age on the mating activities of M. patnafis1 

Onset time 
Proportion of mating Mating 

Age of pairs of mated (Hrs. into duration 
(Days) pairs (%)2 scotophase)3 (Hrs.)3 

Newly emerged Ob 

1 16.67 ± 7.45b 5.10 ± 0.34 1.26 ± 0.07 
2 46.67 ± 10.18' 5.10 ± 0.36 1.26 ;t 0.09 
3 63.33 ± 7. 78• 5.82 ± 0.29 1.58 ± 0.21 
4 60.00 ± 6.671 5.86 ± 0.20 1.51 ± 0.23 
5 60.00 :!: 6.67' 5.58 ± 0.32 1.50 ± 0.23 
6 73.33 ± 6.67• 5.59 ± 0.18 1.34 ± 0.16 
7 60.00 ± 6.67• 5.36 ± 0.38 1.61 ± 0.20 
8 63.33 ± 9.231 5.48 ± 0.57 1.80 ± 0.24 

1 Average of 1 0 replications with 3 pairs of moths per replicate. 
2 ln a column, means followed by a common letter are not significantly different at the 1% level 
by X 2 test for Independence. 
3 ln a column, means are not significantly different at the 5% level. 
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Figure 1.14 Mating time of 1- to 8-day-old, same· aged 
pairs of M. patnalis moths. Bars and line indicate the 
number and cumulative percentage proportion of mated 
pairs, respectively. Based on 133 pairs. 

after emergence or the behavioural system for the 
pheromone responsiveness of newly emerged to 1-day
old males have not yet matured. Age did not affect onset 
time and duration of mating. One to 8-day-old moths did 
not mate during the first and last 2 hours into scotophase 
(Figure 1.14). A pronounced increase in the proportion 
of mated pairs occurred at 4 to 5 hours into scotophase, 
peaked at 5 to 6 hours and thereafter declined towards 
the onset of photophase. Of the mated pairs, 70 and 100% 
mating was reached at 5 to 6 hours and 9 to 10 hours into 
scotophase, respectively (Figure 1.14). Mating of same
aged pairs lasted from 0.5 hours to a maximum of about 
5.5 hours and most pairs mated from 1 to 1.5 hours (Figure 
1.15). 

The number of pairs in a cage did not significantly 
affect the proportion of mated pairs and the onset time 
and duration of mating (Table 1.45). This fmcling indicated 
that a maximum of 15 pairs in a cage did not adversely 
affect sex pheromone communication. 

1.38.1 6 Attractancy of rice leaf1older Marasmia patnalis 
females to its conspecific males in rice fields 

We evaluated factors affecting the attraction of male moths 
of M. patnalis to water pan traps baited with conspecific 
females. 

51 Crop Pests 

70 
!!! ·ce 
a. 
al so 
iii 
E 
0 
Qj 30 

..0 
E 
:::1 z 

Duration (hours) 

Figure 1.15 Mating durations of 1- to 8-day·old, same· 
aged pairs of M. patnalis moths, NS refers to pairs which 
did not separate during scotophase. Average of 133 pairs. 

IR 36 was transplanted to a 75- x 25-sq m area at a 
spacing of 25 x 25 em. At the centre of each section, a 
pair of water pan traps (60-cm-diam., 10-cm-heigbt) placed 
on wooden stands were installed 0.5 m apart from each 
other. Traps were positioned diagonally to prevent mutual 
blocking of air movement (Figure 1.16). Each pair consisted 
of one standard (unbaited) trap and another trap baited 
with two 1-, 2-, 3-, or 5-day-old virgin females. Water 
traps were .filled with approJtimately 10% Teepol detergent 

Chi-square test for a fixed-ratio hypothesis was 
performed to compare the attraction of male moths to 
baited and unbaited traps. To determine the attractiveness 
of baits at varying ages, trap catch differences between 
baited and unbaited traps for each age were computed 
and obtained values were analysed by ANOV A. Separate 
ANOV A was done for the reproductive and ripening 
stages of the crop and the homogeneity of variances was 
assessed using F-test. To assess the effects of weather 
conditions, specifically temperature, relative humidity, 
rainfall , and wind velocity on trap catch, meteorological 
record of the Climate Unit of the IRRJ Agronomy, 
Physiology and Agroecology Division was obtained. The 
relationship between trap catch and weather conditions 
was determined using the multiple linear regression 
analysis. 

Table 1 .45 Effect of moth density on the mating activities on M. patnalis1 

Number of 
pairs in 
a cage 

1 
3 
9 
15 

Proportion of 
mated pairs 

(%)2 

30.00 ± 15.28 
60.00 ± 8.24 
65.56 ± 7.85 
64.00 ± 6.30 

1Average of 10 replications. 

Onset time 
of mating 
(Hrs. Into 

scotophase) 

6.08 ± 0.81 
5.38 ± 0.22 
5.63 ± 0.23 
5.88 :1:: 0.20 

Duration 
(Hrs.)~ 

1.77 ± 0.50 
1.44 ± 0.14 
1.33 ± 0.06 
1.35 ± 0.06 

21n a column, means are not significantly different at 5% level by X2 test for independence. 
31n a column, means are not significantly different at the 5% level. 





53 Crop PtosiS 

a e 

b f 

c g 

Figure 1.18 A diagrammatic representation of the mating sequence of M. patnalis (a) ovipositor extrusion of the calling 
female; (b) vigorous antenna and wing vibration in the male; (c) male touching of female wings with antennae and 
foreteral during courtship; (d) wing lifting and further curving of abdomen of the receptive female when approached by 
the male; (e) ventral curving of male abdomen and (f) touching of female genitalia with male copulatory organ during 
copulatory attempt; (g) turning of the male 180°0 when accepted by the receptive female; and (h) posterior-to
posterior orientation of mating pairs. 

posterior-to-posterior orientation during copulation. The 
mating pair was quiescent unless disturbed and wing 
movement and antenna! vibration ceased (Figure 1.18h). 
Some males attempted to copulate with females already 
copulating with another male but were always rejected. 

Aside from the sex pheromones released by females 
during calling, both sexes most likely release additional 
olfactory and tactile stimuli for copulation to occur. Further 
investigations are necessary to verify these stimuli and 
identify their specific functions. 
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2 
Livestock Ticks 
Research Programme 
Scientists in the Livestock Ticks Research Programme continue to work on 
selected aspects of tick research such as immunology. biology and ecology. 
Good progress was made during the year under review as can be seen from 
the report of scientists. Immunological studies included purification of a 
polypeptide molecule from Rhipicephalus appendiculatus which causes 
hypersensitivity reactions in cattle, testing of tick midgut proteins in cattle 
and immunisation of rabbits with tick salivary gland antigens. The main 
focus of studies on tick biology is on the survival, feeding and breeding 
performances of R. appendiculatus in relation to different host species and 
host resistance. In tick ecology. arrangements have been completed for the 
development of a tick trap which will enhance sampling capability of ticks. 
Development and survival studies were completed in Nairobi and Mbita 
Point in 1990 but will continue in Mariakani in 1991. 

In biological control, more work has been done on predation of ticks by 
chickens as reported below. Furthermore, a new member of the Programme's 
scientific staff has taken up the challenge of anti-tick pasture by modern 
biotechnology and anti-tick plants. Research activity continued at the field 
sites. Preliminary results of the survey of diseases in cattle are supplied 
and the progress made in the Coast Project summarised. 

2.1 lMMEDIA TE HYPERSENSITIVITY 
REACTIONS IN CATTLE TO A PROTEIN 
MOLECULE ISOLATED FROM THE TICK 
RHIPICEPHALUS APPENDJCULATUS 

A. 0 . Mongi and T. R. Odhiambo 

In the course of research at our laboratory on comrol 
of ticks, we have developed a reliable, active and efficient 
technique which can be used by technicians, 
epidemiologists, acarologists and personnel trained in 
related disciplines to select animals in the field which 
have not been exposed to ticks or possess high/low 
resistance against tick infestation. Newson and co· 
workers (unpublished observation) ranked cattle for 
resistance againstR. appendiculatus by utilising Austtalian 
methods of counting the number of partially fed female 
ticks on cattle. They also attempted what they termed 
as a 100 nymphal tests on cattle of known levels of 
resistance toR. appendiculatus. Although some important 
data were obtained, the exercise was labour intensive 
and difficult to repeat. There was no evidence that the 
nymphs used were free of pathogens to the animals 
being tested. Furthermore, the test could not be used 
under field conditions. Hence the continued search by 

the ICIPE laboratories for a method that can be used 
for the assessment of tick resistance status of cattle in 
the field. 

In this study, therefore, we describe for the first time 
the purification, isolation and partial characterisation of 
a protein molecule from solubilised fully fed whole extract 
of Rhipicephalus appendiculatus ticks using affinity 
chromatography. Analysis of the purified protein by 
SDS-PAGE followed by visualisation by silver staining 
revealed the presence of a single polypeptide molecule 
of low molecular weight. The protein caused pronounced 
immediate hypersensitivity reactions in cattle repeatedly 
exposed toR. appendiculatus as opposed to non-infested 
controls. Serous exudate oozed out of some of the 
injected sites which encrusted within 5 min of test. The 
reaction sites were uniformly swollen, wilh superficial 
papules scattered all over the test area appearing within 
3-5 minutes of the molecule injection. Maximum intensity 
was attained by 10-20 minutes of test. During this Lime 
the injection sites were modular and palpable, The sites 
were painful to touch with the animals reacting by hard 
kicks with the hind legs. The animals urinated intermiltenl.ly 
which was a sign of discomfort. These phenomena were 
not observed in the control animals. The reactions started 
to subside gradually after 30 minutes and by the end 
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of 360 minutes, most of the reaction sites had almost 
returned to normal. The intensity of the skin reactions 
of individual cattle corresponded with the degree of its 
natural resistance to tick infestation. 

The test had the inherent advantage of being rapid 
with no contaminating protein molecules to complicate 
the evaluation of results. The purified protein offers 
several advantages over crude tick extract preparations 
for use as a tool in the selection of cattle with high or 
low natural resistance against R. appendiculatus ticks. 
Advantages of using such a highly purified protein includes 
the uniformity of the antigen content, dosage, specificity 
and freedom from delayed reactions. This, therefore, 
eliminates anomalies previously observed by other 
investigators who employed crude tick extracts for skin 
tests. In addition, the protein may represent a species
specific tool for further immunochemical studies on the 
same tick species. Other advantages of the protein molecule 
in relation to the tick control through integrated 
management are subjects of further investigations. 

Skin testing of the animals with the single polypeptide 
molecule, afforded clear differentiation of cattle which 
have and have not been exposed to ticks. 

The benefits of selecting individual cattle which are 
resistant to ticks have been demonstrated elsewhere and 
the advantages of applying it for tick control in Africa 
discussed. However, there is as yet no described method 
for selecting animals previously infested with ticks or 
resistant to ticks on a widescale basis such as field 
surveys. The Australian method, based on statistically 
different numbers of ticks which feed on cattle with high 
and low resistance, is only suitable for an experimental 
goal of selecting individual cattle which are resistant 
to ticks among a breeding stock. 

The ability of the protein to differentiate cattle of 
high and low resistance to R. appendiculatus as 
demonstrated in this study, is important within the context 
of the utilisation of the natural resistance phenomenon 
in an integrated tick management. This phenomenon, 
which has been used in Australia for tick control has 
not been exploited in Africa where it has been shown 
that indigenous cattle breeds acquire more effective natural 
resistance against ticks than exotic breeds, suggesting 
that a planned use of breeds of cattle with a good ability 
to acquire resistance to several genera of multi-host 
ticks should be put into practice in Africa. The usefulness 
of this approach depends on testing to correlate the skin 
test reactions with actual ability to acquire resistance 
as tested by tick feeding. The protein isolated and purified 
in J.his study satisfies the condition prescribed by other 
authors for the usefulness of this approach and will be 
a useful tool for the selection of cattle with high or low 
resistance against R. appendicu.latus which is the tick 
of greatest economic importance in East and Central 
Africa. 

This has been a research priority in our laboratory 
because our ability to identify animals with low natural 
resistance to ticks will enable us to advise resource-poor 
farmers to sell or dispose of them at the earliest opportunity. 

The protein molecule has also been employed in ELISA 
serological studies with sera collected from different 
locations in Kenya in an attempt to correlate antibody 
titres in such animals against tick numbers. This is 
hoped to provide an alternative tool for selecting animals 
from the field with the ability to acquire resistance to 
ticks more than others as well as the duration of such 
immunity right from birth and thereafter without having 
to depend on the skin test itself. Other immunochemical 
studies such as amino acid analysis and sequencing of 
the molecule are just about to be completed. 

2.2 EFFICACY OF CRUDE AND SEMI
PURIFIED MIDGUT SOLUBILISED 
MEMBRANE-BOUND PROTEINS OF 
RHIPICEPHALUS APPENDICULATUS IN 
CATTLE 

S. Essuman, 0 . 0. Dipeo/u, P. Muteria and 
R. Chesang 

Previous immunological experiments in rabbits using 
crude and semi-purified solubilised proteins of the midgut 
(Sl\1P-Gut) of R. appendiculatus induced immune response 
which reduced the mean engorgement weight Qf female 
ticks to about 45 and 35% respectively (ICIPE Annual 
Reports, 1986, 1987). Since the natural host of R. 
appendicu/atus is cattle, the efficacy of these antigens 
was re-tested in the natural host. 

The antigens were prepared according to the method 
described in the ICIPE Annual Reports (1986, 1987). 
Friesian cattle were used for these experiments. Each 
animal in the experimental group was infected 
subcutaneously on the neck and intramuscularly on the 
thighs with 250 mg SMP-Gut emulsified in equal volumes 
of Freund's Complete Adjuvant (FCA). Two booster 
injections each with 200 mg SMP-Gut emulsified in 
equal volumes of Freund's Incomplete Adjuvant (PIA) 
were administered at fortnightly intervals. A third booster 
containing the same antigen concentration as the other 
boosters, was given 2 weeks later without adjuvant. The 
control animals were treated the same way except that 
the antigen was replaced with PBS containing 0.5% 
Triton X-100. The ticks challenge was carried out 10 
days after the last booster. 

The parameters used to evaluate the immune effects 
on ticks were those described by Dipeolu and co-workers. 
(ICIPE 1989 AMual Report). Tables 2.1 and 2. 2 summarise 
the immune effects of the crude antigens on the feeding 
performance of adult ticks and on the biology of the 
immature stages. Tables 2.3 and 2.4 give the summary 
of immune effects of the semi-purified antigens on the 
biological activities of the adult and the immature.stages 
respectively. 

It was observed that the immune response induced 
by both the crude and the semi-purified antigens had 
more effects on the adult R. appendicu/atus than on the 
immature stages. 

Further purification of the antigens is in progress. 
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Table 2.1 Feeding performance of adult Rhipicephalus appendiculatus exposed to cattle 
immunised with solubitised crude midgut membrane antigens 

Biological parameter 

No. of ticks which fed 
No. of ticks which did not feed 
No. of female ticks dead 
No. of male ticks dead 
Average engorgement weight (mg) 
No. of fed ticks above critical engorgement 
weight 
No. of fed ticks with premature weight 
No. of ticks with premating weight 
Engorgement period (days) 

Total no. of matings 

1Total number of ticks exposed • 200. 
2Figures in parentheses Indicate percentages. 
3Significantly higher than control. 
4Signlficantly lower than control. 

Results from 
control cattle1 

120 (60)2 

69 (34.5) 
11 (5.5) 

8 (4) 
359.05 

98 (49) 
20 (1 0) 
2 (1) 
7 7 

249 

Results from 
immunlsed cattle 

117 (58.5) 
55 (27.5) 
28 (14)3 

15 (7.5) 
297.41 4 

68 (32)4 

4s (22.sr~ 
8 (4)3 

226 

Table 2.2 The effect of solubilised crude midgut membrane antigens on the biology of immature stages of 
Rhipicephalus appendiculatus 

Larvae 

Control lmmunised 
Biological parameter cattle cattle 

Number of ticks which fed1 272 (34)2 248(31) 
Number of ticks which did not feed 528 (66) 552 (69) 
Average engorgement weight (mg) 0.448 0.3763 

Average engorgement period (days) 4.31 4.25 
Moultabllity (%) 81 83 
Average moulting period (days) 9 9 

1Total number of ticks used for challenge was 800 larvae and 800 nymphs. 
2Numbers in parentheses indicate percentages. 
3Signlllcantly lower than the control. 

Nymphs 

Control lmmunised 
cattle cattle 

465 (58.13) 494 (61.75) 
335 (41 .87) 306 (38.25) 

8.58 7.95 
5.35 5.27 

83 84 
12 12 

Table 2.3 The feeding performanca of adult Rhipicephalus appendiculatus which fed on cattle immunlsed 
with semi-purified fraction of solubilised membrane-bound midgut antigens 

Biological parameter 

No. of ticks which fed 
No. of ticks which did not feed 
No. of dead female ticks 
No. of dead male ticks 
Average engorgement weight (mg) 
No. of female ticks which engorged above 
critical engorgement weight (300 mg) 

Total no. of copulations 

Control cat11e 

1 141 

61 
25 
23 

314.57 

72 

201 

1Total number of adult females exposed to each group of cattle '"' 200. 
2Significantly lower than control. 

lmmunised cattle 

1091 

59 
32 
18 

201 .322 

184 
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Table 2.4 The effect of a semi-purification of solubilised membrane-bound midgut antigens on the biology of 
immature stages of Rhipicephalus appendiculatus 

Larvae Nymphs 

Biological parameter Control cattle lmmunised cattle Control cattle lmmunised cattle 

No. which fed 192; 1341.2 337' 360' 
No. which did not feed 608 666 463 440 

Average engorgement 

weight (mg) 0.451 0.408 7.83 7.88 

Average engorgament 

period (Days) 4 4 5 5 
Moultability (%) 59 382 85 81 

Moulting period (days) 9 9 13 13 

1800 larvae and 800 nymphs fed on each group of cattle. 
2Significantly lower than control. 

2.3 IMMUNISATION OF RABBITS WITH 
SALlY ARY GLAND ANTIGENS FROM 
RHIPICEPHALUS APPENDJCULATUS AND 
AMBLYOMMA VARIEGATUM TICKS 

S. M. Kheir and 0 . 0 . Dipeolu 

A possible approach to tick control is immunisation with 
tick-derived immunogens. In this study the protective 
value of the crude and partially purified salivary gland 
antigens (SGA) from both tick species was investigated. 

immunogen(s). Four groups of rabbits were immunised 
with the crude and partially purified SGA from both tick 
species. Each rabbit received four injections at two weeks 
interval. The first injection was given in Freund's Complete 
Adjuvant (FCA), and the subsequent three injections in 
Freund's Incomplete Adjuvant (FIA). The antibody titres 
in all rabbits were assayed by the Enzyme Linked Immuno
sorbent Assay (ELISA). Test feeds with homologous 
adult ticks were done and the effects of immunisation 
were shown in Table 2.5. There were marginally, but 
statistically significant reductions in both the engorgement 
weight and weight of egg mass laid compared with control 

Table 2.5 Feeding performance of R. appendicu/atus and A. variegatum adult females 
on rabbit immunised with homologous SGA 

Immunisation 
regimen 

R.a. crude SGA 

Percent reduction 
In engorged weight 

R.a partially purified SGA 

A. v. crude SGA 

A. v. partially purified SGA 

1 lndicates significant reduction (P < 0.05). 
R.a. • R. appandlcu/atus. 
A. v. • A. varlegatum. 

The crude SGA was obtained from partially engorged 
females, and partially purified using Knudsen method. 
Briefly, the method includes the gel electrophoresis of 
the crude SGA, the electrotransfer of the proteins onto 
nitrocellulose membrane, location and injection of the 

Percent reduction 
In egg mass 

Percent reduction 
In hatchability 

10 

12 

15 

11 

rabbits injected with Freund's Adjuvant and PBS alone. 
The results obtained showed that immunisation with 

Lhe crude SGA has limited protective value, and further 
purification of the SGA is required in order to achieve 
higher levels of protection. 
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Table 2.6 Engorged weights (mg) of R. appsndiculatus ticks during the first two infestations on cattle, goats and 
rabbits 

Larvae 

Host % 
species 1st 2nd Reduction 1st 

Rabbits 0.48 0.38 21 8.7 
Goats 0.46 0.36 22 9.6 
Cattle 0.48 0.36 25 9.9 

2.4 SURVIVAL, FEEDING AND BREEDING 
PERFORMANCES OF RHIPICEPHALUS 
APPENDICULATUS IN RELATION TO HOST 
SPECIES AND HOST RESISTANCE 

J. W. Chiera 

V arlo us aspects involving the survival, feeding and breeding 
performances of R. appendicu/atus ticks during or after 
feeding on different host species are under investigation. 
These aspects include the hatchability of eggs, survival 
of unfed larvae. nymphs and adult ticks, as well as the 
conversion of the bloodmeal into tick material after feeding 
on different host species. Larvae, nymphs and adult ticks 
are fed on cattle, goats and rabbits simultaneously. 
Hatchability of eggs and the survival of unfed ticks are 
being assessed at four different treatments provided by 
l8°C, 28°C, 75% r.h and 93% r.h. 

Preliminary results indicate that when susceptible hosts 
were used, goats and cattle produced larger engorged 
nymphs and engorged females than the rabbits (Table 
2.6, 1st infestation). The results also showed that while 
the second infestation on the same hosts reduced the 
engorged weights of larvae and nymphs more or Jess in a 
similar manner on all the hosts, it reduced the engorged 
female weights of ticks feeding on rabbits three times as 
much as it did those feeding on cattle and goats. Cattle 

Table 2. 7 Size of eggs (Mean ± s.e.) laid by female 
R. appsndiculatus fed on cattle, goats and rabbits during 
the first two Infestations 

Host Infestation 
species 1st 2nd 

Rabbits 42 ± 1 38 ± 1 
Goats 43 ± 1 43 ± 1 
Cattle 43 ± 1 43 ± 1 

Nymphs Females 

% % 
2nd Reduction 1st 2nd Reduction 

5.5 36 328 99 70 
5.5 43 363 281 23 
5.7 42 398 308 23 

and goats reduced the engorged weights of all stages by 
the same proportions. It was also observed that while 
female ticks fed on susceptible hosts they laid eggs of 
almost similar size on all hosts, females fed on rabbits 
during the second infestation produced significantly smaller 
eggs than those from other hosts (Table 2.7). 

Other preliminary results indicate that larvae hatching 
from female ticks fed on cattle and goats survived much 
better than !.bose of females fed on rabbit hosts. This did 
not appear to be the case with nymphal and adult ticks. 
The results indicate that goats are likely to be more 
similar to cattle than rabbits with respect to their effects 
on R. appendiculatus. Both cattle and goats are natural 
hosts of these ticks. 

2.5 FURTHER STUDIES ON PREDATION OF 
LIVESTOCK TICKS BY DOMESTIC 
CHICKENS (GALLUS DOMESTJCUS) 

S.M. Hassan and 0. Dipeo/u 

Further to our report on the predation of livestock ticks 
by domestic chickens (ICIPE 1989 Annual Report) , we 
extended our investigations to quantify the observation. 

Both cattle and chickens were kept together .in an 
enclosure constructed of wood and wire mesh. The chickens 
were killed immediately after feeding to recover ticks 
from the alimentary canals. 

The number of Licks recovered ranged from 0-1029 
per chicken, with 220 bejng the average. When the chickens 
were released for three and four hours among cattle, 
averages of228 and 206 ticks were recorded, respectively 
(Table 2.8). No striking differences were observed among 
the various age groups. Mean numbers of 224, 226 and 
214 ticks were revealed when 1. 2 and 3 months old, 4, 5 
and 6 months old and more l.ban one year old chickens 
were released, respectively (Table 2.9). 

Table 2.8 Mean number of ticks predated upon in different periods of release 

Release 
period Mean 
(Hours) n R. apptmdicula.tus R. e. 9V9rtsl A. varisgatum B. dsco/aratus total 

3 23 165.8• 11 .3b 47.1b 4.0b 228.2 

4 14 186.3• O.Gb 17.9b 1,1b 205.9 

Values with the same letter are not significantly different. 
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Table 2.9 Mean number of ticks predated upon in different age groups of chickens 

Age groups Mean 
(Months_) n R. appendiculatus R. e. evBrtsi A. varisgatum B. deco/aratus total 

1,2 and 3 9 195.7• 4.4b 22.7b 1.6b 224.3 

4,5 and 6 11 151.6• 6,6b 60.5 lb 5.9b 226.5 

>12 17 176.1• 9.2b 27.3b 1.6" 214.1 

Values with the same letter are not significantly different. 

R. appendiculatus was significantly the predominant 
tick followed by Amblyomma variegatum, Rhipicephalus 
e. evertsi then B()ophilus decolaratus with averages of 
174, 36, 7 and 3 ticks, respectively. The ICIPE 1987 
Annual Report showed the same pattern of cattle infestation 
with ticks on Rusinga Island. On the other hand, among 
the tick instars, males constituted the highest followed 
by nymphs, females, and larvae; with mean numbers of 
82, 67, 60 and 11, respectively. It is to be noted in this 
connection, that the ratio between adults and immatures 
for any of the tick species is more than two, with exception 
of A. variegatum which had a ratio of 0.4. We attributed 
this observation to the fact that the animal reacts negatively 
when preyed upon by this particular tick species due to 
the pain inflicted. 

2.6 MAKING ANTI-TICK PASTURE BY MODERN 
BIOTECHNOLOGY 

E. Mwangi. E. Nyandat and M. Kimondo 

Unfed stages of most Ixodid ticks ascend grass in order 
to reach and cling onto a passing host, which often 
involves long periods of waiting. Any method which 
would delay host finding, or reduce numbers of ticks at 
the waiting stage, would lower the subsequent population 
of the parasitic stages. Two plants (a legume and a 
grass) have been reported to be quite effective in deterring 
ticks from climbing up. The legume has numerous trichomes 
and a sticky fluid which contains an acaricidal chemical. 
Attempts should be made to identify these toxins and 
investigate ways of transferring the genes responsible 
for the production of toxins to common pasture grasses, 
by using already developed recombinant DNA technology. 
The proposed study would involve the following stages:-

Study on the anti-tick chemicals in these plants 
Study of the genes responsible for the production of 
the toxins 

• Using recombinant DNA technology to transfer these 
genes to common pasture grasses. 

2. 7 ANTI-TICK PLANTS 

E. Mwangi, E. Nyandat and M. Kimondo 

Control of ticks is dominated by the use of chemicals 
which are harmful to the environment. Natural sources 

of acaricides should be investigated with a view to 
incorporating them for control either as living plants, or 
using extracted toxins from them, as these toxins would 
be bio-degradable. Work is already in progress for this 
purpose, in collaboration with CBRU. It is necessary to 
carry out the following: 
• Screening different plants for acaricidal effect or tick 

repellence 
• Investigating the identity of the toxic chemicals 
• Investigating the use of the chemicals as acaricides in 

different formulations. 

2.8 EFFECT OF BAC/UUS THURINGIENSIS ON 
RHIPICEPHALUS APPENDICULATUS 

E. Mwangi 

Bacillus thuringiensis is one of the most studied organisms 
for use against various pests. Its effect on ticks however 
is unknown. The proposed study would involve 
investigating any anti-tick B. t. by using crystals ingested 
by ticks in in vitro feeding methods, or by extracting 
heat-stable exotoxins to be tried as natural acaricide 
against ticks. 

2.9 SURVIVAL OF UNFED RHIPICEPHALUS 
APPENDICULATUS IN RELATION TO HOST 
RESISTANCE AND ENVIRONMENTAL 
FACTORS IN KENYA 

J. W. Chiera and D. K. Punyua 

Mean survival times for unfed ticks, Rhipicephalus 
appendiculatus Neumann exposed initially during the 
hot dry season (January) in Kenya were significantly 
higher than those of ticks exposed during the wet season 
(May). This was partly due to the timing of the next hot 
dry season which triggered the beginning of decline in 
survival, and partly due to the overall severity of the 
weather. The implication is that the time when the ticks 
feed affects the survival of the subsequent instar. 

The mean survival times for nymphs exposed initially 
during the wet and the hot dry season were 30 weeks and 
44 weeks, respectively. Those for adult ticks ranged 
between 59- 75 weeks and 62-79 weeks, respectively. 
Maximum survival times were, however, similar for adults 
but not for nymphs. Adult ticks had an initial period of 
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Table 2.10 Mean (± s.e.) engorgment weights of female Rhipicephalus appendiculatus, mean (± s.a.) egg weight 
per day of laying, mean (± s.e.) egg numbers laid per day per female In four different locations in Kenya 

Nairobi Marlakani Lolgorein Mblta 

Female engor. 
weight (mg) 239.71 ± 6.21• 234.18 ± 7.38* 220.22 ± 2.95• 230.33 ± 17.94" 

Egg weight 
per day (mg) 20.62 ± 0.62* 22.38 ± 1.15* 20.23 :I: 0.52* 6.83 :1: 3.56• 

Egg numbers 
per female per 465.17 ± 14.55* 490.44 ± 31 .55* 448.82 ± 1 o.oo• 
day 

Values with the same letter are not significantly different. 

Table 2.11 Age effect on the mean engorgement weight (± s.e.), mean egg weight (± s.e.) mean number of eggs 
laid per day (± s.e.) by females of Rhipicephalus appendiculatus 

Tick age Female engorgement Egg weights Egg numbers per 
(Months) weights (mg) (mg) female per day 

13 215.07 ± 7.40c 18.88 ± 0.946 457.87 ± 23.52"b 
14 212.01 :1: 4.80° 20.41 ± 0 .63• 495.93 ± 14.24• 
15 236.19 ± 5.94b 21 .62 ± 1.68• 454.72 :1: 48.08•b 
16 241.05 ± 5,3,.b 21.06 ± 0.59' 438.09 ± 13.o3•b 
17 219.38 ± 13. 93bc 20.61 :1: 1.43• 497.49 ± 35.09• 
18 246.28 :1: 6.83• 21.78 ± 1.401 414.12 ± 28.74b 
19 232.05 ± 13.69•t..: 18.49 :1: 1.21" 439.29 ± 28.99•b 

Values with the same letter are not significantly different. 

32-48 weeks of excellent survival, apparently independent 
of weather factors. Thereafter, mortality rates and adverse 
environmental factors were correlated. The survival of 
ticks fed on hosts of differing resistance status was also 
different. The most resistant host produced the smallest 
adult ticks and these gave the lowest survival, and vice 
versa. Male and female ticks from highly resistant hosts 
had a similar survival pattern, but the females from a 
moderately resistant host survived significantly better 
than the males. These results indicate the importance of 
weather and host resistance in R. appendiculatus survival. 

2.10 AGE EFFECT ON THE FEEDING AND 
BREEDING PERFORMANCE OF 
RHIPICEPHALUS APP ENDICULATUS 
UNDER DIFFERENT ECOLOGICAL 
SITUATIONS 

D. K. Punyua and 0. 0 . Dipeolu 

Rhipicephalus appendiculatus ticks were exposed under 
natural field conditions at various ecological sites in 
Kenya for the purpose of studying their survival and 
development (ICIPE 1989 Annual Report). Towards the 
last months of the tkk survival under these conditions, 
some of the surviving ticks were fed on rabbits in the 
laboratory and their ability to feed and breed was assessed. 
This was done by assessing their engorgement weights, 
egg weights and number of eggs laid by each engorged 
female per day until the process of egg laying was complete. 

From those results it is clear that ticks fed to the same 
level irrespective of the sites (Table 2.10). Similarly. 
their egg weights were not affected by site except for the 
Mbita site which had a significantly lower egg weight. 
The number of eggs laid by each female per day were 
not significantly affected by the ecological situati.on. 

While ticks of different ages gave significantly different 
engorgement weights (Table 2.11) there was, however, 
no specific pattern which could be associated with the 
age of the ticks. This also applied to the number of eggs 
laid by each female per day while there was no significant 
difference between the egg weights by month. 

In conclusion, the results seem to suggest that age 
does not affect the feeding and breeding performance of 
the tick R. appendiculatus. 

2.11 A POSSIBLE NATURAL BOT ANI CAL TICK 
REPELLANT 

M. M. Malonza and 0 . 0 . Dipeolu 

A series of experimental tests were performed to determine 
the effect of Gnandropsis gynandra (Capparaceae) and 
Amaranthus hybridus (Amaranthaceae) on ticks. 
Gnandropsis gynandra bas been used by certain 
communities in Kenya to control domestic fowl mites. 

Three tests were carried out, (i) vertical specimen 
tube test, (ii) Y -tube olfactometer test and blanket flagging 
over the vegetation. In test (i) all the three stages of R. 
appendiculatus and A. variegatum were used. In test (ii) 
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only R. appendiculatus nymphs and adults were used. 
In test (i), the results revealed that Gnandropsis gynandra 

had a repelling effect on larvae and nymphs of ooth 
species and adults of A. variegatum. The effect was 
more marked on nymphs than on larvae and adults, while 
Amaranthus hybridus had no effect on any tick stage of 
both species. In this test, G. gynandra had killed 69% of 
R . appendiculatus nymphs and 81% of A. variegatum 
nymphs within 4 hours and the rest of the surviving 
nymphs were repelled for 48 hours and 40 hours 
respectively, When adult ticks were tested, only adults 
of A . variegatum were affected by G. gynandra, while 
Amaranthus hybridus showed no effect on the ticks. In 
12 hours 34.4% of the ticks were killed and the surviving 
65.6% were repelled for 72 hours. 

In the Y Mtube olfactometer test, 63.5% males, 66.5% 
females and 77.5% nymphs of R. appendiculatus were 
attracted towards Amaranthus hybridus, while only 36.5%, 
33.5% and 22.5% were attracted towards G. gynandra 
respectively. 

Field blanket flagging in Kitui showed that ticks were 
absent from areas where G. gynandra was growing but 
as the distance from this plant increased, tick population 
also increased. The tick species found in this area were 
R. pulchellus, R. simus simus and R. pravus, in order of 
abundance. 

2.12 PRELIMINARY CATTLE DISEASE SURVEY 
IN KUJA RIVER FIELD RESEARCH SITE 

S. M. Hassan, 0 . 0 . Dipeolu, D. K. Punyua and 
P. Ngoko 

A preliminary cattle disease survey was conducted in 
Kuja River Field Research Site (KRFRS) from January 
5- April 9, 1990. About 100 head of cattle in 10 
collaborating farms were sampled for ticks, thin blood 
smears, whole blood in anticoagulant and faecal samples. 
In addition, tsetse biconical traps, baited with cow urine 
and acetone were placed in thickets along Kuja River 
and Oyombe stream. 

Four species of ticks were found: Rhipicephalus 
appendicuJatus, Amblyomma variegatum, Boophilus 
decolaratus and R. evertsi (Table 2.12). Relative abundance 
of these ticks were similar to those found on Rusinga 
Island, (ICIPE 1987 Annual Report). 

The tsetse traps placed for several weeks caught no 
tsetse flies. However, a considerable number of biting 
flies namely Stomoxys spp. and Tabanus spp. were caught 
instead. 

Despite the absence of tsetse flies, six cases of 
Trypanosome vivax and one case of T. theileri (5% 

infection rate for ooth) were identified in the wet smear. 
The endemic area for T. vivax of the Lambwe Valley 
lies in a distance of 20 km. 

On the other hand, the only tickMborne disease detected 
in the blood smears was Theileria spp., with infection 
rates of 75 and 40% among calves and adult caule, 
respectively, 

However, a number of helminth eggs were identified 
by floatation method using concentrated sodium chloride. 
Trichostrongylidae was the commonest among calves 
(82%) and adults (50%). Strongyloides spp. among calves 
were not uncommon (12%). Very few eggs of Toxocara 
spp, and Bunostomum spp. were as well identified. 

2.13 EFFECT OF VARYING THE INTENSITY OF 
CA m..E TICK CONTROL ON TICK NUMBERS 
AND MILK PRODUCTION IN EAST COAST 
FEVER IMMUNISED ANIMALS 

A. 0. J. Amoo, 0 . 0 . Dipeolu, P. B. Capstick, 
T. R. Odhiambo , L. N. Gichuru and D . Munyinyi 

This pilot trial was conducted at the Mariakani Livestock 
Productivity subcentre (LPC) of the Kenya Agricultural 
Research Institute (KARl), between January 1989 to 
December 1990. Details of the experimental design and 
procedure had been described previously (1989 Annual 
Report). 

Figure 2.1 (a-e) shows the monthly mean number of 
adult ticks on the experimental catUe in different dipping 
regimes. Generally, the pattern of tick infestation was 
the same in all the groups with peak between September 
and October. The ticks encountered in the study site, in 
order of decreasing abundance, included Rhipicephalus 
pulchelus, R. appendiculatus , Amblyomma gemma, 
Boophilus decolaratus and A. variegatum. R. evertsi and 
Hyalomma tn.mcatum were found in very low numbers. 
The control group of cattle had fewer ticks than groups 2 
and 3 throughout the duration of the trials except during 
the peak period of tick abundance. This might be an 
indication of the lack of any form of tick resistance 
among the cattle in the control group, which were 
intensively dipped once weekly (Figure 2.1 a,b). Groups 
4 , 5 and 6 animals persistently had higher mean ticks 
than the control group (Figure 2 .1 c-e). For all groups of 
experimental cattle, the mean ticks picked up during the 
second half of the trials were higher than those of the 
first half. A statistical analysis of the tick data by the 
Duncan Multiple Range Test is shown in Table 2 .13. 
Groups 1 and 2 were similar in the mean number of 
ticks, number engorged and the mean engorgement weights 

Table 2.12 Mean number of ticks infesting cattle in KRFRS 

Animals n R. appendlculatus R. e. evert sf A. variegatum B. decofaratus 

Calves 35 4.5 0.1 1.0 0.1 
Adults 51 16 0.2 7.1 1.3 

Mean 
total 85 11 .4 0.12 4.6 0.8 
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Figure 2.1 Mean number of t icks on ECF-immunised 
cattle in different dipping reg imes: (a) Group 1 and group 
2: weekly dipped cattle/cattle dipped every two weeks; 
(b) Group 1 and group 3: weekly dipped cattle/cattle 
dipped every four weeks; (c) Group 1 and group 4: weekly 
dipped cattle/cattle dipped every six weeks ; (d) Group 
1 and group 5: weekly dipped cattle/cattle dipped every 
eight weeks; (e) Group 1 and group 6: weekly dipped 
catt le/undipped cattle. 
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Figure 2.2 Mean monthly milk produced by ECF-immunised 
cattle In different dipping regimes: (a) Group 1 and group 
2: weekly dipped cattle/cattle dipped every two weeks; 
(b) Group 1 and group 3: weekly dipped cattle/cattle 
dipped every four weeks; (c) Group 1 and group 4: weekly 
dipped cattle/cattle dipped every six weeks, (d) Group 
1 and group 5: weekly dipped cattle/cattle dipped every 
eight weeks ; (e) Group 1 and group 6: weekly dipped 
cattle/undipped cattle. 
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Table 2.13 Mean number of adult ticks, their engorged number and the engorgement weights of ECF 
lmmunised diary cattle In different dipping regimes 

Mean engorgement Mean engorgement 
Group Dipping regime Mean ticks number weight (gm) 

Weekly dipped 167.4 ± 43.85• 5.0 ± 1. 7• 1.364 ± 0 .66• 

2 Dipped every two weeks 256.4 ± 44. 75• 8.6 ± 1.81• 1.451 ± o.4· 
3 Dipped every four weeks 399.6 :1: 59.471 21.8 ± 4.871' 4.372 ± 0.91b 

4 Dipped every six weeks 605.2 ± 119.57b 25.8 ± 5.29b 7.239 ± 0 .96b 

5 Dipped every eight weeks 349.6 ± 68.62• 22.4 ± 6.1b 3.976 ± 18b 

6 Undipped 451.2 ± 83.1• 22.0 ± 5.5~ 4.656 ± 1.59" 

Means with the same letter are not statistically significant (P > 0.05). 

of ticks picked up. Both groups were however different 
from all the other groups. 

Figure 2.2 (a-e) shows the mean monthly milk production 
of these East Coast fever (ECF) immunised caule. The 
pattern of milk production was the same in all the groups, 
in that mean milk production during the second haif of 
the study was lower than the first half; and this might 
have been as a result of the cumulative effects of tick 
infestation. All the other groups under relaxed dipping 
regimes, except group 6 animals, which were undippcd, 
produced more milk than the control group during this 
second half of the study. 

An important observation in this study is that most of 
the other groups produced more milk than the control 
animals whenever tick challenge was high in the 
experimental paddocks. In addition, the last five months 
of the study was characterised by a high tick challenge, 
and this was accompanied by little or no milk production 
in the control group. Table 2.14 shows the analysis of 
the milk production by the various groups in the 
experimental design. Though there are no significant 

Table 2.14 Analysis of the mean milk production of ECF 
immunised diary cattle in different dipping regimes 

Group 

2 

3 

4 

5 

6 

Mean milk produced (Kg) 

1924.14 ± 567.6" 

1701 .58 ± 413.7• 

2291 .20 ± 298.,. 

2886.30 ± 431.8• 

1986.40 ± 470.8• 

1775.92 ± 281.64• 

Means with the same letter are not statistically significant. 

differences in the mean milk produced, obvious numerical 
differences exist. 

With regards to the incidence of ECF and other tick~ 
borne diseases, all the groups had cases of clinical and 
subclinical ECF and few cases of heartwater. This was 
most acute in the control group, where the two mortaHties 
recorded were primarily due to ECF, though one was 
complicated by Trypanosoma vivax infection. Two out 
of three deaths in each of groups 5 and 6 were also due to 
ECF; while groups 3 and 4 lost an animal each to this 
dreadful disease. Group 2 was the only one with its full 
complement of cattle at the end of the trials. 

Table 2.15 shows a preliminary cost and benefit analysis 
of the various dipping regimes. Only the costs incurred 
as a result of modifications to the routine management 
of the farm were considered. This makes the analysis a 
bit conservative, since the costs of all prophylactic 
medications were not included. The costs of the treaunent 
of all experimental cattle were however included, as 
well as adopting the government price per dipping expressed 
as US$ 0.125 at the exchange rate of US$1 = 24 Kenyan 
shillings. 

In conclusion, previous studies have shown that the 
infection and treatment method of immunisation against 
ECF is effective and has no deleterious effect on cattle. 
It has also been shown that immunfsed animals can still 
develop clinical ECF. Therefore, it is our contention that 
what immunisation does is to re-establish enzootic stability 
by artificial induction. This must be maintained by adequate 
exposure to tick infestation, especially those of R. 
appendiculatus. The intensive use of acaricides does not 
allow the exposure necessary to maintain this immunity. 
Thus in this study, exposure to ticks through relaxed 
dipping intervals of 4 and 6 weeks proved to be the most 
cost-effective. Other related studies by previous workers 
have shown that dramatically reduced dipping intensities 
were possible after successful ECF immunisation, provided 
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Table 2.15 Preliminary cost and benefit analysis of ECF immunlsed cattle under different dipping regimes 

Dipping groups 

2 3 4 5 6 

(A) Cattle 

Number at start 5 5 5 5 5 5 
Number at the and 3 5 4 4 2 2 
Death from ECF 2 0 1 1 2 2 
Deaths from heartwater 0 0 0 0 1 1 
Total deaths 2 0 1 1 3 3 

(B) Revenue 

Total milk produced {Kg) 9620.7 8507.9 11456 14431 .5 9932 8879 
Price of 1 Kg (US$) 0.25 0.25 0.25 0.25 0.25 0.25 
Total value of milk US$ 2405.18 2126.98 2879 3622.88 2563.25 2264.9 
Carcass & hide value at 
US$15 per hide 30 0 15 15 45 45 
Total number calvings 5 5 6 7 5 2 
Price of male calves @ $50 
Price of female 

150 150 100 150 100 50 

calves @ $62.5 125 125 250 250 187.5 62.5 
Total revenue 2710.18 2401.98 3244.00 4037.88 2895.75 2422.4 

(C) Costs 

Acaricide at $0.125 per 
dipping 65 32.5 16.25 11.25 8.125 0 
Vet and drugs 9.8 36.4 25.7 24.2 62.2 66.3 
Total costs 74.8 68.9 41 .95 35.45 70.325 66.3 

Profit (Revenue-cost) 2635.38 2333.08 3202.05 4002.43 2825.425 2356.1 

Profit/animal US$ 527.1 466.6 640.4 800.5 565.1 471.2 

other tick-borne diseases were controlled by drugs. breeds and in different localities in Kenya. Only after 
Finally, this study shows that it is possible to reduce such extensive studies can a definitive recommendation 

dipping intensities in ECF-immunised dairy cattle without towards alternatives to the present weekly national dipping 
impairing productivity. There is now a need for further policy be made. 
investigations, on a larger-scale, involving cattle of different 
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During the year (1990) cellulose acetate electrophoresis 
of five enzyme systems, (malate dehydrogenase, mannose 
phosphate isomerase, glucose-6-phosphate dehydrogenase, 
glucose phosphate isomerase and phosphoglucomutase) 
were used to screen 26 Leishmania field isolates from 
animal hosts in endemic regions of Kenya. The isoenzyme 
band patterns produced were compared with those of 12 
Leishmania marker strains from World Health Organisation 
reference centre (WHO). The markers include Leishmania 
donovani, L. aethiopica, L. major, L. tropica, L . arabica, 
L. ad/eri and L. infantum of various strains. 

The results demonstrated that four main Leishmania 
species (L. donovani, L. aethiopica , L. major and the 
lizard infecting species, L. adleri) are prevalent and may 
coexist in the five endemic regions of Kenya (i.e. Baringo, 
Bungoma, Kitui, Machakos and West Pokot). Several 
potential animal and invertebrate reservoir hosts were 
suggested by the results. Certain Leishmania species 
were evidently either absent or very rare in Kenya. These 
were L. tropica, and L. infantum. Work is in progress to 
screen more field isolates. 

3.3 BIOLOGICAL CONTROL OF VECTORS 

B. Asimeng, M. I. Mutinga and M. Miti 

Effort has been concentrated mainly on the search for 
entomopathogenic bacteria and larvivorous fish as potential 
biocontrol agents from local sources. A large number of 
materials have been collected from the field to facilitate 
isolation and screening for entomopathogenic bacteria. 
Small·scalc field experiment has also been initiated to 
evaluate the biological control potential of some indigenous 
fish. 

3.3.1 Bacteria 
Entomopathogenic bacteria which arc found to be highly 
pathogenic to mosquito larvae have been isolated from 
Mwea and Sagana environment. The pathogens were 
isolated from diverse sources in the environment. 

On the basis of their larvicidal property it is inferred 
that these isolates are variants of Bacillus thuringiensis. 
Further studies are underway to confirm the taxonomic 
groupings of the isolates. 

3.3 .2 Larvivorous fish 
Laboratory studies carried out on some species of fish 
collected at Mwea Rice Irrigation Scheme have shown 
that these predators do make significant contribution in 
controlling mosquito breeding. Following the encouraging 
results obtained from the laboratory studies, a small
scale field experiment is now underway to evaluate the 
efficacy of the larvivorous fish under field conditions. 
Three fish ponds acquired at the Sagana Fish Culture 
Farm are being used for this study. Two of the ponds are 
stocked with two species of fish (Tilapia zilli and 
Oreochromis niloticus) while the third pond contains no 
fish and serves as a control. Efficacy of the fish in 
controlling mosquito is being evaluated in the ponds for 
a specific period of time. 

3.4 BIOLOGICAL CONTROL OF SANDFLIES 

F. A. Amimo and M. I . Mutinga 

Studies previously carried out in the Medical Vectors 
Research Programme on biological control of sandflies 
identified a species of mesostigmatid mite prevalent in 
laboratory sandfly colonies as a predator of immature 
stages of the sandflies. Further studies focused on their 
life cycle and their fitness and adaptability to the various 
conditions of the sand flies at all stages. Presenlly, studies 
on the relationship between the numbers of sandfly eggs 
or larvae consumed per mite and their density have been 
carried out to determine the extent to which the sandfly 
population suffers predation. A field survey has also 
been conducted to discover the presence of this particular 
species of mites in the natural habitats of sandflies. 

Increasing numbers of sandfly eggs or larvae per mite 
were placed into various dishes with plaster of paris 
floor. They were observed regularly and the numbers 
eaten per mite noted. In the field, soil and debris samples 
and sandflies were collected from termite mounds, animal 
burrows and tree holes. Mites were separated from them 
using the Berlese-tullgren funnel method and brushing 
respectively into collecting vials half-fllled with water. 
These were preserved into 70% alcohol for identification. 

Results obtained show that there was an increasing 
number of eggs or larvae of sandflies eaten per mite as 
the number of the eggs and larvae exposed to predation 
were increased. 

3.5 SAURIAN MALARIA IN KENYA: DESCRIP
TION OF TEN NEW SPECIES FROM WEST 
POKOT DISTRICT 

0 . 0. Dipeo/u and M. J. Mutinga 

Little previous work has been done on the malaria parasites 
of lizards in Africa generally and in Kenya in particular. 
Ayala (1978) listed only 30 publications on saurian malaria 
in Africa between 1909 and 1974 (an average of 0.5 
report per year); compared with the Americas with 117 
publications from 1909 to 1977 averaging two reports 
per year. Ayala in 1977 listed nine species of saurian 
malaria described in Africa. These were Plasmodium 
agamae; P. giganteum; P. fischeri; P. mabuiae; P. 
maculilabre; P. pitmanl; P. zonuriae; P. acuminatum 
and P. robinson/. Since then, no other report on saurian 
malaria has been made in Africa. 

There have been only five reports on saurian malaria 
in Kenya. Ball in 1967 examined the blood of various 
reptiles and a few amphibians in Uganda, Tanzania and 
Kenya and recorded P. agamae and P. giganteum in the 
blood of the lizards, A. cyanogaster. P. pitmani was 
reponed in the blood of lizards Mabuya maculilabris in 
Kenya by Garnham in 1966 and in the blood of M. 
striata by Krampitz in 1970. After the publication of 
Krampitz in 1970, there has been no report on malaria 
parasites of lizards in Kenya. 
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3 
A~ Medical Vectors 

Research Programme 
The role played by arthropod vectors of human diseases in the tropics is 
phenomenal. The vectors of both malaria and leishmaniases together cause 
more disease and death to rural mankind in the tropics than any other 
ailment. lt is estimated that more than 300 million people stiffer from malqria 
every year in Africa alone, a disease caused by mosquitoes, while over 12 
million people in the Old and New World suffer from leishmaniases transmitted 
by sandflies. Hence, Medical Vectors Research Programme continued to 
focus its research activities during the year mainly on the vectors and reservoirs 
of these two very important rural diseases. Major effort was directed to 
ecological aspects and pilot control project of mosquitoes and sandf/ies in 
Baringo District. In the other research sites of Kitui, West Pokot and in the 
laboratory. investigations on biology, ecology, behaviour, vectorial capacity, 
biological control agents and biochemical characterisation of mosquitoes 
and sandflies, the parasites were continued. The preliminary results are 
highlighted below: 

3.1 MIGRATION OF LEISHMANIA DONOVAN! IN 
PLANT TISSUES 

1. B. Kaddu, M. P. Nyamori and 1. Ndambuki 

Because sandfly vectors of human-infective Leishmania 
feed on plants, the interaction of sandlies and plants is 
likely to be an important aspect of the epidemiology of 
leishmaniasis. The interactions of Leishmania donovani 
in Lhe plant tissues of Bidens pilosa was investigated 
specifically to find out whether the Leishmania migrate 
in the plant tissues. 

Flagellate-free shoots were cut and submerged 4 em 
deep in nutrient broth medium containing promastigotes 
of L. donovani isolate for 48 hours in the laboratory at 
25°C. Transverse sections made from the cut end of the 
shoots were examined under a microscope. Active motile 
promastigotes, spread from the epidermis to the pith 
were observed in all Lhe sections up to 2 em from the cut 
end, indicating that human-derived L. donovani was able 
to migrate in Lhe tissues of the plant. Further investigations 
are underway to further determine if plants have any role 
in the Ieishmania5es epidemiology. 

3.2 IDENTIFICATION OF LEISHMANIA SPECiES 
FROM KENYA BY ISOENZYME ANALYSIS 

B. N. Odero, N. N. Massamba and M. J. Mutinga 

Reliable identification of Leishmania parasites significantly 
contribULe to epidemiological studies and clinical diagnosis 
of leishmaniasis. Over a few years several biochemical 
techniques have been introduced in an allemptto identify 
pathogenic Leishmania species. These methods include 
analyses of monoclonal antibodies. radio-immunoassays, 
microscopy with fluorescent dyes; more recently nucleic 
acid analyses of kinetoplastic and genomic DNA (i .e. 
restriction, hybridisation, and chromosome karyotype) 
analyses have been used. So far none of these methods 
has lent itself to routine investigations owing to the high 
cost involved. 

The cluster analysis of isoenzyme band patterns from 
enzyme electrophoresis on thin-layer starch gel or cellulose 
acetate membranes, have been adopted for routine 
investigations, because Lhe method is simple, rapid, cost· 
effective and sustainable by any small field project where 
there is electricity. 
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During the year (1990) cellulose acetate electrophoresis 
of five enzyme systems, (malate dehydrogenase, mannose 
phosphate isomerase, glucose-6-phosphate dehydrogenase. 
glucose phosphate isomerase and phosphoglucomutase) 
were used to screen 26 Leishmania field isolates from 
animal hosts in endemic regions of Kenya. The isoenzyme 
band patterns produced were compared with those of 12 
Leishmania marker strains from World Health Organisation 
reference centre (WHO). The markers include Leishmania 
donovani,L. aethiopica,L. major,L. tropica,L. arabica, 
L. adleri and L. infantum of various strains. 

The results demonstrated that four main Leishmania 
species (L. donovani, L. aethiopica, L. major and the 
lizard infecting species, L. adlerz) are prevalent and may 
coexist in the five endemic regions of Kenya (i.e. Baringo, 
Bungoma, Kitui, Machakos and West Pokot). Several 
potential animal and invertebrate reservoir hosts were 
suggested by the results. Certain Leishmania species 
were evidently either absent or very rare in Kenya. These 
were L. rropica, and L. infantum. Work is in progress to 
screen more field isolates. 

3.3 BIOLOGICAL CONTROL OF VECTORS 

B. Asimeng, M. J. Mutinga and M. Miti 

Effort has been concentrated mainly on the search for 
entomopathogenic bacteria and larvivorous fish as potential 
biocontrol agents from local sources. A large number of 
materials have been collected from the field to facilitate 
isolation and screening for entomopathogenic bacteria. 
Small-scale field experiment has also been initiated to 
evaluate the biological control potential of some indigenous 
fish. 

3.3.1 Bacteria 
Bntomopathogenic bacteria which are found to be highly 
pathogenic to mosquito larvae have been isolated from 
Mwea and Sagana environment. The pathogens were 
isolated from diverse sources in the environment. 

On the basis of their larvicidal property it is inferred 
that these isolates are variants of Bacillus thuringiensis. 
Further studies are underway to confirm the taxonomic 
groupings of the isolates. 

3.3 .2 Larvivorous fish 
Laboratory studies carried out on some species of fish 
collected at Mwea Rice Irrigation Scheme have shown 
that these predators do make significant contribution in 
controlling mosquito breeding. Following the encouraging 
results obt.ained from the laboratory studies, a small
scale field experiment is now underway to evaluate the 
efficacy of the larvivorous fish under field conditions. 
Three fish ponds acquired at the Sagana Fish Culture 
Farm are being used for this study. Two of the ponds are 
stocked with two species of fish (Tilapia zilli and 
Oreochromis niloticus) while the third pond contains no 
fish and serves as a controL Efficacy of the fish in 
controlling mosquito is being evaluated in the ponds for 
a specific period of Lime. 

3.4 BIOLOGICAL CONTROL OF SANDFLIES 

F. A. Amimo and M. J. Mutinga 

Studies previously carried out in the Medical Vectors 
Research Programme on biological control of sandflies 
identified a species of mesostigmatid mite prevalent in 
laboratory sandfly colonies as a predator of immature 
stages of the sandflies. Further studies focused on their 
life cycle and their fitness and adaptability to the various 
conditions of the sand flies at all stages. Presently, studies 
on the relationship between the numbers of sandfly eggs 
or larvae consumed per mite and their density have been 
carried out to determine the extent to which the sandfly 
population suffers predation. A field survey has also 
been conducted to discover the presence of this particular 
species of mites in the natural habitats of sandfiies. 

Increasing numbers of sandfly eggs or larvae per mite 
were placed into various dishes with plaster of paris 
floor. They were observed regularly and the numbers 
eaten per mite noted. In the field, soil and debris samples 
and sand flies were collected from termite mounds, animal 
burrows and tree holes. Mites were separated from them 
using the Berlese-rullgren funnel method and brushing 
respectively into collecting vials half-filled with water. 
These were preserved into 70% alcohol for identification. 

Results obtained show that there was an increasing 
number of eggs or larvae of sandflies eaten per mite as 
the number of the eggs and larvae exposed to predation 
were increased. 

3.5 SAURIAN MALARIA IN KENYA: DESCRIP
TION OF TEN NEW SPECIES FROM WEST 
POKOT DISTRICT 

0 . 0 . Dipeolu and M. 1. Mutinga 

Little previous work has been done on the malaria parasites 
of lizards in Africa generally and in Kenya in particular. 
Ayala (1978) listed only 30 publications on saurian malaria 
in Africa between 1909 and 1974 (an average of 0.5 
report per year): compared with the Americas with 117 
publications from 1909 to 1977 averaging two reports 
per year. Ayala in 1977 listed nine species of saurian 
malaria described in Africa. These were Plasmodium 
agamae; P. giganteum; P. fischeri: P. mabuiae; P. 
maculilabre; P. pitmani; P. zonuriae; P. acuminatum 
and P. robinsoni. Since then, no other report on saurian 
malaria has been made in Africa. 

There have been only five reports on saurian malaria 
in Kenya. Ball in 1967 examined the blood of various 
reptiles and a few amphibians in Uganda, Tanzania and 
Kenya and recorded P. agamae and P. giganteum in the 
blood of the lizards, A. cya110gaster. P. pitman1 was 
reported in the blood of lizards Mabuya macu/ilabris in 
Kenya by Garnham in 1966 and in the blood of M. 
striata by Krampitz in 1970. After the publication of 
KrampiLZ in 1970, there has been no report on malaria 
parasites of lizards in Kenya. 



3.5 .1 Site of investigation 
West Pokot District is situated approximately 450 km to 
the west of Nairobi, the capital city of Kenya, and to the 
north of Mount Elgon. It borders with the northeastern 
end of Uganda (Figure 3.1) and lies within the arid zone 
of Kenya at approx.imately 1168 m above the sea level. 
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Figure 3.1 Map of Kenya showing West Pokot. 

It experiences an average annual rainfall of about 50 em 
and over 6 months of drought per year. The natural 
vegetation comprises thorny bushes and thickets of mainly 
Acacia commiphora and allied genera and a variety of 
perennial grasses such as Cenctizus. The district is 
characterised by scarcity of water and scorching heat; 
and there is only one source of permanent water, the 
River Suam, which traverses the southern plains, originating 
from MountEigon and making its exit through the Turkwel 
Gorge into Lake Turkana. 

The district has a large variety of wildlife including 
birds, mammals and reptiles. Throughout the plains, tall 
and short termite mounds constructed by termites of 
genus Macrotermes can be seen, some as high as 4 m. 
The termite hill ventilation shafts or wall or rockholes 
and crevices, tree holes and animal burrows have been 
found to be the resting and breeding sites of phlebotomine 
sandflies in the arid zone of Kenya. These habitats also 
serve as homes for various reptiles including lizards and 
snakes. The collection sites in the district were Kacheliba, 
Kongelai, Sapaa, and Pole, all situated appro~imately at 
1.02° N and 34.45° E. 
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3.5.2 Lizard blood smears 
Lizards were handcaught, sexed and species determined. 
Thin blood smears were made from blood directly taken 
from the heart and organ smears from the liver and 
spleen. Smears were air.clried, fixed in absolute methanol, 
and stained with Giemsa. 

Ten new species were found and described. These are 
Plasmodium sapaaensis, P. kyati, P. kachelibaensis, P. 
icipeensis, P. gloriai, P. odhiamboi, P . bowiei, P. kaninii, 
P. kadogoi and P. adunyinkai. 

P. sapaaensis was found to be related toP. mabuiae, 
P. kadogoi toP. rhadinurum, P. kaninii toP. minasense 
(S. Telford) and P. adunyinkai to P. maculilabre. P. 
kyaii and P. kachelibaensis have distinct characteristics 
which distinguished them from the Plasmodium species 
in the tropiduri group reported so far. 

Four species i.e. P. icipeensis, P. odlziamboi, P. gloriai 
and P. bowiei, exhibited peculiar characteristics most 
especially their effect on the white cells. They were 
therefore constituted into the "Kenya" group. 

3.6 PILOT CONTROL OF MALARIA AND 
LEISHMANIASES IN BARINGO DISTRICT 

M. J. Mutinga, C. M. Mulero, M. Basimike and 
A. Ngindu 

Malaria is a disease which in addition to being a killer 
number one in the tropical world, acts as a major draw
back to rural development. Millions of deaths and suffering 
are caused by malaria every year world wide. Similarly, 
leishmaniases of man are responsible for more than 12 
million cases of sickness world wide with more than 
400,000 new cases annually, according to WHO reports. 

A pilot control project in Baringo against the two 
diseases based on sound scientific knowledge of t>iology 
and behaviour of mosquitoes and sandflies was continued 
in 1990. 

The method used is unique. It is intended to protect 
the entire occupants of each home. It utilises permethrin 
impregnated cloth, a technology which is cheap and 
locally made and of acceptable colours. 

Application of this appropriate control measure takes 
into consideration the possibility of its adoption by the 
local population in the near future. 

Although data is not fully analysed yet. this technology 
has been found to be extremely promising on the basis of 
reduction of clinical cases of the two diseases, and the 
reduction of vectors in the experimental area of mosquitoes. 

With regard to mosquitoes, sampling was carried out 
every month in treated and non-treated houses and also 
outdoors. The principal mosquito sampling method 
involved i.he use of CDC light traps. Exit traps were used 
to monitor the movement of mosquitoes from houses 
(Figure 3.2). 

Res ults show that the relative density of mosquitoes 
in houses within the experimental area was much higher 
than in the control area, prior to the fitting of the screens. 
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Figure 3.2 Window exit trap for sampling mosquitoes. 

A single annual peak of mosquito density was observed 
within the experimental area in May 1989 prior to the 
introduction of the screens. Such a peak was not repeated 
in 1990 although a smaller one was observed in March. 
The lauer coincided with the expiry of the active ingredient 
in the screens. It disappeared with the fitting of re
treated screens and the mosquito density remained low 
until !.he end of 1990. 

On sandflies, evaluation of the effectiveness of 
permethrin-treated screens (PTS) against phlebotomine 
sandflies was continued both in experimental and control 
villages. 

A comparatively much higher density of sandnies per 
house per trapnight was collected in Marigat before the 
deployment of the PTS. After the first treatment, a reduction 
of sandflies per house per i.rapnight was observed in all 
treated villages. During !.he second treatment, all treated 
houses continued to experience low sandfly abundance 
compared to their initial densities. 

Sandflies collected in the control villages were correlated 
with the environmental factors (i.e. rainfall, temperature 
and relative humidity). The number of collected sand flies, 
positively correlated with temperature. 

The permethrin-impregnated screens significantly 
reduced the sancifly numbers in all experimental villages. 
Similarly, the common sandfly species were highly reduced. 
The engorgement rate of endophilic sandflies decreased 
in all treated villages. 

3.7 THE BIOLOGY AND COLONlSATION OF 
SOME KENYAN PHLEBOTOMINE 
SANDFL Y SPECIES (DIPTERA, 
PSYCHODIDAE) 

M. J. Mulinga. C. C. Kamau, J. B. Kaddu, F. M. 
Kyai, D. M. Omogo,J. Mwandandu and]. Ndambuki 

Studies of vector biology, including ecology, behaviour 
and vector-parasite interactions, arc essential for 
understanding transmission of the leishmaniases. 
Establishment of sand fly colonies is especially important 
for the study of vector competence, as well as for 
determining the ecological requirements of immature 
stages which are difficult to locate in the field. 

Early workers encountered many problems !.hat hindered 
successful establishment of laboratory sandfly colonies. 
One of these was determining favourable conclitions for 
inducing oviposition and the development of frrst instar 
larvae. There was also the problem of females dying 
shortly after oviposition. Another problem was the 
susceptibility of the {lies to dryness and at the same time 
being prone to drowning in even slight excess film of 
water in the oviposition vials. 

Some previous workers confined sandflies in damp 
earthenware pots. This method provided the degree of 
humidity necessary for survival of the flies and also 
eliminated the risk which resulted from the condensation 
of water films on the inside of the rearing vessels. Using 
this method, they were able to induce females to oviposit 
and also were able to rear larvae beyond second stage of 
development. 

The first successful colonisation of phlebotomine 
sandflies was !.hat of Phlebotomus masciui by Grassi in 
1907, and Whittingham and Rook in 1923: these scientists 
were among the first to study larval development in a 
colony. Early workers only kept colonies through one 
generation for developmental studies. However, following 
the work of Johnson and Hertig, colonies of several 
sandfly species have been established in laboratory 
elsewhere, with many of these colonies providing large 
numbers of specimens for experimental studies. 

For Kenyan sandflies, initial laboratory investigations 
were carried out on Phlebotomus pedifer by Mutinga in 
early 1970s on the vector of L. aerhioplca. Later, the 
biology of P. martini, the vector of visceral leishmaniasis 
in Kenya was studied in detail. This species was 
subsequently successfully colonised through collaborative 
efforts of scientists in ICIPE and KEMRI. Subsequently, 
investigations on a laboratory colony of P. martini by 
Beach and colleagues in 1983 showed it to be an efficient 
vector of Leishmania donovani. The vectorial capacity 
of P. pedifer for transmitting L . aerhiopica was 
demonstrated earlier. Similarly, Phlebotomus duboscqi 
and Sergentomyia ingrami were found to be potential 



vectors of L. major. In order to test the vectorial competence 
of various species of sandflies, however, it is essential to 
use laboratory colonies of sandflies. Work on the laboratory 
rearing and biological investigations of 10 species of 
phlebotomine sandflies was continued during the year. 

Adult phlebotomine sandflies were collected using 
suction tubes, updraft traps (upside down modified CDC 
trap) and CDC light traps from various natural resting 
sites in Tseikuru (Kitui District), Kalawa (Machakos 
District), Marigat (Baringo District) and Mt. Elgon caves 
(Bungoma District). Oviposition vials 2.5 x 7.4 em long 
were lined at the bottom with toilet tissue or plaster of 
paris. Filter paper was placed over tissue or plaster of 
paris so that a female fly could not get entangled in 
between the packed toilet tissue. The toilet tissue was 
wetted with distilled water using a syringe and needle 
and the moisture from it soaked into the filter paper to 
induce a gravid female sandfly to oviposiL Each individual 
gravid female was placed in the vial to oviposit. Afler 
oviposition, the adult fly was removed and mounted on a 
glass slide for identification. The eggs were transferred 
into a Petri dish 9 em in diameter, containing approximately 
2 em plaster of paris on the bottom. Larval food composed 
of rabbit chow and rabbit faeces which were ground 
together, wetted, allowed to ferment and then sterilised. 
It .was spread thinly on the plaster of paris. The immature 
stages were maintained at 27°C and 70-90% r.h. in 
darkness, except for a few minutes when the vials were 
examined in daylight. 

Emerged adult files were released into rectangular 
feeding and mating cages made of clear plastic material 
3 mm thick and measuring 21 x 16 x 16 em. One side of 
the cage was covered with fine mesh screen for ventilation 
and another side had a hole 10 em in diameter with 
nylon netting sleeve to allow access to the inside of the 
cage for feeding and handling of the flies. Adult sandflies 
were maintained at temperatures (20--25°C) and 40--60% 
r.h. (Sergentomyia spp.) and at 25°C and 70-90% r.h. 
Phlebotomus spp. The Sergentomyia spp. were fed on 
immobilised lizards, such as geckos, while Phlebotomus 
spp. were fed on hamsters and mice (immobilised using 
Sagatal) or human volunteers. Flies fed best in diffuse or 
dim light. Sliced apples and wild plants provided adult 
flies with a sugar source. 
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Ten species of sandflies obtained from the field have 
been successfully reared at the ICIPE insectary. A monthly 
supply of over 1000 sandflies for experimental purposes 
has been sustained. These species are Phlebotomus martini, 
P. duboscqi, Sergentomyia schwetzi, S. ingrami, S. bcdfordi, 
S . adleri, S. wynnae, S. antennatus, S. garnhami, and S. 
africanus. Most of these species have been maintained 
in the laboratory for the last 5 years although, in two 
instances, incubator malfunction resulted in the loss of 
most species, necessitating their recolonisation. However, 
Phlebotomus duboscqi, S. ingrami and S. schwetzi, survived 
these failures. 

The mean developmental time for all species arc 
summarised in Table 3.1. Most of the Phlebotomus species 
took 1.5 times longer to develop than the Sergentomyia 
species although S. garnhami had the longest developmental 
time (78.4 days). In general, pupal development took the 
longest time (X = 12.9) for Phlebotomus spp.; X= 10.2 
for Sergentomyia spp.) whereas the second instar took 
the least number of days (X= 7.6 for Phlebotomus spp.; 
X= 5.4 for Sergentomyia spp. and 10.5 for S. garnhami) 
(Table 3.1). 

Statistical analysis (/·test) for significant difference 
in developmental stages revealed the following; 

(a) There was a significant difference (P < 0.01) in 
developmental Lime between S. garnhami and all other 
Sergentomyia spp., but not with the Phlebotomus spp. 

(b) There was a significam difference (P < 0.01) in 
developmental time among all Sergentomyia species 
(excluding S. garnhami) and Phlebotomus spp. 

(c) No significant difference (P > 0.05) in developmental 
time was observed among the Phlebotomus spp. 

(d) No significant difference (P > 0.05) in developmental 
time was observed among the Sergentomyia spp. 

Establishing laboratory colonies of sandfly species 
was difficult for a number of reasons. A 11 species required 
adaptation to laboratory environment Adults of certain 
species preferred different hosts for feeding compared to 
adults of olher species. Egg and larval development of 
some species required different optimal environmental 
conditions from the others. Temperature and humidity 
influenced hatching and developmental time of the 
immature stages. The high altitude species of sandflies 
(e.g. P. guggisbergi and P. pedifer) required lower 

Table 3.1 Development time (days) of laboratory reared sandflles 

Embryonation First Second Third Fourth 
Species n to hatching ins tar in star instar instar Pupa Total 

S. garnhami 12 24.5 (12.9) 10.37 (7.4) 10.5 (7.2) 10.3 (5.;) ; 0.7 (5. 1) 12.0 (7.0) 78.3 (39.2) 
P. duboscql 10 8.9 (2A) 8.0 (4.4) 8.5 (2.1) 8.7 (2.6) 10.9 (4.6) 12.0 (4.4) 57.2 (12.0) 
P. martini 29 8.9 (2.4) 7.6(3.1) 6.6 (3.1) 6.8 (1.8) 10.8 (4.9) 13.8 (6.6) 54.7 (15.0) 
S. adleri 20 6.2 (1 .5) 4.8 (1.2) 4.5 (1.2) 5.1 (1 .4) 9.7 (3.6) 12.1 (3.5) 42.3 (8.5) 
S. wynnae 12 7.7 (1.4) 5.6 (0.9) 5.0 (1.1) 5.1 '(1 .3) a. 1 (1 .6) 10.2 (3. 1) 41.7 (4.5) 
s. schwetzi 75 7.3 (3.0) 5.2 f ·4) 4.4 (1 .9) 5.2 (2.0) 8.8 (3.7) 10.4 (4.1) 41.3 (12.2) 
S. ingrami 59 5.8 (2.2) 5.4 1.7) 5.4 (1 .9) 5.9 (1.9) 7.9 (2.6) 9.7 (2.9) 40.1 (7.2) 
S. antennatus 36 6.3 (2.2) 5.0 (1.3) 4.6 (1.4) 4.5 (1.3) 7.9 (3.4) 9.6 (2.8) 37.6 (6.4) 
S. bedfordi 99 6.4 (1.8) 4.5 (1 .0) 4.1 (1 .3) 3.9 (1 .5) 8.6 (3.5) 10.1 (3.7) 37.6 (7.1) 
S. afrfcanus 13 6.4 (1 .2) 4.7(1.1) 4.8 (1 .2) 5 .2 (1 .3) 7.7 (1.8) 36.5 {5 .0) 

n ... Number of Individual female egg batches whose development was followed to adult stage. 
( ) = Standard deviation of the mean. 
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temperature for hatching than did lower altitude species 
like P. martini and S. garnhami. Thus although we have 
been able to rear 10 species of sandflies, maintaining 
some of these beyond the first generation was difficult. 
It required very careful attention to the correct kind of 
food mixture and maintaining optimal moisture and 
temperature conditions in the rearing dishes. 

3.8 VERTICAL DISTRIBUTION OF PHLEBO
TOMINE SAND FLIES IN TWO HABITATS IN 
MARJGAT LEISHMANiASES ENDEMIC 
FOCUS, BARJNGO DISTRICT, KENYA 

M. Basimike, M. J. Mutinga and C. M. Mutero 

Sandflies spend most of the day-time resting. It has been 
generally observed that the daily period of activity starts 
at sunset and ends shortly after dawn. Studies on sandfly 
vertical distribution in forested areas have been undertaken 
in South America. These studies disclosed some species 
of Lutzomyia Franca group reaching fifteen metres above 
the ground level in search of hosts and/or resting places. 

In Africa, so far the only investigations on sandfly 
vertical zonation were undertaken in Sudan by Quate in 
1964 while studying the ecology and behaviour of 
phlebotomine sandflies of the Paloich area. He noted 
that the sandfly vertical flight ranged between 0- 2 m. 

Studies on the vertical distribution of sandflies were 
carried out in the Marigat leishmaniases endemic focus, 
a semi-arid area experiencing high mean monthly 
temperatures (32.2 ± 1.5°C) with rains averaging 653 
mm/year. The area lies approximately botween Latitude 
00 28' North and Longitude 35° 58' East and located at an 
altitude of about 1067 m above sea level on the floor of 

the Rift Valley. Marigat area is situated between Lake 
Baringo to the north and Lake Bogoria to the south. The 
Tugen Hills form a large barrier in the west and with the 
Laikipia escarpment large mountains which rise to over 
2135 m- forming a similiar barrier to the east. 

Sandflies were sampled at various heights in the wooded 
area and the open field, using sticky castor oil traps. The 
traps consisted of standard sheets of clear polythene 
measuring 1 x 1 m and smeared with castor oil to provide 
a sticky surface. Eleven flag-type sticky uaps were fastened 
to a 12-metre long wooden pole at intervals of 10 em. 
Five such poles set up vertically at 1700 hours and left 
overnight were used in each of the habitats. Weekly 
collections of sandflies were done during the year. Caught 
sandflies were removed from the sticky traps the following 
morning between 0630-0730 hours using acacia thorns. 
No baits were used as sandfly attractants during the 
experiment. Flies from each height were placed into 
separate plastic vials and taken to the field laboratory 
for counting and identification into the respective species. 
For the dat.a analysis, the microcomputer statistical package 
MSTAT (Version 3.00/EM developed by Michigan State 
University) performed the correlation coefficient (r) 
between sand flies and their height of flight as well as the 
analysis of variance (ANOV A) of the regression equations 
(y). 

3.8.1 Sandfly species composition and their vertical 
distribution in the wooded area 

Six Sergentomyia sandfly species were collected in this 
habitat. They included Sergentomyia bedfordi, S. 
antennatus, S. ingrami Newstead, S. africanus New stead, 
S. schwetzi Adler, Theodor and Parrot and S. squamipleuris 
Newstead (Table 3.2). Sergentomyia bedfordi and S. 
antenna/us were Lhe most common species. They 

Table 3.2 Vertical distribution of sandfiies in the wooded area and the open f ield 

Sandfiy species 
Height of 

Site of collection S.bBdf. S.ante. S.ingr. S.afri. S.schw. S.affi. S.adle. S.c/yd. S.squa. 
collection (m) Total 

Wooded area 0-1 8 32 5 0 0 0 0 0 0 45 
1-2 45 63 2 2 1 0 0 0 1 114 
2-3 34 9 0 0 0 0 0 0 1 44 
3-4 26 1 0 0 0 0 0 0 0 27 
4-5 25 4 0 1 0 0 0 0 0 30 
5- 6 46 8 0 0 0 0 0 0 0 54 
6-7 21 2 0 1 0 0 0 0 0 24 
7-8 28 17 1 0 0 0 0 0 0 46 
8-9 12 5 0 0 0 0 0 0 0 17 

9-10 10 2 0 0 0 0 0 0 0 12 
10- 11 12 1 0 0 0 0 0 0 0 13 

Open field o-1 8 22 2 0 0 7 14 0 1 54 
1-2 17 4 1 0 0 2 1 4 0 29 
2-3 5 5 0 0 0 0 0 1 0 1 1 
3-4 2 3 0 1 0 0 2 0 0 7 
4-5 8 7 0 0 1 0 1 1 0 19 
5-6 3 4 0 0 0 0 0 0 1 8 
6-7 3 1 0 0 0 0 0 0 0 4 
7-8 1 0 0 0 0 0 0 0 0 1 
8-9 1 0 0 0 0 0 0 0 0 1 

S. bedf. = t?BrgBnt~myia be~fordi; S. ante. = S. an~ennatus, S. ingr . • S. ingrami, S. afrl. = S. africanus, S. schw . • 
S. schwetz1, 5. aff1. - S. affmls, S. ad/9. = S. ad/en, S. clyd . • S. c/ydei. S. squa. = S. squamipleuris. 
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Table 3.3 Average nightly catches of sandflles collected on sticky traps set up at different heights in wooded area 
and In open field 

Wooded area Open field 

Average number of sandflles/ Average number of sandflies/ 

Height 
trap/night trap/night 

(m) Males Females Males Females 

0- 1 1.93 
1-2 3.93 
2-3 0.87 
3-4 0.50 
4-5 0.68 
5- 6 1.06 
6- 7 0.37 
7-8 1.43 
8- 9 0.37 
9-10 0.12 

10-11 0.31 

represented 96.47% of aU sandflies collected in the site. 
The vertical distribution of sandflies in this habitat 

showed that both S. bedfordi and S. antenna/us were the 
only species encQuntered at the height of 11 m above the 
ground and were collected at all investigated heights. 
The highest density of sandflies was collected at 1-2 m 
(26.76%). Moreover, it was also observed that the majority 
of sandflies was collected between 0-7 m. From 8 m 
upwards the number of sandflies declined. 

Analysing the relationships between the sandfly catches 
and their height of flight in the wooded area, the following 
observations were made: 
1. A significant negative correlation coefficient was 

established between sandfly catches and the height of 
flight (r = -0.77; P < 0.005). 

2. The analysis of the regression line (y = 1.90-0.07X) 
presented a significant variance ratio (F = 3.15; P < 
0.03). 

3.8.2 Sandf/y species composition and their vertical 
distribution in the open field 

Nine Sergentomyia sandfly species were collected from 
the suspended sticky traps between 0-9 m. These species 
were S. bedfordi, S. antenna/us, S. africanus, S. ingrami, 
S. schwetzi, S. a/finis Theodor, S. ad/eri Theodor, S. 
clydei Sinton and S. squamipleuris (Table 3.3). The most 
abundant species were the first two which represented 
83.6% of the total sandfly population, followed by S. 
adleri. The data obtained on sandfly vertical distribution 
in this habitat showed that only S. bedfordi reached a 
height of 9 m. S. antennatus was collected up to 7 m. 
The highest density of sandflies occurred near ground 
level (40.3%). In the open field the majority of sandflies 
can be collected between 0--4 m. From 5-9 m, there was 
a big reduction in sand fly numbers with respect to height. 

The relationships between the sandfly's relative 
abundance and their height of flight demonstrated the 
following: 
1. That a highly significant negative correlation coefficient 

was found between both parameters (r = -0.92; P < 
0.000), and 

2 . That the analysis of the regression line (y = 1.80-0.17X) 
had a significant variance ratio (F = 3.34; P :s; 0.031). 

0.87 2.00 1.37 
3.18 0.93 0.87 
1.87 0.37 0.31 
1 .18 0.31 0.12 
1.18 0.56 0.62 
2.31 0.06 0.43 
1.12 0.25 
1.43 0.06 
0.68 0.06 
0.62 
0.50 

With the exception of heights between 0-lm where 
more male than female sandflies were collected, the 
number of female sandllies was twice that of males in 
the wooded area at almost every height investigated 
(Table 3.3). In the open field, more male than female 
sand flies were collected between 0-3 m and only female 
sandflies reached 7-9 m. 

3.9 TEMPERATURE AND MOISTURE 
CONTENT OF SOILS OF TERMITE MOUNDS 
AND ANIMAL BURROWS IN RELATION TO 
RELATIVE ABUNDANCE OF ADULT 
PHLEBOTOMINE SANDFLIES (DIPTERA, 
PSYCHODIDAE) IN MAIUGAT SEMI-ARID 
AREA, BARINGO DISTRICT, KENYA 

M. Basimike and M. J. Mutinga 

The independem or combined action of micro
environmental factors on phlebotomine sandflies inside 
their breeding and resting places need to be investigated 
in order to understand sandfly behaviour and seasonal 
changes in their population dynamics. Accordingly, we 
measured soil temperature and soil moisture content inside 
termite mounds and animal burrows in relation to sandfly 
relative abundance occurring in both sites. 

A semi· arid area, Marigat Location of Baringo District 
experiences high mean monthly temperatures (32.5 ± 
1.5°C), with rains amounting to 653 mm per year. Two 
main seasons occur in the area, a six-month rainy season 
(March-August) followed by a dry period 
(September- February). The area lies approximately 
between the Latitude 0" 28' North and Longitude 35o 58' 
East and is situated at an altitude of about 1067 m above 
sea level on the floor of the Kenya Rift Valley. Due to 
excessive erosion in the area, the sandy loam soil has 
extremely low organic content and considerable alkaline 
and neutral reactions (pH 6.9-7.7). Mounds built by 
Macrotermes sp. and burrows occupied by small animals 
(hedgehogs, ground squirrels, rats, mongooses, bats, etc.) 
prevail in large numbers in the area. The vegetation is 
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dominated by Acacia thorn trees, used as resting places 'i' Ill 0 
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·~ 

specimens was collected from termite mounds and animal cu 

burrows (Table 3.4). Of these, 11 species were recorded "C I'; c 
111 ... ~ IQ')OV~ 0 c in termite mounds and 12 in animal burrows. They are 0.. ~~ (')ll)(\j ~ 
Ill Q. 

~ Phlebotomus martini, P. duboscqi Neveu·Lemaire, P. "0 ::1 
c 2 8 rodhaini Parrot, Sergentomyia bedfordi Newstead, S. 5 rn 
E ~ ! 

antennatus New stead, S. ingrami New stead, S. african us (I) :s ::1 
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and Parrot, S. adleri Theodor, S. clydei Sinton and S. ~ ii 
t'? E 

~ ~~ ~~~~~ ~ II 
graingeri Heisch, Guggisberg and Teesdale. S. graingeri .5 v CDCD u 

was absent in termite mounds. All species of the genus gj E 

= ul 
Phlebotomus were observed in both sites. "8 Q) 

'(j 
:X (I) 

til Q-
3.9.2 Soil temperature Q) "8 c ::1 CD ,J!! 
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3 .9.3 Soil moislure 
Monthly soil moisture content in termite mounds ranged 
between 10-47.5%, with a monthly average of29.9%. A 
range of 1.0-48.5% was recorded in animal burrows, 
with a monthly average of 23.8% (Table 3.5). 

The highest soil moisture recorded in tennite mounds 
(47%) was observed in June, while the lowest (20.5%) 
was measured in December. In animal burrows the highest 
soil moisture was recorded in June (48%) and the lowest 
in November (3.5%). As indicated in Table 3.5, both 
sites presented low soil moisture values, ranging from 
20.5- 23% in termite mounds, and 3.5-16% in animal 
burrows during the dry season (November-March) . 
However, as would be expected during the wet period 
(April to end of July) these sites maintained higher soil 
moisture resulting in 36.5-4 7% in termite mounds and 
28.5-48% in animal burrows. Moisture content varied in 
both sites at a coefficient of variation of 43.7%, Generally 
the soil moisture content was directly proportional to the 
rainfall. 

3.9 .4 Relative abundance of sandfly and soil microclimate 
The relative abundance of sandflies of the genera 
Phlebotomus and Sergentomyia collected during the study 
period is given in Table 3.4; for each genus the numbers 
of all species were pooled. 

Correlations between monthly relative abundance of 
sand flies of the genus Phlebotomus and soil microclimate 
parameters as measured in termite mounds, gave negative 
coefficients for both temperature and moisture content 
(r = -0.53, P = 0.22 and r == -0.55, P = 0.19, respectively). 
In animal burrows, positive correlation between 
Phlebotomus sandfly numbers and temperature was 
observed (r = 0.14, P"" 1.0), whereas a negative correlation 
coefficient was seen for moisture content (r = -0.23, P"" 
1.0). 

Correlating the relative abundance of sand flies· of the 
genus Sergentomyia with soil microclimate, it was seen 
that in termite mounds, positive correlation coefficients 
was observed for temperature and moisture content (r = 
0.12, P = 1.0 and r = 0.70, P == 0.07 for temperature and 
moisture content of the soil respectively). In animal 
burrows, negative coefficient was calculated for soil 
temperature (r = -0.12, p,l.O) and positive coefficient 
for soil moisture content (r"" 0.48, P = 0.32). 

Positive correlation coefficients were observed between 
total numbers of sandflies and soil microclimate factors 
in every site. Thus in termite mounds, the coefficients 
were 0.14,( P = 1.0) and 0.65, (P = 0.11) for temperature 
and moisture content of the soil respectively, while in 
animal burrows, the coefficients were 0.08, (P = 1.0) for 
soil temperature, and 0.25, (P = 1.0) for soil moisture 
content. 
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3.10 THE ECOLOGY OF SERGENTOMYIA 
GARNHAMI HEISCH GUGGISBERG & 
TEESDALE, IN KALA-ENDEMIC FOCUS OF 
TSEIKURU, KITUI DISTRICT, KENYA 

A. E. Onyido 

The history of leishmaniasis in Kitui District dates back 
to the early 1940s. It was associated with the settling, 
around the northern boundaries of Kenya and Ethiopia 
highlands, of soldiers returning from the Second World 
War. The disease started with reports of sporadic cases 
in 1914 by Fendall, eventually leading to an epidemic in 
early 1950s. Since then kala-azar has been endemic in 
the Tseikuru area of Kitui District. 

Early investigations incriminated the Synphlebotomus 
complex (Phlebotomus martini, P. celiae, and P. 
vansomerenae) as the vecLOrs of the disease. P. martini 
was shown to be the major vector. Later studies on 
cutaneous leishmaniasis showed that P. pedifer was 
incriminated as a vector of L. aethiopica . Similarly, P. 
pedifer was incriminated as a vector of L. aethiopica in 
Kenya on the slopes of Mt. Kenya and the Rift Valley 
escarpments. 

The role of Sergentomyia species as vectors of 
leishmaniasis has been investigated and two species, S. 
ingrami and S. garnhami shown to have potential as 
vectors. These species are not only highly anthropophilic 
but also harbour human Leishmania promastigotes in 
their gut. Isolations from S. garnhami caused L. major 
like· lesion in the nose and tail functions of Balb/c mice. 
This observation has necessitated our current studies on 
the detailed ecology of S. garnhami in Tseikuru kala
endemic focus where the species is most abundant. 

The objectives of this stlldy, which is continuing are, 
among others: 
• To investigate the natural breeding sites of S. garnhami 

through incubation of soil samples collected from 
suspected breeding sites, and 

• To identify the day-resting sites of adultS. garnhami. 

3.10.1 Study area 
Tseikuru is a semi-arid rural environment in Kitui District 
of Kenya. Figure 3.3, is a map of Kenya showing the 
position of Tseikuru and other kala·endemic foci in Kenya. 
Four seasons are recognised in the year - two dry 
seasons and two rainy seasons. It has mean monthly 
temperature of 29.52°C and mean annual rainfall of 845 
mm. Occupationally, livestock keeping is the mainstay 
of the economy although small-scale trading, crop farming, 
other forms of agriculture, and basket weaving are also 
practised. The vegetation of Lhe area is dominated by 
acacia and other thorny trees characteristic of semi-arid 
regions of East Africa. 

3.10.2 Breeding sites 
Breeding sites of S. garnhami were studied using soil 
incubation techniques developed by Mutinga and Kamau 
in 1985. Soil samples from 17 ecological sites were 
incubated at different periods of the year. Although 4 
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Figure 3.3 Map of Kenya showing Tselkuru In Kltui 
District and other leishmaniasis endemic foci (Baringo 
and Machakos Districts). 

experiments were done S. garnhami was recovered from 
the 3 of the 4 experiments and from 15 ouL of the 17 
ecological sites from where Lhe soil samples were collected. 
This showed that S. garnhami has a very wide distribution 
of breeding sites in Tseikuru. 

3.10.3 Resting sites 
Studies to identify the day-resting sites of S. garnhami 
were carried out in 10 ecological sites, including inside 
walls of human dwellings, and spaces between packed 
bricks. Other sites were inside walls of toilets and 
bathrooms, termite hills, tree·holes, tree-bases, tree-stems, 
rock crevices and animal burrows. Sticky traps measuring 
1 x 1 m were set on the inside walls of human houses 
between spaces in packed bricks. In other sites; aspirators 
were used to collect flies from them. Ten replicates of 
each sile were used. 

S. garnhami was collected in all the sites investigated 
except on the inside walls of bathrooms. Termite hills 
and animal burrows were the preferred day resting sites 
of S. garnhami. 

3.11 ECOLOGICAL AND BEHAVIOURAL STUDIES 
OF MOSQUITOES IN THE MWEA RICE 
IRRIGATION SCHEME 

B.A.Rapuoda 

Previous preliminary studies on the ecology and behaviour 
of mosquitoes in the Mwea Tebere Irrigation Scheme 
showed that A. arabiensis exhibits strong zoophilic, 
exophagic and endophilic behaviour. By that lime it was 
too early to draw up firm conclusions regarding those 
results. However, we continued the work introducing 
other trapping methods in order to enhance the catches, 



for example, the knock-down method and light Lraps. 
During the second year of study blood samples for 

investigation on malaria parasite were collected from 
other selected villages within the Irrigation Scheme. 

The results showed a marked increase in the apparent 
density of A. arabiensis because of the experience gained 
in catching and the inclusion of other trapping methods. 

It was now confmned that A. arabiensis' apparent 
density increases gradually after the paddies are flooded 
with a peak during the month of September. The proportion 
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of malaria parasite even in the other nine villages sampled 
was found to be less than 10%. A . funestus, although 
found in low numbers, played a more important role in 
the transmission of malaria than A. arablensis, showing 
an infection rate of 13 and 8% respectively. 

The observation that A. arabiensis has interesting 
feeding behaviour, in that it has other hosts besides man, 
needs to be investigated further and exploited to try and 
keep malaria incidence to a minimal level in lhe Mwea 
Rice Irrigation Scheme. 
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4 
Tsetse 
Research Programme 
The main thrust of the Tsetse Research Programme is to develop appropriate 
strategies for controlling tsetse and trypanosomiasis on a sustainable basis. 
This entails development of a model of the epidemiology of trypanosomiasis 
transmission, identification and quantification of the key factors regulating 
or relating to the transmission event for both the tsetse and the vertebrate 
host. There are many factors involved in trypanosomiasis transmission which 
interact with each other, often in a complex manner. This picture can be 
simplified bearing in mind that there are three major components of the 
system, each of which has several mechanisms. The three major components 
are: tsetse density, trypanosome infection rates in the tsetse and the vertebrate 
host- tsetse interactions. This report summarises some of the advances made, 
all relating to the complex cycle (trypanosome tsetse host interaction). 
• The use ofNGU traps for G. pallidipes control has firmly been established 

and this technology can no~ be considered as an /PM component for 
tsetse management. 
An improved version of the NGU trap (Siamese trap) has been developed 
and can be used in a multi· species situation. 
The use of tsetse for xenodiagnosis of very low trypanosome infection 
in wildlife has revealed the presence of cryptic infections when other 
parasitological techniques failed. 

• An unusually high incidence ofT. simiae was detected in tsetse from 
the Kenya Coast. 
The high incidence ofT. congolense infection in G. austeni suggested 
that this tsetse plays an important role in nagana transmission. 
A tsetse bacterial pathogen was isolated from the skin of waterbuck. 
The pathogen which is highly specific to tsetse, kills within a few hours 
and at very low doses. Its potential as biological control agent is great. 
G. pallidipes has been observed to substructure in various vegetation 
types in the Lambwe Valley , the subpopulation in the continuous thicket 
being the most stable compared to those at the edge of the thicket. 
Various environmental factors regulate the behaviour of the wandering 
and pupariating larvae. This is a short and vulnerable life srage of the 
rserse. 
Pupariation and eclosion of adult tsetse were demonstrated to be under 
hormonal control. 
Verrical distriburion of tsetse was demonstrared for G. m. centralis and 
G. pallidipes. The tserse may be using rhis mechanism for dispersal/ 
migration. 
G. m. submorsitans was found to inhabit high altitudes (up to 1900 m). 
The flies at high altitudes behaved differently from flies at/ower altitudes. 
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4.1 TSETSE POPULATION SUPPRESSION IN 
NGURUMAN, SOUTH WEST KENYA 

R. D. Dransfield and R. Brightwell 

The experimental suppression of tsetse populations on 
the Olkeramatian Group Ranch using odour-baited NGU 
traps has continued through 1989- 1990, though with 
much less intensive monitoring. The traps have maintained 
a reduction in the population of G. pallidipes ranging 
from 90% in the rainy season to 99.5% in the dry season. 
Panial rcinvasion, mainly of females, from the top of 
the escarpment and the northern area, has been the reason 
for the lower level of control during the rains. This has 
been reduced but not entirely eliminated by the barrier 
traps along the pipet inc road and along the parts of the 
base of the escarpment at 100 m intervals. For most of 
the year, the effects of the traps extend several kilometres 
outside the suppression zone. Tbe impact of the traps 
on the G. longipennis population has been less dramatic 
but the reduction has exceeded 90% in the dry season. 
Scientists from the Kenya Trypanosomiasis Research 
Institute (KETRI) have been collaborating with ICIPE 
in the Ngururnan area by monitoring trypanosome infection 
rates in sentinel herds of cattle within and outside the 
suppression zone. Results have been good, with practically 
no infections recorded in caLLlc in the suppression zone 
at the dry season. 

The las t data on tsetse fly catches obtained from the 
monitoring biconical traps (July 1990) were mean catches 
of 10.7 male and 10.5 female G. pallidipes in traps 
inside the suppression zone , 35.9 male and 62.5 female 
in traps in the barrier zone and 344.1 males and 490.2 
females in traps outside the suppression zone. This indicates 
an excellent degree of reduction so soon after the main 
rains (97% for males a nd 98% for females) and can be 
expected to rise again tO well over 99% as the dry season 
progresses. 

The effectiveness of the trap/odour bait system can 
best be assessed by considering the additional trapping 
mortality imposed on the G. pallidipes population by 
the traps, the resulting total daily mortality and its 
consequences on the rate of population change. The 
estimate of 6.5% per day trapping mortality for males 
and 4.0% for females at a trap density of 1-2 per kml 
is similar to the 10% given for insecticide-impregnated 
targets in Zimbabwe if allowance is made for the higher 
target density of 3-4 per km1 (trap/target densities in 
each case inc lude barriers). 

The higher mortality rate imposed by the traps during 
the dry season than during the rains was a reflection 
of the distribution of the traps, since they were mainly 
located in wooded areas where tsetse concentrate during 
the dry season. It is also possible that temperature or 
ot.hcr climatic factors could be affecting trap efficiency. 

4.2 NGU TRAP DEVELOPMENT 

R. Brightwell and R. D. Dransfield 

4.2.1 The prototype NG2B 
For many years now, various techniques have been available 
to control tsetse fly; whether these have provided a 
sustainable solution to the problem of trypanosomiasis 
is, however, debatable, and in recent years the level of 
pollution from insecticide campaigns has given rise to 
some concern. The new odour baited traps and targets, 
coupled with a better understanding of tsetse population 
dynamics, offer more realistic prospects of sus tainable 
tsetse control. 

In the early experiments the NG2B was consis tently 
more effective than a similarly baited biconical trap; it 
used less material and was considerably easier to construct. 
The finding that the relative effectiveness of this trap 
was temperature-dependent had important implications 
for both design and testing of all new tsetse traps. It 
had been demonstrated previously that the catch of G. 
pal/idipes in a biconical trap is dependent on temperature, 
but there was an assumption that it was due LO changes 
in the activity of the flies. Observations indicate that 
the entry response 10 the biconical trap is inhibited at 
lower temperatures. This could explain the poor 
performance of the F3 relative to the hi conical at N guru man 
compared to the results in Zimbabwe. 

4.2.2 The operational version 
During the development of an operational version of the 
NG2B from the experimental prototype, certain 
modifications were required for reasons of economy or 
practicality. These included reducing the release rate of 
acetone and raising the trap to prevent mud splash and 
rotting of the material. Although the smell of decomposing 
flies had no adverse effect on the catch of female G. 
pa//idipes, there was a significanl reduction in the catch 
of males. Thus regular servicing of the traps to avoid 
excessive accumulation of flies is advisable. 

Despite its smaller size and much lower cost, the 
NG2B trap caught very similar numbers of G. pa/Jidipes 
to the F3 trap. In Zimbabwe however, Dr. Vale found 
that the F3 trap caught 1- 2x more male and 2- 3x more 
female G. pallidipes than the NG2B. This could either 
reflect a behavioural difference between Zimbabwean 
and Kenyan G. pa//idipes or result from climatic factors 
affecting their relative efficiency. For G. Jongipennis, 
both the F3 and the operational vers ion of the NG2B 
were significantly more effective than the prototype. 

There has been relatively liule work on optimal cone 
materials for tsetse traps. Research in West Africa showed 
that catch was reduced when using plastic cones on 
monoconicaJ traps, and ascribed it to high temperatures 
within the cone. This work reported a similar reduction 



when using fine mesh mosquito netting (0.5 mm), compared 
to 1.5 or 2.0 mm. This, it was suggested, might have 
resulted from a change in the overall aruactiveness of 
the trap or, more likely, a decrease in the light intensity 
in the upper cone which reduced the cage entry response. 

Our work suggests that for G. pallidipes, light 
transmission is the critical factor although net colour 
may be more important for female G. longipennis, given 
the relatively good performance of white and yellow 
cloth and very poor performance of t.he open black neuing. 
The females of this species fly later than males, when 
light levels are very low. 

4.3 TSETSE VECTORIAL CAPACITY 

S. Mihok. L. H. Otieno. N. Darji and 
E. N. Munyoki 

Isoenzyme studies of Trypanosoma brucei sampled from 
the Lambwe Valley have suggested the existence of 
multiple host parasite cycles weakly coupled to the cycle 
responsible for human sleeping sickness. The mechanisms 
of selection that maintain these cycles are unknown, but 
we suspect that genetic recombination or lectin-mediated 
immunity in tsetse may be responsible. To examine these 
processes in the laboratory, we cloned a variety of isolates 
representing all known genotypes of three of the important 
isoenzyme systems that appear to be markers for host
parasite adaptation (Asat. Alai and !CD). This library 
of parasites will be used initially to test the effects of 
lectin inhibition on the vectorial capacity of various 
species of tsetse. The goal of this work will be the 
eventual biochemical and genetic definition of the factors 
responsible for variation in the transmission dynamics 
of the human sleeping sickness parasite. 

The utility of tsetse fHes for xenodiagnosis of infection 
in wildlife was tested with captive waterbuck and buffalo, 
and a wild rhinoceros during collaborative work with 
Kenya Agricultural Research Institute (KARl) and the 
Kenya Wildlife Society (KWS). On many occasions, 
this technique revealed the cryptic presence of 
trypanosomes when other parasitological techniques had 
failed to do so. In the case of buffalo infected experimentally 
with T. congolense one year previously, parasites were 
detected with xenodiagnosis, even though they had lost 
their ability to infect rodents. These experiments suggest 
that previous estimates of infection rates in wildlife 
have been grossly underestimated, as they have all used 
standard parasitological techniques. This work also suggests 
the possibility of infection being facilitated at low levels 
of parasitaemia when tsetse are fed on natural hosts. 
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4.4 EPIDEMIOLOGY OF NATURAL 
TRYPANOSOME INFECTIONS IN TSETSE 
FLIES AND IN CATTLE 

1. H. P. Nyeko , L. H. Otieno and P. Onyango 

There is now accumulated evidence to the effect that 
natural trypanosome isolates in the tsetse flies and cattle 
have a high percentage of mixed infections. Some 
Trypanosoma congolense stabilates which originated from 
tsetse flies and had been passaged in mice were analysed 
using recombinant DNA probes to determine the percentage 
of mixed infections. H was observed that all the stabilates 
were homogeneous populations ofT. congolense savannah 
type. 

It was not possible to detennine whether all the original 
isolates from Lhe flies were homogeneous infections, or 
whether some trypanosome species in an otherwise 
mixed infection did not infect the mice following the 
inoculation experiments. It was very likely that sub
inoculation selected out some trypanosomes in the original 
isolates. In this work we investigated: 

The geographic extent of T. congolense mixed 
infections in tsetse flies and in cattle in the following 
areas: Lambwe Valley, Nguruman and Muhaka/ 
Majimboni area in the Kenya Coast. 
The infectivity of the various T. congolense sub
species or genotypes to laboratory rodents (mice). 

Tsetse flies were dissected and the gut, proboscis and 
the salivary glands were examined for trypanosome 
infections. The infected organs were macerated, placed 
in Eppendorf tubes, and resuspended in 200 J.ll of PSG. 
One part of the sample (100 Jll) was inoculated in mice 
and the remaining part was preserved in liquid nitrogen 
for further DNA probe analysis. 

Samples were thawed and 50 J.ll was spot bloUcd at 
6 points on H-bond nylon filters, denatured in 1.5M 
NaCl and 0.5M NaOH solution and baked for 2 hours 
at 80"C. The baked filters were prchybridiscd and later 
hybridised to radio labelled species-specific DNA probes 
to T. congolense savannah (372}, T. congolense Kilifi 
(450), T. congolense forest (103), T. simiae (600), T. 
vivax (900) and T. brucei (Ingi). 

The total number of flies dissected in djfferent parts 
of Kenya and those found infected with various 
trypanosome species are shown in Table 4.1. 

A total of225 cattle were examined in Lambwe Valley 
and Kenya Coast regions and 8 were found infected with 
4 T. vivax and 4 T. congo/ense. When these isolates were 
inoculated into mice only two of them from Kenya Coast 
infected the mice. 

Table 4.1 Tsetse infection rates in three regions of Kenya 

Location No. of Illes No. Int.(%) T.c. T.v. 

Lambwe Valley 1501 74 (4.9) 26 48 
Kenya Coast 633 43 (6.7) 27 16 
Nguruman 910 39 (4.3) 18 21 

Total 3044 156 (5., ) 71 85 
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Table 4.2 DNA probe characterisation of trypanosome isolates 

Recombinant DNA probes examined 

Location GuVInocul. 372 450 

Kenya Coast 26 (6) 10 2 
Mombasa 27 (15) 2 0 
Nguruman 1 8 (1 6) 13 0 

Total 71 (37) 25 2 

The trypanosomes were characterised by recombinant 
DNA probes and the results (Table 4.2) show lhat the 
Kenya Coast isolates were mainly T. simiae, while 
Nguruman and Lambwe Valley have more T. congolense 
savannah types. It was of interest to note that 28 isolates 
did not show any hybridisation signals to any of the 
probes used, and out of lhe 3 7 mature infections in tsetse 
flies sub-inoculated into mice, only three isolates from 
Nguruman infected the mice. 

We found only one case of mixed infection in a tsetse 
fly from Lambwe Valley involving T. congolense savai)nah 
and Killfi genotypes. Out of 15 isolates inoculated into 
mice from the Coast, seven were found to be r. simiae 
infections and therefore could not be expected to infect 
mice, one was T. congolense savannah and the other 
seven did not show signals to any of the probes. This 
result explains the low infection obtained after animal 
sub·inoculation. 

Attempt to hybridise samples of infected proboscide 
was not successful. This is due to poor mechanical 
extraction of trypanosomes from the tissues of this organ. 
We are in the process of amplifying the trypanosome 
DNA of all the isolates which did not hybridise to the 
probe by Polymerase Chain Reaction (PCR) technique. 
This technique will enable us to know if lack of signal 
was due to low number of parasites involved. 

4.5 EPIZOOTIOLOGY OF TRYPANOSOMIASIS 

S. Mihok and E. N. Munyoki 

Transmission of trypanosomes from wildlife to man and 
his livestock is poorly understood, as few researchers 
have had the opportunity to work in undisturbed areas. 
We therefore initiated co1laborative epizootiological studies 
with the Kenya Wildlife Society (KWS) on the natural 
transmission dynamics of trypanosomiasis at the Ngulia 
Rhino Sanctuary in a protected, isolated area of Tsavo 
West National Park. Todate we have completed a dry 
season survey of tsetse distributions, and have created 
a library of mostly T. congolense isolates from G. pallidipes 
for characterisation in the laboratory. In collaboration 
with ILRAD, these parasites, and others from infected 
tsetse have been identified with DNA probes as to their 
species and subspecies groupings. 

103 600 900 lngi None 

0 2 0 1 11 
0 10 0 0 15 
0 3 0 0 2 

0 15 0 28 

Results of this survey indicate that the epizootiology 
of trypanosomiasis in an undisturbed area may be much 
simpler than in other areas where there is considerable 
wildlife-livestock interaction. Parasites of the Nannomonas 
group from G. pallidipes at Ngulia belong just to the 
T. congolense savannah subgroup, with only a few cryptic 
infections present (T. simiae and possibly T. grayii). A 
second unusual finding is the extremely high 
transmissibility of these T. congolense isolates to G. 
morsilans centra/is in the laboratory. These results suggest 
lhat the host-parasite adaptations seen in T. brucei from 
the Lambwe Valley may be a general phenomenon for 
all trypanosome species in different situations. Parasite 
diversity may very well be induced by the adaptation 
of the trypanosome to different host and vector cycles. 

4.6 IMMUNE RESPONSES OF WILDLIFE TO 
TRYPANOSOMIASIS 

S. Mihok and E. N. Munyoki 

Although wildlife species are often tolerant of trypanosome 
infection in controlled laboratory experiments, they may 
suffer ill effects from infection in the wild, where the 
environment is not so benign. We therefore took advantage 
of a rinderpest survey conducted in the Maasai Mara 
by ODA/KARI to examine hematological parameters in 
44 wild buffalo, seven wildebeest and nine waterbuck. 
This survey revealed the presence of a low level of 
patent infection ofT. vivax and T. congolense in buffalo 
(6.8% and 2.3% respectively). Although trypanosomes 
and other parasites of various kinds were detected. we 
found no indication of pathology during infection in the 
hematological indices that we measured. 

Many of the buffalo sampled in this survey in January 
were infected with an unknown species of sheathed 
microfilaria wilh posterior nuclei suggesting Wucheria 
spp. To see if we could complete the life cycle, we fed 
a variety of mosquito species on infected buffalo blood. 
Anopheles and Culex died within a few days after ingesting 
the mictofilaria, but Aedes aegypli survived. One month 
after infection we allowed these mosquitoes to feed on 
a captive buffalo. Todate, we have not been able to 
detect microfilaria in the blood of this buffalo, and therefore 
presume that the transmission experiment was not 
successful. 



4.7 THE LAMBWE VALLEY PROJECT 

L. H. Otieno, M. M. Mohamed-Ahmed and 
P. Onyango 

Over the years Glossinapallidipes in theLambwe Valley, 
South Nyanza District, western Kenya has resisted the 
various control attempts, and still remains a potential 
threat of rhodesian sleeping sickness and nagana 
trypanosomes to man and his domestic animals in the 
area, The ideal environment in which the tsetse is entrenched 
in Ruma National Park and the immigration of flies from 
an uncontrolled area around the Lambwe Valley, were 
some of the reasons given for the repeated control failures. 
Recently, encouraged by the relative success of odour
baited insecticide-impregnated targets in control of tsetse 
in Zimbabwe, targets have been deployed in Rums National 
Park since August 1988. The report below (Sections 4.9, 
4.10 and 4.15) summarises observations on the eva! uation 
of suppression of G. pal/idipes by targets in Ruma National 
Park, survey of tsetse to detect subpopulations in the 
areas surrounding the Park and laboratory experiments 
on the effect of temperature on ovarian development in 
the pupa of G. pallidipes. The objective of the latter 
experiments (Section 4.15) was to manipulate the 
relationship between egg follicle size and temperature 
to predietthe microclimate temperature in the breeding 
and resting sites of G. pal/idipes in the Lambwe Valley. 

4.8 SUPPRESSION OF G. PALUDIPES IN 
AGRICULTURAL LAND AROUND LAMBWE 
VALLEY, SOUTH NY ANZA 

L. H. Otieno, P. Onyango and 
M. M. Mohamed-Ahmed 

Since Augustl988, insecticide-impregnated screens have 
been deployed in the Ruma National Park by the Kenya 
Trypanosomiasis Research Institute. As expected, the 
screens have reduced tsetse population very rapidly. At 
the same time we carried out an experiment out~ide the 
National Park (Nyaboro thicket) to suppress G. pallidipes 
in the thicket using NG2B traps. This thicket has no 
foci of tsetse to the east, west, and south, and is separated 
from the main tsetse belt in the Park to the north by 
approximately 0.5 km of cleared area. There is a community 
of cattle-holding farmers living immediately to the south 
of this lhicket The experiment showed that tsetse population 
was reduced from an average of 200 flies per trap per 
day before placement of the traps to below 1 fly/trap/ 
day within 8 months and remained m this low density 
for much of 1990. 

Mark-release-recapture experiments carried out within 
the main body of the thicket inside the National Park 
revealed that there was a constant re~invasion of Nyaboro 
thicket by flies from the main body of the National Park. 
This observation would suggest that although the 
impregnated screens lowered tsetse population in the 
park dramatically, there was a residual population 
which was a constant source of infestation in the cleared 
area of the Nyaboro thicket. Cattle trypanosomiasis has 
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virtually disappeared among the cattle around Nyaboro 
thicket. 

4.9 SUPPRESSION OF G. PALLID/PES IN RUMA 
NATIONAL PARK 

M. M. Mohamed-Ahmed and L. H. Otieno 

Changes in the population dynamics of G. pallidipes in 
Ruma National Park were studied using age detennination 
and monthly mark-release-recapture experiments for 
estimation of the absolute densities from January to 
December 1990 using samples from odour-baited biconical 
traps. The monthly densities (males+ females) so estimated 
were each divided by 14 million (= saturation density 
of G. pallidipes in the Park before targets were deployed) 
to obtain the proportions remaining, and hence the level 
of suppression of tsetse. Tsetse suppression varied between 
96.5% to just below 99% during the study period (Figure 
4.1). The highest reduction of flies was attained in March 

Target 
servicing 

Partial 

Figure 4.1 Tsetse remaining (%) in Ruma National Park 
during 1990. 

and August, approximately one month following target 
servicing after which flies recovered gradually to approach 
the target preservicing density by the third month. There 
was no similar reduction in the population after the 
partial target maintenance in October/November. On the 
other hand the population recovery appeared to be more 
rapid during the wet season (April and May) than in 
the dry season (September and October) probably due 
to the extensive bush fires during the latter and the 
washing off of the insecticide by the rains. Although 
at least over 96% suppression of the population was 
attained in any one month, females of age categories 
0 to 7+4n were present throughout. Obviously, some 
females survived two successive target servicing cycles 
which was unequivocally confirmed by the monthly 
recapture of marked individuals from 90 up to 167 days 
old. Similarly, males of all wing fray groups and marked 
males over 60 days old were caught each momh. There 
was also no evidence of break-down in male/female 
encounters by targets, as the monthly samples of non
teneral females were all invariably inseminated. 
NeverLheless, there was a consistent improvement in the 
degree and rate of insemination of females three months 
after target servicing, which coincided with Lhe population 
recovery to target preservicing density. 
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4.10 SUBSTRUCTURING OF THE POPULATION 
OF G. PALLID/PES IN RUMA NATIONAL 
PARK: EVIDENCE OF THE RESILIENCE 
OF THE CONTINUOUS THICKET 
SUBPOPULATION TO CONTROL BY 
TARGETS 

M. M. Mohamed-Ahmed and L. H. Otieno 

At r.he e~isting range of the monthly population densities, 
G. pallidipes was observed to substructure in the various 
vegetation types ofRuma National Parle. The subpopulation 
in the continuous thicket had the highest apparent density 
(AD of males + females, Figure 4. 2) and the lowest 
average abortion and female mortality rates compared 
with those in the outer or edge of the thicket (Table 
4 .3). In the light of these results, it was inferred that 
the continuous thicket subpopulation was relatively less 
vulnerable to control by the insecticid~impregnated targets 
situated at the thicket edge. For more effective control 
it is suggested that targets be deployed inside the continuous 
thicket. Furthermore, it is generally accepted that G. 
pallidipes is better trapped atlhe thickel/grassland interface. 
We found such conventional sites not only far less 
productive than traps situated inside the continuous thicket 
but also, perhaps, entirely misleading during the monthly 
assessment of the efficiency of targets. 

4 .11 TSETSE SURVEY OF THE LAMB WE VALLEY 

M. M. Mohamed-Ahmed 

From January to July 1990, a detailed tsetse survey 
using mainly odour-baited biconical traps was conducted 
in the settlements and hill ranges bordering the southern 
and western end of Ruma National Park in the Lambwe 
Valley. G. pallidipes was scarce in the areas so far 
surveyed, thus indicating the very unlikely risk of rcinvasion 
in case of the elimination of tsetse in the Park. Overall, 
only ten G. pallidipes and two G.juscipes were caught. 

Table 4.3 Monthly mortality and abortion rates of G. 

1990 Continuous Thicket 
Month MR AB% 

January 0.038 1.2 
Februaryt 0,035 0.0 
March 0.027 0.0 
April 0.028 12.5 
May 0.021 0.0 
Junet 0.026 0.0 
Julyt 0.035 5.1 
August 0.024 4.4 
September 0.023 1.0 
October 0.032 0.0 

Average 0.029 2.4 

-Too small sample for analyses. 
tTargats seJViced. 

iU' 90 :a m 
~ 70 
.1:! 

~ 
0 50 
li 
Q) 

:E 30 

J 

----Continuous 
·-·Edge 
---Outer 

F M A M J J 
Months 1990 

A S 0 

Figure 4.2 Apparent density (AD) of G. pallidipes according 
to vegetation in Ruma National Park. 

However. out of these, one marked male and one marked 
female G. pa/Jidipes were caught appromixately 5 and 
20 km from the release site in Ruma National Park. G. 
pallidipes was also found to coe~ist with G. fuscipes 
in Aora seasonal water course 7 km far from Lake Victoria 
shore. Dispersal of flies outside the Park and the coexistence 
of the two species has several epidemiological implications 
wil.h regard to the endemicity of sleeping sickness, nagana 
and the diversity of trypanosome stocks in the area. Data 
on other biting flies were accumuLated on the account 
of complaints of local farmers who confused such flies 
with tsetse, and parUy due to their import.ance as mechanical 
vectors of the trypanosomjases. The genera and species 
ofbiting flies so far identified were Stomoxys spp., Tabanus 
taeniola, T. gratus, T. bigutatus, Atylotus agrestis, A. 
fuscipes, Chrysops spp. and Ancala spp. The prevalence 
of Tabanidae is currently being studied simultaneously 
with the evaluation of tsetse suppression by targets in 
Ruma National Park. 

pallid/pes according to vegetation types 

Thicket Edge Outer Thicket 
MR AB% MR AB% 

0.027 1.2 0.031 0.0 
0.030 3.8 0.055 4.5 
0.027 3.7 
0.021 8.0 0.022 25.0 
0.036 10.5 0.055 0.0 
0.032 2.6 0.046 0.0 
0.037 2.2 
0.030 4.7 0.047 25.0 
0.031 0.0 0.027 0.0 
0.041 1.4 0.180 0.0 

0.031 3.9 0.058 6.8 



4.12 W ANDERfNG BEHAVIOUR AND 
PUPARIATION OF GLOSSINA LARVA 

J . Zdarek1 and D. L. DenLinger2 

Visual observations were complemented with barographic 
and tensometric data obtained by an original apparatus 
designed to monitor changes in the hemolymph pressure 
of wandering and pupariating larvae. It was found that 
the duration of wandering can be shortened or extended 
by various environmental factors. During pupariation 
muscular activity and mechanical changes in the cuticle 
are reflected in changes of hemocoelic pressure. Muscular 
contractions produce pressure pulses that graduaUy increase 
in frequency and intensity, reaching a peak during retraction 
of the anterior segments. Changes in the mechanical 
properties of the cuticle cause a more gradual elevation 
of baseline pressure, as the cuticle shrinks and loses its 
plasticity. As tanning begins, muscular activity ceases 
and hcmocoe1ic pressure gradually decreases. In spite 
of its unusual early development within the confines of 
the female's uterus, the free-living larva shows the full 
behavioural repertoire observed in other cyclorrhaphous 
Diptera at pupariation. 

The results serve as a basis for further studies of 
the action of insecticides; venoms, drugs and other 
pharmacologically active compounds on this short 
vulnerable life stage of the tsetse fly. 

1Visiting Scientist from Czechoslovak Academy of Sciences, 
Czechoslovakia. 
2Visiting Scientist from The Ohio State University, USA . 

4.13 NUTRITIONAL AND HORMONAL ASPECT OF 
THE COMMITMENT TO METAMORPHOSIS 
IN GLOSSINA MORSITANS CENTRALIS 

J. Zdarek and D. L. Denlinger 

The larvae were mechanically extruded from the uterus 
of the female at different times during the third (final) 
larval instar to evaluate their competence to initiate 
metamorphosis. Some behavioural components such as 
retraction of the anterior segments are established relative! y 
early, while the integument is fully competent for normal 
phenolic tanning only ncar the end of the instar. 
Determination to metamorphosis is thus made much later 
in tsetse larvae than in free-living larvae of other species 
of Diptera, presumably as an adaptation to the vagaries 
imposed by adenotrophic viviparity. Pupariation could 
be accelerated in aborted larvae by injection of 20-
hydroxyccdysone, thus implying that the delay in 
pupariation of aborted larvae may be, at least partially, 
the consequence of molting hormone deficiency. 

In a study of mechanisms controlling pupariation in 
Glo.~sina m. morsitans techniques of ligation, non-invasive 
denervation, integument cauterisation and neurotropic 
drugs injection were employed. The critical period for 
molting hormone action was found to occur several hours 
before parturition. Later in ontogenesis behavioural and 
integumental changes associated with pupariation are no 
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longer dependent on any hormonal control by blood
borne humorals. Instead, they are regulated direclly by 
the central nervous system through the peripheral nerves. 
In this respect tsetse larvae strikingly differ from larvae 
of most other fly genera so far investigated. The neural 
mechanisms controlling pupariation in Glossina include 
an early sensory stimulation from the posterior part of 
the body, which is decisive for termination of the wandering 
period, and inhibitory effects of the CNS on the integument, 
which are imposed discretely at the level of individual 
epidermal cells. The significance of this mechanism is 
in ensuring a proper timing of cuticular sclerotisation 
when the right shape of Lhe puparium is achieved. The 
discovery of a direct involvement of the CNS in the 
control of the integument is of a great value for 
understanding the basis of biological processes in an 
insect organism. 

Pupation (i.e. formation of a phanerocephalic pupa 
from a cryptocephalic one) inside the puparium of Glossina 
was described in great detail for Lhe first time. Baro
graphic and tensometric records of the whole process 
were also obtained. The pupation process in the tsetse 
is considerably prolonged (12-15 hours) in comparison 
with other cyclorrhaphous Diptcra (ca. 5 hours) and the 
stereotypic behaviour associated with this morphological 
change is more complex in Glossina. The duration of 
other major morphogenetical events taking place inside 
the puparium was also investigated. 

Eclosion of an adull fly (extrication from the puparium) 
was recorded by the tensometric technique in Glossina 
brevipalpis and G. austeni. Identical motor patterns as 
those found in other fly genera (Sarcophaga, Musca) 
were observed. However, the vigour and persistence of 
the extrication effort is considerably greater in the tsetse 
flies. Daily patterns of adult eclosion show clistinct circadian 
rhythmicity in G. m. morsitans. Under L:D 12:12 
photoperiod 95% of flies emerged during the photophase 
with a peak shortly before noon. Similar eclosion patterns 
were recorded in tsetse flies that were allowed to emerge 
either in constant darkness or in constant light, i.e. without 
any photoperiodic cues. This is an evidence for the cxisLence 
of an internal clock in Glossina, the rhythm of which 
is entrained earlier during ontogenesis. The results also 
suggest an involvement of eclosion hormone in the 
photoperiodical gating of eclosion behaviour. 

A complex post-eclosion behaviour (imaginal expansion) 
was monitored and recorded by the barographic technique 
in Glossina brevipa/pis, G. m. morsitans and G. austeni. 
The hemocoelic pressure changes, which are essential 
for expansion of the wings and other imaginal structures 
are caused by intake of the air and muscular efforts . 
The pressure curves obtained for all three investigated 
tsetse species are very similar, but differ considerably 
from the curves obtained for Sarcophaga. The flux ot 
the pressure curves was correlated wi th overt behavioural 
activities. The results provide a basis for funher studies 
of physiologically and pharmacologica lly active 
compounds on this sensitive stage of the adult fly. 

Muscular activity associated with parturition was 
investigated in Glossina m. morsitans females by means 
of the barographic method. A unique record of hcmocoelic 
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pressure changes before, during, and after parturition 
was obtained. 

4.14 MATING BEHAVIOUR OF MALE 
G. PALLID/PES 

J. 0. Davies-Cole 

A common characteristic of male G. pallidipes in the 
laboratory is its apparent reluctance to mate. This behaviour 
could be related to the relative capabilities of different 
age groups to inseminate. This study was carried out 
in order to obtain more information on the mating behaviour 
of male G. pallidipes in the laboratory with respect to 
the age at mating and inseminating ability at various 
ages. 

Males were introduced into mating cages with females 
aged 9-13 days and direct observations made over a 
period of one hour. The typical behaviour shown by 
courting males aged 10 days and over is as follows: the 
male jumped on the back of the female, attempted to 
make hypopygeal connection, was rejected and flew away. 
This behaviour was repeated with the same female or 
others until one male finally succeeded. Sometimes one 
or two males mated immediately without going through 
this "ritual". lmmediatc copulations were generally few. 
After flying about in the cage for a few minutes, both 
males and females sometimes stopped and became inactive. 
A male would start to fly and trigger off mass flying 
of males and females. This usually happened when the 
flies were disturbed either by tapping on the cage or 
suddenly opening a door. 

G. pallidipes males did not persist when rejected by 
females. However, the ability to persist increased with 
increasing age. Males younger than 10 days of age often 
remained inactive and attempted mounting when the 
cage was shaken. 

Males of various ages ranging from 1-15 days were 
dissected and the diameter of the widest section of the 
accessory reproductive gland measured. The accessory 
gland increased in diameter with increasing age. There 
was a gradual increase from days 1-6 when it accelerated 
and stabilised at age 11 days. This age coincides with 
the age at which males began to make strong mating 
strikes (mean diameter= 0.17 mm ± 0.01 s.d.). However, 
when males were less than 9 days of age, the accessory 
reproductive gland diameter was small (0.14 mm and 
below) and very high degrees of insemination were not 
achieved. 

Table 4.4 Mean monthly temperatures (0 C) 
G. pallid/pes colony, MPFS 

Foil. A 
Month No. flies f..ltTl 

April 30 487.9 
May 13 500.4 
June 29 500.4 
July 11 515.6 
Aug. 18 464.3 

- Temperature not recorded. 

Even though males younger than 9 days of age had 
smaller glands, they were able to inseminate. The mean 
spermathecal value (MSV) which is a measure of the 
degree of insemination, showed that most females that 
mated with such males had values for degrees of 
insemination above 1.00 (a value of MSV :::: 2.00 means 
full spermathecae). These observations show that for 
mass rearing purposes, males over 10 days of age are 
best suited for mating. 

4.15 EFFECT OF TEMPERATURE ON OVARIAN 
DEVELOPMENT IN THE PUPAE OF 
G. PAlLID/PES 

M. M. Mohamed-Ahmed 

Newly-deposited pupae of G. pallidipes from the Mbita 
Point Field Station (MPFS) colony were incubated at 
four constant temperatures in the range 19.5-300C. The 
newly-emerged females were dissected to investigate 
the effect of temperature on the size of egg follicles. 
The length of follicle A of the right ovary of a newly
emerged G. pallidipes was observed to decrease 
proportionately with rising temperature in the range 
19.5-300C (Figure 4.3). The linear regression equation 

Y = 783.5- 12.8X 
r.o.s 

0 

0 
0 

0 

21 22 23 24 25 
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0 

29 30 

Figure 4.3 Ralatlonshlp between egg follicle A length 
and constant temperature in the range 19.5-30°C. 

obtained from this inverse relationship could be used 
to predict the unknown temperature experienced by the 
pupae if the length of follicle A of a newly-emerged 
G. pallidipes was measured. The validity of the equation 
was proved with laboratory data from the MPFS colony 

as predicted from mean follicle A length in 

P.(edid, Colony Temp.ac 
temp."C mean range 

23.3 
22.3 24.8 21-28 
22.3 24.3 20-28 
20.9 23.3 19-28 
24.9 23.8 20-28 



for which the daily minimum and maximum temperatures 
were recorded each month. The predicted temperatures 
fell within the actual range of tempemtures of the respective 
month (Table 4.4). 

The technique can also be extended to predict the 
temperature experience of fertilised pregnant females 
immediately after larviposition. Knowing the temperature 
would allow the estimation of the interval and pupal 
periods. The latter parameters are important for 
detennination of the insecticide spray interval during 
sequential aerial spraying, and also during ecological 
studies for estimation of l.he tsetse population growth 
and mortality rates. 

4.16 REVERSED SEQUENTIAL OVARIAN 
DEVELOPMENT IN G. PALUDIPES 

M. M. Mohamed-Ahmed 

During the preceding temperature experiments (Section 
4.15), egg follicle C of the left ovary was observed to 
develop first, or to approximate the siz~ of egg follicle 
A in the right ovary in certain proportions (up to 105 
at 29.5°C) of newly-emerged G. pa/lidipes kept at l.he 
various temperatures in the range 19.5-30°C. The 
percentages of flies with such reversed ovarian sequence 
together with those in which l.he size of follicle C 
approximated that of A increased linearly with rising 

Y = 14.48 + 0.7685x 
r= 0,89 • 

Figure 4.4 Relationship between temperature and Incidence 
of reversed ovarian sequence In newly -emerged 
G. pallidipss. 

temperature in the range studied (Figure 4.4) . Cases of 
reversed sequential ovarian development were also noted 
in old laboratory and wild G. pallidipes. As far as we 
know this appears to be the first report on a temperature
induced reversed ovarian sequence in Glossina. 

4.17 VECTORIAL CAPACITY OF GLOSSINA 
AUSTEN! NEWST. 

M. L. A. Owaga 

Glossina austeni Newst. may be described as a coastal 
species in that it is limited to within 384 km of the 
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Eastern African coast lts distribution extends from southern 
Somalia through Kenya, Tanzania especially Zanzibar, 
to Mozambique and possibly to the northern part of the 
South African coast. Although this species has been 
suspected to be responsible for l.he transmission of livestock 
trypanosomiasis, notably in Zanzibar, where it is the 
only tsetse present, there is no information on its vectorial 
capacity or indeed a proof of the rate of its infection 
wil.h trypanosomes in the wild. 

Recently, studies were initiated in the Kenya Coast. 
south of Mombasa, to determine the role of G. austeni 
in the transmission of livestock trypanosomiasis. 

Flies were captured in pyramidal, NG2B and the biconical 
traps and dissected. The mouth parts, gut and salivary 
glands, were examined for the presence of trypanosomes. 
Altogether 480 female and 268 male G. austeni were 
examined. 

Laboratory reared G. austeni originating from Muhaka 
were used in transmission studies. They were fed on 
rats previously inoculated with a strain ofT. congolense. 
From about 21 to 30 days after infective feed the flies 
were used for transmission experiments before being 
dissected to determine the presence of trypanosomes. 
The mice were then maintained for 30 days in the Jabomtory. 
while being checked for presence of parasites from 
day 7. 

The incidence of infection in G. austeni population 
in Muhaka forest flucn.ated between 4 and 20%, throughout 
the twelve months of l.he year but the mean was 7 .6%. 
In laboratory experiments 20% of l.he infections developed 
into mature cyclic forms. More mature infections were 
detected in females than in male tsetse. Individuals with 
immature infections did not transmit l.he parasites to 
mice, whereas !.hose with mature infections were successful 
in transmitting the parasites to laboratory mice after one 
feed. 

In the field, many infections were encountered in l.he 
gut only, and not in the mouth parts. These were classified 
as immature infections indicating l.hat non maturity of 
parasites in G. austeni is a common occurrence in nature. 
It is concluded, however, that G. austeni may play an 
important role in l.he transmission of the disease. With 
an efficiency of about 20% and an incidence of infection 
in the field of 7 .6%, it compares favourably to another 
co-existing species in Muhaka. namely G. pallidipes. 
However, the above mentioned incidence was twice as 
high as that in G. brevipalpis. 

4.18 TRANSMISSION OF ENTOMOPATHOGENIC 
BACTERIA AND FUNGI IN TSETSE 

G. P. Kaaya 

Transmission of entomopathogens and development of 
disease epidemics in insect populations are important 
aspects of microbial control. In agricultural and forest 
pests, pathogens, e.g . Bacillus thuringiensis and olher 
species of bacteria are applied on plants and larvae feeding 
on them are killed by bacterial toxins or infections. 
Likewise, in aquatic insects such as mosquitoes and 
blackflies, B. thuringiensis, B. sphaericans and other 
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entomopathogenic bacteria are applied in water and larvae 
feeding on contaminated organic matter in the water are 
killed. In tsetse, however, larviposited larvae do not feed 
and the adults are obligate blood feeders . Since it is 
impractical to inject bacteria into bloodstream of animals 
in order to kill tsetse feeding on them, there is need to 
develop alternative methods of transmiuing infection to 
tsetse. 

One method which was tested involves spreading 
infection into male tsetse using G. morsitans sex 
pheromone-impregnated decoys contaminated with 
bacteria. Each decoy was impregnated with 15 ~of the 
pheromone and then contaminated with 2 x 108 bacteria 
suspended in Phosphate buffered saline (PBS). Two strains 
of Serratia marcescens, one chromogenic and another 
non-chromogenic, previously isolated from tsetse and 
confirmed to be highly pathogenic for adult tsetse when 
administered by membrane feeding, were used. Ten different 
experiments, each consisting of the two bacteria and a 
control (pheromone and PBS alone) were conducted. In 
each of the ten experiments, 15 male tsetse were used 
for each bacteria and control. 

Male tsetse were attracted to the decoys by the sex 
pheromone and contaminated their sexual organs with 
bacteria as they auempted to mate with the decoys. As 
shown in Table 4.5, mortalities o£74--79% were obtained 

of mycotic infection occurred causing 80--100% mortality 
in the originally uninfected tsetse. These results are better 
than those previously obtained with G. m. morsitans. 
The ability of infected tsetse to infect others was observed 
to be independent of the duration of infection; thus tsetse 
infected on day 0 were as infective to healthy individuals 
as those infected for 10 days, provided that the insects 
were left together in the same cages throughout. 

ICIPE has developed an efficient tsetse trapping 
technology. If trapped male tsetse infected with a 
pathogenic bacteria arc released in the field, they can 
probably mate with females and transmit infection to 
them, and other males mating with such females may 
also get infected. Likewise, tsetse trapped and infected 
with B. bassiana may be released in the field to spread 
mycotic infection to the wild tsetse population. 

Results for G. brevipalpis arc not shown because the 
catches for this species were very low to permit statistical 
analysis. Although the fly catches were low during each 
experiment, results indicate that 1-octen-3-ol and l-octyn-
3·ol were slightly more attractive than 1-hcxen-3-ol and 
3-buten-2-ol for G. m. centra/is as well as G. pallidipes. 
The odour attractants appeared to be less effective for 
G. pallidipes compared to G. m. centra/is. 

This work was interrupted in its early stages by the 
war that broke out in Rwanda. It is hoped that it will 
be continued once the situation returns to normal. 

Table 4.5 Mean % mortality in male G. morsitans contaminated on their sexual organs with 
two strains of S. marcescens. Means of 1 0 axperiments ±s.a. are presented 

Bacteria 2 

S. marcescens 7.33 
chromogenic ± 

2.12 
S. marcescens 9.33 
non-chromogenic ± 

3.01 

Controls 0.00 

in the contaminated tsetse, by 8 days post-infection 
compared to only 8% in the controls. The bacteria invaded 
the haemocoels of tsetse, causing lethal septicaemia. 
Pure cultures of the two strains of S. marcescens were 
isolated from the dead or sick insects but none from 
the controls. Further experiments to determine whether 
infected males can transmit infection to females during 
mating are in progress. 

Studies on transmission of Beauveria basstana from 
infected to non-infected G. morsitans centra/is were 
also undertaken. When infected tsetse were mixed and 
kept in the same cages with non-infected tsetse, transmission 

Mean % mortality on days 

4 8 

27.40 74.00 
± ± 

4.24 7.28 
39.20 79.33 

± ± 
4.05 5.39 . 

0.00 8.66 
± 

3.14 

4.19 TRIALS OF ODOUR ATTRACTANTS FOR 
GLOSSINA MORSITANS CENTRAL/S IN THE 
KAGERA BASIN, RWANDA 

M. l. Mwangelwa, L. H. Otieno, A. Hassanali and 
D. F. Uvyu 

Three tsetse species notably, Glqssina pallidipes, G. 
morsitans centra/is and G. brevipalpis occur together 
in the area marked for tsetse control in the Kagera Basin , 
Rwanda. The use of acetone and cow urine as odour 



attractants has been shown to improve the catch of G. 
pallidipes by three times in Nguruman, Kenya. However, 
the same odour attractants are known to be less effective 
for G. m. centra/is and their effectiveness for G. brevipalpis 
is little known. 

As part of the main tsetse control project in the Kagera 
Basin an effort was directed at improving lhe catch of 
G. m. centra/is in traps used for control of this species. 
Potential odom attractants namely, 1-octen-3-ol, 1-octyn-
3-ol, 1-hexen-3-ol and 3-buten-2-ol were tested in latin
square experiments in the Akagera National Park, Rwanda, 
for this fly. 

Although the fly catches were low during each 
experiment, the preliminary results indicate that 1-octen-
3-ol and 1-octyn-3-ol were slightly more attractive than 
1-hexen-3-ol and 3-butcn-2-ol for G. m. centra/is as 
well as G. pallidipes. The odour attractants appeared 
to be tess effective for G. pallidipes compared to G. 
m. centra/is. 

4.20 KAGERA BASIN ORGANISATION TSETSE 
PROJECT 

C. S. Tarimo 

4.20.1 Rusumo Ranch 
Tsetse population suppression, and monitoring of cattle 
trypanosomiasis continued at the Rusumo Ranch during 
the year. The suppression traps reduced lhe fly population 
by 95% at the beginning of lhe year, but remained stable 
at that level until July when a slight increase was observed. 
The rise in the population was due to influx of flies 
into the ranch from the Karagwe Ridge in Tanzania 
across lhe Akagera River as shown by catches in the 
monitoring traps set along the Akagera River. 

Monitoring of trypanosomiasis in the cattle showed 
that both T. congolense and T. viva.x infections were 
present in the ranch herd throughout the year. Infection 
rates average 3-4% during the year. Tsetse dissections 
revealed that G. morsitans had 5% T. congolense infecLion 
but noT. viva.x infection, while G. pallidipes had 3.4% 
T. congolense and 2% T. viva.x infection. None of the 
5 G. brevipalpis dissected had trypanosome infection. 

4.20.2 Mpanga Ranch 
Tsetse population suppression and monitoring, and 
monitoring of lrypanosome infection rates in the fly 
population continued at Mpanga Ranch during the year. 
In Mpanga Ranch the suppression traps reduced lhe fly 
population by 93% at the beginning of the year, but an 
average of 89-93% was obtained during the year. 

Mpanga Ranch is very close to the Akagera National 
Park which has a very large tsetse population. The failure 
to obtain a higher level of suppression was thought to 
be due to reinvasion pressure from the National Park. 

4.21 VERTICAL DISTRIBUTION OF TSETSE 

C. S. Tarimo and L. H. Otieno 

A study initiated at Mpanga Ranch in 1989 to find out 
whether there is vertical distribution of lhe different 

Glossina species continued during the year. The traps 
were set at ground level, 2m, 3 m, and 5 m above the 
ground and baited with acetone and cow urine. The 
largest number of flies were caught at ground level, 
compared to the other heights above the ground. 

It was interesting to note that both G. m. centralis 
and G. brevipalpis were not caught at 5 m above the 
ground. On the other hand, G. pallidipes was caught 
on a number of occasions at the 5 m height level suggesting 
that it is not restricted to ground level but moves vertically. 
It is possible that it uses lhis pattern of behaviour to 
migrate to other locations. G. pallidipes and G. morsitans 
were caught very readily at the 3 m level. No G. brevipalpis 
was caught at this level. 

4.22 EVALUATION OF ODOUR A ITRACT ANTS 
AND TRAP DESIGNS AGAINST GLOSSINA 
MORSITANS SUBMORSITANS IN THE DIDESSA 
VALLEY, SOUTH WESTERN ETHIOPIA 

G. Tikubet and L. H. Otieno 

The Ethiopian government, through the Ministry of 
Agriculture, has initiated a collaborative research and 
development (R&D) project with the lCIPE on sustainable 
tsetse management in south western Ethiopia, Currently, 
a series of experiments on odour attractants and trap 
designs against Glossina morsitans submorsitans have 
been conducted in the Didessa Valley, south western 
Ethiopia, about 500 km south of Addis Ababa. 

Three different odour attractants (i.e. acetone, octen-
3-ol and cow urine) and a cocktail of all three (i.e. 
acetone + octen-3·ol + cow urine) were tested against 
the target species; G. morsitans submorsitans. The cocktail 
attractant increased the catch by 3.2-fold and 1-octen-
3-ol increased the catch by 1.8-fold over unbailed biconical 
trap. 

Furthermore, different trap designs (i.e. NG2B, 
monoconical and biconical traps) baited with acetone, 
1-octen-3~ol and cow urine were tested and an unbaited 
biconical trap was used as a control. The index of increase 
for the baited NG2B trap was 3.2. The indices of increase 
for monoconical and biconical baited with acetone, 1-
octen-3-ol and cow urine were 1.8 and 1.2 respectively. 

Moreover, investigation on diurnal activity of G. 
morsitans submorsitans at 1900 and 1200 m a.s.I. showed 
that flies at lower altitudes (i.e. 1200 m a.s.l.) depicted 
a bimodal pattern (i.e. morning peak atl000-1100 hours 
and aftemoon peak at 1600-1700 hours). While the 1900 m 
a.s.l. showed a unimodal pattern and the peak was observed 
late in the afternoon (1600-1700 hours). 

The fly distribution along the escarpment extends up 
to 1900 m a.s.l . and cattle along the Didessa Valley 
escarpment showed high trypanosome infection rate (i.e. 
40%). Trypanosoma congolense is the dominant parasite 
in the area. 
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5 
Locust 
Research Programme 
The long-term objective of the Locust Research Programme is to develop 
alternative. environmentally friendly, biorational strategies for sustainable 
management of locusts. In order to achieve this goal , research has been 
focused on two major areas, namely semiochemicals and biological control. 

The main objective of the semiochemical approach, is to develop a viable 
preventive control strategy that interferes with the process of gregarisation 
and swarm formation . This requires a fundamental understanding of all the 
semiochemicals that mediate the complex processes such as gregarisationl 
solitarisation dynamics, sex attraction. synchronised maturation and oviposition 
as well as host plant selection. 

Attention has been focused on the development of bioassays to demonstrate 
and confirm the mediation of oviposition, maturation and gregarisation/ 
so/itarisationpheromone systems. Behavioural bioassays to study the auraction 
of certain food plants and objects of different shapes and reflectance spectra 
to locusts have also been conducted. A solitary locust rearing facility. in 
addition to the gregarious colony which was initiated at the end of 1989, 
is being developed. Soliiary adults. recently collected/rom the Red Sea coast 
of the Sudan, have been used for developing solitarily reared populations 
as well as for establishing a colony of crowded reared locust. 

Biochemical techniques for determining phase status as well as the state 
of maturity of individual locusts are being refined. Preliminary surveys of 
desert locust breeding and recession habitat along the Red Sea coastal plain 
of the Sudan were carried out. Auempts were also made to trap solitary 
locusts at night in these habitats. An important achievement in our field 
activity has been the collection of a good number of solitario us adults which 
have already given sufficient egg pods and nymphs. 

The primary goal of the biological control project is to develop virulent 
pathogenic micro-organisms which are adaptable to the locust breeding and 
recession habitats, and which can perpetuate in tlte population through 
transovum. Genetic improvemelll of promising pathogenic strains will be 
undertaken and the necessary safety tests will be conducted before any 
release of such material is made. 

5.1 SOME FACTORS AFFECTlNG THE 
POPULATION DENSITY OF SOLITARY 
DESERT LOCUST. SCH/STOCERCA 
GREGARJA IN THE RED SEA COASTAL 
REGION OF THE SUDAN 

S. EL Bashir, S. K. Raina and H. Mahamat 

Different parts of the Red Sea coastal plain of the Sudan 
were surveyed for solitary populations of Schistocerca 

gregaria during December 1990. The region was generally 
dry, with only limited green areas in Tokar delta to the 
south, and Sawakin and Arbaat, in the central sector of 
the plain. Vehicle and foot traverse methods were used 
for surveying these areas. 

Population density of locust was generally low (about 
2-5/ha in Tokar delta and < 1/ha in the other locations). 
The relatively high population density in Tokar delta 
could be attributed to the lush growth of millet, sorghum 
and other host plants in a very small area (approximately 
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700 ha) of lhc coastal expanse. This soft environment 
constitutes a focal point to which locusts converge from 
the surrounding drought-stricken areas. Soil moisture 
and texture are suitable for oviposition and egg 
development, hence gravid females as well as immature 
adults were encountered during our investigation. The 
sex ratio was close to unity. 

On the other hand, the low population density in the 
central sector of the plain could be the result of population 
dilution due to the scatter of individuals foraging on 
new plant growth resulting from the late November and 
early December rains. It is interesting to note that although 
the sex ratio was very close to unity, no gravid female 
was encountered, indicating that those adults were probably 
immigrants which had recently arrived in that habitat. 

The association of solitary locusts with certain plant 
species and habitats was noted, and it was also apparent 
that the population did not follow a normal distribution 
pattern. High wind speeds which normally carry fine 
sand particles, and ambient temperatures at day time, 
appeared to limit the movement of adult solitary desert 
locust. The role played by pathogenic micro-organisms 
in regulating locust population numbers in the field is 
currently being investigated. 

5.2 STATUS OF REARING DESERT LOCUST 
SCHISTOCERCA GREGARIA 

J. P. R. Ochieng-Odero, J. T. Kilori and 
J . H. Ongudha 

5.2.1 Origin of the material 
With the establishment of the ICIPE project for the 
sustainable management and control of the desert locust, 
a laboratory colony of Schistocerca gregaria (Forskal) 
was initiated in 1990. The initial population of the colony 
was obtained from a crowded colony of the Desert Locust 
Conrrol Organisation for Eastern Africa (DLCO-EA) 
maintained in Addis Ababa, Ethiopia. The DLCO-EA 
colony had been collected in 1973 from a gregarious 
swarm in Northern Ethiopia around the Asmara region. 
The eight egg tubes containing about 16 egg pods given 
to the ICIPE at the end of 1989 was incubated at 32°C. 
Out of the 172 nymphs hatching from the egg pods, 159 
adults emerged to give the parents of the existing ICIPE 
colony. 

5.2.2 Rearing conditions for the crowded locusts 
Three rooms measuring 5.4 x 4.5 m were allocated for 
rearing the crowded or "gregarious" locust. The locusts 
were reared in large aluminium cages (500 x 500 mm) 
modified from the DLCO-EA prototypes. 

Between 150-200 locusts can be maintained in the 
cage. In 1990, 48 cages were maintained with the capacity 
of rearing between 7200- 9600 crowded locusts. 

The crowded locusts were maintained at 28-77°C, 
L:D 12:12 where the thermophase coincided with the 

photophase and at 40-50% r.h. The locusts, initially fed 
on wheat seedlings and Kikuyu grass; are now fed entirely 
on sorghum (Serena). The colony is in good health and 
mortality averages 2.5- 5.0%. Seven laboratory generations 
were raised in 1990. 

5.2.3 Rearing of isolated locusts 
Our attempts to rear isolated or "solitary" locust began 
in 1989 when a consultative group was assembled to 
advise on lhe matter. The group included Professor M. P. 
Pener from Israel and Dr. Pritam Singh from New Zealand, 
and on their recommendations three experimental rooms 
each (1.5 x 4.5 m) were used for setting up a cage system 
that Professor Pener had used for over 20 years. The 
cage system consists of banks of eight individual cages 
wilh each bank having two bulbs suspended over the 
top so that light and heat is provided to the cages. The 
cages arc held at a convenient height for servicing, and 
curtains are provided between the trolleys to prevent 
visual contact. 

Our initial effort in rearing isolated (solitary) locusts 
in 1990 involved 64 cages (i.e. 64 locusts). The rearing 
was initiated with hatchlings of the 4th generation of 
the crowded locusts. Three consecutive generations of 
the isolated locusts were maintained in 1990. The 
environmental conditions maintained were similar to those 
of the crowdedly-reared locusts. Changes in the colour 
of the nymphs occurred right from the first generation, 
but an additional instar (i.e. sixth instar) was noticed 
as from the second generation. 

5,3 VISUAL RECOGNITION OF COLOUR 
TARGETS BY THE DESERT LOCUST 
SCHISTOCERCA GREGARIA 

G. W. Oloo and D. 0. Ojwang 

Visual recognition of host plants by phytophagous insects 
is well documented, however, relatively very little is 
known about locusts and grasshoppers, although it is 
possible that they utilise visual and olfactory signals in 
host selection. The objective of this preliminary study 
was to establish whether the desert locust recognises and 
orients to colour targets, and how best this information 
can be used for developing monitoring devices. 

Observations were made with the seven basic colours 
presented on a white background under conditions of 
uniform illumination and constant temperature/r.h. in 
the laboratory using the 5th instar gregarious hoppers 
and solitary adults in multiple and 2-choice tests. 
Preliminary results indicate that 5th instar gregarious 
hoppers tend to orient to indigo, while solitary adults 
to violet. 

Work to develop and perfect a standard bioassay for 
studying responses to visual and olfactory cues with a 
view to conduct more detailed studies on spectral sensitivity 
of the locust is now in progress. 



5.4 PATHOGENESIS OF THE PROTOZOAN 
MALAMOEBA LOCUSTAE IN THE DESERT 
LOCUST SCHISTOCERCA GREGARIA 

S. K. Raina, S. El Bashir, M. M. Chimtawi and 
M . Mbeke 

In order to develop a bioinsecticlde, the protozoan M. 
locustae has been tested against S. greg aria. This pathogen 
was isolated from the infected locusts collected in the 
insectary at lCIPE. They were crushed in water, and 
passed through cheese cloth before the supernatant was 
centrifuged at 10,000 rpm for 30 minutes. The upper 
bacterial layer was cleared out and the lower one, having 
numerous protozoan cysts was separated. A clean culture 
of M. locustae was obtained using sucrose gradients. 
However, the crude preparation was used for reinoculation 
to new batches of locusts. Under phase contrast, cysts 
appeared oval in shape and measured 15-17 J..IITl in size 
(Figure 5.1). 

Figure 5.1 Fat body smear of infected 5. greg aria showing 
cysts of M. locustse. Phase contrast. 

About 250 third instar nymphs, distributed in five 
cages, were fed for 24 hours with wheat leaves sprayed 
with 30 ml of 5 x 108/ml cysts preparation. The control 
cages having 150 third instar nymphs were kept in a 
separate place. The nymphs were reared under 32- 35°C 
temperature and 50- 60% relative humidity. Within 2-5 
days the cysts were located in malpighian tubules, but 
the number was small. The polymorphic life cycle of 
the protozoan began thereafter in the tubules and successive 
cell divisions occurred within the trophont or cyst stage. 
This resulted into small rapidly swimming swarmer cells 
called tomites which searched for a new food patch in 
tubules and spread the infection (Figure 5.2). The EM 
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Figure 5.2 Section through malpigh ian tubule of S. gregaria 
infected with M. /ooustae showing cysts (CY) and tomites 
(t) in the lumen (LU) and the epithelium (EP). Toluidine 
blue stain. 

shows the tissue disruption due to the protozoan invasion 
(Figure 5.3a,b). Many tubules burst open releasing the 
cysts in the haemolymph and thus infecting both the fat 
body and the reproductive organs. 18-20 days post 
inoculation, 50% mortality was recorded and the infection 

Figure 5.3a Electron micrograph of a cyst (CY) of M. 
Jocusta9 studded within the epithelium (EP) of malpighian 
tubules. The prominent food vacuoles are seen (V). 
Uranyl acetate/lead citrate. 

among survivals reached 80-85%. However , males 
succumb to infection earlier than females. Moulting in 
the infected nymphs was delayed considerably as compared 
to controls and the feeding activity was also decreased. 

The protozoa repeatedly multiplied in the malpighian 
tubules and the fat body after death, producing mean 
values of 2.2 x 108 cysts per fifth instar nymph and 2.6 
x 109 per adult. In future experiments, bioassays and 
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Figure 5.3b Electron micrograph through the epithelium 
of malpighian tubules Infected with cysts (CY) of M. 
locustae. Degenerating mitochondria (M) and cytoplasmic 
organelles with vacuolisation (V) are seen. Uranyl acetate/ 
lead citrate. 

transovarial transmission will be used to evaluate the 
efficacy of the protozoan bioinsecticide. 

5.5 STUDIES ON PHEROMONE· MEDIA TED 
MATURATION OF SCHISTOCERCA 
GREGARIA 

H . Mahamat, A. flassanali, S. El Bashir, E. 0 . 
Osir. H. Odongo and J. R. Wawiye 

Sexually mature adult male locusts have been reponed 
to produce a chemical signal that is believed to induce 
rapid maturation of male and female adults in a gregarious 
population. Mature males are distinguishable by a 
characteristic yellow body colour and mature females, 
allhough brown, have yellow coloration on the head and 
femur. 

To verify the accelerating effect of a mature male 
on the maturation of immature adults, the following 
groups of insects were kept in different jars in replicates: 

Set Insects 

A Mature male (1) + immature malc·s (2) 
B Mature male (1) + immature females (2) 
C Mature female (1) + immature males (2) 
D Immature male (1) + immature female (1) 

Yellow coloration and signs of sexual activities were 
observed much earlier in groups A and B compared to 
C and D. 

The objectives of the present study are to verify the 
mediation of this maturation pheromone and to identify 
appropriate biochemical markers for the maturation process 
which can be used to guide work on the identification 
of the pheromone. 

As part of a search for biochemical markers to assess 
the maturation status of individual gregarious locusts, 
hexane extracts of the cuticle of mature and immature 
adults S. gregaria from the existing crowded population 
of the colony were examined by gas chroma£Ography 
(GC 428). Additionally haemolymph of mature and 
immature insects were also examined by polyacrylamide
gel-electrophoresis (PAGE). 

Cuticular component patterns of immature and mature 
individuals reared in crowded conditions showed 
quantitative differences. Similarly native and SDS PAGE 
of the haemolymph proteins showed distinguishable 
differences between immature and mature gregarious 
individuals. The onset of the proteins responsible for 
maturation is now being quantitatively checked by means 
of high·performance-Iiquid chromatography (HPLC). 

5.6 MOLECULAR MARKERS FOR THE 
DETERMINATION OF THE PHASE 
STATUS OF SCHISTOCERCA GREGARIA 

H. Mahamal, E. 0 . Osir, A. Hassanali , S. El Bashir 
and E. Odongo 

In order to identify reliable and specific biochemical 
markers which can be used to determine the degree of 
gregariousness or solitariness of individual locusts, the 
haemolymph of mature insects drawn from the existing 
crowded and solitary reared populations were examined 
by polyacrylamide-gel-electrophoresis (PAGE). Likewise, 
hexane extracts of the cuticle of single insects in different 
physiological states were examined. The extracts were 
injected into a Hewlett Packard gas chromatograph Model 
428 equipped with a fused capillary column (25 m x 
0.32 mm ID) and a flame ionisation detector. 

Results obtained to date show clear differences in 
the patterns of haemolymph proteins, and in the cuticular 
components of solitary and gregarious individuals (Figures 
5.4 and 5.5). 

Specific peaks and protein bands will be selected 
and used as markers which could be extremely helpful 
in guiding the work on the identification of gregarisation 
pheromone(s) and in determining the phase status of 
individuals from experimental colonies, and field 
populations. 



Figure 5.4 SDS·PAGE of haemolyph samples: Lane a 
and b male and female (gregarious), c and d male and 
female "solitary" and lane e and f molecular weight markers 
respectively. Note band I present only In "gregarious" 
and II only in "solitary" locusts. 

5.7 ROLE OF OVIPOSITION PHEROMONE IN 
AGGREGATING GRAVID FEMALES OF 
SCHISTOCERCA GREGARJA 

R. K. Saini, J. A . Andoke and P. Ahuya 

Behavioural studies have been initiated to identify and 
determine a possible role of an oviposition pheromone 
in aggregating gravid females. Females, immediately 
after mating, were given a choice between two kinds 
of sand- one sterilised and the other in which locust 
had laid eggs before. Experiments conducted so far show 
that gravid females prefer (about 10% more) to lay eggs 
in soil contaminated with egg pods and froth. Trial holes 
were significantly more in control sand than in contaminated 
sand. 

Results so far indicate that the present standard rearing 
cages are inadequate for oviposition experiments. The 
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Figure 5.5 Chromatograms of single females from 
gregarious and "solitary" colonies. 

egg laying cups are too small and not centrally placed. 
Heating is also one-sided. Since oviposition takes a long 
time, gravid females ready to oviposit do not wait and 
if a site is already occupied, they lay in control sand. 
Better oviposition cages, taking into account these factors, 
have been designed and are currently being constructed. 

A bigger oviposition chamber in which adequate air 
movement is maintained, and which is provided with 
larger sand beds, is also being constructed. 
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6 
nn 6. Chemistry and Biochemistry 
nlJ Research Unit 

The primary role of the CBRU is to undertake collaborative research with 
core programmes in areas of chemical ecology and biochemistry pertinent to 
their goals. The currrenl research activities fall under the following themes: 
• Ecological chemistry of the ICIPE' s target disease vectors and plant pests 

currently focused on tsetse flies (in collaboration with TRP and SPRU), the 
stem- and pod-borers Chilo partellus and Maruca testulalis respectively 
(with CPRP and SPRU ), and the banana rhizome borer Cosmopolites sordid us 
(with SPRU and CPRP). 

• Molecular biochemistry and biology focused on the development of an 
anti-tick vaccine (with LTRP). factors involved in trypanosome trans
formation in the tsetse gut (with LRP) and the diapause phenomenon in 
Busseola fusca; a project on the characterisation of endotoxins of different 
strains of Bacillus thuringiensis isolated at ICIPE. and on the mode of 
action of these toxins, was started recently. 

• Exploratory swdies on biochemical phenomena of special significance and 
interest (such as tsetse milk gland proteins) and on selected anti-arthropod 
naw.ral products from African plants. 
In addition, the Unit is playing a major role in the Locust Research 

Programme's project on the chemical ecology of the desert locust, and in the 
elucidation of the semiochemical bases of the phase dynamics of the insect. 

6.1 SYNOPSIS OF CBRU'S MAIN ACTIVITIES 
AND ACCOMPLISHMENTS 

feeding signals different from those identified in sorghum 
(ICIPE Annual Reports 1987 and 1988). The studies may 
throw some light on the preferred food range of Lhis 
moth . The pheromone work is focused on understanding 
why the exisLing synLhetic blend of 2 major components 
and upto 8 minor components have failed to give trap 
catches comparable to those obtained from traps bailed 
wilh virgin females. A possible factor is Lhe presence of 
byproducls such as (Z)-11-hcxadecenoic acid in the 
synthetic samples Lhat inhibit Lhe attractancy of pheromone 
components. In a preliminary series of bioassays the acid 
analogue oflhe major pheromone component of C. parteli1Ls 
was shown to depress the mating responses of the males. 
This is now being investigated at NlPFS by CPRP in 
detail. 

A. Hassanali 

6.1.1 Crop pests related studies 
The mass rearing of M. testulalis and B. fusca at ICIPE 
has been hampered by Lhe dependence of the former on a 
diet made up substantially of cowpea flowers, and by the 
tendency of the latter to undergo cliapause, particularly, 
when fed on older host plants. A project on a compleLe 
analysis of cowpea flowers was initiated during the year 
wilh a focus on feeding allelochemics believed to be 
critical forM. testulalis feeding preference. The work on 
B.fusca is progressing along Lhe lines reported last year. 
However, because of the low availability of the insects 
for experimental work these projects are moving at a 
slow pace. 

Work on the semiochemicals of C. parte/Ius is focused 
on feeding and oviposition allelochemics and on the sex 
pheromone system. Three maize varieties (susceptible, 
resistant and tolerant) have been selected for allelochemical 
studies. Chromatographic analysis of these suggests that 
in addil.ion to sugars , C. partel/us probably uses a set of 

6.1 .2 Tse·tse related research 
Work on tsetse continued during the year on several fronts: 
trypanosome-promoting factor(s) in tsetse midgut, milk 
gland proteins and kairomones. 

Although whole bloodmeal was earlier shown Lo be 
necessary for the transformation of the trypanosomes 
imo the midgut forms feeding by the fly is noL essential. 
Midgut homogcnatcs from tenerals led to successfu l 
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Table 6.1 Effect of trypsin on transformation 

Trypsin activity 
J,Lmol/midgut 0 0.054 0.116 0.13 0.16 0.2 0.266 0.451 0.54 

% Transformed 0 14 18 60 40 36 0 0 0 

o/o Digested 0 0 0 0 30 100 100 100 100 

Serial dilutions of unfed midguts incubated with parasitised blood for 5-6 hours. 

transformation of parasites in parasitised blood. Trypsin 
at optimal concentration has been shown to be important. 
Work is now in hand to identify blood-derived factor(s) 
which are involved in the process. 

Work has been initiated to contract a eDNA library 
from the G. morsitans morsitans milk gland and the fat 
body with the objective of identifying the gene coding 
for the major protein of the gland secretions (/ Cl P E I 989 
Annual Report). This study constitutes the Unit's first 
entry into molecular biology. 

The key microbe responsible for the hydrolytic 
conversion of pro-kairomones in host urine to buffinol 
components was shown to be Aerococcus viridans. This 
microbe is also present on the host skin surface and may 
also be involved there in the production of the phenolic 
attractants that we have identified in skin washings. 
Fractionation and identification of neutral and other close
range and contact kairomones in body washings is in 
progress. 

6.1.3 Tick related research 
The Unit's main role in anti-tick vaccine project is to 
undertake fine-tuned purification and characterisation of 
proteins shown to be active by immunological monitoring 
by LTRP immunologists. Two proteins were characterised 
during the year and partially sequenced. 

A project on screening behaviourally and physiologically 
active anti-tick natural products from African plants was 
started , parlly in collaboration with the Arusha-based 
Tropical Pesticide Research Institute, and is beginning 
to yield some interesting results. 

6.1.4 Sandfly related research 
Cuticular component pattern analysis of sandflies has 
now been shown to be a very convenient and effective 
way of typing these insects. Plans are now underway LO 
extend it to other species and to set aside gas chromatograph 

Table 6.2 Effect of trypsin on trypanosome 

Trypsin activity 
}!.mol/midgut 

% Live parasites 

Transformation 

0.064 0.102 

100 100 

0.154 

71 

with data handling computer station dedicated to taxonomic 
work. 

6.2 EVIDENCE FOR TRANSFORMATION· 
PROMOTING FACTOR(S) FOR 
TRYPANOSOMA BRUCE/ BRUCE/IN 
TSETSE FLY 

M . 0 . /mbuga , E. 0. Osir, V. Labongo, N. F . Darji 
and L. 11. Otieno 

In the 1989 Annual Report, we reported the establishment 

E ao 
E. 

Tlme in hours 

Figure 6.1 In vitro·transformation . Mean percentages of 
bloodstream from T. brucei remaining during incubation 
of parasitised blood with fed tsetse fly midguts. 

of an in vitro system for studying the transformation of 
Lrypanosomes from bloodstream to midgut forms. With 
the system. 90% of parasites are transformed after six 
hours incubation (Figure 6 .1). The presence of whole 
bloodmeal in the incubation system was necessary for 
this transformation. However, we have shown that the 
fly does not have to feed first Incubations of serially 

0.221 0.285 0.38 0.45 0.91 

54 38 31 0 0 

Serial dilutions of unfed midgut homogenate incubated with cleaned trypanosomes (1 07 final cone. each) for 5- 6 
hours. 



diluted unfed midgut homogenates from tenerals with 
parasitised blood led to successful transformation of the 
parasites. This implies that the factor(s) are not located 
in the upper digestive system i.e. the crop where the 
blood meal is stored briefly. 

An absolute requirement of an optimal trypsin 
concentration has been established (Table 6.1). However 
extremely high trypsin concenrrations were found to be 
associated with trypanocidal activity and hence deter 
transformation (Table 6.2). Soybean trypsin inhibitor (STl) 
and Tosyl Lysine Chloromethylketone (1LCK) whlch 
inhibit trypsin also blocked transformation. Work is now 
underway to establish the particular blood component(s) 
which together with trypsin stimulate transformation. 
Immunological studies will also be undertaken to try and 
block the transformation process. 

6.3 STUDIES ON THE TSETSE MILK GLAND 
PROTEIN 

E. 0 . Osir. M. 0 . Kotengo. M. F. B. Chaudhury 
and L. H. Otieno 

We previously reported on the isolation and characterisation 
of the major milk gland protein (1989 Annual Report). 
We proposed that the protein could provide some of the 
essential amino acids required for puparium formation. 
Using specific polyclonal antibodies, we have quantitated 
the major milk gland protein during the pregnancy cycle 
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Figure 6.2 Quantitation of the major milk protein levels 
during larval development. Samples of the milk gland 
secretions were analysed by single radial Immunodiffusion 
using antibodies against the major milk protein during 
the first (1), second (II) and third (Ill) larval instars. Values 
represent the means of five determinations and vertical 
bars represent standard errors of the means. 

(Figure 6.2). Synthesis of the protein starts as the larva 
moults into the second insta.r. Subsequently, the levels 
decline rapidly as the larva matures and moults into the 
third instar. There is no evidence of the protein at the 
time of larviposition. 
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6.4 STUDIES ON RNA FROM TSETSE MILK 
GLAND AND FAT BODY 

F. Oduol and E. 0. Osir 

Synthesis of proteins for larval growth and development 
occurs in the milk gland and the fat body of female tsetse 
flies during the pregnancy cycle. Previously. (ICIP E 1989 
Annual Report) a protein which fonns the major component 
of the milk gland secretions was identified. This protein 
had been characterised and partially sequenced. An 
oligonucleotide probe corresponding to the N-terminal 
sequence has been synthesised. Studies have been initiated 
to construct a eDNA library from the milk gland and the 
fat body with the aim of identifying the gene coding for 
the milk protein. The gene will be sequenced and studied 
in order to understand how it is regulated through the 
different larval instars. Preliminarily, conditions have 
been established to isolate total RNA from fat body. These 
RNAs will be further processed to isolate mRNA which 
will subsequenUy be used for in vitro translation studies 
and to construct a eDNA library. 

6.5 TSETSE KAIROMONE STUDIES 

E. Nyandat, W. P. Ouma, M.A. Okech, 
A. Hassanali and R. K. Saini 

During the year, research focused on fractionation and 
bioassay-guided location of active compounds in host 
body washings (See SPRU report). In addition, the key 
microbe involved in the hydrolytic formation of phenolic 
attractants was identified and bioassays of analogues of 
buffinol (phenolic attractants) synthesised earlier started. 

The phenolic fraction of the cow body wash was analysed 
by gas chromatography, high performance liquid 
chromatography and gas chromatograph linked mass 
spectrometry. It was found to contain all the components 
previously identified in buffalo urine (See SPRU report). 
This finding is very interesting and suggests that the 
body phenols may play an important role in the host 
location of tsetse. The neutral fraction was found to be a 
complex mixture which has been successively fractionated 
and the resulting fractions and subfractions bioassayed. 
Isolation of pure compounds from active sub fractions is 
in progress. 

Of the various microbes that invade host urine samples 
only one appeared to persist and to be an effective converter 
of pro-attractants to phenols (see lc;IPE 1989 Annual 
Report). This organism was identified as Aerococcus 
viridans on the basis ofresults obtained with the substrates 
of API 20 Strep. Since this organism is also found in 
buffalo body wash, body phenols may also be the result 
of the action of A. viridans on glucuronates and sulphates 
exuded with !.he sweat on the skin of the host animals. 
The implication of this finding on the tsetse behaviour 
near host animals and on the positioning of phenolic 
odours near the traps in the field needs to be explored. 
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6.6 MARUCA TESTULALIS FEEDING ALLELO
CHEMICS FROM COWPEA FLOWERS 

W. Lwande, A. Hassana/i, H. Amiani and 
G. Achieng' 

As part of an objective of contributing towards the 
development of a convenient synthetic diet for Maruca 
testulalis, studies were initiated on the isolation and 
identification of semiochemicals in the flowers of cowpea 
that stimulate the larval stages of the insect to feed. Extracts 
of cowpea (VITA 1) flowers were prepared by sequentially 
blending them in petroleum ether, ethyl acetate, methanol 
and water. A feeding bio~ssay based on the use of cellulose 
acetate discs, previously reported for Chilo partellus (ICIPE 
1987 Annual Report) , was found to be very satisfactory 
for determining the feeding response of M. testulalis. 
All the three extracts exhibited feeding stimulatory activity 
to Maruca testulalis, with activity increasing as follows: 
petroleum ether extract< ethyl acetate extract< methanol 
extract< water extract. Chemical work towards the isolation 
and identification ofthe feeding stimulants is in progress. 

6.7 CHILO PARTELLUS PHEROMONE STUDIES 

I. Ogwayo, W. Lwande, A . Hassanali and 
K. N. Saxena 

Previously, we outlined studies directed towards the 
identification of a synthetic pheromone blend that would 
have attractiveness comparable to that of a virgin female 
of the African biotype of C. partellus (ICIPE Annual 
Reports, 1986 to 1988). Traps baited with the two major 
components, (Z)-11-hexadecenal and (Z)-11-hexadccenol, 
earlier also identified by other scientists in the Indian 
biotype of C. partellus gave only 1/5-1/4 of the catches 
obtained with traps baited with virgin females. None of 
the candidate minor components, comprising hexadecanal, 
hexadecanol, (Z)-7-hexadecenal, (Z)-9-hexadecenal, (Z)-
9-hexadecenol, (Z)-9-tetradecenal, (Z)-11-tettadecenal and 
(Z)-lO~pentadecenal, associated wiLh gland extracts of 
Lhe African biotype, were effective in enhancing the activity 
of the two major components dispensed simultaneously 
in proportion found in the extracts or airborne pheromone 
collections. 

During 1990 our concern has been to try to understand 
why the synthetic counterparts of the existing range of 
identified compounds when dispensed together are not 
as effective as Lhe blend produced by female C. partellus. 
Is the problem due to some very minor pheromone 
components still unidentified? Is it due to some inhibitory 
byproducts in synthetic samples? Or is it due to wrong 
dispensing methods and doses? The first question is being 
addressed by our collaborators in Lund while we are 
focusing on the latter two. 

A likely byproduct of synthetic (Z)-11-hexadecenal is 
the corresponding acid. Various doses of this acid, ranging 
from about 0.05 J-Ig to 5J,Jg, were presented to males on a 
small filter paper together with single female equivalents 
of sex gland extracts. The hovering and attempted mating 
behaviours of males were then observed. Preliminary 

• Hovering behaviour 

0 Attempted mating behaviour 

Treatment 

Figure 6.3 Average effects of various doses of Z-1 1-
hexadecanoic on the responses of male C. parte/Ius to 
sex gland extracts of virgin females. 

results pooled for three dose ranges of the acid are depicted 
in Figure 6.3. It is evident from these results that the 
presence of (Z)-11-hexadecenoic acid affects negatively 
the mating behaviour of the male C. parte/Ius, in this 
bioassay. Whether this is a factor in the relatively poor 
performance of the synthetic material in the field is now 
being examined. In addition, the release rates of different 
pheromone dispensing systems are being quantitated with 
the objective of identifying one that would compare closely 
with natural pheromone emissions from female C. parte/Ius. 

6.8 ALLELOCHEMICS FROM MAIZE 
VARIETIES THAT AFFECT FEEDING BY 
CHILO PARTELLUS LARVAE 

D. Nyarango, A . Hassanali and K. N . Saxena 

Last year we described an exploratory chromatographic 
examination of two cultivars. one susceptible (Inbred
A) and one resistant (MP 704). Surprisingly. both showed 
very small quantities of p-hydroxybenzaldehyde and p· 
hydroxybenzoic acid , the two prominent feeding 
stimulatory components in sorghum varieties previously 
studied (ICIPE Annual Reports, 1987 and 1988). The 
two varieties showed both qualitative and quantitative 
differences suggesting that perhaps the relative resistance 
of MP 704 may be due to both, lower amounts of feeding 
kairomones as well as the presence of allomones. We 
have now started a methodical study of these cultivars as 
well as of a tolerant cultivar, V-37, with the objective of 
characterising and quantifying all important feeding 
allelochcmics involved in these cultivars and understanding 
the allelochemical basis for the food range of this 
oligophagous insect. 

The no-choice bioassay on cellulose acetate papers 
(ICIPE 1987 Annual Report ) was used to screen the 
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Figure 6.4 Structures of the compounds found In the airborne volatiles from Githumo pseudostem. 

activities of extracts obtained by sequential extraction of 
3-week- and 6-week-old maize whorls with petroleum 
ether (15 min), ethyl acetate (15 min), and methanol (24 
hours). Methanol extracts were found to be most stimulatory 
and the petroleum extracts least stimulatory for all cultivars. 
The methanol and ethyl acetate extracts of Inbred-A 
(susceptible) were significantly more stimulatory than 
those of MP 704 (results for V -37 are not yet available). 
Fractionation by liquid chromatography and bioassay
guided location of the kairomones and allomones is in 
progress. 

6 .9 AIRBORNE VOLATILES FROM BANANA 
PSEUDOSTEM AND RHIZOME AS 
ATTRACTANTS FOR THE BANANA 
WEEVIL COSMOPOLITES SORDIDUS 

I. 0 . Ndiege, B. Budenberg, W. Lwande and 
A. Hassanali 

Studies on the airborne volatiles from various parts of 
the banana plants were recently initiated for the purposes 
of investigating the chemical basis of attraction of the 
banana weevil borer, C. sordidus, to the host plant. A 
susceptible cultivar, known in Kikuyu as "Githumo", 
was selected for these studies. Initial behavioural studies 
on the weevil with cut pieces of Githumo pseudostem, in 
a Y-tube olfactometer, showed that both males (78%) 
and females (84%) were attracted to the banana pseudostem. 
Accordingly, efforl was directed towards the isolation 

and identification of the chemicals emanating from the 
cut pieces of Githumo pseudostem. 

Volatiles were trapped from cut pieces of fresh Githumo 
pseudostem using Porapak S. The analysis and identification 
of the trapped volatiles was done using GC-MS and 
coinjcction with authentic samples into a gas 
chromatograph. The identified volatiles from Githumo 
pseudostem include a. -pinene (23.4%), ~-pinene (14.2%). 
limoncne (7.7%). a -cubcbene (7.1 %), a--copaene (17.8%), 
cx-cedrenc (2.8%), ~-caryophyllene (15%) and cx-humulcne 
(65.6%) whose su-uctures are shown in Figure 6.4. Another 
compound (present in 6.4%) suspected to beasesquiterpene 
(MS data) could not be identified positively. 

Preliminary behavioural studies on the banana weevil 
in a pit-fall olfactometer have shown that the weevils 
can locate the source of the host volatiles. However, 
more data is being generated on these. 

Plans to test the activity of different blends of the 
individual components of the volatile mixture are underway. 
GC-SCR and GC-EAG studies on the volatiles have been 
initiated in collaboration with SPRU and the University 
of Lund in Sweden. 

We have also trapped airborne volatiles from Githumo 
rhizome using Porapak S. Chromatographic analysis of 
the airborne volatiles from rhizome (Figure 6.5) and 
comparison with the volatiles from pseudostem has also 
been done. Although complete identification of the 
components of the rhizome airborne volatiles from Githumo 
rhizome is not complete, the GC-MS data suggests that 
the two sets of volatiles are qualitatively different. The 
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Fresh uninfested banana (Githumo) rhizome 
Air-borne volatiles - GC profile of trap eluate 
Trap: Porapak Q 
Column: CP-wax 51 (30 m x 0.23 mm x 0.21 Jlm) 
GC: Packard 428 
Temperature: 50°C (5 min), 50-230°C (rise 3°C mln-5), 230°0 (15 min) 
Det {FID) "' 2.30°C, lnj "' 250°C, oven limit .. 350°C 
Carrier gas: N2 (flow rate 50 kPa), C/S = 5 mm mln·1 
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Figure 6.5 GC profile of porapak trapped volatiles from Githumo rhizome. 

60 

putative structures of the volatiles from the rhizome as 
suggested by computer assisted match of the MS data 
with the NBS library MS data indicate the presence of 
alphatic alcohols, ketones and aldehydes. 

6.10 FEEDING RESPONSE BY COSMOPOLITES 
SORDIDUS ON WATER AND METHANOL 
EXTRACTS OF GITHUMO AND W ANGAE 
CULTIVARS 

Behavioural bioassays in a pit-fall olfactometer have 
also shown that the weevils are attracted to the volatile 
source. Efforts to identify the components of the rhizome 
are continuing. GC-SCR and GC-EAG investigations of 
the rhizome volatiles have also been initiated in 
collaboration with the University of Lund in Sweden. 

E. Rwekika,/. 0. Ndiege , B. Budenberg and A. 
Hassanali 

As part of a study to elucidate the allelochemical basis 
of feeding preferences of different cultivars of banana 

Table 6.3 Mean feeding response values (with estimated standard errors in parentheses) of the banana weevil to the 
water (W) and methanol (M) extracts of Glthumo and Wangae cultivars 

Feeding response values for Indicated doses (Jlg/disc) 

Extracts 810 270 90 30 10 

Githumo(W) 0.571a (0.04) 0.321b (0.05) 0. 22'b,c (0.05) 0.11'c,b (0.05) 0.051d (0.04) 

Githumo(M) 0.541a (0.08) 0.281b (0.06) 0. 161b,c (0.08) 0.11 1o,b {0.07) 0.041c (0.05) 

Wangae (W) 0.372a (0.06) 0.271a,b (0.05) 0.161b,c (0.06) 0.021c (0.05) 0.003'c (0.04) 

Wangae(M) 0.3001a (0.09) 0.251a (0 .09) 0.071b (0.06) 0.041b (0.06) 0.0341b (0.04) 

Mean feeding response values with the same letter within different doses of the same extract and those with the same 
numeric superscript within the same dose level are not significantly different. 
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Figure 6.6 Feeding response of banana weevil to cellulose 
discs treated with water and methanol extracts of Githumo 
and Wangae extracts. 

by C. sordidus hexane, ethyl acetate, methanol and water 
extracts were initially tested for stimulatory activities. 
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The last two were most stimulatory and are being 
investigated in detail. 

Two cultivars "Githumo" and "Wangae" (Kikuyu names) 
known to show different levels of susceptibility to the 
banana weevil attack were used, Wangae being less 
susceptible. 

The sliced pseudostem of each cultivar were sequentially 
extracted with methanol and water by immersion in each 
case for three days. The extracts obtained were then 
separately loaded on cellulose discs and tested for feeding 
response at different dose levels (Figure 6.6). 

Analysis of variance of the results obtained showed 
that, feeding stimulation resulting from the Githumo 
extracts were significantly different from those ofWangae 
(P = 0.015) and in both cultivars feeding response at 
different concentrations was significantly different (P = 
0.0001). Table 6.3 shows feeding response values 
[calculated as log (X +1) - log (X +1 ), where X is the 
weight of Lreated dis~ consumed ~d X is the weight of 

0 

control disc] for the extracts of the two cultivars at different 
dose levels. At the higher dose, Githumo extracts were 
significantly more stimulatory than Wangae extracts. 

A detailed analysis to identify the aUelochcmicals 
responsible for these differences is in progress. 
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7 
Cell Biology 
Research Unit 
The primary role of the Cell Biology Research Unit is to assist and support 
the ICIPE Core Programmes and Units by carrying out morphological and 
functional studies on the target crop pests and disease vectors at the structural. 
cellular and molecular levels. 

Research activi(ies in the Cell Biology Research Unit concentrated in the 
areas of molecular biology, immuno-biochemistry and virology. Studies in 
molecular biology included the development of species-specific DNA probes 
for the identification of leishmania/ parasites and the assessment of the 
phylogenetic relationships among Leishmania species (genotype and molecular 
karyotype analyses). Studies on the biochemical and immunological effects 
of male accessory reproductive gland (ARG) secretion in the formation of 
spermatophore as strategies to control tsetse reproduction. These included 
the identification and isolation of ARG and spermatophore common proteins 
and the assay for their immune effects on tsetse reproduction. Research on 
the DNA virus of tsetse focused on the development of simple and reliable 
method for inoculating tsetse larvae with the virus suspension. This technique 
will facilitate investigations on the efficacy of the tsetse virus in a biological 
control programme. 

The training programme for scientific and technical staff initiated in 1989 
continued during the year 1990. Dr. Elizabeth Kokwaro has successfully 
completed a training course on the use of radiation and isotopes on insect 
control at the University of Florida (USA). This course was organised and 
sponsored by the International Atomic Energy Agency (IAEA). A technician 
also attended a course on new and advanced techniques on the electron 
microscope at the Philips International Laboratories, Eindhoven, The 
Netherlands. 

7.1 A SIMPLE AND RELIABLE METHOD FOR 
INOCULATING TSETSE LARVAE WITH THE 
DNA VIRUS PARTICLES 

~techniques are not readily applicable to Glossina species 
which reproduce by adenotrophic viviparity. 

The specific objective of this study was to devise a 
simple artificial method for inoculating third-instar larvae 
of tsetse with the DNA virus. W. G. Z. 0 . Jura, J . Zdarek and 

L. fl. Otieno 

It has not been possible to carry out meaningful feasibility 
studies on the efficacy of the tsetse virus in a biological 
control programme because there has been no reliable 
method for routine, mass infection of stock colony insects. 
Two previous attempts to transmit the virus artificially 
to adult Glossina pallidipes were not very successful, 
attaining infection levels of 44.4% by the intrahaemocoelic 
route and 23.5% per os. 

Methodologies for mass production of baculoviruses 
have been described and usually involve infection of 
the late larval stages by treating the diet or host plant 
surface with virus suspension. Unfortunately, these 

Larvae of G. morsitans morsitans, collected immediately 
after they were deposited, were transferred into 60 mm 
diameter aluminium dishes previously placed over ice 
and chilled for 15-20 minutes for immobilisation and 
injection. The inoculation device consisted of a plastic 
mouth piece, a rubber tubing, a pipette connector and 
a sterile, graduated; pulled micro-pipette with a tip 
approximately 40 ~internal diameter. The larvae were 
inoculated with 1 J.11 of either virus suspension derived 
from G. pallidipes salivary gland homogenate or sterile 
tsetse physiological saline as controls. The inoculum 
was deposited 1 mm away from either of the two 
polypneuslic lobes. To avoid loss of insect haemolymph 
or gut contents, considerable care was needed in positioning 
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the micro-pipette and puncturing the cuticle. The larvae 
were re-chilled briefly over ice to stop any bleeding and 
allow the wound to heal, transferred onto a petri-dish 
covered with Whatman filter paper to pupariate at room 
temperature, then maintained at 25°C, 70% relative 
humidity until emergence. A total of 282 inoculated 
larvae pupariated, 176 with virus suspension and 106 
controls. The few inoculated larvae which did pupariate 
normally were discarded. Immediately following 
emergence and before they fed, teneral G. morsitans 
morsitans in both the virus-inoculated and the control 
categories were dissected and their salivary glands 
examined for hypertrophy, a lesion pathognomonic of 
the DNA virus infection in tsetse. The enlarged salivary 
glands were fixed in 2.5% glutaraldehyde and processed 
by standard techniques for electron microscopy. 

Electron microscopic examination of negatively stained 
copper grids, immersed in the supernatant of the 
homogenised and centrifuged hypertrophied G. pallidipes 
salivary glands, showed that this preparation, which was 
used to inoculate the test group of G. morsitans morsitans 
larvae, contained numerous identical rods of the DNA 
virus (Figure 7.1). The resultant puparia (Figure 7.2) 
appeared normal and emerged within 28-30 days. Percent 
virus infection, judged by the number of emerging G. 
morsitans morsitans with hypertrophied salivary glands, 
in both the virus-inoculated test group and the control 
category, is presented in Table 7.1. 100% of the tenerals 
in the virus-inoculated group had the enlarged, chalky
white salivary glands. On the other hand, in the control 
group, only one of the emerging flies (1.1 %) manifested 
the glandular hypertrophy. Ultrastructural examination 
of such enlarged glands revealed masses of virus particles 
within the lumina and within hyperplastic cells, associated 
with the nucleoplasm, nucleolonema and cytoplasmic 
matrix (Figure 7.3). Jn contrast. nonnal, unenlarged salivary 
glands found in 98 .9% of the control teneral flies were 
transparent on cross examination, had one-cell layered 
epithelium and were completely devoid of virions. 

In this study, a simple method was devised that allowed 
manipulation and inoculation of third-instar larvae of 
tsetse, Glossina species. Chilling over ice immobilised 
the larvae, which are normally incessantly mobile before 
pupariation, by causing temporary flaccidity of the 
musculature. It also lowered the internal pressure, thereby 
permitting handling and inoculation without loss of 
haemolymph. Additional brief exposure to the ice treaunem 
further reduced chances of bleeding during pupariation 

Figure 7.1 Unfixed, negatively stained preparation of 
the supernatant of the homogenised and centrifuged 
hypertrophied G. pallidipes salivary glands, used to inoculate 
G. morsitans morsitans larvae, showing Identical rods 
of the DNA virus. Magnification, x44,000; bar= 0.227J1m. 

2 

Figure 7.2 Photomicrograph of puparia of G. morsitans 
morsitans formed after inoculation with either the G. 
pallidipes virus suspension or tsetse physiological saline 
showing normal appearance. Magnification, x40; bar .. 
250 Jl.m. 

when the haemocoelic pressure dramatically rises, and 
allowed wound healing to take place before the larva 
recovered and resumed movement. Protracted chilling 
appeared to interfere with pupariation in some way and 
had to be avoided. Inoculation of the tsetse larva in the 
vicinity of the polypneustic lobes precluded puncturing 
the gut and ensured that the inoculum was introduced 
accurately into the haemolymph. The size of the tip of 

Table 7.1 Incidence of hypertrophied salivary glands in emerging G. morsitans morsitans Inoculated with the G. pallidipes 
virus suspension or tsetse physiological saline during the third·lnstar larval stage 

Number of puparla Number of emerging 
from Inoculated Number of flies with hypertrophied 

Inoculum third-instar larvae emerging flies salivary glands 

DNA virus suspension 176 135 135 

Tsetse physiological 
saline 106 91 



Figure 7.3 Section of a hypertrophied, chalky-white salivary 
gland obtained from newly emerged G. morsltsns morsitans 
showing numerous virus particles within the glandular 
lumen and In the nuclei and cytoplasmic matrix of epithelial 
cells. Magnification, x20,475; bar = 0.488 ~m. 

the pulled micropipette used for inoculation is an important 
parameter. If too small, it was easily clogged by the 
virus-laden inoculum and necessitated multiple puncturing 
of the larva. Too big a tip often caused excessive bleeding 
with deleterious effects. 

The percent emergence recorded for laboratory stock 
colony of G. morsitans morsilans is about 96%. In our 
study, 85.8% of the control and 76.7% of the virus
inoculated G. morsitans morsitans emerged. This reduced 
emergence may be due to some aspect of handling and 
inoculum, the latter especially applicable to the virus 
suspension. 

Inoculation of the third-instar larvae of G. morsitans 
morsitans with a suspension of the DNA virus obtained 
from G. pa/lidipes resulted in the development of the 
virus infection in 100% of the emerging adults. This 
observation demonstrates that the G. pallidipes virus is 
transmissible and infective to G. morsitans morsitans. 
It also implies that salivary gland hyperll'ophy which 
has been reported in various species of tsetse, could be 
caused by one and the same DNA virus. That one particular 
virus could infect all the Glossina species, and the fact 
that adult tsetse which receive the virus inoculum as 
larvae all contract the infection, as demonstrated in this 
study, could have a great impact on future laboratory 
tests aimed at assessing the effectiveness of the virus 
for biological control of Glossina species. For example, 
known infected males can be used in investigations 
examining reproductive behaviour, such as their ability 
to locate females and mating competitiveness, the ratio 
of sterile to fertile males, and changes in population 
density in successive generations. 

7.2 EFFECTS OF MALE ACCESSORY REPRO
DUCTIVE GLAND IMMUNOGLOBULINS ON 
TSETSE GLOSSINA MORSITANS 

E. D. Kokwaro, S. Essuman, G. P. Kaaya and 
J. Murithi 

Tsetse and African trypanosomiasis are of great importance 
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in Africa and the associated economic losses arc immense. 
Reliance on the use for trypanocidal drugs to treat or 
protect animals at risk has led to serious problems. The 
drugs are expensive and in short supply in many African 
countries. Furthermore, the trypanosome disease defies 
vaccination because the trypanosomes that cause it have 
ingenious ways of foiling the immune system thus resulting 
in resistance to lhe few effective drugs. In addition reliance 
on such chymical insecticides imposes severe 
environmental hazards. There is, therefore, the need to 
explore the development of other methods of effective 
tsetse control. One alternative, representing biological 
control, has been that of immunomanipulation of host 
immune responses to this insect. In lhis approach, studies 
were made to determine the possible use of accessory 
reproductive gland-derived immunogens to disrupt the 
normal growth and lifespan of sexually maturing male 
tsetse Glossina morsitans. 

Proteins of male accessory reproductive glands (ARG) 
were selected as antigens because the ARG proteins are 
a constiluent of the spermatophore that is essential for 
sperm transfer during mating for reproduction by tsetse 
flies. 

Antiserum was raised against crude extracts of ARG 
secretions obtained from 7-day-old unmated male tsetse, 
G. morsitans. A volume of 2 ml of Freund's complete 
adjuvant was added to an equal volume of ARG secretions 
and emulsified. Each male rabbit received 0.2 ml of 
emulsion at intramuscular and subcutaneous sites. Four 
booster infections were performed, the first three weeks 
after the primary dose and thereafter at 2-weekl y intervals. 
The rabbits were bled before and after each immunismion 
for ami-ARG. 

Immunodiffusion test of Ouchterlony was used to 
monitor the production of anti-ARG (Figure 7 .4). The 
immunoglobulins (lgs) were precipitated by saturated 
(NH

4
)

2
S0

4 
(50%) dialysed and used in the subsequent 

experiments. 
ARG secretory proteins and spermatophore homogenates 

were analysed on SDS-PAGE, transferred into nitro
cellulose membrane (immunoblotting) and probed with 
the anti-ARG. It was found that secretions from ARG 
and spermatophore shared the same antigenic determinants 
(Figure 7 .5). 

In anoLher experiment the Ig's were sterile-filtered 
and injected into larvae and newly emerged laboratory
reared male flies, G. morsitans with the use of the Arnold 
hand microapplicator. Each larva and teneral Oy received 
0.2-0.5 ~ of immunoglobulins (lgs). On day 7 after 
injection, the surviving male flies were introduced imo 
cages containing 3-day old virgin female flies to observe 
the sexual behaviour of the males. All experiments were 
terminated when all flies had died. 

The flies injected with ARG immunoglobulins had a 
lifespan significantly shorter than that of control males. 
There was high mortality of flies injected with the 
immunoglobulins. Both doses caused mortality within 
the 2nd and 3rd day after becoming injected with the 
antiserum, and most of the flies died by the 4th day. 
Their metabolism seemed to be severely disturbed since 
the transport of the meal from the crop to the midgut 
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Figure 7.4 Demonstration by Ouchterlony immunodiffusion of specificity of anti-ARG antiserum. Well 1 contained 
ARG homogenate, well 2 spermatophore, well 3 testes homogenate. Anti-ARG applied in the central well. Continuity 
of precipitation lines proves full Immunological identity of the protein In wells 1 and 2. Note an additional line only 
with material from well 1. 

Figure 7.5 Patterns of antigenic determinants in protsln 
extracts of ARG (1 ), spermatophore (2) and testes (3) 
as determined after immunoblotting analysis and probed 
with antisera to ARG. 

was suppressed and no primary excretion could be observed. 
Such flies were reluctant to feed, usually sluggish during 
the mounting phase with a reduced flight capacity and 
died with greatly distended abdomens. 

The possibility that control antiserum itself had a hannful 
effect on the flies was tested in a control experiment 
with flies that had previously been injected with phosphate 
buffer, as well as with flies injected with antiserum from 
rabbits immunised with phosphate buffer emulsified with 
the Freund's adjuvant. These flies did not show any 
visible disturbance after injection with the antiserum. A 
significantly small number of these flies died and a majority 
survived for more than 70 days. 

Normal females mated to anti-ARG treated males had 
a lifespan similar to that of females mated to normal 
males and they deposited normal larvae and a few under
sized larvae. Any abnormalities among the offsprings 
oflarvae treated with ARG immunoglobulins were recorded. 
There were a few incidences of deformed adult flies 
emerging from some of the pupae treated with Jgs at 
the larval stage (Figure 7 .6). Some of the emerging insects 
had distorted and poorly developed wings (Figure 7.7). 
showed signs of paralysis, a greatly reduced flight capacity 
and had coupling and copulating difficulty . Even if 
repeatedly brought into contact with males such flies 
usually rejected the males. Incidences of incomplete 
eclosion were also prevalent (Figure 7.8). 

In this investigation, teneral tsetse flies injected with 
ARG immunoglobulins suffered a marked inhibition of 
digestion of the blood meal accompanied by high fly 
mortality. When larvae were administered immediately 
on Jarvi position, a majority died, others failed to complete 



Figure 7.6 Photomicrograph demonstrating the extreme 
crippling effect of anti-ARG antiserum on tsetse offspring. 
The Individual body regions and other appendages are 
indistinguishable. 

Figure 7. 7 Adult tsetse fly with distorted wings (arrow) 
emerged from pupae Injected with anti-ARG as larvae. 

Figure 7.8 Photomicrograph showing a tsetse fly incapable 
of emerging from a pupa. 
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eclosion and those that survived to emerge had body 
malformations. 

Through its detrimental effects (reduced lifespan, body 
malformations, interference with the metabolism) on 
G. rrwrsitans, antibodies produced against male ARG 
may have fundamental importance in efforts to control 
this important vector of African trypanosomiases. If the 
target antigen(s) is (are) selected for the production of 
antibodies, a single dose of 2 j.ll of immunoglobulins 
in a bloodmeal may be lethal and could culminate in 
reducing the longevity of injected males. 

In this investigation, a normal lifespan has been 
disrupted immunologically in a hematophagous insect. 
The principles underlying this phenomenon can perhaps 
be e.)(ploited for disrupting the biology of tsetse by 
immunising host animals with proteins produced from 
target tissues. 

7.3 CHARACTERISATION OF LEISHMANIAL 
PARASITES: LEISHMANIA TROPICA 

N. N. Massamba and R. Rottch 

Three species of human leishmania! parasites exist in 
Kenya, i.e. Leishmania donovani, L. aethiopica and L. 
major. 

L . donovani and L. major are endemic in low altitudes: 

1 2 3 1 2 3 

A B 
Figure 7.9 Kinetoplast DNA (A) and total DNA (B) from 
different Leishmania reference strains as visualised by 
UV light after digestion with restrict ion enzyme Pst I and 
fractionation on a 0.8% agarosa gel. (1) L. major IC-
235, (2) L. major IC-236 and (3) L. tropica IC·305. 
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Figure 7.10 Autoradiography of a Southern blot of various 
Leishmania reference strains. Total DNA was digested 
with Ora I and restriction fragments were separated on 
a 0.8% agarose gel. DNA was blotted on nitrocellu lose 
and probed with pL 305·1. The blot shows that this probe 
only hybridised with L. tropica. (1) L. infantum IC-227, 
(2) L. aethiopica IC-228, (3) L. major 10-235, (4) L. major 
10·236, (5) L. ad/eri 10·244, (6) L. adiBri IC-124, (7) L. 
donovan/ IC-245, (8) L. tropica IC-305. 

Baringo, Kitui, Machakos and West Pokot districts while 
L. aethiopica occurs in the high altitudes such as Bungoma 
district and the Mount Elgon slopes. 

There have been recent reports on human cutaneous 
leishmaniasis caused by L. tropica in Kenya. In order 
to assess the extent of human cutaneous leishmaniasis 
due to L. tropica, we have applied molecular techniques 
for accurate identification of these parasites. The methods 
include restriction endonuclease DNA analysis, Southern 
blot hybridisation and molecular karyotyping. 

A characteristic kinetoplast DNA (kDNA) fragment 
from L. lropica IC-305 was isolated by preparative agarose 
gel electrophoresis after digestion of total DNA with 
restriction enzyme BamH I (Figure 7.9). Il was then 
cloned into BamH I site of plasmid pUC-19 which was 
then propagated in the bacterium E. coli, strain JM 83. 
Clones harbouring the desired sequences were identified 
by hybridisation with 32P-labelled total DNA from 
Leishmania tropica IC-305. The recombinant plasmids 
purified from such bacteria were then used as probes. 
When probing Taq I; Dra I; Mboi or Mboll ·DNA digests 
from Leishmania reference strains and various Leishmania 
isolates, sLTong hybrid.isation signals were obtained only 

with DNA digests of L. tropica (Figure 7.10). 
Determination of the potential of these cloned DNA 

sequences as species identification probe with a large 
number of different Leishmania reference strains is in 
progress. 

Chromosome size polymorphisms occur in Leishmania 
such that each isolate of a given Leishmania species has 
a distinctive molecular karyotype when its chromosomes 
are size-fractionated by methods of pulsed-field gradient 
electrophoresis (PFG). The transverse alternating field 
electrophoresis (T AFE) was applied in the distinction 
of Leishmania strains and species by molecular karyotype 
analysis of Leishmania reference strains. Cells were washed 
in cold normal saline solution and embedded in low 
melting agarose (BRL) at 6 x 10' cells/mi. Small agarose 
blocks (100 ~ 6.107 cells/ml) were prepared and treated 
with 1% sodium dodecyl sulfate (SDS) and 2 mg/mP 
pronase in 0.5 M EDT A pH 9 at sooc for 48 hours. 
The blocks were then washed with TE buffer (10 mM 
Tris pH 8; 0,1 mM EDTA). The gels were 0.8-1.0% 
agarose in 1 x T AFE buffer (20 x T AFE ; 24.2 gr Tris; 

I IV 

Figure 7.11 Comparison of TAFE separation of 
chromosomes from L. major IC-235, original strain (1 ), 
L. major IC-235 clone, (2) L. major JC-236, (3) L tropica 
305(4). After a 30 min. prefocus at 170V with a 4-s pulse, 
chromosomes were separated with a 50-s pulse time at 
200V for 18 hours. 

2.9 gr EDT A (free acid) and 5 ml glacial acetic acid 
in 11) and were run at8CC using Geneline system (Beckman 
Instruments). The gels were stained for 30 min in 0.5 
mg/J,J..l ethidium bromide and dcstained in water. 
Visualisation of the gels under ultraviolet light revealed 
significant differences in the chromosomal distribution 
pauerns among Leishmania species (Figure 7 .11). Thus 
PFG analysis can be used to type unidentified isolates 
by comparison with known marker stocks. 
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The Sensory Physiology Research Unit (SPRU) supports the IC/PE core 
programmes through research in behaviour and sensory physiology in order 
to understand betler the behaviour and sensory biology of the target pest 
species. This knowledge is of crucial importance in formulating effective pest 
management strategies. 

A combination of behavioural and electrophysiological studies are employed 
to investigate the factors and mechanisms involved in the stimulus-response 
activities which mediate such aspects of insect behaviour as host-finding. 
host-selection, feeding. mating and oviposition. 

During 1990, the research focused on the following areas: 
• Feeding pattern of first instar Chilo partellus larvae 
• Electrophysiological taste responses of Chilo partcllus 
• Gustatory cell types in feeding responses of Chilo partellus 
• Abdominal hairpencils of Maruca testulalis 
• Oviposilion behaviour of Maruca testulalis 
o Artificial oviposition substrate for Maruca. testulalis 
• Banana weevil semiochemica/s 
• Oviposition stimulating pheromone of Schistocerca gregaria 
o Close range behaviour of Glossina morsitans morsitans 10 host body odours 
• Responses of male G. m. morsitans to host odours an4 sex pheromone in a 
wind tunnel. 

Findings on the oviposition stimulating factors of S. gregaria are reported 
under the Locust Research Programme . The results of the other research 
undertaken are summarised below. 

8.1 FEEDING PATTERN OF FIRST INSTARS OF 
CHILO PARTELLUS DURING FIRST 18 
HOURS AFTER HATCHING 

P. G. N. Njagi and H. M. Kahoro 

The proportion of time spent in feeding, meal duration, 
and the total number of meals are some of the aspects 
that may contribute to the overall feeding activity of 
neonate C. parte/ius (ICIPE 1989 Annual Report). These 
aspects of feeding behaviour may be important for the 
successful establishment of larvae on a given host plant. 

Observations over two-hour periods around midday 
(1100....1300 hours), in the evening (1700-1900 hours), 
and at night (2100-2300 hours) showed an increase in 
Lhc percentage of time spent in feedjng with the time of 
day (Figure 8.1). It was highest during the 2100-2300 
hours observation period when larvae took slightly fewer 
meals, some of which were relatively long (20-25 minutes; 
Figure 8.2c). The total number of meals taken was higher 
around midday and in the evening than at night, with 

100~------------------------~ 

N =8 

Time of day (hrs) 

Figure 6.1 Mean of percent of time spent on feeding over 
two hour observation periods. Error bars are :1: s.d. 
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meals lasting 1-5 minutes comributing about 94% of the 
total during the day time hours and 87% at night (Figure 
8. 2a-c). These results concur with the pattern of overall 
feeding activity reported earlier. 

A. 

Nm,.. 235 

B. 
120 

Nm=269 

Nm=209 

2 6 10 14- 18 22 
Meal length (min.) 

Figure 9.2 Frequency distribution of meal lengths. Nm is 
the total number of meals taken by 8 larvae (a) 1 100-1130 
hours; (b) 1700-1900 hours; (c) 2100-2300 hours. 

8.1 .1 Feeding activity of C. partellus on maize cultivar 
MP704 

The overall feeding activity (pinspot lesions/planl) of 
1st instars of C. partellus on the tolerant maize cultivar 
MP 704 was higher l.han on the susceptible Inbred A 
over the 16 hours observation period. This supports other 
reports on feeding of older instars. It also indicates that, 
tolerance of MP 704 to damage by lhc borer may not 
arise from possible reduction in feeding by the physical 
characteristics of the plants. 

8.2 ELECTROPHYSIOLOGICAL TASTE 
RESPONSES OF C. PARTELLUS TO SOME 
POTENT FEEDING STIMULANTS FROM 
SORGHUM 

P. G. N. Njagi 

1-5 ).1M of p-hydrOlCybenzaldehyde (p-HAB) was 
stimulatory to a neurone in the medial styloconic sensillum 
(MSS) of late fourth and early fifth instars. This range of 
concentrations has been reported to stimulate feeding in 
behavioural experiments. Responses from neurones in 
the lateral styloconic sensilla (LSS) were low ( < 20 spikes 
in first second) and was basically that to the carrier 
electrolyte (5 mM NaCI). 10-100 J,.lM p-HAB suppressed 
neuronal responses in MSS and LSS, affecting both the 
firing rate of spikes and their amplitude. This was higher 
in LSS than in MSS and was often accompanied by 
transients. In some preparations, up to 50 J..iM p-BA'B 
was stimulatory to neurones in MSS while 100 J.1M affected 
spike activity as mentioned above in all tests. 

· A few trials with p-hydroxybenzoic acid (p-HAC), 
which is also a potent feeding stimulant of C. partellus 
showed a similar dose-response pattern. However, p-HAB 
was more stimulatory to neurones in MSS than p-HAC 
and vice versa for neurones in the LSS. 

Neurones in the maxillary palp sensilla (MPS) oflhese 
larvae were highly responsive to both chemicals over the 
whole range of concentrations (1-100 J.LM). H seems that 
a high neuronal response from MPS, plus a corresponding 
response from neurones in MSS, and a low response 
from ncurones in LSS, may facilitate the necessary coding 
of sensory information in the CNS for elicitation of feeding 
by C. partellus larvae. The responses ofneurones in each 
of the MP gustatory sensilla separately are still to be 
investigated. A microscope with high resolution and 
adequate working space will be necessary for this work. 

8.3 GUST A TORY CELL TYPES AND THE 
ATTENDANT FEEDING RESPONSES OF 
CHILO PARTELLUS LARVAE 

S.M. Waladde, H. M. Kahoro and S. A. Ochieng' 

In our previous work, electrophysiological bioassays on 
the maxillary styloconica sensilla of Chilo parte/Ius larvae 
showed that responses from the lateral and medial 
styloconica sensilla have different functional forms of 
impulse frequencies. This suggested that cells responding 
at different frequencies were stimulated by the stimuli 
tested. 1o the present work we have carried out further 
electrophysiological and feeding bioassays using NaCl, 
sucrose, host plant extracts (from maize varieties 
Inbred A and MP 704}, and chlorogenic acid as the test 
materials. The main objective of these assays is two-fold 
namely: to identify the active gustatory cell types and to 
see how their responses may relaLe to larval feeding. 



Table 8.1 Mean percentages of the cellulose acetate 
paper consumed when treated with the various stimuli 

Percentage of cellulo$e 
Stimuli n paper consumed 

Control (water) 96 10 ± 0.9 
MP 704 98 21 ± 1.6 
Inbred A 98 18 ± 1.3 
Sucrose 97 16 ± 0.8 
Chlorogenic 100 6 ± 0.5 
Chlorogenic acid 
and Inbred A 99 12 ± 0.8 

Spike analysis was done using the SAPID tools set of 
computer programs designed for analysing multi-unit 
clectrophysiological recordings. Feeding bioassays were 
done by presenting individuals of C. parte/Ius larvae 
with 280 mtn2 discs of cellulose acetate impregnated with 
Lhe Lest material. This was followed by determining the 
area of lhe substrate consumed after a 16-hour period. 

Table 8.1 shows that MP 704, Inbred A and sucrose 
augmented feeding while chi orogenic acid was associated 
with much less feeding activity when compared with the 
control and the other treatments. IL is therefore assumed 
that chlorogenic acid acts as a phagodeterrent. This 
assumption is supported by the fact lhat fe-eding responses 
to a mixture of chlorogenic acid and Inbred A were 
significantly lower than that observed for Inbred A alone. 
Data presented in Table 8.2 shows that chlorogenic acid 
evokes a high frequency response from cell type-1 in the 
medial sensillum. The ratio is 8: 1 medial: lateral type- ! 
cell. But for the other stimuli the medial:lateral ratio of 
type-1 cell is either 2:1 or 1:2. In this case it appears that 
high frequency responses in the medial sensillum type-1 
cell is associated with phagodeterrence. On the other 
hand relatively low ratios in medial: lateral type- I or type~ 
2 cell are associated with phagostimulation. Further tests 
are in progress to gather more data in support of these 
assumptions. 
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8.4 ABDOMINAL HAIR-PENCILS OF MARUCA 
TESTULALIS: THEIR ROLE lN COURTING 
AND MATING BEHA VlOUR 

S. M. Waladde and S. A. Ochieng' 

Males of Maruca testulalis have an eversible abdominal 
organ bearing hair-pencils. Organs of this type, with various 
structural forms, have been reported in many species of 
butterflies and moths and they are usually associated 
with a scent-producing function. During the first two 
days of the male's adult llfe its abdominal tip is sharp 
pointed, structure bearing black pigmented scales buL 
the hair-pencils are not readily apparent (Figure 8.3a). 
From day three onwards many males ate seen flexing 
their partially everted hair-pencils and the abdominal tip 
becomes bulged. This development is associated with 
easily distensible hair-pencils (Figure 8.3b) and coincides 
with the beginning of courting activity followed by mating. 

The mating process is usually preceded by a male 
hovering over the female and displaying the hair-pencils, 
while the female makes evasive flights. Prior to the actual 
mating act, a male dashes towards a resting female and 
swats its hair-pencils over the sprcadout female antennae 
(Figure 8.4a). The hair-pencils contain a s ticky powdery 
substance which holds the antennae together (Figure 8.4b 
and c). While the female antennae are held together upright 
the male turns around and copulates. While in copula the 
female disentangles her amennae with the fore legs and 
they regain their spreadout posture. 

Electrophysiological tests using n-hexane hair-pencil 
extracts have shown that the antennae of both sexes of 
M. ceswlalis are sensitive to the extracLS. The female 
antennae appear to be more sensitive to different 
concentrations of the extract, while the male antennae 
tend to respond with more or less the same degree of 
magnitude regardless of the concentration used (Figure 
8.5). The chemical nature of the stimulus in the hair
pencil extract and its behavioural s ignificance are being 
investigated. 

Table 8.2 Response frequencies from maxillary sensllla taste receptor cells sensitive to solutions of NaCI, sucrose, 
chlorogenic acid (Chi. acid) and aqueous extracts from MP 704 and Inbred A (lnb.A) maize variet ies 

Maxillary 
sensillum 

Medial 

Lateral 

Cell 
type 

1 
2 
3 

1 
2 
3 

tSolution expressed as % w/v. 

NaCit MP 704 
0.53% 0.48% 

13 ± 1 20 ± 2 
11 ± 1 11 ± 2 

5 ± 1 11 :t: 2 
4 ± 1 4±1 
4±1 

Stimuli assayed 
lnb. A Sucrose Chi. acid 
0.48% 0.48% 0.76% 

12 :t 1 1 i ± 1 49 ± 4 
9 ±2 6 ± 2 11 ± 2 

7±1 23 ± 2 7 ± 1 
4 ± 1 21 ± 1 2±0 
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Figure 8.3 Abdominal tip of male Maruca testula/ls (a) recently emerged male; (b) 2-3 day male with hair pencil 
extended. 

8.5 OVIPOSITION BEHAVIOUR OF MARUCA 
TESTULAUS ON HOST, NON-HOST, WILD 
HOST PLANTS AND SOME ARTIFICIAL 
SUBSTRATES 

D. D. S . Bawo 

The oviposition responses of Maruca testulalis to its host 
plant (cowpea), a non-host plant (cotton), a wild-host 
plant (Crotolaria) and some artificial substrates (filter, 
butter, crepe papers and aluminium foil) were examined 
in a controlled environment room. 

The light in the room was provided by a 65/80 watt 
fluorescent tube which automatically switched off at 1200 

hours and turned on at 2400 hours (12L: 12D). Temperature 
was maintained between 24-26"C and the humidity between 
65- 70% r.h. 

Oviposilion activities began two hours after the 
commencement of the scotophase, increasing to a peak 
four hours later. The moths deposited eggs on all the 
substrates tested although the cowpea had relatively more 
eggs; this suggests that cowpea plants provide specific 
oviposition stimulant(s) forM. testulalis as compared to 
the other two test plants. Among the artificial oviposition 
substrates examined, crepe paper evoked better oviposition 
response in choice and non-choice experiments. These 
results suggest that physical texture (mechanical stimuli) 
of the oviposition substrate influenced choice of oviposition 



Figure 8.4 Antennae of female Maruca testulalis (a) normal 
spread out posture; (b) held together by female hair pencil 
material; (c) close view of the sticky hair-pencil material 
holding antennae. 
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Figure 8.5 Electroantennogram responses of Maruca 
testula/is to hair-pencil extract. 
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site in M. testu/alis, even though contact chemo-stimuli 
may contribute to certain aspects of the oviposition 
behaviour response. 

These observations have provided the foundation for 
investigating the next stage of the project, which is designed 
to examine the oviposition process in detail and identify 
the main sensory structures involved in the process. 

8.6 ARTIFICIAL OVIPOSITION SUBSTRATE FOR 
MARUCA TESTULALIS GEYER 

S.M. Waladde, S. A. Ochieng' and F . A. Onyango 

The rearing and maintenance of Maruca testulalis colony 
is still dependent on the availability of fresh cowpea 
plants where females can oviposit. This method is labour
intensive because a healthy crop of young cowpea plants 
must be maintained all the year round. In order to overcome 
this problem we have put together a semi-artificial 
oviposition substrate on which M. testulalis females oviposit 
easily and the larvae emerging from the eggs can survive 
and develop before moving into the artificial diet 

The oviposition substrate consists of a strip of number 
one Whatman filter paper soaked in a dilute solution of 
cowpea leaf extract. )'he cowpea leaf extract was prepared 
by chopping leaves of 2- 3 weeks old cowpea plants. The 
chopped leaves were passively extracted in cold water 
for 3-4 hours. The extract was filtered, frozen and then 
lyophilised to obtain a powder which was used to make 
the solution needed to wet the wax paper. In the course 
of this work the moths were presented with a fresh wax 
paper daily, and they were fed on 10% sucrose solution. 
The experiments were carried out under a reversed light 
condition using a 12:12 light: dark regime at 26-27°C 
and 75-80% relative humidity. 

As shown in Figure 8.6 females of M. testulalis can 
stay alive for more than 26 days. The oviposition peak 
was observed between day 12-16. Compared with control 
paper treated with distilled water. the filter paper soaked 
with cowpea leaf extract had five times more eggs than 
the controL Eggs on the wax paper develop normally 

o Control 
• Extract 

Days after introduction of moths 

Figure 8.6 Oviposition of Maruca tesru/alis on wax paper 
impregnated with cowpea leaf extract or distilled water. 
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Figure 8.7 Eggs laid on wax paper showing black head 
stage larvae through chorion . 

(Figure 8.7) and larvae from these eggs performed well. 
Their development to adult stage was as good as that of 
larvae from eggs laid on the cowpea plant. 

The useful aspect of this work is that the entire life 
cycle of M. testu/alis can be maintained by using preserved 
materials of the cowpea plant. It follows therefore that 
during the rainy season, sufficient cowpea plants can be 
grown to make the leaf extract and the artificial diet. 
This material can be stored in the freezer and then used 
as required. This in effect means that it is possible to 
raise large numbers of M. testulalis without having fresh 
cowpea plants all the time. 

8.7 BANANA WEEVIL SEMIOCHEMICALS 

B. Budenberg, F. Karago and 1. Ndiege 

SLUdies were Initiated on the oviposition of the banana 
weevil, Cosmopolites sordidus. Results from laboratory 
assays supported the reports in the literature that the 
preferred oviposition si te was in the outer skin of the 
rhizome of Lhe banana plant. However attempts to stimulate 
oviposition using extracts of rhizome were unsuccessful. 
The work has been hampered by the low egg-laying rate 
of weevils in the laboratory, and most effort is now being 
directed to work on attractive volatiles. 

Both male and female weevils are attracted to cut pieces 
of rhizome in a sti ll air olfactometer, but responses are 
probably stronger in females than in males. Volatiles, 
trapped on Porapak, from both rhizome and pseudostem 
attract both males and females . lL is hoped to investigate 
the auraction of weevils to resistant and susceptible 
cultivars. 

Clear evidence has been generated for a male-produced 
aggregation pheromone. Females were attracted to live 
males, and both males and females were attracted by 

collections of volatiles from male weevils. Responses 
by females appear to be stronger than those by males. 
But this may be at least partly due to the use of five 
beetles, together, in each bioassay. The production of 
pheromone by these five male beetles may partly mask 
the pheromone treatment. There is also strong evidence 
that males do not produce the pheromone in the same 
quantity at all times. Bioassays using live weevils suggest 
that males removed from freshly cut pseudostem (i.e. 
0-5 days old) do not produce pheromone, but those from 
old pseudostem (i.e. 9 or more days old) do. However 
further trials are needed to investigate this fully. 

Electrophysiological GC-EAG studies have started in 
collaboration with the University of Lund, Sweden. It is 
hoped that these will lead to the identification of the 
compounds in the collections. 

8.8 CLOSE-RANGE BEHAVIOUR OF TSETSE 
FLIES (G. MORSITANS MORSJTANS) TO 
HOST BODY ODOURS 

R. K. Saini, A. Hassanali,J. A. Andoke, S. P. Ahuya 
and E. Nyandat 

Last year (se~ ICJPE 1989 Annual Report) we reported 
the presence of additional kairomoncs from the body 
washings of host animals which induced arrestment, 
alighting and probing in male G. m. morsitans. Such 
kairomones may be important in host recognition and in 
host selectivity of different tsetse species. Studies were 
initiated to identify the components of body washings 
that arc responsible for this kind of close-range behaviour, 
their mode of action and also to test the effect of such 
compounds on other species of tsetse flies. 

In order to determine the distance at which these 
compounds are effective, responses of tsetse were observed 
when the screen impregnated with the kairomoncs was 
placed at 10, 20, or 40 em distance from the downwind 
end of the tunnel. The results (Figure 8.8) show that 
significantly fewer flies became activated, flew upwind 

e Activation D Upwind flight - Landing 

80 • • 

10cm 20cm 40cm 

Figure 8.8 Percentage of G. m. morsitans males performing 
particular behaviours on stimulation with three different 
doses (1 oo. 200, 400 ).LI) of methanolic extract of cattle 
body wash at various distances in a wind tunnel (N = 60 
flies per treatment). 
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Figure 8.9 Percentage of G. m. morsitans males performing 
activation, upward flight and landing behaviours on 
stimulation with the ethyl acetate Insoluble (ins), acidic 
(acd), phenolic (phn), basic (bas) and neutral (nut) fractions 
of the methanolic extract of cattle body wash at two different 
doses In a wind tunnel at 20 em distance. N = 60 flies per 
treatment. Con- responses to control (blank cloth screen). 

and landed on the screen at 40 em than at I 0 or 20 em 
from the downwind end of the tUnnel. At higher doses 
more flies became activated, flew upwind and landed on 
the screen at 20 em distance than at 10 em, though 
statistically these differences were not significant. The 
results indicate that these compounds are active at close 
range, and that there is olfactory perception of these 
kairomones. 
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-Landing -Probing 
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Figure 8.10 Percentage of G. m. morsitans males landing 
and probing on stimulation with the ethyl acetate insoluble 
(ins), acidic (acd), phenolic (phn), basic (bas) and neutral 
(nut) fractions of the methanolic extract of cattle body 
wash at two different doses in a wind tunnel at 20 em 
distance (N = 60 flies per treatment). Con - responses 
to control (blank cloth screen). 

Responses of tsetse flies to the ethyl acetate insoluble, 
acidic, phenolic, basic and neutral fractions of the 
methanolic extract of cattle body wash at 20 em distance 
in the wind tunnel (Figures 8.9 and 8.10) indicate that 
the active compounds are present in all the catl.le wash 
fractions with the phenolic fraction showing the most 
activity and the basic fraction the least. Even the basic 
fraction elicited responses significantly different from 

l 

OH 
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~~ropylphanol) 

0 

Figure 8.1 1 HPLC profile of the phenolic fraction of cattle body wash obtained by reverse phase preparative chromatography. 
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Figure 8.12 HPLC profile of the neutral fraction of cattle 
body wash obtained by reverse phase preparative 
chromatography. 

the control. For landing and probing, (Figure 8.10) the 
phenolic fraction seems to be the most important. The 
fact that the active components are present in all the 
fractions tested snows that a series of compounds of 
different polarities and functionalities acting in a synergistic 
or additive manner affect tsetse behaviout at close range. 

Examination of the HPLC profile of the phenolic fraction 
of cattle wash obtained by reverse phase preparative 
chromatography, (Figure 8.11) indicates that all the seven 
phenols which are present in the urine of buffaloes or 
cattle are also present on the skin of the host animal. In 
addition there are about three other phenols which are 
currently being identified. Similar examination of the 
neutral fractiol) (Figure 8.12) shows the presence of three 
clear peaks and of these fractions A and C elicit the most 
responses in wind tunnel bioassays. Further fractionation 
and identification of all the components of body washes 
is in progress. A complete identification of these 
components from host animals will permit the evaluation 
of how these compounds, either individually or in 
combination, affect tsetse behaviour at close range. 

8.9 RESPONSES OF MALE TSETSE FLIES, 
GLOSSINA MORSJTANS MORSITANS TO 
HOST BODY ODOURS AND TO THE SEX 
PHEROMONE IN A WIND TUNNEL 

R. K. Saini, J. A. Andoke and P. Ahuya 

Results of the experiments reported above indicate that 
kairomones present on the bodies of host animals induce 
arrestment, alighting and probing behaviour of tsetse flies. 
Investigations were undertaken to determine if these 
kairomones together with the sex pheromone would 
enhance the contact time and probing with a target. If so, 
the application of these close range kairomones and/or 

Table 8.3 Percentage male G. m. morsftans performing indicated behaviours following stimulation with blank cloth 
screens impregnated with or without 200 J.ll cattle body wash and 4 shoe lace decoys each impregnated with or without 
10 f!l of female sex pheromone (15, 19, 23-trimethylheptatriacontane "' "morsllure") N = 80 males per treatment 

% Males performing indicated behaviours 

10 em 20 em 

Upwind Source Upwind Source 
Treatments Activation flight contact Activation flight contact 

Responses of tensral males 
Blank screen + blank decoys 15.21) ob ob 14.4b Qb o• 
Blank screen 
+ pheromone decoys 46.4" 34.9• 13.58 46.9" 26.1• 6.21 

Blank screen + 
cattle wash + blank decoys 53.2• 38.36 20.8" 42.1" 28.5" 8.1" 
Blank screen + cattle wash 
+ pheromone decoys 52.2• 39.4" 15.7" 48.9• 36.9• 1 o.s• 

20 
Responses of 7-10 days old males 
Blank screen + blank decoys 8.0° 8.0° o• 8.3b Qb Qb 
Blank screen 
+ pheromone decoys 
Blank screen + cattle wash 

27.S•b 21.5b o· 38.5" 24.1' Ob 

+ blank decoys 38.0" 31 .1" 8.o• 31.5" 11.8b Qb 
Blank screen + cattle wash 
+ pheromone decoys 20.8b 16.1b 8.1• 41.3* 31.1 1 8.1• 

Means In each column followed by the same letter do not differ significantly (P < 0.05). 
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Table 8.4 Percentage G. m. morsltans teneral males (1-3 days old) and mature males (7-1 0 days old) performing 
Indicated behaviours following stimulation wllh a blank cloth screen, impregnated with or without 200 !J.I cattle body 
wash and with or without 4 freshly l<llled females pinned on the screens. N = 80 males per treatment 

% Males performing indicated behaviours 

Teneral males 7-10 days old males 

Upwind Source Upwind Source 
Treatments Activation flight contact Activation flight contact 

Blank screen + 4 females 66.7• so.o• 41 .7• 54.2• 41 .7• 25.0• 
Blank screen + cattle wash 66.7" 58.3" 25.Qib 20.8b 8.3b 4.2b 
Blank screen + cattle wash 
+ 4 females 86.7• 58.3• 25.0•b 29.2•b 12.Sb 4.2b 
Blank screen 7.1b 7.1b 7.1b 7.1 c 7.1b 2.2b 

Means in each column followed by the same letter do not differ significantly (P < 0.05). 

with the pheromone would result in a more efficient uptake 
of insecticide or sterilant from suitably baited targets. 

Responses of male G. m. morsitans (teneral flies and 
7-10 days old flies) were observed to black cloth screens 
(4.5 em diameter) impregnated with or without200 J.ll of 
methanolic extract of cattle body wash and to which either 
four shoe lace decoys dosed with or without 10 J..i.l of 
female sex pheromone (15, 19, 23-trimethylhepta
triacontane) were pinned or four freshly killed females 
were pinned. 

Various treatments were presented to the flies atlO or 
20 em distance from the downwind end of the wind
tunnel. The number of flies getting activated (flying or 
walking in the release cages without any upwind flight), 
those flying upwind. and those that made actual contact 
with the screens or decoys were observed. 

Tables 8.3 and 8.4 show the number of males perfonning 
various behaviours on stimulation with various treatments. 
It is clear that addition of the sex. pheromone to the close 
range kairomones does not enhance the number of flies 
that become activated, fly upwind or make contact with 
the odour source. Mature males elicited less of these 

kinds of behaviour than teneral flies. In all cases, and at 
both distances tested, males responded more significantly 
to the screens with shoe laces impregnated with the sex 
pheromone, or with the freshly pinned females, than to 
the controls (blank screens with blank decoys). This clearly 
indicates that the "comact" sex pheromone is detected 
by the insect via olfactory receptors, and that at close 
range (at least up to 20 em in the present studies), tsetse 
flies are able to recognise conspecifics. 

8.10 ROLE OF OVIPOSITION PHEROMONE IN 
Ao'GREGA TING GRAVID FEMALES OF THE 
DESERT LOCUST SCHISTOCERCA 
GREGARJA 

R. K. Saini. J. A. Andoke and P. Ahuya 

Behavioural studies have been initiated to identify and 
detcnnine a possible role of an oviposition pheromone 
in aggregating gravid females of the desert locust, S. 
gregaria. Preliminary results of these studies are described 
in the Locust Research Programme section of this report. 
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9 
Institutional Building and 
Interactive Research Unit 
The primary goal of IBIR U remains the strengthening of the scientific leadership 
and technological capacity of tropical developing countries in insect science, 
through collaborative research and training programmes. 

• ARPPIS 
The mechanism of operating ARPPIS has long been established. During 
1990, the usual routine of processing scholars' admissions and fuelling of 
those undergoing their research work continued. Efforts to set up functional 
sub-regional M.Sc. Centres in Insect Science were intensified during the year. 
Technically, three centres have been chosen after intensive missions: University 
of Zimbabwe, Harare; University of Ghana, Legon; and Dschang University 
Centre, Cameroon .It is hoped that they will become functional in 1992. 

In order to understand fully the fate of our ARPPIS graduates, a Conference 
on Capacity Building in Insect Science in Africa; Field E.xpf!rience and 
Evaluation of the Impact of ARPPIS was organised to fulfil the following 
objectives: (1) to establish an enabling scientific information exchange 
environment; (2) to foster an effective continental collaboration and interaction ,· 
(3) to use field experience to improve ARPPJS delivery system; and (4) to 
establish an ARPPIS Alumni. The conference was well attended and the 
various perspectives raised have been studied. On the other hand, an attempt 
to normalise the scholar-supervisor relationship was the subject of a one-day 
conference earlier in the year. The recommendations are being implemented. 

• PESTNET 
A series of deliberations on an effectual member country acceptance of pest 
management R&D programme (PESTNET) was painstakingly worked out. 
The proposal had been discussed both by PESTNET Annual Conference 
delegates and its Steering Committee. An implementable PESTNET network 
is currently in place and it has features that are acceptable to all member 
countries and to the ICIPE. The post of resident scientist will in future be 
assigned to a national of the member country where a PESTNET team is 
located. 

A more detailed report on PESTNET is given elsewhere in this Section. 

• FAMESA 
The third Periodic External Review (/PER) team recommended the phasing 
out of the Financial and Administrative Management of Research Projects in 
Eastern and Southern Africa (FAMESA) of ICIPE' s programme of activit!es. 
However, some winding up activities tof)k place in 1990. These included (i) 
the preparation of a manual on scientific, technical and management information 
systems and (ii) organisation of a national conference in Zambia from September 
4-6, 1990. Some other national conferences were rescheduled for 1991 . In 
the meantime, FAMESA has been "ceded" to African Academy of Sciences, 
and will cease to be part of ICIP E' S pro gramme of activities as from January 1, 
1991. 
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• OTHER TRAINING ACTIVITIES 
The /C/PE staff development programme has been reviewed to improve 
various aspects of the programme. Details of this year's training activities 
under this programme are reported. 

During 1990, two short courses on vector management were organised. 
Also several officers/rom countries collaborating with the ICIPE PESTNET 
programme underwent various training during this year. 

9.1 IMPORTANT ARPPIS DEVELOPMENTS IN 1990 

Z. T. Dabrowski 

Three more universities have signed the ARPPIS 
Memorandum of Agreement They are Dschang University 
Centre, Cameroon; University of Gezira, Sudan; and 
University of Abidjan, COte d'lvoire. There are now 17 
participating universities in ARPPIS. 

During the year under review, five ARPPIS scholars were 
awarded their Ph.D. degrees. Details can be found in Table 
9.1. 

ARPPIS Programme was assessed by the third Periodic 
External Review (IPER) Team. They were "impressed by the 
quality of research and mo.tivation of the ARPPIS students 
and would like to commend ICIPE for having spearheaded 
this innovative approach for the practical ttaining of applied 
entomologists for the ever increasing demand at the national 
level." The Team also noted that ARPPIS "over the years 
experiences considemble procedw-al and logistical difficulties 
in obtaining quick registration for ARPPIS scholars at the 
Participating Universities''. 

During 1989-1990 period, 37.5% scholars who submitted 
their theses are awaiting their viva-voce from six of the 
participating African universities. The waiting period after 
thesis submission ranges from 6 to 24 months. This adversely 
affects the enthusiasm of graduates. Therefore, new insights, 
innovations and management structures need to be established 
so as to overcome some of the existing problems. 

9.1.1 The 1990 semester 
The 1990 ARPPIS Ph.D. class was the eighth in the series. 
This class included four scholars (approx. 30%) from French-

Table 9.1 ARPPIS scholars awarded Ph.D. degree In 1990 

Name (ARPPIS class) (Abridged) thesis title 

speaking countries: Mr. Joseph Kayitare (Rwanda); Mr. 
Muhinda Mugunga (Zaire); Mr. Dona Dakouo (Burkina 
Faso) and Mr. Sylvain Coffi Dossa (Benin Republic). The 
other ten members are from: Zimbabwe (1); Sudan (1); 
Ethiopia (2); Kenya (2) and Nigeria (4). 

The 1990 class started the teaching semester on March I, 
I990.1n a welcome address, Professor Thomas R. Odhiambo, 
director oflhe ICIPE and chairman of the ARPPIS Academic 
Board focused on the w-gent need for well-trained and 
motivated indigenous scientists to work in Africa. The scholats 
were urged to seize the opportunity to study in ARPPIS, and 
to work hard. 

Atthesameceremony,Dr.F.N.Owalco,DeputySecretary, 
Commission for Higher Education in Kenya and the guest 
speaker lectured on "The needs for advanced education in 
Africa". He expressed concern for the capacity to produce 
intellectuals to sustain scientific and technological 
development under the present education systems in Africa, 
as the universities concentrate mainly on undergraduate 
studies. He congratulated the IClPE on establishing the 
ARPPIS programme and encouraged the ICIPE to intensify 
its educational programmes in insect science to ensure that it 
can build on the past achievements, and plan further to meet 
the needs of the next decade and beyond. 

9.1.2 Research collaboration with external universities 
The ICIPE collaborators from different countries visited the 
on-going research work at various locations. Details of such 
collaborators are presented in Table 9 .2. Similarly, Table 9.3 
shows details of ICIPE taught courses and associated 
institutions. 

During the 20th ICIPE Annual Research Conference in 
May, two ARPPIS scholars made oral presentations: Mrs. V. 

Registering university 

Dr. J. H. Nderltu 
(1984 class) 

Responses of the common bean cultlvars 
to beanflies 

University of Dar-es-Salaam 
Tanzania 

Dr. (Ms) E. Minja 
(1986 class) 

Dr. M. wa Macharia 
(1986 class) 

Dr. T. N. Murega 
(1987 class) 

Dr. J . Ogwang 
(1987 class) 

Endocrinology of development and 
reproduction in the maize stem-borer 

Crop losses in maize caused by the maize 
stem-borer In the RKt Valley, Kenya 

Genetic Incompatibilities among 
populations of the cassava green spider 
mite complex 

Studies on the transmission and survival 
of Nosema sp. 

University of Dar-es-Salaam, 
Tanzania 

Mol University, Eldoret, Kenya 

Rivers State University of Science and 
Technology (RSUST), Port Harcourt, 
Nigeria 

Rivers State University of Science and 
Technology (RSUST), Port Harcourt, 
Nigeria 



139 Institutional Building 

Table 9.2 Research collaboration with external universities 

Scholar's name 

Mr. A. S. S. Mbwana 

Mr. B. Uranu 

Miss R. Bob-Manuel } 
} 
} 

Mr. F. Nwllene } 

Mr. S. Slzlya 

Supervisor's name 

Prof. R. A. Sikora 
Dr. G. Waudo 
Dr. K. V, Seshu Reddy 

Dr. G. Madel 
Dr. K. V. Seshu Reddy 

Prof. M. Munster
Swendenson and 
G. Nachman 

Prof. J. J. Moore 

Collaborating agency 

Bonn University 

Bonn University 

Copenhagen 
University/ 
DAN IDA 

University of 
Zambia 

Table 9.3 Details of courses/practlcals taken In 1990 teaching semester 

Courselpracticals Course organiser Assodated Institutions 

Insect taxonomy Prof. R. Kumart Rivers State University 

Title of research 

Host range, survival 
and control of 
Pratylenchus goodeyl 

Effect of plant 
resistance and cultural 
practices on the 
population densities 
of banana weevil 
Cosmopolites sordldvs 

Cassava green mite 
population modelling 

Modelling movement 
and distribution of tsetse 
fly using marked flies 

Duration 

March 19-30 
of Science and Technology 
(RSUST), Port Harcourt, Nigeria 

Seminars on 
Insect taxonomy 

Insect functional 
morphology 

Insect physiology 
and biochemistry 

Insect ecology 
sampling procedures 

Biostatistics and 
computer usage 

Insect pathology 

Dr. R. K. Baglna 

Dr. K. J. Mbatat 

Dr. M. F. B. Chaudhury 

Dr. J. Allotey 

Or. S. Nokoe 

Dr. G. P. Kaaya 

National Museums 
of Kenya, 
Nairobi, Kenya 

University of Zambia, 
Lusaka, Zambia 

ICIPE 

RSUST, Nigeria 

tLecturers corrected thesis of scholars registered in their universities. 

July 9-20 

Aprll2-20 

April 23-May Hi 

June4-30 

[May 21-June 1] 
[June16-19 ] 

July 23- Aug. 10 

Remarks 

Good progress 

Good progress 

Good progress 

Good progress 

No. attending 

14 

14 

14 

14 

14 

14 

Nyambati on "Leishmania characterisation: Molecular 
karyotyping", and Mr. H. Oranga on "Anatomical analysis 
for detennining the impact of nutrition on cattle resistance in 
ticks", whereas twelve scholars of the 1987 and 1988 classes 
presented their posters on : tsetse behaviour, predation and 
ecology, mosquito ecology in Mwea Irrigation Scheme; 
biological control agents of ticks, the cowpea pod-borer and 
cereal stem-borers. 

Pitt. assistant director, Awards, of the British Council, 
September25,1990; Mr. Peter McGauran, Austtalian Shadow 
Minister of Science and Energy, September 25, 1990. 

In a~cordance with the regulations of the University of 
Zambia, Mrs. M. Chumvwa Taguma and Mr. S. Siziya 
visited the registering university to present seminars as pan 
of the fulfilment of their Ph.D. studies. 

9.13 Important visitors to IB/RU (ARPPIS) 
Team of British parllamentatians September 11, 1990; 
Miss Claire Withycombe, agriculture adviser and, Mr. Julian 

9.1.4 1990 annual scientific meeting of ARPPIS 
The Seventh ARPPIS Annual Scientific Meeting took place 
on December 6, 1990. Scholars of the 1988 and 1989 class 
presenled their research to members of the ARPPIS Academic 
Board, supervisors, invited donors and other guests. 

9.15 Development of new training and educational 
materials through Pew Charitable Trust 
Foundation 

The ARPPIS realises the need for me development of 
appropriate training and education materials for African 
scholars, both undergraduates and postgraduates. 
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In 1990, the Pew Charitable Trust (USA) provided 
substantial fmancial support for a number of trainees and for 
the preparation of new manuals for ARPPIS courses. These 
fonds are channelled through the Conservation Foundation 
which has a longstanding interest in pesticides and 
environmental problems and which assists in the overseeing 
of this project 

Professor J. Elkinton from the University of Massachusetts 
(Amherst, USA) is collaborating with some ARPPIS lecturers 
on the content of a manual on quantitative ecology. It is 
intended to prepare similar manuals, with emphasis on 
sampling; population dynamics, regulation of insectnumbers, 
prey-host relationships etc. Dr. M. F. B. Chaudhury with 
assistance from Dr. E. Osir and Professor Lynn Riddiford 
(University of Washington) have developed,a proposal for a 
manual on "Insect Physiology". 

9.2 ESTABLISHING FOUR ARPPIS SUB
REGIONAL CENTRES FOR MASTER OF 
SCIENCE PROGRAMME IN INSECT 
SCIENCE IN AFRICA 

Z. T. Dabrowski 

There is a great shortage of opportunity in Africa for training 
middle-level scientists in applied entomology. 

Consequently, the ARPPIS Academic Board has 
recommended that four sub-regional centres offering two
year M.Sc. programme in Insect Science be identified for: 

Southern Africa: Serving Angola, Botswana, Lesotho, 
Malawi, Mozambique, Namibia, Swaziland, Zambia and 
Zimbabwe, based at the University of Zimbabwe, Harare; 

West Africa: Serving Ghana, Liberia, Nigeria, Sierra 
Leone, based at the University of Ghana. Lcgon; 

French-spealcing Africa: Serving Benin, Burkina Faso, 
Burundi, Cameroon, Central African Republic, Chad, Congo, 
Cote d'Ivoire, Gabon, Guinea, Madagascar, Mali, Mauritania, 
Rwanda, Senegal, Togo and Zaire, to be based at the Dschang 
University Centre, Cameroon; and 

Eastern and North-Eastern Africa: Serving Ethiopia, 
Kenya, Somalia, Sudan. Tanzania and Uganda. The location 
is not yet agreed. 

The ARPPIS Academic Board intends that the sub-regional 
centres will get general consensus and support from other 
participating universities within lhe region. 

To activate lhe M.Sc. sub-regional centres. the ARPPIS is 
organising a meeting from September 2--{), 1991 at the 
University of Malawi. Participants will be invited from the 
participating universities; the ARPPIS Academic Board, the 
donor community, and African regional organisations. 

9.3 PESTNET 

E. 0 . Omo/o 

The Pest Management Research and Development Network 
(PESTNET) activities are categorised into three main groups: 
interactive scientific research, training and education, and 
infonnation systems and service. 

93.1 Collaborative scientific research 
The ICIPE resident scientists are based in Somalia, Zambia, 
Rwanda and Kenya. In collaboration with the national 
scientists, they have initiated work to define the components 
of integrated pest management approaches that would lead to 
the development of long term pest management strategies. 

Kenya. Reassessment of the efficacy and the economics 
of the recommended chemical control (Dipterex) compared 
with intercropping of maize and beans that has been done in 
Trans Nzoia district for the last three years has been concluded. 
The resident scientist. therefore, started carrying out studies 
on the economic threshold and crop Joss assessment due to 
crop borers. This information is lacking but important to 
PESTNETactivities in member countries. He will coordinate 
similar swdies conducted by Kenya Agricultural Research 
Institute (KARl) scientists in Kitale, Embu, Njoro, Karumani 
and Mtwapa. It is hoped that data from all the five different 
ecological zones in Kenya will form a major scientific 
contribution from Kenya to the network. 

Somalia. Studies on the population dynamics of crop 
borers especially Chilo has identifi.ed the presence of natural 
enemies which attack and kill these borers in Somalia. 
Several of these parasitoids, pathogens and predators were 
found and identified. Further studies have established the 
above biological control agents as the main mortality factors 
which contribute to the reduction of crop borer populations. 

Detailed analysis of borer population dynamics was done 
to determine the trend of seasonal fluctuations and the role 
the various mortality factors might play in influencing such 
changes. The life table and key factor analysis methods were 
employed. The technique was found suitable for comparing 
the population changes and the role of mortality factors 
amongst the different treatments within and between seasons. 

Based on key factor analysis, life table data show that 
stem-borer mortality was due to disease, parasitoids and 
other unknown factors including predation. The parasitoids 
found were predominantly pupal and belonged to the Chalcids 
but also one larval parasitoid, Apanteles spp. was observed. 
One larva was found to be attacked by a nematode. Tables 9.4 
and 9.5 give the occurrence of various levels of natural 
enemies found in dead borers from both control and nitrogen/ 
basudin plots. The pupal parasitoid, Pediobus furvus was 
reared on C. parte/Ius pupae in the laboratory at the Central 
Agricultural Research Station, Afgoye for 3~ generations. 

Zambia. A colony of stalk borer, Chilo parte/Ius has been 
initiated for artificial screening of maize varieties for C. 
partellus resistance. Sesamia calamistis is also a problem on 
maize in Zambia. Its rearing in the laboratory on artificial diet 
has been commenced. Its feeding, percentage survival larvae 
and pupal duration, % pupation, % adult emergence and 
fecundity were very encouraging. A colony has been 
established. 148 lines of maize were screened for resistance 
to Sesamia calamistis in 1990 and 20 promising lines have 
been identified. A natural plant product Tephrosia vogeli has 
been identified and a plantation established at the research 
centre. 

The efficacy of ububa in controlling livestock ticks has 
been reported but its use in controlling crop borers is being 
collaboratively studied by PESTNET and the National Council 
for Scientific Research (NSSR). 



141 I11.1ziJwwnaJ Building 

Table 9.4 Life table of Chilo part91/us In control pGsts 

X /x dxF dx 100qx 100/X Ia 

Eggs 76.4 Disappearance 23.3 30.4 30.4 0.157 
Larvae 53.2 Disease 6.08 11 .4 8.0 0.053 

Disappearance 42.72 80.3 55.9 1.030 
Parasitism 0 0 0 0 
Total 48.8 91.7 

Pupae 4.4 Disease 2.84 64.5 3.7 0.35 
Disappearance 0 0 0 0 
Parasitism 0 0 0 0 
Total 2.84 64.5 

Adult 1.56 

Total 74.71 98.0 

Table 9.5 Ufe table of Chilo parte/Ius in N-fertilizer + basudln plots 

X lx dxF 

Eggs 76 Disappearance 
Larvae 74.4 Disease 

Parasitism 
Total 

Pupae 5.52 Disease 
Disappearance 
Parasitism 
Total 

Adults 2.56 

x .. life stage of the pest species. 
lx • number of insects alive within the life stage (x). 
dx • number of individual dying at x stage. 

dx 100qx 100/X k 

1.6 2.1 2.1 0.009 
8.4 11 .3 11.1 1.078 
0 0 0 0 

68.88 92.6 
2.96 53.6 3.9 0.334 
0 0 0 0 
0 0 0 0 
2.96 53.6 

1 OOrx • real generation mortality (i.e. mortality calculated as percent of the initial numbers of insect x). 
1 OOqx = apparent mortality (i.e. mortality calculatGd as o/o of the immediate life stage). 
k = total generation mortality {k1 + ~ + kn). 

Rwanda. PESlNET activities in Rwanda commenced on 
May 25. 1990, at the Institut des Sciences Agronomiques du 
Rwanda (ISAR), Station de Rubona, 15 kilometres from 
Butare. ISAR provided accommodation, office and laboratory 
space in the station. 

The resident scientist and directors of NARC's developed 
work plans and preliminary survey was conducted to determine 
major stem·borers of sorghum and maize, their incidence, 
distribution patterns in low and medium altitude zones of 
Rwanda. The survey indicated that, in addition to other pests 
of other foodcrops,Busseolafusca was lhe most predominant 
borer in these zones, accounting for ~70% wilh Sesamia 
calamistis and Eldana saccharina making up for lhe rest 

9.3.2 Training and education programme 
Long·term training 
In pursuance of ICIPE philosophy of interactive partnership 
in PESlNET activities, the Ph.D. training programmes and 
projections are as follows: 

1. Mrs. M. Taguma (Zambia), a final year Ph.D. degree 
scholar is designated to take over from Dr. S. H. Okech, 
current PESTNET Zambian resident scientist. 

2. Mr. Ali Nur Duale (Somalia) is currently a second 
year Ph.D. scholar in Crop Pests Research Programme. He 

might take over from Dr. J. B. Okeyo-Owuor as PBSTNET 
Resident Scientist in Somalia. 

3. Mr. Joseph Kayitare (Rwanda), a Francophone scholar 
sponsored by PES1NETforPh.D. in ARPPIS has successfully 
completed his course work and has started his research 
project at MPFS. Arrangements are being made to register 
him wilh University of Ghana, Legon. 

Short-term training 
Biological control, bionomics and applied ecology. Mr. K. 
Chinsembu, research assistant in Zambia has been trained at 
the ICIPB Biological Control Unit of the Crop Pests Research 
Programme. 

Mt. M. Mebelo, Research Officer with the Zambian 
Research Division was trained at the Bionomics and Applied 
Ecology Unit of the Crop Pests Research Programme for 
three months. They bolh had courses on micro-computer, 
biomathematics and its application to entomology research 
from the Biomathematics Research UniL 

Insect mass rearing technology course. During a two
week visit to Somalia, Mr. Francis Onyango, scientific officer, 
Insect Mass Rearing Technology Unit of lhe Crop Pests 
Research Programme, established insect mass rearing facilities 
at the Central Agricultural Resea.-ch Station, Afgoye and 
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Bonka Dcyland Research Station in Baidoa. 
Courses on computer use and application. Following a 

two-week computer course which was held at Bonka Dry land 
Agricultural Research Station, Mr. Aden Ali Ossoble has 
been offered a six-week fellowship to undergo an intensive 
course at the ICIPE. On his return to Somalia, it is expected 
that he will train the others. 

Technical assistance-Tanzania. The Tropical Pesticides 
Research Institute (IPRI) in Tanzania is responsible for 
multi-disciplinary control of agricultural, medical and 
veterinary vectors including tsetse. They have plenty of data 
on tsetse and parasites which needed analysis and 
interpretation. PESTNET has been officially requested to 
assist in lhis regard. PESTNET therefore sponsored Dr. S. 
Mihok from the ICIPE Tsetse Research Programme to visit 
the institute and determine the fmancial implications of the 
assignment. 

PESTNET training needs. In an attempt to collate the 
training needs ofPESTNET member countries, questionnaires 
were sent to al112 countries to solicit their response and from 
the feedback that was received, a long term training programme 
forPES1NETcountriesduringtheperiodbetween 1991-1995 
has been developed. 

9.3.3 Information exchange 
Pest Management Documentation and Information System 
and Service (PMDISS). Following the Eastern and Southern 
African Regional Information and Documentation Services 
Planning Workshop held in Lusaka,· Zambia (November 
27-29, 1989), the Ministry of Agriculture, Uganda has called 
upon PES1NET to establish links with them as one of the 
national coordinating centres in the region. The PESTNET 
documentalist is due to visit Uganda and Zambia to finalise 
the arrangements. FAO and USAID have assisted and 
cooperated with Uganda to establish an effective national 
documentation and information centre at Kawanda 
Agricultural Research Station, Kampala, Uganda. 

Newsletter. The firstissueofthemergedPest Management 
Newsletter and ARPP/S Newsletter has been published and 
mailed to our clients. We plan to resume the regular production 
of a much more improved Newsletter that will satisfy 
PES1NET requirements. 

PESTNET Steering Commiuee. The 6th Meeting of the 
Steering Committee of PES1NET met on May 5, 1990 after 
the combined 3rd PES1NET Annual Conference and the 
20th ICIPE Annual Research Conference. Members 
representing new disciplines and countries, Dr. M. 0. M. 
Nurein (DLCO-EA), and Banpot Napompeth (Thailand) 
attended the above meeting for the first time. The frrst 
Francophone chairman, Dr. Leopold Gahamanyi, was elected 
and took over from Mr. J. J. Ondieki. Members discussed 
scientific. training, documentation and information activities 
in detail ahd very useful recommendations were made. 

The 7th meeting of the Steering Committee of PES1NET 
met at Mbita Point Field Station on November 2, 1990. The 
members discussed the progress made so far in all the 12 
countries, particularly, the four in which resident teams are 
based. They also discussed the future plans and how best 
ICIPE research programmes and units, would interact with 
national and intemational centres. The meeting also discussed 
the PES1NET document which has been approved by the 

ICIPE management 
Finally they approved zonation of Africa into sixPESTNET 

zones. 
PESTNET Annual Conference. 3rd PES1NET Annual 

Conference was a very special occasion because it coincided 
with the 20th ICIPE Anniversary. The conference focused on 
ICIPE's Medical Vectors, Insect Mass Rearing and 
Biomathematics Research Programmes, These were reviewed 
indepth and considering the fact that PESTNET had been 
operational for only two years, its performance was 
commendable. 

Report of Regional Methodology Work$hop--Harare, 
Zimbabwe:October 14-20, 1990. During the last tripartite 
review between UNDP, ICIPE and national programmes, 
UNDP felt thatPESTNETaclivities did not adequately cover 
all the 12 participating countries and the impact was only 
being realised in the four countries where resident teams are 
based. Secondly, there was a feeling that ICIPE was not as 
strong in the technology transfer as it was in research. 

In view of the above it was decided therefore that a 
regional methodology workshop l>e held in Zimbabwe (a 
member country without resident scientist) in order to update 
all the members with current PESTNET progress and future 
plan of work. In addition, to share and demonstrate latest 
methodologies and techniques used in pest management and 
to make networking more effective. The issue of a more 
effective network was addressed during a planning meeting 
chaired by head of ffiiRU, Dr. Y. A. 0. Olaniran. Also 
discussed were the future training needs of each member 
country and the improvement of the linkages between 
PESTNET and national technology transfer systems. Member 
countries were also encouraged to sign memoranda of 
agreement with ICIPE. 

Scientific presentation. The papers presented mainly 
focused on the methodologies and techniques of screening 
for resistance in the main food crops to major insect pests. 
Prof. Z. T. Dabrowski of ICIPE, Dr. Sithananthan, FAO 
Grain Legume Programme, and Dr. Giga of CIAT discussed 
the parameters used for screening different crops, different 
ratings and various scales used by different institutions. The 
discussions were very interactive and useful. Some of the 
recommendations are being considered for implementation. 

Dr. Leuschner of ICRISAT participated fully in the 
discussions and gave a detailed talk on their activities in the 
SADCC region with emphasis on possible PES1NET/ 
ICRISA T collaboration. 

The workshop was opened by the Acting Director of 
Research and Technical Services, Dr. S. Mlambo. 

Other conferences and workshops. The PESTNET 
coordinator participated in a consultation meeting on plant 
protection in Southern Africa, Gaborone. Botswana, (October 
22-26, 1990); Workshop on Collaborative Research Support 
for USAID's Sustainable Agriculture and Natural Resource 
Management(SANREM)programme, WashingtonOC, USA, 
(November 13-16, 1990): and National Scientific Workshop 
on Food and Agricullure, Kampala, Uganda (December 
10-14, 1990). 

9.3 .4 Zonation of Africa into PESTNET zones 
Criteria for division of the six PESTNET zones were mainly 
on (1) the agro~ecological systems, (2) types of agriculture 
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and (3) pest problems. The following are the zones and the 
countries in each zone; 

OperaJiontJI zones. (a) Eastern Zone: Kenya (zonal 
centre), Uganda, Tanzania, Sudan, Ethiopia, Somalia. 
Burundi, Rwanda and Djibouti. 

resulting PBSTNET document has been produced. The 
recommendation on the rotation ofPESTNET meeting among 
the participating countries is being implemented and it is our 
hope that such rotation will make networking more effective 
in the region. 

(b) Southern Zone: Zambia (zonal centre), Malawi, 
Mozambique, Zimbabwe, Angola, Namibia, Botswana, 
Lesotho, Swaziland and Madagascar. 

9.4 STAFF DEVELOPMENT PROGRAMME 

Zones to operate in future, (c) Central African Zone: Y. A. 0 . 0/aniran 
Zaire, Central African Republic, Congo, Gabon and 
Cameroon. Eatlierwork to set up a sound and systematic staff development 

programme beneficial to the Centre primarily has been 
reviewed. Areas of lapses are being improved. From Table 
9.6, lllCIPE officials of different categories trained under 
the Staff Development Programme in 1989/1990. Fifty-nine 
percent of them were sponsored by the Centre whilst the 
balance of 41% were sponsored by other agencies like IAEA, 
Philips Limited, Finland International Development Agency 
(FINNIDA), and Kenyan Ministry of Health. The ICIPE 
management appreciates these contributions that improve 
both academic efficiency and job satisfaction of staff. 

The zonal centre will be identified later. 
(d) West African Zone: Nigeria, Ghana, Togo, Sierra 

Leone, Benin, COte D'Ivoire, Liberia and Guinea. 
(e) Sahel ian Zone: Gambia. Senegal, BurkinaFaso,Niger 

and Chad. 
(f) Northern Zone: Mauritania, Morocco, Algeria, 

Tunisia, Libya and Egypt 

93.5 Conclusion 
ResliUcturing of the PESTNET has been completed and the 

Table 9.6 Details of members of staff trained under the staff development scheme in 1990 

Name of officer Course undertaken Country Sponsor 

Ms. M. B. Bugembe M.Sc. publishing Pace University ICIPE 
New York, USA 

Or. E. D. Kokwaro Use of radiation and Gainesville, IAEA 
isotopes in insect control Florida, USA 

Ms. D. W. Barasa Information The International ICIPE 
technology Information Studies 

School (IGISS) at 
the University 
College of Wales, 
Aberystwyth 

Mr. M. B. Chimtawi Transmission electron Philips Laboratories, Philips 
microscopes (TEM) Eindhoven. The Netherlands and ICIPE 
basic microscopes 

Mr. J. A. Achilla Hotel management International Hotel ICIPE 
and Tourism Training 
Institute (IHTII) 
Basel, Switzerland 

Mrs. I. Wadundwe Maternity child heahh/ Nyerl Provincial Ministry 
family planning Hospital, Kenya of Health 

Mr. H. Meena Diploma/M.Sc. in geographies University of ICIPE 
information systems Edinburgh, Scotland 

Mrs. M. Vundla Arachidonic acid University of IAEA 
metabolism Nevada, Reno 

Mrs. M. Okech Biotechnology University of FINN IDA 
Helsinki, Finland 

Mrs. J. A. Musiga In-service in catering and Kenya Polytechnic ICIPE 
acoommodation management Nairobi 

Mr. S. Lota Training in data products Reading, UK ICIPE 
laser printer 

Duration 

May 30, 1990 to 
May31,1991 

May 13 to 
June 23, 1990 

July 2 to 
August 27, 1990 

August 8-25. 1990 

September 20 to 
April 30, 1990 

October 9 to 
November 24, 1990 

October 1. 1990 to 
September 30, 1991 

September 20, 1989 
to February 2, 1990 

November 1, 1 989 to 
April 30, 1990 

November 19-30, 
1990 

July 24-27, 1990 
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9.5 SHORT COURSES HELD ATTirE ICIPE IN 1990 

J.F. Omange 

Two courses on lhe Management of Vectors for the Control 
of Trypanosomiasis and East Coast fever in livestock 
production were held during the year. Participation was 
restricted to practitioners from Kenya. Sudan and Zambia, the 
three countries which are signatories of the ICIPE/EEC 
Collaboration Agreement. 

95.1 Tick Management Course 
This Course was held from May 7-J une 29, 1990 at the ICIPE 
Headquarters in Nairobi. The programme, which included 
lectures, laboratory practicals and field excursions, covered 
lick biology, physiology, taxonomy, population modelling, 
immunity and vaccination, conll'ol and social science interface 
as applied to tick control. Eight participants successfuJiy 
completed the course: 3 from Sudan, 3 from Zambia and 2 
from Kenya. The Sudanese participants were all female. 

95.2 Tsetse Management Course 
Seven participants atten~ed the course at the ICIPE 
Headquarters in Nairobi from August 13-0ctober 15, 1990. 
Three of these were from Zambia and two each from Kenya 
and Sudan. Course lectures included the following topics: 
• Epidemiology of African trypanosomiasis 
• Taxonomy of tsetse species 

9.6 IN-SERVICE TRAINING 

J.F. Omange 

• Tsetse biology and physiology 
• Immunology in the African trypanosomiasis 
• Chemotherapy of African trypanosomiasis 
• Tsetse ecology 
• Tsetse population dynamics 
• Computer data management, experimental designs and 

statistics in relation to tsetse control 
• Tsetse olfactory and visual response to traps 
• Biological control of the tsetse 
• Tsetse control methods 
• Socio-economic impacts of tsetse control. 

Course laboratory practicals were organised around the 
topics covered in the lectures such as staining techniques and 
identification of stabilale preparations, identification of tsetse 
species, dissection for ovarian and agedetennination, practical 
haematology and immuno-techniqucs. lnaddition, field visits 
were organised in the last half of the course period to Lamb we 
Valley, Nguruman, and Muhaka, where trainees were given 
practical experience in the following areas of tsetse study and 
control techniques: 
• Tsetse mark-release-recapture 
• Ageing using both wing fray and ovarian age categories 
• Use of various odour baits as tsetse attractants 
• Testing of odour baits using latin square designs 
• Dissection for trypanosome 
• Detection of trypanosome infections in cattle 
• Suppression of tsetse populations using trapping. 

Table 9. 7 Several officers from countries collaborating with the ICIPE in the PESTNET programme undarwent training at the 
Centre during the year. Their areas of specialisation were as follows: 

Name of Officer 

Mr. A. A. Ossobla 

Mr. J. C. Nondo 

Dr. Omwero-Wafula 

Mr. M. Mebelo 

Mr. K. Chinsembu 

Mr. S. Mohamud 

Mr. B. K. Lubazibwa 

Mr. C. A. Orwa 

Mr. M. S. Farah 

Mr. H. Abdi 

Mr. M. Hassan 

Country 

Somalia 

Zambia 

Uganda 

Zambia 

Zambia 

Somalia 

Tanzania 

Kenya 

Somalia 

Somalia 

Somalia 

Areas of training 

Use of computers in pest management 

Use of traps and olfactory attractants in tsetse control 
Use of computers for field data storage and analysis in 
tsetse fly control 

Advanced training in tsetse ecology 

Bionomics and applied ecology with emphasis on sampling 
techniques; use of micro-computers in research; biological 
control of insect pests 

Biological control; micro-computers and their application in 
entomological research 

Evaluation of sorghum rasistance to Chilo pant!ll/us 

Tsetse biology, physiology, ecology, and mass rearing 

Laboratory techniques in biological control 

Tsetse control techniques 

Tsetse control techniques 

Tsetse control techniques 



9.7 CONFERENCES/SE:MINARS/WORKSHOPS 

Y. A. 0 . 0/aniran andR. Runo 

9.7.1 Conference on supervision and related matters in 
the African Regional Postgraduate Programme in 
Insect Science 

In enhancing interactions between the ICIPE and theARPPIS 
Participating Universities, a one-day Conference was held on 
May 28, 1990 at the IClPE headquarters, Duduville, Nairobi. 
The quality of supervision by the ICIPE and university 
supervisors; selection of supervisors and course lecturers for 
the postgraduate training: curriculum and thescientificcontent 
of the ARPPIS programme; planning; funding and 
administration of the ARPPIS; and ARPPIS scholars' 
experience and problems, were discussed. The resultant 
recommendations are being implemented. 

9.7.2 The ARPPIS scientific network 
From 1986 onwards, there has been an accumulation of 
ARPPIS graduates operating in the field. A review of their 
experiences, the relevance of the ARPPIS training and 
constraints to further development was initiated through: 
• An International Conference on Capacity Building in 

Insect Science in Africa: Field Experience and Evaluation 
of the Impact of ARPPIS, December 3-6, 1990, the ICIPE 
headquarters, Kenya was organised; 

• Eighty-two (82) participants representing ARPPIS classes 
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(27); ARPPIS graduates (22); the ARPPIS Academic 
Board (15); the ARPPIS Board of Studies (7); DAAD 
donor agency (3); Netherlands Organisation for 
International Cooperation in Higher Education (2); national 
research institutions (2); and visiting international scientists 
(4), met to discuss the impact of the ARPPIS prognunme 
on human resource development for national programmes 
and universities in Africa. 
The following recommendations were made: 

• That wherever possible, donors should encourage the 
training (including field research which can flll data gaps) 
of scholars in lhcir own countries so that they become 
aware of the problems and solutions relevant to that 
country 

• That ARPPIS is partially fulfilling a need for training of 
scientific leadership in insect science in Africa and the 
search of candidates from French and Portuguese speaking 
countries should be intensified 

• That collaborative linkages between ARPPIS and Pan 
African organisations involved in pest management be 
strengthened. 
The Conference recognised that Africa is suffering a loss 

of graduates to developed countries and recommended the 
establishment of a scientific network which would provide 
both financial and intellectual support to its graduating 
scholars; thereby creating for them an environment more 
conducive to research and teaching and which would, as a 
result, encourage them to remain in Africa. 
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10.1 COMPUTING 

S. Lota 

10 
Biomathematics 
Research Unit 

14!1 Biommh4matics 

The Biomathematics Research Unit (BMRU) was reviewed in depth during 
the year. One of the immediate results of the review exercise was the re
organisation of the Unit into four sections, viz. , Computing, Geographic 
Information Systems (GIS), and Biostatistics and Modelling. The Mode/Jing 
Section, led by a senior research scientist, is primarily devoted to research in 
the dynamics of target pests and vectors, while the Biostatistics Section
also headed by a senior research scientist - combines both biostatistical 
consultancy service and statistical research. Computing and GIS provide 
basic services in computing, mapping, graphics, slides production, etc. 

Dr. Brian Williams continued to play a leading role in the monthly 
seminars organised by the Nairobi Cluster's modelling group. This group 
comprises scientific personnel working in agricultural institutes dealing 
with livestock productivity and vectors. 

The first scientific meeting of the International Biometric Society (Kenya 
Group and Easi/Central African Network) was held at the ICJPE. with 
BMRU playing a leading organising role. Five papers were presented at this 
meeting by staff of the unit: 
• Logistic model for the sterile male technique- Ebi K. Kimanani 
• Distribution function/or ticks on unimproved zebu caule-David Munyinyi 

and Sagary Nokoe 
• Biomathematical applications in the ICIPE - Sagary Nokoe 
• Canonical analysis of the role of nutrition on resistance of cattle to ticks 

- Hezron Oranga 
• Root mean square deviation as measure of tsetse dispersal from a release 

site - Seter Siziya and Brian Williams. 
The proceedings of this scientific meeting, whose theme was "Biometry 

for Development" are being edited by M. S. Patel (Moi University) and S. 
Nokoe, and will be published under a grant made available by the International 
Development Research Centre (IDRC) . 

Staff from BMRU also attended the XV International Biometric Society 
meeting in Budapest, Hungary (April 2-6, 1990) and presented two papers 
on "Livestock threshold models" and "Cochran-Dalenius-Hodges method 
for determining the optimum number of strata in stratified sampiing" . 

pool is also available during evenings and at weekends. 

The Section was strengthened with the appointment of a 
computer technologist during the year. The immediate 
result has been a reduction of "equipment down" times. 
Steps to appoint a graphics technician have also been 
initiated. A computing pool at Duduville was started 
with 5 micros for the general use by ICIPE staff. The 

The computer engineer attended a short training course 
in dataproducts laser printers in Reading, UK. On his 
return, three of the four printers which had broken down 
for a considerable period of time were immediately repaired 
and are now in use. This has more than confirmed the 
usefulness of the training course. 

Two more polaroid palleues have been procured. One 
is for Mbita Point Field Station whilst the other is located 
at Duduville. These new acquisitions will greatly relieve 
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the GIS section of the slide making chore and allow 
concentration on GIS work. 

The section has also made good progress in the 
computerisation process in the ICIPE management. Already 
data bases have been set up for staff recruitment, staff 
reviews and personnel data. For the transport unit, similar 
databases for vehicle data, vehicle spares and fuel 
consumption have been set up. Data is also being input 
for the stores stock control and invoicing software. 

The computer literacy level at ICIPE has also been 
boosted. Over 300 staff attended more than 10 different 
courses held at Duduville and Mbita Point. Easy to follow 
introductory notes are being prepared for various software 
packages, including Lotus, Dbase III and IV, DOS, 
Microsoft Word, Word Perfect and SAS, for usc in future 
courses. 

ICIPE scientists often require high quality graphical 
presentations of their data for conferences. meetings and 
publications. Slides, overhead transparencies and maps 
have been prepared for staff f-rom all units and programmes 
in the Centre and this has greatly enhanced the quality of 
the Centre's presentations. 

10.2 BIOSTATISTICS 

S. Nokoe 

Biostatistical consultation increased considerably during 
the year. The arrival of a post-doctoral fellow strengthened 
this activity, especially for the Medical Vectors Research 
Programme. Collaboration with the Livestock Ticks 
Research Programme, the Tsetse Research Programme, 
and the Crop Pests Research Programme was maintained 
at the usual level. 

ARPPIS students continued to consume a considerable 
portion of Biostatistics consult.ancy time. 

It is worth noting that the importance of statistical 
consultancy as a means of improving the quality of 
research at the ICIPE is now apparent in view of the 
amount of data analysis that BMRU handled during the 
ycar.Table 10.1 shows the approximate percentage 
distribution of time spent on data analysis for each 
programme/unit, at both Duduville and MPFS. 

For all programmes/units between 50 and 70% of the 
time was spent on data organisation and management. 

Table 10.1 Distribution of time for data analysis 

Programme/Unit Time 

Duduville 
LTRP 31% 
ARPPIS 22% 
CPRP 14% 
SPRU 9% 
TAP 9% 
MVRP 6% 
CBRU 6% 
IMRTU 3% 

Mbita Point 
CPRP 80% 
Others 20% 

This is not very encouraging, but represents a marked 
improvement over previous years. 

Most statistical analyses were performed using SAS. 
It can be safely said that BMRU is now exploring the 
full potential of SAS. 

Biostatistical assistance for external bodies increased 
during the year. Organisations that sought BMRU's support 
included CIMMYT (Selian Research Centre, Arusha), 
the Tea Research Foundation of Kenya, the Pyrethrum 
Board of Kenya and the Kenya Polytechnic. 

10.3 GEOGRAPHIC INFORMATION SYSTEM 

B. Williams 

The GIS (geographical information system) section has 
continued to provide a very wide range of services to 
ICIPE staff including the preparation of maps, provision 
of graphics facilities and training. 

In collaboration with the Zimbabwean Veterinary 
Services, the section has digitised an extensive set of 
contour maps derived from aerial survey photographs in 
order to be able to provide three-dimensional perspective 
views of the areas within which they are carrying out 
tsetse research and experimental control. 

Maps of the world-wide and African distribution of 
leishmaniasis have been prepared for the Medical Vectors 
Research Programme. These maps provide a starting 
point for studies on the epidemiology of the disease. 

A considerable effort has gone into ground truthing a 
SPOT image of the Nguruman area in collaboration with 
staff from the Regional Centre for Services in Surveying, 
Mapping, and Remote Sensing. This work is still in 
progress, but we have been able to distinguish up to 12 
different vegetation classes ranging from the teak forest 
through acacia woodlands to open grasslands. The 
experience gained in this study will be invaluable in 
future studies of tsetse habitats. 

In collaboration with scientists from KREMU, land 
usc maps of Oyugis have been prepared and digitised. 
These maps have included a wide range of features 
including various crops and livestock practices in the 
area as well as roads and rivers. 

With the recent serious aphid infestation in Kenya, 
resulting in the destruction of large numbers of cyprus 
trees, the need to map out affected areas with a view to 
preparing effective counter measures has become even 
more critical. Staff of the GIS Section have already 
prepared such maps. which have proved mos t useful. 

10.4 MODELLING 

B. Williams 

Modelling research efforts, particularly in the Tsetse 
and Livestock programmes were not as intensive as in 
previous years. This was largely due to the fact that 
much of the time was spent on writing up previous 
results, updating already developed computer-simulated 
models, organising statistics and computer courses, and 
preparing for the various ICIPE internal and external 



reviews. ARPPIS students working in the BMRU were 
however unaffected. One MPhil., and one Ph.D. were 
completed, and substantial progress by three other Ph.D. 
candidates were made. 

10.5 MODELLING TSETSE FLY MOVEMENT 

B. Williams, S. Siziya. R. Dransfield and 
R. Brightwell 

Work has continued on the problem of modelling the 
effects of tsetse fly movement on the efficiency of trapping 
programmes. This work has combined improvements in 
tsetse fly movement models with field work aimed at 
testing some of the models of fly movement. 

One aspect of the field work has been the attempt to 
determine the radius of attraction for odour baiLed traps 
following on the work of Dransfield for unbaited traps. 
Although analysis of this data is still in progress, preliminary 
results indicate that odours may be more important in 
increasing the entry response of flies than has previously 
been thought and that the increase of the radius of att:raction 
might be somewhat less than hitherto assumed. This has 
important consequences, that have yet to be taken into 
account, for our trapping models. 

Another interesting consequence of our s tudy of fly 
movement at Nguruman has been concerned with the 
distribution of flies in relation to vegetation types. All 
previous studies of fly movement have been carried out 
in relatively homogeneous habitats within which diffusion 
models of fly movement appear to be quite adequate to 
explain the observed changes in the distribution over 
time. However, it is found at Nguruman that although 
the movement appears to be diffusive for the first few 
days after release, possibly with an associated escape 
response, the movement thereafter is determined by a 
combination of climatic and vegetational conditions, and 
the flies tend to move between different areas as the 
climatic conditions change. This has important 
consequences for more extensive, site-specific models 
of fly movement that will be essential in planning control 
operations. 

Considerable progress has been made in understanding 
the movement of tsetse flies. The analysis rests on two 
key assumptions: that the movement of tsetse flies is 
diffusive and that the diffusion coefficient is constant. If 
the movement is not diffusive, the problem becomes 
considerably more complex, but the degree of consistency 
between the predictions of our model and the available 
field data leads one to believe that the assumption of 
diffusive movement is reasonable for the examples and 
conditions considered in this study. There are several 
ways in which the actual movement could differ from 
the diffusive movement assumed in our models . If the 
movement is directed, it must be directed in relation to 
an appropriate environmental gradient. The most obvious 
gradient at Nguruman is the change in height over the 
escarpment. This change in height a lso gives rise to 
changes in temperature, rainfall, humidity and vegetation: 

lSI SiomaJhtmQtic.r 

invasions of flies into the study area might well follow 
these gradients. Flies will of course tend to stay within 
areas circumscribed by suitable vegetation or distribution 
of host animals. Within such areas fly movement may 
still be diffusive, provided we consider movement over 
an appropriate scale. We need to think in detail about 
how movement will be affected by heterogeneity in the 
environment. 

Less critical but still important is the assumption that 
the efficiency of the trap can be adequately expressed in 
terms of two parameters: the range of att:raction and the 
mortality rate within iL Since these two parameters 
generally occur together in our models, errors in the es
timate of one may be balanced by errors in the estimate 
of the other. Traps baited with acetone and cow urine 
catch up to 16 times as many G. pallidipes as unbaited 
traps. For an electrified target already baited with acetone, 
the addition of carbon dioxide released at 200 litres per 
minute increased the catch of G. m. morsitans 32 times. 
For very mobile flies such as G. pallidipes and G. 
morsitans, our models show that these increases are 
proportional to the product of the mortality rate within 
the range of attraction and the square of the range of 
attraction. The range of attraction of baited traps 'must 
therefore be about five times that of unbaited traps, or 
the mortality rate within the circle of attraction must be 
about 25 times that for an unbaited trap or target, or 
some combination of the two. With our estimate of about 
20 m for the range of attraction of unbaited traps, the 
range of attraction of baited traps must lie between 20 
and 100 m, depending on how much of the increase is 
due to increases in mortality rate and how much is due to 
increases in the range of attraction. 

An important factor influencing the mortality rate 
within the circle of attraction is the entry response: it is 
known that flies may land on traps without entering 
them and the effect of odours on the entry response 
needs further investigation. 

Our model assumes that flies diffuse within the circle 
of attraction at the same rate as they diffuse outside the 
circle and that all the time they are within the circle 
there is a fixed probability that they will be killed or 
caught In fact, flies are likely to change their movement 
patterns significantly once they are within the circle of 
attraction, either by flying more or less directly to the 
trap or target, if this is possible, or by increasing their 
turning rate and decreasing their flying speed, so that 
they spend more time in places where odours and visual 
clues suggest that hosts are likely to be present. 

The details of movement in the vicinity of a trap are 
likely to be important for relatively immobile forest 
species of flies that move only over short distances. For 
the savannah species that appear to move up to several 
kilometres in one day, such as the species found at 
Nguruman, the precise behaviour of flies over the few 
tens of metres close to the trap is likely to be less 
important. We need considerably more field data in order 
to relate our estimates of the range of attraction and the 
trapping mortality rate to behaviour patterns of tsetse 
flies in the vicinity of traps. Laboratory data on the 
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patterns of flight as a function of temperature and humid
ity might also help us to understand seasonal changes in 
the diffusion parameters. 

We have used the logistic equation to describe the 
population dynamics of the flies, which means that we 
have neglected both the time delay due to pupal 
development, when the flies are not available to the 
traps, and the effects that are dependent on the age 
structure of the population. The susceptibility of flies to 
traps as well as their mobility may be age-dependent. 
Since we are concerned here with long-term changes in 
the population over the course of a control programme, 
these assumptions may not be critical. If one were 
concerned, however, with changes over shorter time scaJes 
- for example, if one wanted to study trapping out effects 
over a few days or weeks-it might be necessary to in
clude these effects explicitly. 

We now have two limiting cases: with very mobile 
flies and inefficient traps, the comrol is trap-limited; 
with relatively immobile flies and very efficient traps, 
the control is diffusion-limited. Equating the expres
sions for the trap densities in the two limits. we find that 
when the mean-square displacement per day is greater 
than half the area of the circle of attraction times the 
effective trapping mortality rate, tho control is trap
limited; otherwise the control is diffusion-limited. This 
result is critical for trap development, since if the control 
is diffusion-limited, there is no point in trying to design 
a more efficient trap, even a perfect trap will not give 
any better control. Increasing the radius of attraction 
will help, but this may be limited by meteorological 
factors beyond our control. One should rather make cheaper 
or longer-lasting traps and deploy more of them. On the 
other hand, if the control is trap-limited, we should try to 
improve our traps. Taking 100m for the range of attraction 
and 1.0/day for the effective trapping mortality rate of a 
baited trap, say, it would be worth trying to improve the 
trapping efficiency provided the root-mean-square 
displacement in one day is greater than about 100 m. 
The most direct way of deciding if the control is trap
limited or diffusion-Hmited is to observe the catch in an 
isolated trap over a short period in relation to the total 
population, which we ei ther have to assume is constant 
or which we have to estimate independently. using mark
release-recapture methods, for example. If the control is 
trap-limited, the proportion of flies that we catch will 
remain relatively constant; if it is diffusion-limited, the 
proportion of the population that we catch will fall 
substantially over a short time and then remain constant. 

The results developed are encouraging. The numerical 
simulations give results that agree well with the predictions 
of our analytical formulae in one dimension, giving us 
confidence in the analytical results in two dimensions. 
Furthermore, the trap densities that the models ind.icate 
are needed to control various populations of flies are 
close to the densities that are used in the field as a result 
of extensive trials, and we are now in a position to make 
predictions about the densities of traps needed in novel 
si tuations. 

The observed convergence to zero within a suppression 
zone and the convergence to the carrying capacity outside 
of a suppression zone agree well with the model predictions. 
For highly mobile flies, we are able to estimate the 
extent of the depletion zone that will exist around a 
suppression zone, and this will be important in planning 
control operations when parts of an area are inaccessible. 
Information obtained using the recently developed, more 
efficient monitoring traps suggests that tsetse fly belts 
are more extensive than previously thought. Barriers are 
thus likely to play an increasingly important role in 
control operations generally as well as in "roll-back" 
operations, in which one hopes to clear an area com
pletely by working inwards from the edge of a fly belt. 
The dependence of barrier widths on the diffusion rate is 
also crucial for control operations. We have seen that at 
Nguruman the root-mean-square displacement in one 
day can vary seasonally by a factor of 3. A barrier that is 
perfeclly adequate in dry years may be quite inadequate 
in wet years if the diffusion rate increases substantially. 
For example. although only 1 fly in 10,000 may penetrate 
a barrier at a particular time, if the step length in the 
random walk process doubles or the barrier width is 
halved, l fly in every 100 will then penetrate the barrier, 
which is a substantial loss in efficiency. 

Given the limitations of our current models, we can 
begin to see how to generalise them for heterogeneous 
environments, Consider the control problem presented 
by two adjacent areas that differ in their fly-carrying 
capacities. This problem is effectively the same as that 
we addressed in terms of barrier lines of traps . Far from 
the boundary. the fly densities would be equal to the 
respective carrying capacities of the areas and Lhc densities 
would converge exponentially to these carrying capacities. 

Determination of the slow rate of advance of fly 
fronts has important implications for control operations. 
Knowing this rate enables us to predict the rate at which 
flies will recolonise areas from which they have been 
eradicated or areas that have been rendered suitable for 
tsetse habit.·uion by changing climatic conditions. At the 
same tim e, the distance that the tai l of the distribution 
extends ahead of the front reminds us that unless we 
have very sensitive sampling methods we may grossly 
underestimate the areas in which flies are present. 

We now have a basis for predicting Lhe effects of 
traps on populations of tsetse flies provided we know, or 
can measure, a small number of relevant parameters. In 
addition, of course, to the particular traps or targets 
being used, these parameters will depend on the species 
of fly, the nature of the vegetation and the climate. As 
remote sensing data becomes both more sophisticated 
and more widely available, it may soon be possible to 
combine our knowledge of the biology of tsetse. with 
information about the climate and vegetation of an area 
derived from remote sensing instruments to make precise 
predictions about the extent of tsetse infestations, changes 
in fly populations with time and the distribution of traps 
needed to achieve a given level of control. 



10.6 EXPLORATORY ANALYSIS OF SANDFLY 
TRAP CATCHES 

E. K. Kimanant 

The sand fly and Leishmania problem has been the major 
focus of the work of the Medical Vectors Research 
Programme over the past six years with Marigat, Baringo 
District Kenya, as the programme's central field site and 
station. Basic data collected from 1984 to 1986 were 
made available to me by the programme leader. My 
observations and inferences arc as follows: 

1 0.6.1 Sampling 
Sampling was not uniform in these years in the sense 
that sampling days fell on different months in each year. 
Even for the years that the same month was sampled, 
this happened on different days within the month so that 
there were no lwo years with the same number of sampled 
days. Table 10.2 below illustrates this clearly. This non
uniformity of sampling days has the consequence that 
seasonal variation of these numbers cannot adequately 
be captured. On each sampling day, the data recorded 
was the number of sandflies caught in a trap of one of 
four colours, situated at one of several sites. These sandflies 
were later classified by species and sex. The response 
variables were thus the number of sandflies caught in a 
trap and the control variables were site, species, colour. 
sex. 

10.6.2 Site 
Several breeding and/or resting sites were sampled. These 
sites were outside house walls (Hwout); inside house 
walls (Hwin); animal stables (Stable); animal cages (Goat, 
Dog, Chicken); empty animal cage (Control) and termite 
hills. In this last site, the sandflies coming from outside 
the trap were considered to be coming towards the hill 
and were recorded as "outside termite hill" (Thout) while 
those caught on the inside were recorded as "inside 

Table 10.2 Sampling days by month in each year 
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termite hills" (Thin). The exact number of si£es varied 
slightly in each year. Furthermore, because of the non
uniformity of sampling days per year, the number of 
days sampled per site also varied (Table 10.3). 

1 0.6.3 Species 
Eleven species were recorded. However, since 
Sergentomyia antennatus, S. bedfordi and S. ingrami 
accounted for more than 90% of the total count, we 
focused attention on these three species. Thus, species 
may be regarded as a factor with three leve ls abbreviated 
as "ant", "bed", and "ing'' respectively. 

1 0.6.4 Preliminary results 
The 1.rend in 1986 tended to be a liLLie different from the 
other years, most probably because that year had the 
least number of sites sampled. We noticed that for each 
year and for all the years combined, Hwout consistently 
registered a very high mean count (in fact U1e highest in 
I 984, 1985 and the second to lhc highest in 1986). 
Except for 1986, the animal cages did not show a sl.riking 
difference between them and they registered the next 
highest mean count after Hwout, Interestingly, the termite 
hills recorded the lowest count. Th is is noteworthy si nce 
termite hills are known to be one of the most favoured 
breeding sites. On colour comparisons, the order of 
abundance in catch seemed to be: blue, black, clear, 
yellow. However, the differences were neither too striking 
nor of statis tical significance. 

1 0.6.5 Implications for model fitting 
The fullest linear model that one could fit is that relating 
the number of trap catches on a log scale to all the 
control variables, namely, species, site, sex, year, and 
the interactions. However, this was not feasible for two 
reasons: 

(i) the s ize of the data (approximately 50,000 data 
points) far exceeds the capaci ty of the computers available. 

(ii) the ex treme imbalance between the different 

Month 

Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 

1984 2592 3288 792 840 

1985 336 432 2772 3078 2520 1698 1698 1476 684 1644 246 

1986 318 1380 1542 1446 120 504 456 

Table 10.3 Sampling days by site and year 

Site 

Year Hwout Hwin Thout Thin Goat Dog Chicken Control Stable 

1984 1104 24 1104 1104 774 774 774 774 1080 

1985 3096 3264 3264 1188 11 88 54 2176 3096 

1986 1800 2880 2880 1086 1080 1800 
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Table 10.4 Control factor subsets for model fitting 

Subset 

Hwout 
Thout, Thin 
Goat, Dog, Chicken, Control 
Stable 

Sampling 
frequency 

1104 
1104, 1104 
n4 for all 
1080 

sampling factors made it impossible to lump the factors 
together and draw any conclusions. 

This latter reason is illustrated in Table 10.3. For 
example, because of the large difference in the total 
number of observations points per year, we might choose 
either to compare all the factors simultaneously for each 
year or, to compare subsets of the factors for all the 
years combined. Further, based on the criterion of similarity 
in physical meaning, size of mean trap count and supported 
by an equal number of observation points, we could fit 
subsets of sites outlined in Table 10.4. The following 
sites could be then compared for all the years combined: 
Hwout,Thout, Goat, Control and Stable. 

10.7 COMPUTATION OF THE SEX-RATIO OF 
TSETSE CATCHES 

S. Siziya and S. Nokoe 

In previous methods for estimating sex-ratio, no attempts 
were known to have been made to set an error bound 
around the estimated sex-ratio. There also appeared to 

be a general misunderstanding of the term "sex-ratio" as 
used in demography, which might have led to the use of 
previous methods. 

Current methods of computing the sex-ratio include 
method (A), which states that for each pair (m,f) of 
observations, rn/f is calculated and an average of these 
quotients taken. 

We state our proposed method as follows: by the 
definition of a ratio we aim at finding the relationship 
that two variables have to each other. In its simplest 
form, il is expressed as m:f. This can be further expressed 
as the ratio of males to females m/f so that logb(m/f) = 
logbm - logl Let us suppose that there are n series of 
sets of counts form (males) and f (females). Averaging 
over n such series gives the average log-sex-ratio: 

Mean [logb(m/f)] :o:: l',(logbm1 - log/)/n 

This is a classical paired Hest problem, for which the 
standard error of the sex-ratio can be computed. 

Thirty-six (36) pairs of data were simulated with a 
fixed sex-ratio of male to female (87: 100). Resorting of 
this data, to simulate periodic variation in catches of 
tsetse flies , resuiled in an overestimation of the fixed 
sex-ratio by the use of method (A). We consistently 
obtained the same fixed sex-ratio by using our proposed 
method. This is to be expected as differences cancel out 
and the individual ratios regress towards the mean sex
ratio. 

The daily variation in catches of tsetse flies is generally 
great, and it is therefore recommended that only methods 
that Ulkc inlO account daily variation should be used. 
Our proposed method does just that. 
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11 
Social Science 
Interface Research Unit 
The development of integrated pest/vector management (IP/VM) technologies 
is an interdisciplinary effort whereby biologists focus on technical efficiency 
and environmental safety while social scientists concentrate on issues of 
sustainability, economic viability and social acceptability. SSIRU plays this 
role in two major ways. First, SSIRU participates in centre-wide deliberations 
on policy and research management. Second, in collaborqtion with the biologists 
based in core research programmes, extension workers and farmers, SS/RU 
scientists carry out research on IP!VM. 

This year the SSIRU staff component has been greatly strengthened by the 
recruitment of an economist, a social psychologist and a rural sociologist 
with expertise in extension. 

Following two major reviews by Dr. Goodell (January) and the !PER 
(February), important changes have been effected in order to increase efficiency 
in research management. First, although the principle of seconding each 
social scientist to a core research programme has been maintained, in order 
to make optimal use of comp/ementarities, researchers have been assigned 
duties in line with their disciplinary expertise in more than one research 
programme. Second, in order to reduce travel, time and financial budgets, 
scientists have also been given regional responsibilities so that they tackle a 
range of assignments geographically. Third. SSIRU has also drawn up its 
research priorities which incorporate new research issues: (a) development 
of socio-economic materials for inclusion in IPIVM models; (b) preparation 
of socio-economic materials for use in the ARPPIS and other training programmes, 
marketing and mass adoption of new !PM products. Finally, quarterly scientific 
meetings at which written papers based on ongoing research are presented. 
have been introduced. This material, together with the publications series 
started recently, will provide an in-house database forum as well as an outlet 
for current researchfindings. 

11.1 OVERVIEW OF SSIRU RESEARCH 
ACTIVITIES 

practices, and sound agronomic practices. The project 
also provides low-cost inputs such as ox-ploughs , 
improved granary and maize shellers. Researchers 
continuously assess results of farmers' experimentation 
with and adoption of lPM components. This year SSIRU's 
work covered six aspects, which are highlighted in this 
report. A second area of SSIRU's work in CPRP, 
undertaken in collaboration with an IPM specialist, was 
to study crop husbandry prior to the release of IPM 
components (see Sections 11.2-11.4). 

1. W. Ssennyonga 

This year, socio-economic research was carried out in 
four core research programmes, namely Crop Pests 
Research Programme (CPRP), Livestock Ticks Research 
Programme (L TRP). Tsetse Research Programme (TRP) 
and Medical Vectors Research Programme (MVRP). 

The bulk of SSIRU work in CPRP was devoted to the 
UNECAJICIPE Oyugis/Kendu Bay Project, western 
Kenya, where the most intensive on-farm trials of 
components of IPM under fanners' management have 
been going on for four years. The components include 
pest-resistant crop varieties, pest-suppressing cultural 

Socio-economic research in the LTRP illuslrates 
SSIRU's involvement in the early stages of technology 
development rather than assessment of adoption. Research 
was carried out in Rusinga Island, western Kenya, and 
Kaloleni, at the Kenya Coast where the biologists are 
engaged in on-farm research under their management. 
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The Rusinga Project was started in 1985 to investigate 
on-host tick population dynamics and the impact of tick 
infestation on cattle productivity under indigenous animal 
husbandry. Results encouraged researchers to cone! ude 
that if they could be validated elsewhere they would 
provide a basis for valuable application to tick control. 
For example, it would reduce time, labour, money and 
application of acaricides to intensify dipping during the 
months of peak tick infestation and reduce dipping intensity 
during months of1ow infestation. This is the basis of the 
concept of strategic dipping currently being applied in 
the Kalolcni study. Complementary socio-economic 
studies undertaken at both study sites are presented in 
Sections 11.5 and 11.6. 

SSIRU's work in the TRP represents a different interface 
experience. At the start of socio-economic research in 
the TRP in 1989, the biologists had developed the Tsetse 
Super Trap with considerable herder participation ~H 
Nguruman, but without inputs by social scientists or 
extension workers. This year, social science interface 
work has focused on issues of economic viability, 
sustainability and appropriate organisation among users, 
particularly in pre-treatment areas with different farming 
systems. One of these is Muhaka, at the Kenya Coast 
and the other is Lambwe Valley, in western Kenya (sec 
Sections 11.7 and 11.8). 

SSIRU work in the MVRP, started this year, 
concentrated on two aspects, namely (a) vector control 
method evaluation in Marigat, Baringo, and (b) feasibility 
studies of utilising Bacillus thuringiensis as a biological 
insecticide against houseflies. Research on the control 
of the vectors of malaria and leishmaniasis by the MVRP 
is now at an advanced stage in Marigat. SSIRU studies 
were designed to: (1) ensure the relevance of research 
priorities and the acceptability of the vector control 
methods being tested; (2) provide a basis for the evaluation 
of the effectiveness of the vector control strategies; and 
(3) ensure the sustainability of the control measures (see 
Sections 11.9- 11.11). 

Two studies on the feasibility of using Bacillus 
thuringiensis Cor controlling houseflies were undertaken 
in a Nairobi slum and a pastoral community in southern 
Kenya respectively. Synopses of results from these studies 
are given in Sections 11.12 and 11.13. 

Finally SSIRU is currently preparing a text for use in 
the ARPPIS and other training programmes at the Centre. 

11.2 DIAGNOSTIC STUDY OF IPM MAIZE AND 
SORGHUM CROPPING SYSTEMS IN LAMB WE 
AREA 

A. Alghali and P. Chitere 

A reconnaissance survey was carried out in Lambwe 
area, where 83 farmers were sampled and interviewed. 
Additional data were gathered through direct observations 
of crops in the fields. 

The quality of farmers' crop husbandry was studied 
using equally weighted scores about the use of re
commended farm inputs and observations of farm practices; 

Table 11 .1 Quality of farmers' crop husbandry 

Husbandry scores No. of farmers Percent 

High {5-6 scores) 16 , 9.3 
Average (3-4 scores) 25 30.1 
Low (upto 2 scores) 42 50.6 

Total 83 100.0 

each farmer 's aggregate score was obtained (see Table 
11.1). 

Crop husbandry on half of the farm units studied was 
low and largely subsistence-oriented and was explained 
in terms of: farmers' low exposure Lo sources of 
information about improved farming (r"' 0.401), their 
low formal education (r = 0 .279), low aptitude/ 
entrepreneurship in farming (r "' 0.399) and low economic 
status (r = 0.238). Also lack of enough ox-ploughs for 
land preparation and presence of many wild animals 
negatively affected crop farming in the Lambwe area. 

I 1.3 PERFORMANCE OF lPM COMPONENTS AT 
FARMERS' FIELDS 

M . M. Mwangi 

Performance was examined in terms of farmers' (a) 
assessment of constraints to the adoption of lPM, (b) 
project inputs, (c) preferences for cultivars and finally, 
(d) tbe researcher's economic analysis of the IPM itself. 
These issues were investigated by use of questionnaires, 
observations and discussions with both participating and 
non-participating farmers. 

11.3.1 Constraints to the adoption of /PM components 
Several constraints were identified as hampering the 
effective adoption of lPM by project farmers. The absence 
of agricultural surplus labour in times of peak labour 
demand is a critical constraint to the adoption of IPM. 
This affects negatively the amount of land that would 
be ploughed, the level of weeding undertaken, and line 
planting. The ox-ploughs provided through the Project 
have helped alleviate the ploughing problem, but some 
fanners still do not have oxen of their own. The weeding 
problem is critical and needs to be addressed. 

11 .3 .2 Use and management of inputs 
A follow-up on the use and management of project
provided inputs showed profound appreciation of such 
inputs, measured by the level of use, farmers' preferences, 
and advantages of the inputs from the users' point of 
view. The maize shellers, ox-ploughs, improved granary 
and seed continue to be well utilised, with increasing 
demand for more inputs from both project and non
project farmers. Sharing of maize shellers and ox-ploughs 
with neighbours has been observed and encouraged. 

11 .3 .3 Preference for cultivars 
A study of cultivar preferences and criteria for preference 
of various maize, sorghum and cowpea cultivars was 



completed. The most preferred maize cultivars are hybrid 
and V 37, in that order, while the preferred sorghum 
cultivars are LRB 5 and LRB 8, the project cultivar. 
The projectpprovided cowpea ICY 2 is very popular. 
The most commonly cited preference criterion was high 
yields for all the three crops in both divisions. The next 
criterion was palatability for cowpea and sorghum, but 
early maturing period for maize, Resistance to insect 
pests was ranked as a secondary preference criterion. 

11 .3.4 Marketing of project crops 
Investigations of marketing channels for various 
commodities and constraints related to these have focused 
on credit acquisition by participating and nonpparticipating 
farmers and fluctuations of maize, sorghum, cowpeas 
and beans in the various markets of the two divisions. 
Data analysis is going on. 

11.3.5 Economic analysis of /PM 
Results of an economic analysis of the project showed 
that it pays to take up most of the IPM components. 
Specifically, a marginal rate of return (MRR) of 90 percent 
was calculated for uptake of the cultural practices together 
with" the project cultivars of sorghum and cowpeas. 

These results will enable the biologists in the CPRP 
to adjust and improve the IPM components. 

11.4 FARMERS'(TECHNICIANS' FOCUS GROUP 
DISCUSSIONS 

P. Chitere, M. Mwangi, L . Ngode, I. Bassir and 
B. Nyambo 

These discussions were introduced on an experimemal 
basis, and were aimed at understanding the effectiveness 
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of involving farmers and technicians in a pilot IPM project. 
Farmers and technicians were accorded a chance to talk 
freely about their c.xperiences with the ICIPE/ECA project 
researchers. The ICIPE researchers in tum listened and 
encouraged them to exchange views openly. The 
discussions also enabled biological and social scientists 
to work more closely as a team. 

11.5 LIVESTOCK TICKS SOCIO-ECONOMICS 
RESEARCH 

J. W. Ssennyonga 

1 1.5 .1 Mariakani Project 
The major objective of veterinary research in this Project 
is to determine dipping regimes that will produce optimal 
results with minimal application of acaricides. 
Complementary socio-economic study identified five 
factors which together constitute the optimal socio. 
economic conditions for achieving this objective (1989 
Annual Report). One of these factors, dip management 
(DM), was investigated during this year. 

Currently, farmers are required to manage dips and 
pay for the cost of acaricides and water, dip attendant's 
salary and repairs to dips. 

The study focused on (a) the physical characteristics 
of lhc 21 dips in the study area and their performance , 
(b) the roles of dip attendants, (c) dip users' committees, 
and (d) ordinary dip users. Highlights of results follow. 

Performance of dips. Two measures of dip inactivity 
(no animals dipped) were used: inactive dips by month 
and year, and the number of weeks each dip was inactive 
by year. Bolh measures show a steep rise in dip inactivity 
(Figure 11.1). For 18 dips in 1988-89, there were 49 
closures, 25% of which lasted for 52 weeks each. 
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Figure 11.1 Percentage of inactive dips in Kaloleni Division from the year 1986 to 1989. 
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Figure 11.2 Constraints to dip management as assessed by dip users, dip attendants and farmers' committees. 

Management constraints. Dip inactivity is in 41% of 
the cases caused by two or more factors - farmers are 
barred from dipping for non·paymcnt of fees (35%), 
clip attendant is absent (29%), dip is out of order (14.3%), 
lack of water (6%), no acaricides (6%), dipping day is a 
public holiday (4%). For an assessment of management 
constraints by dip attendants, members of the dip users' 
committee, and ordinary dip users (see Figure 1 I .2). 

Performance of dip attendants (DAs). DAs are operating 
at 66.7% of dips mostly (57%) under the employmem 
of farmers. Most of the DAs have no clearly stated terms 
of service, as a result they understand their responsibilities 
differently. Only 21.4% have been trained in dip 
management, 36% say they have no forum for discussing 
dip matters with farmers. 

Performance of dip users' commiuees (DUCs). DUCs 
are in place at only 62% of dips; their functions, 
composition and operational procedures arc, in all cases, 
undefined. Meetings are irregular; although 66.7% of 
DUCs collect fees for dip maintenance, dipping, and 
purchase of acaricides. only 38% keep financial records. 

Role of ordinary dip users (ODVs). ODUs do not 
generally know their role, 64% of interviewed ODUs 
(n = 88) cite only one responsibility, for instance 23% 
cite dipping only. Asked LO assess the consequences of 
being required to manage and finance the dipping 
programme, 53.4% fear the programme will collapse. 

These findings show thaL the current management of 
dips is grossly inefficient. The implications for the 

Table 11 .2. Important medicinal plants, associated diseases and number of farmers reporting them 

Medicinal 
plants [11 

Mzirig ita 
Kitozi 
Bema 
Msitchi 
Kahadama 
Mbonokoma 
Mkona 
Mlagakuku 
Mruruku 
Mthupa 

Nota: [1] N=52; [2] N-37; [3] N = 189. 

No. 

20 
13 
11 

8 
8 
5 
4 
4 
4 
3 

Diseases [2] 

% 

54.0 
35.1 
29.7 
21.6 
21.6 
13.5 
, 0.8 
10.8 
10.8 
8.1 

Farmers reporting 
information (3) 

No. 

25 
24 
13 
1 , 
12 

5 
5 
4 
5 
5 

13.2 
12.7 
6.9 
5.8 
6.3 
2.6 
2.6 
2.1 
2.6 
2.6 



proposed strategic dipping regimes are critical. for 
example, dip inactivity peaks in June-November, 
coincidentally also the peak of infestation by the most 
important tick species. R. appendiculatus (see Amoo, 
1989 ICJPE Annual Report p.46). Working with fanners, 
researchers will develop an alternative management model. 

11.6 ETHNOVETERINARY STUDIES 

J. W. Ssennyonga 

Ethnoveterinary studies were started in 1989 in Kilifi 
District and Mbita Division to determine the indigenous 
potential for the development of ITM. In 1990 focus 
was on medicinal plants (MPs) used to control ticks and 
lick-borne diseases. Information was collected from 305 
farmers on 105 MPs (52 in Kilifi and 53 in Rusinga 
Island) - basic ecological data, parts used, preparation 
and administration procedures, and economic uses: 
specimens of all the 105 MPs have been collected and 
half of them have been identified botanically. The 
following are some of the results: (1) Drugs are often 
prepared by mixing two or more plants. (2) A dnlg prepared 
from a single plant is often used to treat diseases of 
both domestic animals and humans, 68% of the MPs 
studied in Mbita play this dual role; a corollary of this 
is that many plants are used to treat several diseases 
(sec Table 11.2). (3) Important diseases are treated by 
drugs prepared from several MPs. (4) A large number 
of farmers know the use of MPs (see Table 11.2). Finally, 
most of the MPs (55% in Mbita) have economic uses. 

Although the immediate objective (with the 
collaboration of CBRU) is to establish anti-tick MPs, 
one hopes that some of them will also be potent against 
other vectors such as tsetse Oies. 

11.7 THE SOCIO-ECONOMIC IMPACT OF THE 
LIMITED DEPLOYMENT OF TSETSE TRAPS 
IN LAMB WE VALLEY 

A. Oendo 

This is a sociological component of a joint study to 
assess the impact and effectiveness of the deployment 
of traps in a small area adjoining the Ruma Game Park 
in Lambwe Valley. This component is designed to evaluate 
the perceptions of farmers on the following aspects: 
(a) Changes in tsetse populations and how these are 
associated with the deployment of traps in the area. (b) 
Changes in residence patterns and agricultural and 
livestock rearing practices following the deployment of 
tsetse traps, (c) Changes in health and morbidity from 
tsetse related diseases among human and livestock 
populations following the deployment of traps in the 
area, (d) The effectiveness of trapping and the practicality 
of the technology as a long-term means of tsetse control. 

Although this study is incomplete, preliminary results 
indicate that various changes have occurred within the 
suppression zone which farmers attribute to the success 
of the trap in reducing tsetse populations. Areas close 
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to the park which were hitherto unused either for grazing 
or cultivation have now been reclaimed. In addition, a 
number of farmers are now rebuilding herds which were 
depleted during the recent outbreak of trypanosomiasis. 
The residents also claim that incidents of human 
trypanosomiasis have fallen dramatically. 

By contrasL. the experience of farmers outside this 
suppression zone is different. Indeed, they consider the 
tsetse situation to be deteriorating. Their knowledge of 
the situation in the neighbouring village, where tsetse is 
suppressed, has led to the request that their villages 
also be included in the experiment. They have already 
embarked on various initiatives designed to prompt or 
facilitate the process of their inclusion in the control 
CJ~:ercisc. 

11.8 CONSTRAINTS TO CATTLE REARING 
AMONG THE DIGO OF MUHAKA 

A. Oendo 

This study was designed to explore the factors that are 
relevant to Lhe development of cattle rearing among the 
Digo, which is carried out on a limited scale and has a 
recent history in the area. It was also designed to provide 
a preliminary assessment of the role and relative 
imporumce of caulc rearing in the local economy. Although 
Lhc SlUdy centred mainly on the Digo, it made occasional 
comparative references to the Kamba who live more to 
the interior of the same coastal zone. The study involved 
220 farmers occupying an area approximately 100 square 
kilometres. Of these, 120 fanners kept livestock while 
the rest did not. 

The results of this survey showed that the majority of 
the residents practised peasant farming as their main 
occupation (sec Table 11.3). 

Table 11 .3 Occupations 

Order of importance 

Occupation 1st 2nd 

Farming 162 10 
Paid employment 36 1 
Trading 10 4 
Fishing 10 0 
Others 2 2 

Given the importance of farming to the people of this 
area, it constituted the most important source of income 
and livel ihood for the majority. IL is significant to note, 
however, that livestock rearing was not practised as a 
major activity by farmers. This was reflected partly in 
the way land was allocated to various uses (sec Table 
11.4). 

Certain factors were found to contribute to the current 
inability or unwillingness of the farmers to undertake 
cattle rearing on a bigger scale. An important factor is 
lack of adequate land on which to practise cattle rearing. 
It was found that most of the residents of this area own 
less than 10 acres of land. It was also found that due to 
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Table 11.4 Land uses 

Importance 

Main uses 1st 2nd 3rd 

Cultivation of food crops 179 26 0 
Cult ivation of cash crops 39 140 23 
Grazing livestock 0 37 118 

the intensity of land use and absence of common pasture 
land, most people find that labour requirements for cattle 
rearing are excessive. This is particularly the case given 
the overriding demand for labour for crop production in 
the ecological conditions prevailing here. At least 80 
per cent of the fanners were found to depend on household 
labour for cattle rearing. 

Perhaps an equally important factor is the financial 
inability of the farmers to acquire livestock. The vast 
majority have annual incomes of less than Kshs. 10,000, 
and this was an important consideration cited by farmers 
who did not own cattle (see Table 11.5). 

Table 11.5 Factors hindering livestock rearing 

Inability to purchase 
Lack of herding labour 
Land shortage 
Others 

75 
13 
3 
9 

Although it was not cited by many farmers as a major 
factor, the presence of insect pests appears to have 
contributed to the minor role that cattle rearing plays in 
the local economy. Both ticks and tsetse were considered 
to be a nuisance by most farmers. There appears to be 
uncer1.ainty as to the particular diseases that these pests 
cause. There was, nevertheless, a clear association bet ween 
the prevalence of tsetse in particular localities and mortality 
among livestock . One of the results of this awareness is 
the identjfication of tsetse-free areas, and the consequent 
development and virtual institutionalisation of a distinction 
between livestock "owners" and "keepers". 

11.9 STUDY OF PERCEPTIONS, LEVEL OF 
KNOWLEDGE AND INDIGENOUS KNOWw 
LEDGE OF MALARIA. LEISHMANIASIS 
AND THEIR VECTORS, MARIGAT, 
BARINGO 

I. B. Bassir 

The basic objective of this study was to determine the 
validity of community perceptions for the identification 
of tropical disease priority. 

In the investigation of perceptions, it was found that 
88 and 53% of respondents respectively, thought malaria 
and leishmaniasis were the most important iflnesses in 
their community. Furthermore, 63 and 20% thought 
malaria and leishmaniasis kill while 64 and 77% of the 
sample considered malaria and leishmaniasis respectively, 

Table 11.6 Summary of important perceptions 

Perception 

Most important lllnesst 
Disease which kills 
Economically Important 
(over 21 working days lost) 

Percentage of sample 

Malaria Leishmaniasis 

88 53 
63 30 
64 77 

1NB. Forced choice technique was not used. 

to be responsible for the loss of over 21 working days 
(sec Table 11.6). 

These findings, considered in conjunction with the 
statistical evidence of disease prevalence and morbidity 
(1) Lend face validity to community perceptions for the 
identification of tropical disease priority. (2) Provide a 
basis for the required community participation in vector 
control efforts for disease eradication. 

The investigation of level of knowledge reveals that 
respondents are able to identify characteristic symptoms 
of the diseases such as undulating fever, malaise and 
change in body/hair colour. The similarity of their 
responses for symptoms of malaria and leishmaniasis is 
consistent with the difficulties encountered by clinicians 
in correctly diagnosing these diseases without serological 
tests. 

Significant differences were found between individuals ' 
level of knowledge about the vectors and their roles in 
the transmission of malaria and leishmaniasis (t"" 13.77, 
df 124, P < 0.001). Respondents were more informed 
aboul the malaria vector, itS breeding places, ways by 
which it can be prevented from coming into contact 
with man. Very few respondents (20%) had any knowledge 
about sandflies. 

What emerges most clearly from this study is the 
need for health education effons designed to provide 
correct information about the process of di sease 
transmission in both diseases. This should convince the 
target group of the critical role of vectors and thereby 
increase their commitment to control efforts. 

I 1.10 PILOT SOCIO-ECONOMIC CENSUS 
STUDY OF MARIGA T 

I . B. Bassir and K. K. Prah 

The objectives of this study were: (1) To determine the 
living conditions of members of the target community. 
(2) To characterise major production systems in the 
community. (3) To determine the accessibility of additional 
resources which may be required for adequate community 
management of disease vector control strategies. (4) To 
determine accessibility of additional resources. (5) To 
determine the impact of these factors on disease 
transmission and control. 

In this study, a large volume of data has been collected 



on a sample of 200 individual householders which cannot 
usefully be reproduced here. 

11.11 AFFORDABILITY AND ECONOMIC 
VIABILIJ'Y OF VECTOR CONTROL 
STRATEGIES 

I . Bassir and G. T. Lako 

A crucial factor in ensuring the sustainability of any 
technological innovation such as the vector management 
strategies is clearly affordability. A strategy which is 
not affordable obviously cannot be sustained by the 
community. 

Similarly crucial is the issue of economic viability. 
The community must perceive that investment in vector 
control using these particular control strategies is 
economically rewarding, in order to be committed to 
the maintenance of control efforts. Hence this study 
will address these issues and the other related issues 
such as the case of access to factors for the production 
of the screens (vector control measures) including training 
in their making and maintenance. 

Also being addressed are environmental issues related 
to the usc of chemicals (permethrin) in vector control. 
Questions on the safe disposal of any residues will also 
be raised. 

11.12 SOCIO-ECONOMIC STUDY OF THE 
FEASIBILITY OF UTILISING BACILLUS 
THURINGIENSIS AS A BIOLOGICAL 
INSECTICIDE AGAINST FLIES IN KlBERA 
SLUM AREA, NAIROBI 

G. T. Lako 

This study was carried out as part of a wider joint 
collaborative project between FINNIDA and ICIPE, for 
investigating the feasibility of microbial Oy control in 
tropical countries. To realise this, detailed studies of 
households were conducted to provide data on household 
demographic features , household economic conditions 
and household current knowledge, dangers and control 
of the Oy. 

Being one of Nairobi's biggest slums, Kibera was 
selected for the study and the following are some of the 
results of the socio-economic study conducted in the 
area. 

There is no doubt that the vast majority of people 
(98% in the sample) consider houseflies or their larvae 
as "causing" disease. In fact 94.1% of them explained 
that this is because germs or viruses are transmitted 
from dirty places to food/surroundings or from sick to 
healthy people. 

Although 10% said they did not know the diseases 
transmitted by flies, the rest identified trachoma, diarrhoea 
and tropical sores. Most of them (92%) say that these 
diseases affect both children and adults. 

A large number of people (95%) associate certain 
types of foods, occupation or activity with flies. Fish, 
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meat, sugary foods and rotten food are some of the main 
attractants. The occupations or activities include food 
kiosks, butcheries and most significantly toilets (about 
75% of the respondents). 

Most respondents (84.4%) know that flies breed by 
laying eggs in dirty/damp places. The majority (40%) 
think that breeding takes place mainly in the wet season, 
23% said in the dry season and 22% said at any time. 
About 14% said they did nol know when flies breed. 

Although people mentioned a large number of breeding 
sites, in most cases they mentioned latrines. In fact 60% 
said so although in conjunction with other related sites 
like water trenches, dirty dark places and garbage dumps 
where children in particular defecate. 

Using insecticides or just keeping the place clean or 
dry are the commonest ways of tackling the fly problem 
(about 70% do so). Almost 60% said commercial 
insectic ides were effective and the rest said they were 
not. 

People consider latrines as the main breeding sites. 
These pit-latrines are mainly (52% of them) communal 
or group/block owned and used. Only 27% are exclusively 
for family use and 20% are used by 2 or 3 families. 
Those who said they used water closets were in fact 
residents of the estate areas of Kibera where water and 
electricily are provided by the City Commission. 

Clearly, people arc not only concerned but are also 
willingly spending money and utilising various methods 
for fly control and general sanitation. This fact has been 
demonstrated adequately in this study. 

The willingness to pay is backed by the ability to 
pay. An indicator of this is the fact that people spend 
nearly Ksh.600 on average per year on commercial 
insecticides. 

11.13 PILOT SOCIO-ECONOMIC STUDY OF THE 
FEASIBILITY OF UTILISING BACILLUS 
THURING/ENSIS AS A BIOLOGICAL 
INSECTICIDE lN NGURUMAN: A SEMI
ARID PASTORAL AREA 

G. T. Lako and N . Ole Kipuri 

The objective of this socio-economic study was to examine 
the possibility of introducing Bacillus churingiensis as 
a bio-control agent for houseflies through finding out 
people's conceptions of (a) diseases spread by flies in 
the area; (b) their knowledge of dangers and control 
methods of flies. A later stage of the study will determine 
the cost efficiency of using B. churingiensis as compared 
to other methods of controlling houseflies. 

A simple random sample of 30 households was taken 
in Nguruman area covering respondents who were both 
women and men representing "heads" of households. 
Children and dependants were excluded from the survey. 
This s tudy was to complement the one done in Kibera, 
an urban setting . 

The results showed that people do consider the housefly 
or its larvae a. nuisance (96%): that it spreads diseases 
(90%): and that it is by coming into contact with food 
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that it does so. 
The survey further confirmed that, of the diseases 

that farmers associate with the housefly, eye diseases 
are by far the most prevalent (93.3%). The primary 
victims of fly-borne diseases being children. 

As might be expected from a pastoral setting, milk 
and cowdung are the two substances that attract flies 

the most. All the farmers interviewed concurred that 
the fly menace is greatest during the rainy season, the 
peak of breeding. 

On the methods used to tackle or control the housefly, 
the findings indicate that the majority of farmers still 
use traditional means and only occasionally some buy 
commercial insecticides due to cash constraints. 
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12 
Insect Mass Rearing 
Technology Unit 
The Insect Mass Rearing Technology (!MRT) unit supports the ICIPE core programmes 
in providing experimental insects and small mammals in adequate numbers and of 
high quality for use within the programmes. The unit also conducts research into 
methods of breeding the target insects and the small mammals. The unit is divided 
into phytophagous, haematophagous, entomophagous and animal breeding section. 
The overall objective/or this unit in 1990 continued to be: 
• Production of target insects and experimental animals for the various programmes, 

using both artificial and natural food sources. 
• Testing rearing techniques and diets, and developing Standard Rearing Procedures 

(SRP). 
• Developing methods to assess the quality and biological performance of the 

insects and small animals reared, with the aim of implementing quality controls. 
• Publishing research findings in the field of insect rearing and animal breeding. 
• Training insectary managers and animal rearersfrom developing countries. 
• Offering consultative services in insectary design and management to national 

and international institutes. 
• Initiating collaborations with the insect rearing and animal breeding units of 

other institutes. 

12.1 PRODUCTION AND SUPPLY OF THE 
SORGHUM STEM-BORER, CHILO 
PARTELLUS FOR RESEARCH 

F. 0. Onyango, M.D. O.Bungu, P. E. W. Njoroge 
and J.P. R. Ochieng' -Odero 

Chilo parte/Ius is the largest single species reared and 
used for research at the ICIPE. The Standard Operating 
Procedures (SOP) have been developed, At Mbita Poinl 
Field Station, two colonies are maintained concurrently 
throughout the year, one on synthetic diet and the other 
on natural diet The details are given under the Crop 
Pests Research Programme (CPRP). 

12.2 REARING OF LEGUME POD-BORER, 
MARUCA TESTULALIS ON A SEMl
SYNTHETIC DIET 

F. 0. Onyango and J. P. R . Ochieng' -Odero 

Due to increasing demand forM. testu/alis for research, 
it was necessary to develop an easy, reliable and cheap 
rearing technique to enable us to produce sufficient high 
quality experimental insects. The details of this rearing 
procedure are presented under the Crop Pests Research 
Programme (CPRP) . 

12.3 REPRODUCTIVE BIOLOGY OF THE MAIZE 
STEM-BORER, BUSSEOLA FUSCA ON A 
SEMI-SYNTHETIC DIET 

F. 0. Onyango, E. 0. Amboga and 
J. P. R. Ochieng' -Odero 

The report on the reproductive biology of B.fusca reared 
on artificial diet for five successive generations is provided 
under the Crop Pests Research Programme (CPRP). 

12.4 STATUS OF PRODUCTION AND SUPPLY OF 
GLOSSINA PALLID/PES 

II. K. Banda, F. 0. Onyango and 
J.P. R. Ochieng' -Odero 

The colony of G. pa//idipes established in 1984 at the 
Mbita Point Field Station and reared under semi-natural, 
grass thatched laboratory conditions for several successive 
generntions with only occasional infusion of wild flies 
rrom Lambwe Valley was seriously infected some time 
in July 1989 with what was diagnosed and believed to 
be " virus-like particles". This necessitated the 
indiscriminate extermination of the entire colony and 
starting a new one in September 1989 with wild flies 
trapped in Lambwe Valley. 
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Table 12.1 Glossina pallidipes produced and supplied from MPFS 

Quantity produced Quantity supplied (%) 
Month 
1990 Puparia 

January 3168 
February 3520 
March 4105 
April 4205 
May 5524 
June 6018 
July 6710 
August 6961 
September 7543 
October 7365 
November 7398 
December 7801 

The performance of the new colony from January to 
December, 1990 is summarised in Table 12.1. The colony 
has grown from less than 500 producing females in 
November 1989 to about 3500 producing females a year 
later, producing over 7000 puparia per month. About 
70,000 puparia were produced over the year and a total 
of nearly 22,000 adults and puparia were supplied for 
research. 

The monthly adult mortality rate ranged between 
0.9- 1.7%, averaging 1.3% over the year. Approximately 
12% of the puparia were discarded as being underweight. 

A G. pallidipes colony was started at Duduville in 
August, 1990. The results so far are encouraging. 

12.5 PRODUCTION AND SUPPLY OF THE TSETSE 
SPECIES GLOSSINA MORSITANS MORS/TANS 
AND GLOSSINA MORSITANS CENTRAL/S 

J. U. Wanyonje, R. G. Kariuki and 
J . P. R. Ochieng'-Odero 

During the year 1990, G. m. morsltans and G. m. centra/is 
were reared at the ICIPE. The main user of the tsetse 
flies was the Tsetse Research Programme (TRP) . The 
other users were the Chemistry and Biochemistry Research 
Unit (CBRU), Cell Biology Research Unit (CRU), 
Biological Control Sub-Programme (BC-SP) and the 
Sensory Physiology Research Unit (SPRU). 

12.5.1 G. m. morsitans 
During the year 1990, the production and supply of G. 
m. morsitans was at its peak between January and March, 
as shown in Figure 12.1. The good performance was 
interrupted in April when accidental overheating destroyed 
virtually the entire colony. 

About 4000 pupae were salvaged and formed the nucleus 
of the present colony, In addition, about 6000 pupae 
were received from France and Bristol to strengthen the 
colony. Supplies were suspended in May and June and 
resumed from August. 

Adults 

2183 
2185 
2189 
1908 
2544 
4110 
2771 
4068 
4115 
4466 
5113 
5955 

20000 

Puparla Adults 

0 34.4 
21.3 33.0 
2.4 33.7 

15.5 11.7 
2.7 54.1 
2.5 34.8 
2.2 75.0 
9.4 59.6 
2.0 38.4 

12.2 47.6 
7.4 35.9 

11.1 23.4 

·---·Monthly production of 
G. m. morsitans 

·-· Monthly production of 
G. m. cF.mtralis 

J FMAMJ JASONO 
Month 

Figure 12.1 Production of Glossina morsitans morsitans 
and G. m. centra/is during 1990. 

12.5.2 G. m. centralis 
The rearing of this species was initiated in January with 
2000 pupae supplied from ILRAD. As can be seen in 
Figure 12.1, the production and supply rose steadily from 
February through to October and a small decline was 
noted in November. 

12.6 REARING OF MOSQUITOES 

M. Q. Gitau and J. P.R. Ochieng' -Odero 

The unit was involved in the rearing and maintenance of 
three species of mosquitoes namely Aedes aegypti, Culex 
quinquefasciatus and Anopheles gambiae (Figure 12.2). 
The mosquitoes are reared at temperature of 29 ± soc 
and a relative humidity of 80 ± 5%. 
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Figure 12.2 Production of three species of mosquitoes 
during 1990. 

The rearing of A. gambiae has been slow to take off, 
and several field collections were made to boost the colony. 
Experiments to find the most suitable rearing medium 
and bloodmeal analysis conducted revealed that the use 
of rain water for the larval stages and the use of 3-4 day 
old chicks for bloodmeal were most promising. 

Major users of mosquitoes reared within the unit include 
the Medical Vectors Research Programme (MVRP), the 
African Regional Postgraduate Programme in Insect 
Science (ARPPIS) scholars, and the Chemistry and 
Biochemistry Research Unit (CBRU). 

12.7 STATUS OF REARING THE DESERT LOCUST, 
SCHISTOCERCA GREGARIA 

J . P. R. Ochieng' -Odero, J. T. Kilori and 
J . H. Ongudha 

With the launching of the ICIPE project for the sustainable 
management and control of the desert locust, a laboratory 
colony of Schistocerca gregaria (Forskal) was initiated 
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in 1990. The founder population of the colony was obtained 
from the breeding crowded colony of the Desert Locust 
Control Organisation for Eastern Africa (DLCO-EA) 
headquarters in Addis Ababa, E thiopia. T he colony at 
the DLCO-EA had been coUected in 1973 from a gregarious 
swarm in northern Ethiopia around the Asmara region. 
The eight egg tubes containing about 16 egg pods given 
to the ICIPE at the end of 1989 were incubated at 32°C. 
Out of the 172 nymphs hatchjng from the egg pods, 159 
adults emerged to give the breeding locust the start of 
the unit's locust rearing operations. The details of the 
rearing of locusts are given under the Locust Research 
Programme. 

12.8 BREEDING OF SMALL LABORATORY 
ANIMALS 

J. M. Kagoiya and J. P. R. Ochieng' -Odero 

The overall objective of the Small Laboratory Animal 
Breeding Section is the breeding and mainLenance of 
quality laboratory animals, in quantities required for feeding 
target haematophagous arthropods and for experimental 
use within the ICIPE. Animals bred and maintained are 
rabbits (Oryctolapus cunichlus. New Zealand white and 
Californian breeds); rats (Ratus norvegicus, Spragne 
Dawley Strain); mice (Mus musculus, Swiss mice and 
Balb 'C' strains): and hamsters (Mescricetus auratus, 
the golden hamster). 

Following the expert advise of Dr. M. R. Gamble, 
who acted as a consultant and advised the section in late 
1989, rapid progress has been made to improve the breed
ing conditions of our animals. Cage systems (especially 
for rabbilS) have been greatly improved, overcrowding 
and over production of rodents was curtailed and 
modifications to the breeding rooms (especially ventilation) 
was undertaken. The ICIPE has since established an 
Animal Management Committee which consists of three 
veterinarians and an entomologist, a scientist from the 
African Academy of Sciences and an animal breeder 
from the Institute of Primate Research (IPR). 

12.8.1 Shortage of rabbit supply 
Repeated use of old anaemic rabbits was cited as the 
main cause of adulL mortality from October through to 
December, and this resulted in a drop in' production during 
the months of November and December. This situation 
is now being rectified by replacing the old rabbilS with 
younger ones being purchased from outside. 
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13.1 CAPITAL DEVELOPMENT 

L. Okola 

13 
Administration and 
Information Division 

173 Administration 

Last year was the 20th Anniversary of the ICIPE and it was a particularly 
busy year for the Administration and Information Division, which was charged 
with the responsibility of planning and implementing a special programme of 
activities to mark the occasion. The climax of the entire anniversary year was 
no doubt the official opening and inauguration of JCJPE' s new headquarters 
complex at Duduvil/e, Nairobi, by His Excellency Daniel T. arap Moi, President 
of the Republic of Kenya, on August 15 , 1990. The event, which was a great 
success. was witnessed by many visitors from all over the world, including 
the Chairman of the ICIPE Governing Council, Professor Bo Bengtsson, and 
the Chairman of the Council's Programme Committee, Professor Lynn Riddiford. 
The President was accompanied by many of his ministers, permanent secretaries 
and other senior government officials. For ICIPE staff and some of the visitors 
the day ended with a special family get-together which was enjoyed by all, 

Other 20th Anniversary events included an essay competition for final 
year science faculty university students in Africa on the topic: ({Sustainable 
insect pest management for more food and better health in Africa''. Forty-one 
entries were received/rom 12 universities. and at the end of the adjudication 
by an international panel of judges, Mr. Dunmore Tinayi Mazarura of the 
University of Zimbabwe emerged as the overall winner, with Mr. Michael 
Asiedu Djan and Mr. John Kwame Boateng. both of the University of Ghana 
at Legan, taking second and third prizes respectively. The winning essays are 

to be published by the ICIPE Science Press. 

The year saw the successful completion of the ICIPE 
Riverside Road plot into a custom-designed chancery 
building for the Australian High Commission. This was 
done as a commercial venture, with mortgage finance 
from a local insurance company. The Australian High 
Commission took possession of the building in May, at 
the start of their initial twelve-year lease, and the official 
opening was perfonned by the Minister for Foreign Affairs 
and International Cooperation, Hon. Ndolo Ayah, MP, 
on June 21, 1990. 

At Mbita Point Field Station the construction of 12 
additional 2-bedroomed flats and a training hostel was 
completed during the year, and the Hostel-named Africa 
House- was due to be officially opened by the United 
Nations Development Programme (UNDP) Resident 
Representative in Kenya, Mr. Jean-Jacques Graisse early 
in the New Year. 

13.2 COMMUNICATION SERVICES DEPARTMENT 

R. A. Washika 

The year 1990 was in many different ways a significant 
landmark in the history of the ICIPE. The Centre celebrated 
its 20th year since its establishment in April 1970. To 
mark this important year, a number of activities were 
organised including some of the ones described below: 

The work on the new Library and Documentation 
building progressed well, but the Gulf War slowed down 
the flow of imported materials ordered for the project 
and as a result a slight delay in completion was expected. 
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13.2.1 20th Annual Research Conference 
The 20th Annual Research Conference exhibited special 
features to mark the 20th Anniversary of the ICIPE. This 
year's Conference, which saw a much wider representation 
of both scientific and policy groups than usual, focused 
on important areas of ICIPE's R & D programmes: 
• Pest Management Research and Development Network 

(PESTNET) 
• Medical Vectors Research 
• Insect Mass Rearing Technology; and 
• Biomathematics Research. 

Other components of ICIPE' s research were displayed 
on posters during the entire period of the Conference. In 
addition to the traditional Guest Lecture. which this year 
was delivered by Professor H. G. Gyllenberg, a 
microbiologist from Finland, the Conference hosted a 
Special Invited Lecture delivered by Dr. Martin Rice of 
the Department of Entomology, University of Queensland. 
Prof. Gyllenberg shared with the conference participants 
"Finnish Experiences in Managing the Biotechnology 
Boom"; while Dr. Martin Rice gave a very exciting 
lecture on "Better Concepts of Insect Behaviour and the 
FulUre of Pest Management". 

The Conference was officially opened on May 2 by 
Mr. PctcrEigen, the World Bank Regional Representative 
in Nairobi. The highlight of the conference was the 
presentation of the Annual Award for Innovative Research, 
which was this year awarded to Dr. A. Mongi for his 
work leading to the development of a tick resistance 
antigenic indicator (TRAI) which can be used both to 
detect cattle previously exposed to ticks and to assess 
the resistance level of the cattle to ticks. 

13.2.2 Inauguration of Duduville, ICIPE' s world 
headquarters 

In a colourful ceremony marking the climax of ICJPE's 
20th Anniversary celebrations, the Centre's Duduville 
Headquarters at Kasarani, Nairobi were officially 
inaugurated on August 15, 1990. The guest of honour 
was his Excellency President Daniel arap Moi of Kenya. 
The ceremony was witnessed by almost the entire Kenya 
cabinet and a large gathering of the Diplomatic Corps, 
donor representatives, collaborators and the community 
around Duduvillc. · 

After unveiling the inauguration plaque and planting 
a commemorative tree, President Moi toured some of the 
Research and Development Laboratories and inspected 
posters illustrating ICIPE's work. 

In his address to the assembled guests, President Moi 
commended the Centre for its leading role in researching 
and developing technologies to enhance agricultural 
productivity. This research, he said, was of vital importance 
to Africa and other tropical regions, where millions of 
tons of food crops and countless livestock arc lost through 
insect pests each year. "If even 50% of this can be saved, 
Africa will not need ·to import that much food fro~ 
outside", he said, noting that "well-fed and healthy people 
are the best sustenance of peace and stability". 

13.2.3 CASAFA 
Recognising the importance of building up scientific 
knowledge on other key constraints affecting African 
agricultural development, other than insect pests, JCIPE, 
in collaboration with the African Academy of Sciences 
assisted in the organisation of a symposium on "Control 
of Grassy Weeds in the Tropics" held at Duduville in 
February 1990. The Symposium was organised by the 
International Commission on the Application of Science 
to Agriculture, Forestry and Aquaculture (CASAFA) 
based in France. 

13.2 .4 Biometry for development 
"Biometry for Development" was the theme of a first 
scientific meeting of the Biometric Society of Kenya 
held at the ICIPE headquarters at Duduville from April 
2-6. Biometry is the application of mathematical and 
statistical methods to the solution of biological problems. 
The Biometric Society was founded in 1947 to advance 
the biological sciences through the development of 
quantitative theories and the development, application 
and dissemination of effccti ve mathematical and statistical 
technologies. The Kenya Group of the Biometric Society 
was set up in 1989 and this Conference with the theme 
"Biometry for Development" was one of its first activities. 
Il brought together over 50 participants from East, West 
and Southern Africa. ICIPE, through its Biomathematics 
Research Unit, was instrumental in the organisation of 
the conference and provided conference facilities and 
administrative and technical support. 

13.2.5 The International Tick Symposium 
ICIPE organised and hosted an International Symposium 
on Ticks at Duduville from August 26 to September 1. 
The programme was organised under seven sessions as 
follows: 
1. Tick immunology/vaccine 
2. Tick biology 
3. Tick ecology and modelling 
4. Natural host resistance 
5. Biological control and natural products 
6. Application of integrated tick management 
7. Social science interface. 

Situation reports on the state of tick control in selected 
countries in and outside Africa where tick infestation is 
endemic were presented. A total of 65 participants attended, 
representing about 15 countries both from the developed 
and developing regions of the world. Full proceedings of 
this symposium including recommendations are being 
published in Insect Science and its Application, an 
international journal of tropical insect science. 

13.2.6 Natural Products Workshop 
The ICIPE, in collaboration with the United Nations 
Development Programme (UNDP) and the United Nations 
Educational, Scientific and Cultural Organisation 
(UNESCO), organised an exploratory workshop for 
strengthening the R & D capacity among Centres of 



Excellence in the developing region involved with research 
on natural products. This workshop was convened to 
detennine the need and viability of establishing networking 
arrangements among these Centres in the developing 
South. Representatives from Egypt, Paldstan, India, Brazil, 
Zambia, Cameroon, Nigeria, Ethiopia and Kenya 
participated in the five-day workshop which ran from 
August 12-17. Among the outstanding outcomes of this 
workshop was the formation of "A Network of Centres 
of Excellence and Natural Products in the Developing 
World (CENAP)". 

13.2.7 Biochemical Society of Kenya 
ICIPE joined hands with the newly formed Biochemical 
Society of Kenya (BSK) to organise a two·day National 
Symposium on Biochemistry at Duduville, on October 
25-26. This was one of the very first activities of BSK 
which was officially registered in January 1990. ICIPE's 
Chemistry and Biochemistry Research Unit is staffed by 
a team of young, dynamic and highly motivated scientists 
who have maintained an active interaction with chemists 
and biochemists in various institutions wit:hin the country 
and far afield . It was therefore fitting, that the very first 
BSK scientific gathering should be coordinated and hosted 
jointly with ICIPE scientists. 

13.2.8 IOCD workshop on bioassay techniques 
The International Organisation for Chemical Sciences in 
Development (IOCD), in collaboration with the ICIPE, 
organised a one.week workshop from November 19-23, 
on Simple Bioassay Techniques. The workshop was 
organised to provide practical instruction in simple bioassay 
techniques that can be used as guides during extraction 
and isolation ofbio1ogically active materials from natural 
products. Laboratory sessions, on how to run bioassays 
such as the brine shrimp assay, potato disc bioassay, 
Iemme bioassay, antimicrobial bioassay, among others 
were run. This first workshop in Africa conducted by a 
team of five distinguished chemists and members of 
IOCD, focused on plant chemists from East and Sou them 
Africa. A similar workshop was to be run for the West 
African region at a later period. 

13.2.9 Second ICIPE Mobile Seminar 
Following the very successful First Mobile Seminar 
organised by the ICIPE in Stockholm in 1989, hosted by 
SAREC for the Nordic communities, ICIPE mounted its 
Second Mobile Seminar in September 1990, this time in 
Brussels, for the EEC Community. The Seminar was 
hosted by the EEC-Directorate General for Development, 
coordinated by Dr. Gunter Gruner, Chief of the Division. 
The theme of the Seminar was "The Menace of Pests of 
Man and Livestock: lCIPE's Success Story". 

A new video documentary, "Learning in Partnership", 
was screened to show ICIPE's interaction with the rural 
communities and the national programmes in the design 
and validation of R & n· technologies. The seminar was 
well attended, with participants coming from as far as 
the Hague, Berlin and France. Following the seminar, 
intensive consultation meetings were held with a cross 
section of donors and potential collaborators in and around 
Brussels. 
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13.2.10 A new video documentary on /CIPE 
A new 15· minute video film focusing on the interaction 
between ICIPE researchers, the national research personnel 
and the rural communities has been released at the 
ICIPE. The film, aptly entitled "Learning in Partnership", 
focuses on two groups of rural communities whose 
quality of life has improved markedly as a result of 
ICIPE's iilvolvement with them. The Maasai pastoralists 
at Nguruman are shown working with ICIPE researchers 
in the trapping of tsetse flies. They are involved with 
all aspects of b"apping, the making and repair of traps, 
mounting traps, monitoring catches, emptying of traps, 
etc. Through visuals and narration, the Maasai demonstrate 
how their lives have improved as a resull of the reduction 
of tsetse flies by the odour-baited trap. 

The peasant farmers of Oyugis and Kendu Bay are 
shown working with ICIPE scientists in their own small 
plots introducing farming techniques that have been 
researched at ICIPE. Dramatic increases in crop yields 
have brought about a change in the life style of these 
farmers as shown in improved housing, acquisition of 
farming implements, surplus harvests, education for 
their children, etc. 

13.3 ICIPE SCIENCE PRESS 

S. W. Mwanycky and W. A. Oyuko 

13.3.1 Scientific Editorial Unit 
The Scientific Editorial Unit undertakes all editorial 
and refereeing process of the bimonthly journal, Insect 
Science and its Application, and oversees the production 
of the joumal. The unit. in addition, proofreads all 
publications emanating from the ICIPE Science Press. 
The Scientific Editorial Unit has three full-time members 
of staff, as follows: 
• Senior scientific editor 
• Secretary 
• Proofreader. 

In recent years, the journal has been set by a commercial 
ente.rprisc in Nairobi. However, since this year, it has 
been set in~house by the Graphics Unit of the ICIPE 
Science Press, which handles all production . The printing 
of the journal is done in Nairobi. 

This year, two special issues of the journal have been 
published: one on Tsetse Populatio~ and Behaviour 
(Volume 11 No. 3); and the other on Tropical Stem 
Borers of Graminaceous Crops: A New Synthesis (Volume 
11 No. 4/5) in addition to the regular issues. 

The unit has continued to promote the journal by 
direct mailing of brochures and publishing of the Exchange 
Advertisement in three different sizes. It has also published 
the Advertisement Ratesheet for the journal. 

13.3.2 Graphics Unit and other editing 
The year 1990 was an exciting year for the ICIPE 
Science Press (JSP). We produced quite a number of 
good and crucial publications. The Graphics Unit, with 
an additional boost in staff recruitment and equipment 
acquisition of two desktop Apple Macintosh computers , 
a Laserwriter II NT laser printer, and a Linotronic 200P 
imagesetter equipped with a vastly improved leuertype 
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resolution set about its production programme in vigorous, 
creative and new dimension. Working on the Apple 
Macintosh desktop computers with exciting programmes 
in design and layout, the unit continues to service the 
various departments of the centre. The unit originated, 
conceptualised, designed, typeset. worked on layouts, 
prepared camera-ready artworks (CRAs), printed brochures, 
programmes, certificates , posters, illustrations for 
publication in journals, slide presentations to name a 
few. 

More important, the unit began complete in-house 
production of our house journal, Insect Science and its 
Application. This involved typesetting, layout, design, 
preparing CRAs,liaising with printers and to some extent 
assisting with distribution. 

In 1991 we intend to go a step further in the production 
of CRAs and produce negatives off our Linotronic 200P 
imagesetter. This is a very important quality control step 
in the production as the printer only makes plates. We 
can therefore maintain our set production standards. 

Undertaking outside work from time to time has enabled 
the unit to generate some revenue. The printing press is 
occupied fully in its attempt to meet the center's printing 
demands. 

The ISP was strengthened by the appointment of a 
science editor, who was able to greatly reduce the backlog 
of scientists' manuscripts destined for publication in 
scientific literature. 

Publication production was timely. Unfortunately, in 
the Iauer part of the year, we lost the services of the 
science editor, with the result that once again, ISP is 
extremely constrained in editorial services. 

13.4 ICIPE LIBRARY AND DOCUMENTATION 
SERVICE 

N. S. M. Nsubuga 

J 3.4.1 Pest Management Documentation and Information 
System and Service (PMDISS) 

This year saw a lot of groundwork done to finalise the 
setting up of the regional Pest Management Documentation 
and Information System and Service (PMDISS) facility 
within the library at Duduville, as recommended by the 
PESTNET Eastern and Southern Africa Regional 
Information and Documentation Services Planning 
Workshop held in Lusaka, Zambia in November 1989. 

As a postplanning period most of the year was spent 
on developing and testing operational instruments for 
the first phases ofPMDISS. The first draft of the manual 
for bibliographic record preparation was completed and 
tested, as well as input sheets for both bibliographic and 
nonbibliographic information for the PMDISS database. 
1991 should see these tools ready for application by all 
participants in the network. In the meantime collection 
of materials on insect ~ts and disease vector management 
cominued. 

13.4.2 Acquisition of reading materials 
We are gratified to report a sizeable increase in the book 
budget, thanks to the provision of about US$20,000 in 

the Swiss Gmnt for the Library Capital Development 
and an improvement in the core budget However, books 
ordered on the Swiss grant did not arrive during the 
year. They are expected early in 1991. Apart from the 
new book orders, a substantial part of the increased 
budget was used to purchase computerised products 
report.ed below and also to offset inflation and currency 
exchange rate fluctuations. 

Therefore there was not much change in book acquisition 
during the year. About 360 books were accessioned plus 
400 reprints related to the scope of PMDISS. Journal 
subscriptions were increased to about 125 titles and in 
addition back issues of some of the core periodicals 
were purchased. In addition to the subscriptions 50 titles 
were received through donations and exchange. 

13.4.3 Computer products 
The following computer products were purchased: 
• CABI Abstracts on CD-ROM 1984-1989 
• Current Contents (Agriculture, Biology and Environ

mental Sciences) on diskette. 
The library also received an evaluation copy of Sesame 

(the French database on tropical agriculture). 
These purchases reduced the need to do computer 

searches through outside vendors. Therefore most of the 
searches reported under Services were done in-house 
using the newly acquired computer products. 

13.4.4 Services 
Although Selective Dissemination of Information (SDl) 
suffered due to increased workload on the limited staff 
numbers, the library continued to put emphasis on current 
awareness. Therefore the library scheduled some sessions 
of user education on the use of current awareness tools 
to increase user independence in this regard. Meanwhile 
subscriptions to relevant published indexes and abstracts 
were maintained, and the in-house Library and 
Documentation Bulletin was issued quarterly throughout 
the year. About 50 retrospective computer searches were 
done, and because of the above mentioned acquisitions 
of databases on CD-ROM only five of them were delegated 
abroad. In addition 1826 document supply requests were 
satisfied. 

13.4.5 Professional training and travel 
There were three major outings for library staff in 1990. 
1. The Senior Librarian, Mr. Noah Nsubuga went on a 
study tour to the following centres in Europe from March 
28- April 12, 1990. 
• FAO~AGRIS Centre, Rome. Italy 
• UNESCO, Paris, France 
• Centre for Technical Cooperation of the EEC/ACP 

countries (CTA), Wageningen, The Netherlands 
• PUDOC/Bibliotheek Landbouwuniversiteit, 

Wageningen 
• The Department of Entomology, Agricultural University 

of The Netherlands, Wageningen 
• International Service for National Agricultural Research 

(ISNAR), The Hague, The Netherlands 
• CAB International at its three locations: London, 

Sit wood Park and Wallingford in the United Kingdom. 



The tour was sponsored by the Swiss Government to 
enable the Senior Librarian to observe the state-of-the
art and to explore ways and means of furthering cooperation 
and collaboration between ICIPE and the selected 
institutions in the area of library and documentation 
services. 
2. The MPFS Librarian, Miss Margaret Mathai, represented 
the ICIPE at the 8th International Association of 
Agricultural Librarians and Documentalists (IAALD) 
Congress held in Budapest, Hungary, from May 28-31, 
1990. 
3. The Documentalist, Miss Dorothy Barasa attended 
various courses in the United Kingdom as follows: 
• The International Graduate Information Studies School 

at the University College of Wales, Aberystwyth, July 
2-August 18, 1990 

• In-house attachment at CABI, August 21-September 
7, 1990 

• Training course on Infonnation on Agriculture organised 
by CABI, September 10-21, 1990. 
This training was also sponsored by the Swiss 

Government. 

13.4.6 Cooperation 
In view ofiCIPE's mission-oriented mandate, the Library 
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and Documentation Service cannot adequately cover all 
subject areas that may become contingent to the Centre's 
research agenda. For this reason, the Service depends 
considerably on several other libraries to extend the 
scope of its collections and services through interlibrary 
loans and other kinds of cooperation. This spirit of 
cooperation was continued and strengthened further. A 
formalised document was signed between the University 
of Nairobi Library and the ICIPE Library and 
Documentation Service to put structure into what has 
hitherto been an infonnal understanding. The library 
intends to enter into more such agreements with other 
institutions. 

Other kinds of cooperation during the year included: 
• Continued participation in the Nairobi Information 

Group which comprises information specialists from 
Nairobi-based international organisations 

• Membership to KEN1SIS, a user group for the UNESCO 
sponsored software, Micro CDS/ISIS which the library 
and PMDISS is using for its databases 

• Hosting of five apprentices-two from the Faculty of 
Infonnation Science, Moi University, one from the 
Faculty of Education, Kenyatta University and two 
from the Department of Information and Liberal Studies, 
The Kenya Polytechnic. 





SPEAKER 
Prof. Z. T. Dabrowski, 
Head of Training at ICIPE 
and Dr. Hassane Mahamat, 
Postdoctoral Research Fellow, 
Locust Research Programme, ICIPE 

Dr; Judith Chambers, 
American Academy for the 
Advancement of Science 
Fellow, USAID, USA 

Dr. Ahmed 1-lassanali, 
Head, Chemistry and 
Biochemistry Research Unit, 
ICIPE 

Mrs. Esther Mwangi, 
African Regional Postgraduate 
Programme in Insect Science, 
Livestock Ticks Research 
Programme, ICIPE 

Dr. Jan Zdarek, 
Visiting Scientist, Tsetse Research 
Programme, Insect Chemical 
Ecology Unit, Czechoslovak 
Academy of Sciences, Prague 

Mr. M. H. Oranga, 
African Regional Postgraduate 
Programme in Insect Science, 
Livestock Ticks Research 
Programme, ICIPE 

Dr. Bill Budenberg, 
Sensory Physiology Research Unit, 
ICIPE 

Dr. M. 0 . Imbuga, 
Chemistry and Biochemistry 
Research Unit, ICIPE 

1990 Seminars 
Hosted by ICIPE 

TITLE 
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Relations Between Supervisors and Scholars in the African Regional 
Postgraduate Programme in Insect Science (ARPPIS) 

A .I. D.'s Initiatives in Agricultural Biotechnology: Present and Future 
Roles 

The Locust Research Programme in ICIPE: Strategy, Plans and 
Visions 

Drop-off Rhythm of R. appendiculatus 

Unique Features of Fly Metamorphosis: Behavioural and 
Endocrinological Aspects 

Canonical Modelling of the Impact of Nutrition on Resistance 
of Calves (Bos indicus) on Rusinga Island 

Honeydew as a Searching Stimulant for Aphid Parasitoids 

Malic Enzyme in Insects 
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Mr. Suleman Lota 
Biomathematics Research Unit, ICIPE 

Dr. J. Villet, Food and 
Agriculture Organisation, 
Nairobi 

Dr. E. J. Asimeng, 
Postdoctoral Research Fellow, 
Medical Vectors Research 
Programme, ICIPE 

Prof. Peter T. Haskell, 
Cardiff University, Wales 

Dr. J. H. Borden, Simon 
Fraser University, Burnby, 
Canada 

Prof. K wesi K. Prah, 
Head, Social Science Interface 
Research Unit, ICIPE 

Prof. Keith Slessor, 
Simon Fraser University, Burnby, 
Canada 

Dr. 0 . Akin Adubifa, 
Regional Consultant, 
Programme on Scientific and 
Technical Cooperation (PSTC) 
of the USAID 

Dr. Ebby Kimanani, 
Postdoctoral Research Fellow, 
Biomathematics Research Unit, 
ICIPE 

Prof. D. L. Denlinger, 
Visiting Scientist, 
Tsetse Research Programme, 
Department of Entomology 
Ohio State University, USA 

Dr. S. K. Raina, 
Senior Research Scientist, Locust 
Research Programme, ICIPE 

Dr. N. N. Massamba, 
Head, Cell Biology Research Unit, 
ICIPE 

Prof. M. 0. Bashir, 
University of Khartoum, 
Sudan 

Dr. C. Inayatullah, 
National Agricultural Research Centre, 
Islamabad, Pakistan 

Taking Care of Your Computers 

Promoting a Plague out of Existence: Communication Activities 
for the Pan African Rinderpest Campaign 

Biological Control of Vectors 

Background to the Desert Locust Problem 

The Operational Use of Semiochemicals to Manage Bark and 
Timber Beetles in Canada 

Social Science Interface at ICIPE: Emerging Trends 
and Issues 

An Essence of Royalty: Honey Bee Pheromones 

The Programme on Scientific and Technical Cooperation (PSTC): 
Competitive Grants Programme 

Exploratory Analysis of Sandfly Trap Data 

Heat Shock and Cold Shock in Insects 

Biological Pest Management of Grasshoppers and Locusts 
in India 

Kinetoplast DNA of Leishmania tropica: Development of 
Species Specific DNA Probe 

Biocontrol of Pests and Prospects Against Locusts 

Management of Rice Stem-borers and the Feasibility of Adopting 
No-tillage in Wheat 



Prof. G. A. Rosenthal, 
University of Kentucky, 
Lexington, USA 

Dr. Fassil G. Kiros, 
University of Addis Ababa 
Ethiopia 

Dr. D. S. Ngambeki, 
Purdue University, USA 

Dr. Banwo Olufokunbi, 
Obafemi Awolowo University, 
Ile-Ife, Nigeria 

Dr. Bill Byrom, 
University of Strathyde 

Prof. Wicslaw Sobokta, 
Prof. of Organic Chemistry, 
Polish Academy of Sciences, 
Warsaw, Poland 

Prof. A. M. El Hadari, 
Head, Department of Rural Economy, 
Faculty of Agriculture, University of 
Khartoum, Sudan 

Dr. Eliud 0. Omolo, 
PESTNET Coordinator, ICIPE 

Dr. S. K. Raina, 
Senior Research Scientist, 
Locust Research Programme, ICIPE 

Mr. A. Malik, 
Biological Control Sub-Programme, ICIPE 

Dr. Steve Mihok, 
Senior Research Scientist, 
Tsetse Research Programme, ICIPE 

Dr. V. K. Saxena, 
National Institute of Communicable 
Diseases, New Delhi, India 

Dr. A. Ngindu, 
Ministry of Health, 
Division of Vector Borne Diseases, Kenya 

Dr. B. Yuval, 
Hebrew University, Jerusalem, 
Israel 

Dr. M. Basimike, 
Postdoctoral Research Fellow, 
Medical Vectors Research Programme, 
ICIPE 
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Biochemical Studies of L-Canavanine Toxicity in Insects 

Community Involvement in Research: The Potential Benefits 

Integrated Farming Systems Research for a Sustainable Agricultural 
Production in Semi-Arid Zones of West Africa: The Case of Northern 
Cameroon 

Ecological Inputs and Agricultural Technology: The Case ofCowpeas 
in Ibadan (Nigeria) 

ECF XPERT- Ticks and East Coast Fever 

From J uvenoids to Neuropeptidcs - A Challenge in Practical 
Application in Insect Control 

Post-graduate Training in Agricultural Economics in the University 
of Khartoum 

Networking with National Programmes in Technology Development: 
Pest Management Research and Development 

EsLabtishment of Insect Tissue Culture for the Propagation of Biological 
Control Agents 

Studies on Pathological Aspects and Biocontrol Potentials of the 
Entomopathogenic FungusBeauveria bassiana (Deuteromycetes: Fungi
Imperfecti) on Legume Pod Borer Maruca testu/alis (Lepidoptera: 
Pyralidae) 

Wildlife and Trypanosomiasis 

Rodent-Ectoparasite Association and the Changing Pattern of Ecology 
in India 

Natural History of Malaria and Its Control 

Sperm Competition and Sexual Strategy in an ixodes Tick 

Ecological Investigations of Sandflies at Marigat 
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Dr. Y. S. Krishna Nair, 
Universi ty of Calcuua, 
India 

Dr. Jack P. Nyeko, 
Senior Postdoctoral Fellow, ILRAD 

Mr. N . Nsubuga, 
Senior Librarian and 
Miss D. Barasa, 
Documentalist, ICIPE 

Dr. A. Allygalle, 
Cornell University 
New York, USA 

Dr. David Leonard, 
University of Massachusetts 
at Amherst, USA 

Prof. J . L . McLaughlin, 
Professor of Pharmacognosy, 
Purdue University, USA 

Dr. M. Tempesta, 
Shaman Pharmaceuticals, 
California, USA 

Prof. L. A. Mitscher, 
University of Kansas/ 
Lawrence, USA 

Dr. Reardon Olubayo, 
Kenya Agricultural Research 
Institute (KARl) 

Dr. Peter Losel, 
Neuchatel University, 
Switzerland 

Dr. 0 . Bruinsma, 
NUFFIC, Netherlands 

Dr. P. N. Njagi, 
Sensory Physiology Research Unit, 
ICIPE 

Dr. R. K. Saini, 
Sensory Physiology Research Unit, 
ICIPE 

Dr. S. Waladde, 
Sensory Physiology Research Unit, 
ICIPE 

Ms. Murhoni Mwangi, 
Social Science Interface Research Unit, 
ICIPE 

Effects of Anti-juvenile Hormone Agents on Spodoptera mauritia 
(Lepidoptera: Noctuidae) 

Nucleic Acid Hybridisation and its Application in Diagnosis 
of Pathogens 

Strategies for Accessing Information 

Microchemical Techniques for Isolation amd Identification of 
Semiochemicals 

Lymantria: Proteins and Population Ecology 

Search for New Pesticides from Higher Plants 

Chemical Ecology of Agrolis ipsilon (Black Cutworm) Moth 

Recent Progress in Finding Antimicrobial Agents for Higher Plants 

Wildlife Disease Research Programme at KARl 

Capillary in vitro Feeding of R. appendiculatus Ticks 

Recent DevelopmentS in Dutch Development Cooperation with Respect 
to Research, Training and Development 

Molecular Structure- Activity Electrophysiological Studies on 
Insect Gustatory and Olfactory Sensory Systems with Emphasis on 
Some Dipterans 

Responses of Tsetse Flies Glossina morsitans morsitans to Host 
Body Odours in a Wind Tunnel 

Feeding of Ixodid Ticks using Artificial Means 

Economic Activities of Women Groups in South Nyanza District 



183 Publications 

1990 Publications 
by ICIPE staff 

Basimike M. and Mutinga M. J. Temperature and 
moisture content of soils of termite mounds and animal 
burrows in relation to relative adundance of adult 
Phlebotomine sandflies (Diptera:Psychodidae) in 
Marigat semi arid area, Baringo District Kenya, 
Environmental Entomology 19,486--489. 

Brown bridge M. The role of bacteria in the management 
of Chilo spp. Jnsect Science and its Application 11, 
779-783. 

Chiera G. W. and Punyua D. K . Survival of unfed 
Rhipicephalus appendiculatus (Acarina; Ixodidae) in 
relation to host resistance and environmental factors 
in Kenya. Bulletin of Entomological Research 80, 
251- 257. 

Darlington J. P . E. C. Populations in nests of the termite 
Macrotermes subhyalinus in Kenya.Jnsectes Sociaux 
37, 158- 168. 

Davis-Cole J. 0. A. and Chaudhury M. F. B. Mating 
efficiency in females of Glossina pallidipes. Insect 
Science and its Application 11, 355-361. 

Dissemond A. and Hindorf H. Influence of sorghum/ 
maize/cowpea intercropping on the insect situation 
of Mbita/Kenya. Journal of Applied Entomology 109, 
144- 150. 

Dransfield R. D., BrightwellR., Kyorku C. and Williams 
B. Control of tsetse fly (Diptera: Glossinidae) 
populations using traps at Nguruman, south-west 
Kenya. Bulletin of Entomological Research 80, 
265-276. 

Firempong S. Laboratory and field evaluation of fourteen 
cowpea cultivars for resistance to Aphis craccivora. 
Tests of agrochemicals and cultivars No. 11. Annals 
of Applied Biology 116 (supplement), 98-99. 

Firempong S. and Magalit H. Spatial distribution of 
Maruca testulalis larvae on cowpea, and a sequential 
sampling plan for estimating larval densities./nsecr 
Science and its Application 11, 217- 222. 

Firempong S. and Zalucki M.P. Host plant preferences 
of populations of Helicoverpa armigera (Hubner) 
(Lepidoptera:Noctuidae) from different geographic 
locations. Australian J ourn.al ojZoolo gy 3 7, 665-673. 

Hassanali A., Lwande W., MorekaL., Nokoe S. and Chapya 
A. Weevil repellant constituents of Ocimum suave 
leaves and Eugenia caryophyllata cloves used as grain 
protectants in parts of Eastern Africa. Discovery and 
Innovation 2, 91-95. 

Jackai L. E., Ochieng R. S. and Raulston J. R. Mating 
and oviposition behaviour in the legume pod borer, 
Maruca test/4/a/is. Entomologia experimentatis et 
applicata. 

Jones H. D., Darlington J.P. E. C. and Newson R. M. 
A new species of land planarian preying on termites 
in Kenya (Platyhelminthes: Turbellaria: Tricladida: 
Terricola). Journal of Zoology 220,249-256. 

KaayaG. P. and Okech M.A. Microorganisms associated 
with tsetse in nature: Preliminary results on isolation, 
identification and pathogenicity. Insect Science and 
its Application. ll, 443-448. 

Kaaya G. P. and Okech M.A. Horizontal transmission 
of mycotic infection in adult tsetse, Glossina morsitans 
morsitans. Entomophaga 35, 589-600. 

Kaddu J. B. and Nyamori M. P. Nutrient broth of the 
cultivation of Leishmania. Journal of Parasitology 
76, 265-266. 

Khan Z. R. and Joshi R. C. Varietal resistance to 
Cnaphalocrocis medina/is (Ouenee) in rice: Review. 
Crop Protection 9, 243-251. 

Khan Z. R. and Saxena R. C. Purification of biotype 1 
population of brown planthopper Nilaparvata lugens 
(Homoptera: Delphacidae). Insect Science and its 
Application 11, 5~2. 

Kokwaro E. D., Ny1ndo M. and Chimtawi M. 
Ultrastructural changes in salivary glands of tsetse, 
Glossina morsitans morsitans, infected with virus and 
rickettsia-like organisms. Journal of Invertebrate 
Pathology 56,337- 346. 
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Kyorku C., Brightwell R. and Dransfield R. D. Traps 
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Mr. R. K. Muoki, laboratory/field assistant 

TSETSE RESEARCH PROGRAMME (TRP) 
Nairobi-based 
Dr. L. H. Otieno, principal research scientist/programme 

leader 
Dr. R. D. Dransfield, senior research scientist 
Or. S. Mihok, senior research scientist 
Dr. L. C. Madubunyi, senior research scientist 
Dr. D. E. Leonard, visiting research scientist 
Dr. ]. Zdarek, visiting research scientist 
Dr. D. L. Denlinger, visiting research scientist 
Dr. J. 0 . Davies-Cole, research associate 
Mr. M. I. Mwangelwa, research associate 
Mrs. M. L. A. Owaga, senior scientific officer 
Miss N. F. Da.rji, principal research assistant 
Mr. R. Brightwell, senior research assistant 
Mr. P. A. Onyango, chief technician 
Mr. P. 0 . Agutu, chieftechnician 
Mr. E. N. Munyoki, senior technician 
Mr. E. Mpanga, senior technician 
Mr. D. P. Uvyu, senior technician 
Mr. J. M. Wambugu, senior technician 
Mr. E. M. Ng'ongo, senior technician 
Mr. S. S. Wakape, senior technician 
Mr. C. 0 . Machika, technician 
Mr. M. 0. Kotengo, technician 
Mr. P.M. Mwamisi, technician 
Mr. J. K. Kiilu, technician 
Mr. A. M. Macharia, technician 
Mr. ] . Likhanga, technician/driver 
Mr. D. K. Mungai, junior technician/driver 
Mr. M. W. Wangai,junior technician/driver 
Mr. S. 0. Maramba, technical assistant 
Miss E. Afandi, senior secretary 
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MPFS-based 
Dr. M. M. Mohamed·Ahmcd, postdoctoral research fellow 
Mr. J. M. Muchiri,junior technician 
Mr. J. 0 . Abudi, laboratory/field assistant 
Mr. M. 0. Mirega, laboratory/field assistant 
Mr. C. 0 . Sure, laboratory/field assistant 
Mr. S. E. Mokaya, driver 

Kajiado/Nguruman-based 
Mr. J. N. Olekobai,laboratorylfield assistant 
Mr. J. Meteine, laboratory/field assistant 
Mr. T. Toroke, laboratory/f~eld assistant 
Mr. J. M. Kinampet., laboratory/field assistant 
Mr. S. M. Pukare, laboratory/field assistant 

K walc/M uhaka-based 
Mr. C. A. Kyorku, research associate 
Mr. J. Mwandandu, technician/driver 
Mr. H. Simba, laboratory/field assistant 

Ethiopia-based (Addis Ababa) 
Mr. G. Tikubet, scientific officer 

LOCUST RESEARCH PROGRAMME (LRP) 
Prof. El Sayed El Bashir Mohamed, programme leader 
Dr. G. W. Oloo, senior research scientist 
Dr. S. K. Raina, senior research scientist 
Dr. H. Maharnal, postdoctoral research fellow 
Mr. H. Odongo, research assistant 
Mr. J. T. Kilori, principal technician 
Miss J. R. Wawiye, technician 
Mr. M. A. Mbeke, driver/technical assistant 
Mrs. K. Yaa, secretary 

INSTITUTIONAL BUILDING AND INTERACTIVE 
RESEARCH UNIT (IBIRU) 
Dr. Y. A. 0. Olaniran, head, IBIRU 
Mr. J. F. Omange, administrator, 18/RU 
Mrs. P. A. Ogada, training officer 
Miss R. Runo, training assistant 
Miss V. K. Manene, senior technician 
Mrs. A. A. Okumali, senior secretary 

ARPPIS: African Regional Postgraduate 
Programme In Insect Science 
Prof. Z. T . Dabrowski, training coordinalor 
Mr. S. Siziya, Ph.D. scholar, 1988 class 
Mr. M. K. Salah, Ph.D. scholar, /988 class 
Mrs. B. A. Rapuoda, Ph.D. scholar, 1988 class 
Mr. A. E. Onyido, Ph.D. scholar, 1988 class 
Mr. C. F. Mugoya, Ph.D. scholar, 1988 class 
Miss M. Chumvwa, Ph.D. scholar, 1988 class 
Mr. A.M. A. Malik. Ph.D. scholar, 1988 class 
Mr. K. Mugwe, Ph.D. scholar, 1988 class 
Mr.l. M. I. Abu Zinid, Ph.D. scholar, 1988 class 
Miss R. B. Bob-Manuel, Ph.D. scholar, 1989 class 
Miss E. 0 . A. Oladimeji, Ph.D. scholar, 1989 class 
Mr. E. A. R. Ndhine, Ph.D. scholar, 1989 class 
Mr. A. N. H. Duale, Ph.D. scholar, 1989 class 
Mrs. D. D. S. Bawo, Ph.D. scholar, 1989 class 
Mr. F. E. Nwilene, Ph.D. scholar, /989 class 
Mr. H. K. Kiara, Ph.D. scholar, 1989 class 
Mr. A. E. B. Ali, Ph.D. scholar, 1989 class 
Mr. B. E. M. A. Uronu, Ph.D. scholar, 1989 class 
Mr. A. A. S. Mbwana. Ph.D. scholar, 1989 class 
Mr. D. Dakouo, Ph.D. scholar, 1990 class 

Mr. S. Dossa, Ph.D. scholar, 1990 class 
Mr. S. Gebre, Ph.D. scholar, /990 class 
Mr. J. Kayitare, Ph.D. scholar, 1990 class 
Mrs. E. U. Kenya, Ph.D. scholar, 1990 class 
Dr. S. K. Meressa, Ph.D. scholar, 1990 class 
Mr. A. S. Mohmed, Ph.D. scholar, 1990 class 
Mr. M. Mugunga, Ph.D. scholar, !990 class 
Miss A. R. Mulambara, Ph.D. scholar, 1990 class 
Mr. 1,.. 0 . Nwoke, Ph.D. scholar, 1990 class 
Mr. R. P. Uzakah, Ph.D. scholar, 1990 class 
Mr. D. 0 . Ogoyi, Ph.D. scholar, 1990 class 
Mr. K. K. Oyugi, Ph.D. scholar, 1990 class 
Miss B. Nanga, senior secretary 
Mr. S. Rukungu, senior driver 
Mr. D. Isoso, driver 

FAMESA: Financial and AdmJnlstratlve Management or 
Research Projects In Eastern and Southern Africa 
Dr. Z. M. Nyiira, FAMESA coordinator 
Mrs. M. U. Arara, senior administrative secretary 

PESTNET: African Regional Pest Management Research 
and Development Network -
Dr. E. 0 . Omolo, senior research scientisl!PESTNET 

coordiriQior 
Mr. J. A. Lago, senior technician (data input) 
Mrs. M. A. Odera, secretary 

MPFS -based 
Mr. S. A. Ondiek, laboratory/field assistant 

Mtwapa-based 
Dr. S. Kye.manywa, PESTNET resident scientist 
Mr. D. 0. Muok, driver 

Somalia-based (Mogadishu) 
Or. J. B. 0. Owuor, senior scientific officer 
Mr. M. H. Mohamed, research assistant 

Zambia-based (Lusaka) 
Dr. S. H. 0. Okech, senior scientific officer 
Mr. C. Kazhila, research assistant 

Rwanda-based (Butare) 
Dr. S. K. Firempong 

CHEMISTRY AND BIOCHEMISTRY RESEARCH 
UNIT (CBRU) 
Prof. A. Hassanali, principal research scientist/unit head 
Dr. W. Lwande, senior research scientist 
Or. T. S. Dhadialla, research scientist (on leave of absence) 
Dr. E. 0. Osir, research scientist 
Dr. I. 0 . Ndiege, postdoctoral research fellow 
Dr. M. lmbuga, postdoctoral research fellow 
Mrs. R. M. W. Vundla, senior scientific officer 
Mr. F. 0. Oduol, associate scientific officer 
Mr. I. 0 . Ogwayo, associate scientific offi-cer 
Mr. D. 0. Nyarango, associate scientific officer 
Mr. B. 0. K. Wanyama, associate scientific officer 
Mr. E. Rwekika, p0$tgraduate research scholar 
Mr. W. P. Ouma, senior research assistant 
Mr. E. N. ole Sita.yo, principal technician 
Mr. E. Nyandat, principal technician 
Mr. L. V. Labongo, senior technician 
Mr. L. M. Moreka, technician 



Mr. 0 . V. Aehieng', technician 
Mr. H. A. Chanzu, technical assistant 
Miss M. W. Wafula, senior administrative secretary 

CELL BIOLOGY RESEARCH UNIT (CRU) 
Dr. N. N. Massamba, senior research scientistlun.it head 
Dr. E. D. Kokwaro, research scientist 
Dr. W. 0. Z. 0. Jura, research scientist 
Mr. M. M. B. Chimtawi, research technologist 
Mr. P. Lisamulla, chief technician 
Mrs. J. K. Muriithi, chief technician 
Mr. A.M. Ngei, senior technician 
Mr. R. K. Rotich, technical assis1anl 

SENSORY PHYSIOLOGY RESEARCH UNIT (SPRU) 
Dr. M. F. B. Chaudhury, senior research scientistltmit head 
Dr. S.M. Waladde, research sci~tntist 
Dr. R. K. Saini, research scientist 
Dr. F. A. Coro, research associate (TWASIICIPE) 
Dr. W. J. Budenberg, postdoctoral research fellow 
Mr. P. 0 . N. Njagi, scientific officer 
Miss F. Karago, research assistant 
Mr. H. M. Kahoro, principal technician 
Mr. S. A. Ochieng', senior technician 
Mr. J. A. Andoke, senior uchnician 
Mr. P. 0. Ahuya, technician 
Mrs. S.M. A. Otieno, secretary 

BIOMATHEMATICS RESEARCH UNIT (BMRU) 
Nairobi-based 
Dr. K. S. Nokoe, senior research scientist/unit head 
Dr. E. K. Kimanani, postdoctoral research fellow 
Dr. B. 0 . Williams, senior research scientist 
Mrs. W. N. K. Ssebunnya, senior systems analyst 
Mr. S. 0. E. Lota, senior compu.Jer engi~er 
Mr. D. M. Munyinyi, senior computer applications specialist 
Mr. J. M. Otedo, computer programmer 
Mr. M.D. M. Gathoga, computer technologist 
Mr. H. H. Meena, research assistant (on training) 
Mr. 0. 0. Okello, principal technician 
Mrs. A. K. Ogoti, secretary 

MPFS-based 
Mr. J. N. Ngoya, research assistant 
Mr. J. 0 . Omwa, uchnician 

SOCIAL SCIENCE INTERFACE RESEARCH UNIT 
(SSIRU) 
Nairobi -based 
Dr. J. W. Ssennyonga, senior research scientist/ 

acting unit head 
Dr. P. A. Chitere, scientist-in-residence 
Dr. G. T. Lako, res~tarch associate 
Dr. I. B. Bassir, postdoctoral research fellow 
Dr. A. W. Oendo, postdoctoral research fellow 
Mr. K. C. Chitala, research assistant 
Mrs. S. N. Govedi, secretary 
Mr. A. Kathoka, driver 

MPFS-bascd 
Mr. P. G. Mungai, technician 
Mr. S. 0 . Ambogo, technical assistant 
Mr. R. 0 . Yogo,field assistant 
Mr. I . 0 . Okomo, laboratory/field assistanJ 

Oyugis-based 
Miss M. M. Mwangi, associate scientific officer 
Mr. B. A. Omono. senior technician 

Mariakani-based 
Mr. 0 . I . Nyapela. senior technician 
Mr. E. 0 . Kongere, technical assistant/driver 

Biotechnology Project 
Dr. M . Makayoto, postdoctoral researcllfellow 
Mr. J. A. Nyawach, laboratory/field assistanl 
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ICIPE/AAS Collaborative Project on MANSCI 
Prof. A. S. Bujra, executive secretary 
Miss J. Mbugua, administrative secretary 

ADMINISTRATION AND INFORMATION DIVISION 
Mr. L. Okola, manager for administration and information 
Mrs. M. R. Opande, office management supervisor 
Mrs. J. A. Ojuka, secretary 
Mrs. G . N . Gathura. secretary 

Human Resources Department 
Dr. V. 0. Musewe, head, human resources 
Mr. S.M. Kimaita, principal administrative officer 
Mrs. A.M. Mulei, administrative assistant 
Mrs. G. A. Kwanya. senior secretary 
Mrs. P. N. Owitti, senior secretary 
Miss C. W. Mwangi, secre.tary 
Miss H. A. Oketch, assistant secretary 
Ms. R. A. Okoth, data inpu.J clerk 
Mr. J. M. Mwendar, clerical assistant 
Mr. E. E. 0. Opondo, clerical assistant 

Administrative Services Department 
Mr. M . M. Moinde, principal administrative officer 
Mrs. M. M. Onyach, secretary 
Mrs. 0 . M. Weya, telephonist/receptionist supervisor 
Mrs. M. Assetto, receptionist/telephonist 
Mrs. M. B. Mohochi, receptionist/telephonist 
Miss S. 0. Onani, receptionist/telephonist 
Mr. J. Elegwa, mail clerk 
Mr. L. Kisutia, machine operator 

Transport Section 
Mr. V. 0 . Odhiarnbo, transport assistant 
Mrs. H. Githinji, assistant secretary 
Mr. J. 0 . Madero, data inpu.J clerk 
Mr. I . 0. Oduol, senior mechanic 
Mr. A. J. Ombija, senior mechanic 
Mr. F. 0 . Harnala, senior mechanic 
Mr. R. M. Kiboi, driver/mechanic 
Mr. M . 0. Ombech, s~tnior driver 
Mr. P. N. Mahogo, senior driver 
Mr. P. 0. Owuor, senior driver 
Mr. R. 0. Oathu,junior technician/driver 
Mr. P. Otiende, driver 
Mr. E. N. Kiio, driver 
Mr. P. T. Litaba, driver 
Mr. S. N. Thairu, driver 
Mr. S. 0. Mdimba, driver 
Mr. H. N. Njachi, driver 
Mr. 0 . A. Too, driver 
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Security Section 
Mr. M. P. Arrumm, chief of security and protocol 
Mr. M. M. Wekesa, security officer 
Mr. 0 . 0. Abong'o, security officer 
Mr. J. M. Mwitta, security supervisor 
Mr. A. M . Ouma. security supervisor 
Mr. T. S. Ekisa, security guard 
Mr. A. M . Muhindi, security guard 
Mr. F. M. Muindi, security guard 
Mr. C. K . Mulela, security guard 
Mr. J.D. Nyawalo, security guard 
Mr. E. H. Otieno, security guard 
Mr. A. A. Ogaja, security guard 
Mr. D. M. Mwilu, security guard 
Mr. W . Mayienga, security guard 
Mr. S. 0 . Odheru, security guard 
Mr. 1. A. Vudavira, security guard 
Mr. P. 0. Apodo, security guard 
Mr. 1. 0. Omogi, security guard 
Mr. R. K. Leitich, security guard 
Mr. J. N. Aburi. security guard 
Mr. M. H. M. Kwatcnge, security guard 
Mr. A. 0 . Ameda, security guard 
Mr. A. C. Chemweno, security guard 
Mr. S. Abdala, senior security guard (Muhaka) 
Mr. J. ole Kobaai, security guard (Nguruman) 
Mr. D. S. Partari, security guard (Nguruman) 
Mr. D. A. Aloo. security guard (Marigat) 

Janitorial Section 
Mr. S. A. Akhaya, janitor 
Mr. L. L. Ayekha, TMSSenger 
Mr. E. Asami. cleaner/messenger 
Mr. D. Chege, cleaner/messenger 
Mr. N. 0 . Okumbe, cleaner/messenger 
Mr. W. 0 . Adhiambo, cleaner/messenger 
Miss P. Siva, cleaner/messenger 
Mr. R. M. Masaka, cleaner/messenger 
Mr. P. N. Muasa, cleaner/messenger 
Miss E. J. Tirop, cleaner/messenger 
Mr. T. 0 . Adongo, cleaner/messenger 
Miss L. W. Mwaura, cleaner/messenger 
Mr. B. M . Oketch, cle<mer/messenger 
Mr. W. Ambaka, cleaner/messenger 
Mr. D. M. Mulhama, cleaner/messenger 
Mrs. S. Onyango, cleaner/messenger 
Miss T. D. Makero, cleaner/messenger 
Mr. M. 0 . Orwe, cleaner/messenger 
Mr. F. 0 . Athula, cleaner/messenger 
Mr. E. Ondeyo, incinerator altendant 
Mr. G. S. K. Kariuki, incinerator attendant 

Publishing and Documentation Department 
Mr. L. Okola. publisher/head of department 

ICIPE Science Press (ISP) 
Dr. R. M. Newson, principal science writer/editor 
Mrs. S. W. Mwanycky. scientific editor 
Mrs. W. A. Oyuko, production officer (graphics) 
Mrs. A. L. B. Mutere, assistant science editor 
Mr. N. M. Komori, senior scientific illustrator 
Miss I. A. Ogendo, graphic artist 
Mrs. D. 0 . Odhiambo, proofreader 
Mr. G. K. N. Sulca, printing and offset machine operator 
Mrs. J. J. Gombe, senior secretary 
Miss D. Munene, phototypesetter 

Mrs. J. Odalo, desktop typesetter 
Mrs. Y. Obiero, secretary 

Communication Department 
Miss R . A. Washika, principal communication officer 
Mrs. R. P. Ortega. senior communicaJion officer 
Mr. F. 1. Utanje, travel officer 
Miss C. A. Otieno, secretary 
Mr. S. M. Mureithi, driver 

Documentation Section 
Mr. N. S.M. Nsubuga, senior librarian 
Miss D. W. Barasa, documentalist 
Miss A. W. Muhato, senior secretary 
Miss E. N. Kahuhu, library assistant 
Mr. A. Shisoka, clerical assistant 

FINANCE DIVISION 
Mr. E. J. English, financial manager 
Mr. R. M.P. Okura, chief accountant 
Mr. 0 . W. Kanza, principal accountant 
Mr. R. Otieno, senior accountant 
Mr. A. A. M. Oguda, accountant 
Mr. M. Kawaka, accountant 
Mrs. L. W. Kimani, accountant 
Mr. V. M . Kamanyi, accountant 
Mrs. R. A. Nyamunga, assistant accountar~t 
Mrs. L. W. Muchene, assistanJ accountant 
Mr. P. 0. Ngugi, assistant accountant 
Mr. J. R. Okello, accounJs assistant 
Mr. C. T . Maingi, accounts assistant 
Mr. C. M. Oloo, controller for supplies and stores 
Mr. C. N. Keli, supplies assistant 
Mr. P. N. K. Kaihenya, supplies assistant 
Mr. D. 0. Olalo, scorekeeper 
Mr. E. M. Aosa. assistant storeueper 
Mr. J. 0 . Madiwia, clerical assistant 
Miss P. Ojode, senior administrative secretary 
Mrs. M. M. Butali, secretary 
Mr. J. B. Oyondi, senior driver/messenger 
Mr. A. 0. Kirimba, driver 
Mr. A. Bubusi, senior cleaner/messenger 

WORJ{SHOPS AND LABORATORY SERVICES 
UNIT-NAIROBI 
Mr. J. A. Mando, principal controller for technical services/ 

unit head 
Mr. R. C. Joshi, maintenance engineer 
Mr. J. 0. Konyino, electronics and instrutnenlation engineer 
Mr. D. Mutali, electronics and instrumentation engineer 
Mr. B.S. Masyanga.farm development officer 
Mr. H. N. Raj. senior refrigeration technologist 
Mr. 0 . S. Kidunda, electronics and instrument technologist 
Mr. P. 0. Nyachieo, principal technician 
Mr. J. M. Maina, principal technician 
Mr. P. 0 . Auma, maintenance foreman 
Mr. J. B. Omullo, senior technician 
Mr. T. 0. Ocholloh, senior technician 
Mr. J. 0. Ogalo, senior technician 
Mr. P. A. Oluya. senior technician 
Mr. K. Kinuthia, technician 
Mr. A.M. Wanyama, technician 
Mr. J. K. Oadonya,junior technician 
Mr. T. 0. Ochieng', technical assistant 
Mr. M. 0 . Odada, workshop assistant 



MBIT A POINT FIELD STATION (MPFS) 
ornce or the Station Manager 
Mr. W. W. Wapakala, station manager 
Mr. J. E. Okiri, principal administrative officer 
Mrs. R. A. Okoth, senior secretary 
Miss P. B. Esalako, senior ,fecretary 
Miss D. A. Achieng ' , assistant secretary 
Mr. G. K. Khisa, telephonist/receptionist 
Miss M. A. Okoth, telephonist/receptionist/typist 
Mr. R. R. Nyaridi, clerical assistant 

Accounts and Supplies Section 
Mr. F. K. Ongola, accountant 
Mr. M. N . E. Asudi, assistant accountant 
Mr. B. T . Kanyara, accounts assistant 
Mr. J. 0 . Gombc, assistant supplies officer 
Mr. E. 0 . Jasor, stores clerk 

Library 
Miss M. W. Mathai, librarian 
Mr. E. A. Sonye, clerical assistant 

Transport Section 
Mr. J. N. Asanyo, automobile foreman 
Mr. C. 0. Ojoo, transport assistant 
Mr. J. H. Ohato, senior driver/mechanic 
Mr. J. A. Kisero, boat master 
Mr. W. N. Omino, coxwain 
Mr. P. 0. Mbuya, senior driver 
Mr. L. 0 . Odongo, driver 
Mr. J. 0 . Otungc, driver 
Mr. E. 0. Ndiao, mechanic assistant 
Mr. S. 0 . Haira, mechanic assistant 

Janitorial/Estate Maintenance Section 
Mr. C. A. Amolo, gardener 
Mr. Z. 0. Nylindere, cleaner/messenger 
Mr. B. 0 . Yana, cleaner/messenger 
Mr. S. M. Mkamba, cleanerlmes,fenger 
Mrs. M . 0. Walter, cleaner/messenger 
Mr. G. 0 . Ogcro, cleaner/messenger 
Mr. T. A. Owiti, cleaner/messenger 
Mrs. Z. P. Mmbone, janitorial/gardening assistant 
Mr. V. 0. Nyangute, janitorial/gardening assistant 
Mr. T. K. Adwar,janitoriallgardening assistant 
Mr. M. 0. Omollo,janitoriallgardening assistant 
Mr. J. D. Orimbo, janitorial/gardening assistant 
Mr. R. Y. Owawa, janitorial/gardening assistant 
Mr. A. A. Awich, janitorial/gardening assistant 

Security Section 
Mrs. P. A. Oriwa, senior security officer 
Mr. J. C. Wanga, security officer 
Mr. J. K. N. Birir, security supervisor 
Mr. B. W. Okello. security supervisor 
Mr. J. N. Kavemba, security guard 
Mr. A. 0 . Omondi, security guard 
Mr. H. M . Mugalo, security guard 
Mr. J. M. Chacha, security guard 
Mr. D. E. Odhiambo, security guard 
Mr. A. 0. Agugo, security guard 
Mr. J. 0 . Musingo. security guard 
Mr. 0 . Obwanda, security guard 
Mr. I. N. Danga, security guard 

Ungoye-based 
Mr. S.M. Abaya, security supervisor 
Mr. P. 0. Opinde, security guard 
Mr. W. K . Makori, security guard 
Mr. P. 0. Okech, security guard 

Farm Services 
Mr. P. Nyongesa,farm supervisor 
Mr. P. 0 . Ouma, senior farm assistant 
Mr. E. 0 . Ogutu, tractor driver 
Mr. J. W, Achola,farm assistant 
Mr. F. 0. Arum, farm assistant 
Mr. P. 0. Auta,farm assistant 
Mrs. P. Ogito,farm assistant 
Mr. J. Sagini,farm assistant 
Mr. S. 0 . Odcro,farm assistant 
Mr. J. 0 . Osumba,farm assistant 
Mr. F. 0 . Bwire,farm assistant 
Mr. F. R. 0. Odondo,farm assistant 
Mr. H. 0. Abongo,farm assistant 
Mr. W. J. 0. Odhiambo,farm assistant 

Oyugis-based 
Mr. P. L. Rakwach, tractor driver/mechanic 
Mr. J. 0. Ojunga,farm assistant 

Ungoye-based 
Mr. E. G. Kabiru.Jarmforeman 
Mr. i. 0. Kokelo, farm assistant 

Workshops and Laboratory Services Unit 
MPFS-based 
Mr. J. A. Mtei, controller f or technical services 
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Mr. P.M. Alianda, senior technician (water works) 
Mr. P. M. Okwanyo, senior technician (carpelllry) 
Mr. T . L. Ngutu, senior technician (metal works and 

machines) 
Mr. K. G. Ogweno, senior technician (power supply) 
Mr. E. E. Okello, technician (electronics) 
Mr. J. 0 . A. Wasinda, technician (electrical) 
Mr. R. M. Nzioka, technician (plumbing) 
Mr. S.M. Karanja, technician (general maintenance) 
Mr. M. S. Likhanga, refrigeration technician 
Mr. J. 0. Okech, junior technician (masonry) 
Mr. D. 0 . Wanjara, junior technician (carpentry) 
Mr. W. 0. Omonge,junior technician (welding) 
Mr. P. 0 , Oati. technical assistant (oxidation ponds) 
Mr. C. A. Otuta, workshop assistant 
Mr. N. 0. Otengo, workshop assistant 

Ungoye-based 
Mr. Z. B, Ooko, janitorial/technical assistant 

AMENITIES AND SOCIAL SERVICES UNITS 
Duduvllle Interna tional Guest Centre System 
DlGC Nairobi 
Mr. J. A. Achilla, senior business and catering controller 
Mr. W. 0 . Malundura, caJering officer 
Mr. J. C . Wanzala, accountant 
Mr. S. M. Arilho, assistant accountant 
Mr. G. J. Rugendo, assistant accountant 
Mr. C. B. Oyieyo,food and beverage supervisor 
Mrs. J. A. 0. Musiga, housekeeper 
Mrs. P. A. Ochola, assistant housekuper 
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Mr. J. E. Mwangi, head chef 
Mr. A. Lweya, senior cook 
Mr. G. Gichuru, cook 
Mr. J. M. Mwakisha, cook 
Mr. D. K. Yaem, stores assistQrlt 
Mr. P. A. Omollo, senior barman/waiter 
Mr. H. M. Kibisu, senior launderer 
Mrs. R. M. Wekesa, senior telephonist/receptionist/cashier 
Miss J. A. Misaki, receptionisllcashier 
Mr. D. 0. Resa,fronJ office assistant 
Mrs. T. A. Ogongo, room stewardess 
Mr. L. M. Mulae, room suward 
Mr. W. M. Ngatia, kitchen assistan.t 
Mr. J. W . Mburu, kitchen assistant 
Mr. G . S. 0 . Omondi, kitchen assistant 
Mr. J. N. Chege, kitchen assistant 
Mr. A. 0. Were, messenger/waiter/cleaner 
Mr. J. 0. Mukhobi, janitorial assistant 
Mr. S. Obondo, janitorial assistant 
Mr. K. K. Omari,janitorial assistant 
Mr. P. Mungilhya, waiter 
Mr. W. 0. Odera, waiter 
Mr. G. 0 . Oketch, waiter 
Miss A. M. Mwangi, waitress 
Mr. C. M. Omondi, stores clerk 
Mr. 0 . 0 . Odcro, housekeeping assistanl 
Mr. 1. N. Kipserem, laundry assistant 
Miss J. W. Weru, laundry assistant 
Mrs. J . A. Awich, laundry assistant 
Mr. S. 0. Odhako, guest house altendanl 
Mr. S. 0. Ojwang', guest house attendant 
Miss N. Ifire, guest house attendant 
Mr. L. M. Maki, guest house attendant 
Mr. S. 0. Araka, driver 
Mr. D. K. Mahiuha, driver 

MPPS International Ouest Centre 
Mr. I. A. Kooro, assistanl business and catering controller 
Mr. E. 0 . D. Odhiambo, accounts assistant 
Mr. S. Nyangi, general assistant 
Mr. H. 0 . Onyango, barman/waiter 
Mr. S. A. Alos, assistanl barman 
Mr. P. 0. Odote, chef 
Mr. 1. 0 . Koyaa, stores clerk 
Mr. H. 0 . Onyango, barman/waiter 
Mrs. H. A. Ouma, ttlephonisllreceptionist 
Mr. E. J. Odero, gardening assistanJ/housekeeping assistant 
Mr. C. 0 . Nyagaya, housekeeping assistant 
Mr. H. 0 . Omala, housekeeping assistanl 
Miss M. A. Nalo, housekeeping assistant 
Mr. F. N. Omutsembi, laundry assistant 
Miss L. A. O!ack, front office assistant 
Mrs. R. Osuna. room stewardess 

Mr. A. 0 . Nyarimah, kitchen assistant 
Mr. F. 0. Orwa, kitchen assistant 

Ungoye Gues t House 
Mrs. R. Osuna, guest house attendant 

Oyugis Guest House 
Mr. I. A. Oloo, guest house attendant 
Mr. H. 0 . Wara, guest house attendanl 

Nguruman Guest House 
Mr. W. M. Esirenyi, guest house attendant 

Marigat Ouest House 
Miss S. J. Cheboiywo, guest house auendant 

Medical and Clinical Services Unit 
St. Lukes' Clinic, Duduville 
Dr. R. W. Kimokoti, medical officer 
Mrs. F. P. Mbogo, clinical officer 
Mrs. I, A. Wadundwe, nurse 
Mrs. C. E. Okoih, nurse 
Mr. S. Kirera, laboratory technologist 
Mr. I. K. A wino, pharmaceutical technologist 
Miss J. W. Mwaniki, ~dical secretary 
Mr. J. M . Asitiba, janitorial assistant 

St. Jude's Clinic, MPFS 
Dr. E. C. Achieng', medical officer 
Mr. 1. H. Odoyo, senior clinical officer 
Mrs. S. A. L. Chybire, public health nurse 
Mr. P. M. Kaliech, laboratory technologist 
Mr. C. 0 . Nyanjom, pharmaceutical technologist 
Miss D. N. Oreta, enrolled community nurse 
Mrs. F. K. W. Mukoko, clerical assistant 
Mr. A. 0 . Olwoko, senior driver 
Mrs. L. A. Abuya. clinical attendant 
Mrs. C. A. Abonyo, janitorial assistQrlt 

Mblta Point International School 
Mr. D. B. E. Okong, principal 
Mr. F. 0. Omolo, deputy principal 
Mr. N. H. Ebrahim, teacher 
Mr. Y. M . Koko, teacher 
Mrs. C. 0. M. Ndiege, teacher 
Mr. F. 0 . Owino, teacher 
Mr. D. B. E. Okongo, teacher 
Mr. P. W.Mburu, teacher 
Mr. P. W. Mitugo, teacher 
Mr. J.P. Niyonagize, teacher 
Mrs. L. G. Chacha, lt!acher 
Mrs. M. N. Okach, assistant secretary 
Miss S. A. Omune, school attendant 
Mrs. 0. A. Ojwang', school attendant/cleaner 
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