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Foreword 
ie I('IPF Scielific (urnre of Age 

J tic tIrIt Irir l I RcIt.r( IIt ll'l carried out ilMarch April 1983 hya team comprising international seniorI( 'I s,,s 

scicti ihand Initiliiorhl rrntniill C.+ Selc.tcd hy the Sponsoring Group for the ICIP. (SCI). The terms ofeets'fI 

th ,,tean iriclie iof the %cientificprogramrme of the ICIIF,as wcll 
mairc rt I hIl%irti,.s\%as proiahl, the moIt thorough ;tnalysis of lie Centre',, achievements since its beginning in 

reference i c ;iei.,, as its governance and 

Apol1 T10, alnd prioidr' .I searchlight on it tmanagement ..d long-term future. Ihe team's report was positive, and it 
led to three major strategic definitions: the r'-fIcosnip ofI the (1;'! rnandaIte; the restructuring and rationali,ation of 
the Cnt I rit"III prierirnmimt', and rtIing it the role oftie S(il in the long-term development and responsibility of the 

lic rrl,c" .1,Prlt out lir I . h. li: (Gsrniiiig hoard siern adopting tire Reviess Team report, statesi I riennial 
that 'Ihi prime tnicti-ns ,Itht Iniernatinam l ( eritre of insect Physiology and E:cology (ICIPF) are research in 
intclcriai'd control in'lh, fdo for cropl ard lisestock in.ect other related arthropods, as well itsinsectlc- pests ;atri 
,ctors -itrr.l f isci.s rucial to rural health inthe tropics (especially in Africa) and the strengthening of scientific 
tnndtchIrbllptJcl ,aptilC, of the tdccloping countri Iti insect science :ind its application through training and 

collahmrrirmt srk%% l1itc the coAls are clearly practical ones,. tie means by which these goals may be achieved are 
saried nd ,irelh,Ichirde huntmlairl research, strategic rescarch, applied research and development, and any other 
forrm ofI reSC,mrL_ iii pn 1ie a hl t(If) k oft knros.ledge specifically relevan:to tIe target problem area, and define and 
direct tic rcccsirs probleIri-sus, rig applied research and development which ssr.uld lead toi the desired technological 
Inil,.ttOin IhI I11 ushegmirling to tccie tie balance required to tackle the very difficult tropical pest probl ms 
s ich prcsctitl\ li.k tire tpe itk nossledge hi.. si essential for long-range and continuing pest control. 

lhencore hprograrnrreIte' fic %tightly tirk'anii/ed under four subject-headings. Crop Pests Research Programme. 
I.iststock I ucks Rescarch I'ngrarrurre, I selse Research Programme, and the Medical Vectors Research Programme; 
.111lieitig supportcd by lour hasic rewsarch support units n Chemistry and Bioassay, Ilistology and Fine Structure, 
Sensory Plh.ilog. tn1dI.fiostatilstcs anid (oCmputer Service. lire objectives and workplans for each of these 
progr;,rmnt.ie is sharll, loctisrd, aid has been stacd int three-year strategic plan, 1984-1986, making it possible for the 
(entre ri( ti l t uciterrrirem c iaciserneits. inIdicate gaps. aInd identify changing needs and complementaritics. Ilhe 
(1I" is poised or a majonr scientific thrust. and tire foilhmning two to three years should give abundant evidence of this 

prognosis. 
I he 8th cicetnig of !he S(il held at he Worlhd Iank headquarters in Washington ).('., on 3 November 1984, gave 

great encourageient to the (eritre's Strategic lI'ir (1984- 1986), its performance over the last year or so. and the critical 
role the I(1IF is poised to play inintegrater pest iranagenrent irr tire tropics. aInd especially in Africa, a continent 
presently enguled Ili t motumental crisis. 

"'I(iSik\ R, ( IIIIA II().,, . I, t O s,' 

http:progr;,rmnt.ie
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*Crop Pests 
Research Progrmme 
Research on insect pests of crops at the ICIPEwas previously being carried out 
vnder three programmes: Bases of Plant Resistance to Insect Attack, Crop 
Borers, and bisect Pathology and Pest Management. From January 1984, 
fIlowing the recnmmendations of the Triennial Review Team, all research on 
crop pests has been brought undcr one programme designatedasthe Crop Pe.as 
Research Programme. This programme is divided into four sections: 1. Plant 
Resistance to Insct Pests (PRIP), 2. Bionomics and Applied Ecology (A AE) 3. ,
Biological Control (BC), and 4. Insect Mass Rearing Technology (IMRT). The 
section on Plant Resistance to Insect Pests deals with aspects and bases ofplant 
resistance to insects. Te 1/E section is concerned with studies on crop loss 
assessment, population bioh'gy., physiology, behaviour, intercropping and other 
cultural practices in relation to pest attack. Biological Control section is 
involved in inve.stigations on bio-control agents while the IMRT section is 
concerned with the development of mass-rearing techniques and supply of 
insects to all the other sections of ICIPEfor various experiments. 

Mie programme is ained at developing strategies for the management of 
certain ke' insect pests ofsorghumn, maize and cowpea by methods which would 
be environmentally safe and economically feasible for subsi.stence farming 
conditions in developing countries. he insect pests currently under 
investigation include the sorghun andimaize stem borers, Chilo partellus, 
Busseola fusca, Scsamia calamistis, and iI:dana saccharina; the sorghum 
shootfly, Atherigona soccata; the cowpea pod borer, Maruca testulalis; aphids 
and thrips. The studies on plant resistance to insect pests have identified 
additional mnaiegenotypes which are resistant to sten borers. The mechanisms 
of resistance in sorghumn. maize and cosypea to their borer pests have also been 
elucidated, employing the methodiology developed during the )'ear. Additional 
information on the genetics of resistance insorghum and cowpea has been 
obtained. Behavioural manipulation of the Torghum shootfly by using its 
o.ipositionalstimnulants, extmacted from its host plants, has been testedfor its 
management. Tests on intercropping have confirmed that the sorghum/cowpea 
combination is the most effective in keeping the stem borer population down. 
whereas the sorghum/maize combination is the least effective in this respect. 
Certain bio-contro! agents, particularly parasitoids, have been reported to 
attack the stem borer pupae almost equally in both monocrop andintercropping 
systems. Dihc relationship of these parasitoids, as well as of certain insect 
pathogens e.g.. bacteria, fungi, nematodes andprotozoans, with the stem borer 
population has been examined. The techniques for mass rearing of the target 
insect pests with improved biological performance for the above-mentioned 
research have been refined. 
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B116NOMICS AN,) APPIt'i tIT.O(ir Mt-C1 ION 

1hx ¢search u rir this sectiot i, gtared to tencrating 

intormation otlt crtaor es,,entiaI ; spc,:ts ol Iinmric, i.id 
ecology A'ithe target pests of crops, arid to utili/c this 
inflmation for dIeelrpinp iriethodi t reirtipt the 
iuild-up it the pesi ; upiila'imis. I he results oft the iscc Kk 
don" dirani 194 tic briefly plesCented hcloS., 

Population patterns of tent borer. .,ol iorghum
 
*hc- 'i..,,,,,.l: , 1
{cc,,-cI 

li ordcr t t dcetop im thod,, [,I lire mIaiiagei rtciit of stel 
iircrs of sor.,,uci ond li ei/c.it %ta. first iieccs,c;ii to 
hit. kuc cledgC cl lhe .'t It theli p)fptl~litII)lr 
flt:ei'latiot, liult tlotrt1 le. 

I)tirirr , tile long lalrr ,c;toml tol IT)s.| ,t held 5 ot 
Mbit a Point -litch St aiion (NII.S) the incidentlce oi steim 
horers, Hi.fitictialitd C(. c cIor'lht. Scrcn;)n s rrghtJnli (c. 
started at 5th week altei seedling eieli te, Mhie S. 
'lalml.ctis and V %0ccIlarma Starltd at sth and 9th ssecks 
respectively. A Ilaxmzirtil ot 95' iIitc',l-italrliv B. /11%(11 
ssas recorded as oppored to I5, I hi. Ci. irt'llt i. 

I lie It /Im a pclplrtilr1ri Ii .i111,1Itile, floirll -11 
sog!lrIri lc. sIedll ioril 2 ,t Sih 16>4at Ilithh iit' %eek lo 

tek Iur, host, i t pal'//1% rrillgcfbeltc' t ll it 
ll ,11 Sit ,.,k 1 .I ',seek niit\i cSo I lil .\ iitniiii 1) 
Ii,.itc anid dr(.t1t/ cc, usc o/raccc fil.11tohicrired hlou 

,plmiiltl, Mile ctci ,i/iurlrc It ,t orl' , olle ltla 
StlidlC', Cull(hLt l ,r t1trcr ' i'll,IilI I Ulligi Isair d 

diiri I (, IutL'I t',i ICo',tscrid thl B1 Ill ,II hiI.t 41 ,\Sj 
tle predcculrlirltich 11.ll hitlcl Nlict' oil m.iliplilt 
s.tI Ic 6 uc h cei ccl lre .CI,79- IWfek'ck.,,llSlcl rcicic 
ccl the . orlhin plant,. %:u: urI1c.,td uti It rr,1cc I. 
/0tta ilite [CtIcitc aiiirct tflon 2.t Ito 5;. Ilcstaitil 
b', C iwlrhict (s( ,. tohloi. ralitr,itlionti-9' -'nly. \4) 
oilther sctt Ircuerc ,ic [tVCOrIed 

P(,pulatitia patterns of stem hlIortrs or mraiic 
It I Ic , ,.,c 

I)r.tril tit ccn l theI mi'itril(ii, cicrg,'c of ( . partellus W 
theI",oai:' /'luh Nit ic plaits (Kitlitiiii conplsite 1l 
slctc rfested %kithiir-st,i lirsac cf C. partc'lhco at the 
11t Id',clhngl )"ci ,tlel cnIcrg rc,') lie lar ctas-e 
vwcre frind t ac .t,,le , mer the il;lci tatlks i table It. 
Isrng the I ltc;tr'-, ne", itiultiple range te,, tic mti/c 

,tralks wer t cs il cc llll Ill i cl',cllIrn cf cit 
area c1 it,,l rgrcg.ltotI lie lrsuc tend Ilc*gv, ge~c Ill 
the ta.s cl, ca,i, ainic the utiterric,,es ciuii tile cars. 

lable 2. Nirutiicrofirtnt, I a anrd Ircplciieas,",t'r tr ird t1I 

o in~festatci. 

a u.c. l,+il.c 

1111 IiCl 
te.'lt prP.lilc! it-c ci ci ,ilter 

IS tics, 

5 1.I '"v 1 

10 IcrI'v 17 

I nccmrllcd
 
infcnt,itllcn by rictl genicralticn 3l 

Fable I. Mean number of C. partellui; larvae, pupae and pupal 

cases per internode, lassel and ctr ind the percentage oif ears 
I)r!%enl ie; rtrup of Iir ernutdm 

Iitie I IoCS 
tL,,cl ,. 7 4..5 3. I0, 1I nd 2 
mil c.1 clld and ) II ,utI., 

-'I - -12 

I f,lu.c 1)74 0i s1 i11.2 0 22 0 0I1 

he aggrcgatton of tile larvae aoillind tile tasel, ears 
and interiodes bearing the ears is responsible for loss in 
yield vcv:n with late attack. Attack oil the ear stalk before 
or imritmetiately alter fertili.,ation was found to caise 
filue oI grain fomiatiori. III), .cr, tunnellitig of 
intciiides hearing tire cars aid ear stiaks after lilt 
nilking stage did ni,t seem tIo alfect grain yield. 

C. part elh s.trvival and orl the maizeocsthlh.c/inient 
planL. I lie s'l viral rate of ".parellt.ris Iigher (76%) at 
intial infestation level r f 5 larvae per plant than at 
Ilc'tatioin leel of I0 larvae per plant (37(j) (Table 2). 
I tic ifIferene,, rbsered bctseen C. Icartl.cto tstahlish
limit cii i/c plants at initial inlfeslation of 5 larvae per 
plant (3.8 latva,. per plat anil 0lllarvae per plant (3.7 
Il, cae pel pla lt) and tile infestation by the second 
geiteraitirtln fiii tIle tsu treatticits (3.9 larvae perplant) 
, not sigiihicart It :: P>0.05). The mean"sctt 0.18; 


claltent Or ( . ptal'll-o/cutt nii/e plant under
 
',:iclu-holse contiiticons \%its fiounid to be 3.8 larvae per 
pj iln . 

f/ru !icuftoc l/tc it'/cpclllo 711( o/ cf borercomrpAe.r on 
nt-it{' 

. 
I Iv: stcitI bsrrers found onl nai/e are C. parielhis 

(Ss\ilioc). :. cm'c'cltartma(Walker), t./i.ca(l"uller),and 
A. ca/aijmd'\ Mll nipsirn). I1. /it.s'w and. S. Waoi'.i. 
appeared ii, very Ilow, tiribers shloving peaks of less than 
0. 17 larvae andt pupae per plant, while ( p',rtlitsandE"'. 
rtl%i'( rimi were found in high ntrumtbers ind showed 

pOcpiIlaotin fluCtuatiorS with peaks of 3.67 larvae and 

pupac per p ant for ('. parielids, 8 week s alfter plant 
ergelce, lil 3.9 larvae and pupae per plant for . 

c1t1art la., 1i weeks after plalit e mergence, during the 

shirt r iamyseasnlti (October-.Janiary). Pest populations
 
%%ere found to be ,er" how iiring (lie lotig rainy season
 

lAprit-luvi
 
Ilie fierences ill nunihr of immlture stages iof C.
 

/lrftllu. counted per plant per week diring tile short
 

rtiiy se.rsonl ftiund to be significant. Three
i were 
pultion pcaks were identilietd. I lie first was a small 

pcak ( L86 larstie arid puupae per plant occurring 4-5 
,,eeks aftei elnergence. ile second (2-73 larvae and 

%llrc i and estblishinrt onrc(.ardlutper ltanlafter 35days 

(. i'carlc'htu 

eslahlishcd
 
l'ercene %tir isal per ptarrr
 

7(6 3.8 
37 3.7 

3.9 
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pupae per plant) occurred 7-H weeks after emergence. The disrupted in the field it will have negative effect on the 
third peak (2.51 larvae and pupae per plant) occurred I I- fecundity and fertility of the motls, thereby reducing the 
12 weeks after eernegence. tK iact/rrina on the otrher infestation. 
hand was found in the maiie plant 9 weeks after 
emergence and its population kept rising, reaching 
maximrn population at iharest. 

Development and reproduction of Bi.fusca 
G( I n/1ll 

I'rciMUiginril I t'V t/O/'nMt,'. .der labhor;Mt L011rdi-
tiols (24.5-28.5'C and nil tural piotoperiod) the incuba-
tic n period of B.fiLwra eggs wits5-6 days. When reared 
under these conditions on young sorghurn :.tern! 
(Serena), post-ciribryonic dc ,clopment was completed in 
42.8 ± 3.5 (mean _t SF) days. Ihere were 'ieven larval 
mtars. I he duration of the larval instars ere; 3 days 
each for first and second instars 2.75 days foir third 
instar, 3.1 days for ftrrth instar, 3.15 days fr fifth instatr, 
5.75 days for si.th instar and 8.9 (]as for seventh irstar. 
I he pupal pe.i.,,i listed for 13..3 days. 

Eclosien. In the labroratory, under natural phiito-
period, eclosion of the pupae starts between 1830 and 
19Ms)hours isir raches a peak bctwrcn 1900 anid 200 
hurs. (ut oi a total otthe 372 aduts, 172 152,0,"6'were 
males and the rcmining (47.41 ; cikcrc iiialcs. 

Alternative host plants of stem borers
 
' .1,,.,h ( muhla
u Redd, (;I 

Survey,, in search of different natural hosts of the 
sorrg hliinriid lnai/e stein ho rers Were coidLacted at Mbita 
Point and nearhy fields on the shores of' Lake Victoria, 
during the period .htne to September 1984. Several 
species of grainiiaceou host plants which include 
tl/llrrhenr/inI 'o',metionvuirotrtun, '/rragmitiesrul/u, 
minrawirrtii, Sorghumi artndrljnreut i and S. verticilli
floriui. were fiund to hlarhour Bu.%.eo/a sp., while 
Se'inna sp. "ere hound to infest ('rwprurt artif 1droosand 
(C,pap rri.i (('yperaccae) and lipia latiiflia (I yphaceae). 
() these plaints, rutla, the wildII. I'. maltrourtun arid 
soughums shioved 21 to 56"i infestation by B. /ix.ca. 

Estimation of loss in cospea due to insect pests 
eOi
A nI THdd 

Arrong tne sari ius methods of quantitative assessment 
of losses due to insect pests, comparison of yields under 
protected and unprotected conditions was used to 

Rfllr,,dtim Mating starts wit hin a ecv hori, (6-8 Ir) estimate the loss in cowpea due to a range of insect pests.
alter tclhosion and takes place between 0300 anid 0000 
hror .Maxiniim nuibier of pairs mated bct ecn 04100 
and 050M hours I tieparr remained in coipula for 95-1 f 
2.3 in.Males iraled repeatedly with virgit females. Fifty 
thiee per cent i the pairs mated before they were I day 
old. 77,'%khen trs I day odi, j at 2day' old, andhcrc SX1 
51; at Idl s old. 

The fecundity of B. / .uareared ri Serena aid fed on 
sucrose solution or drstilled cvri aloiie cci.tudicd rn 
the lahoratory lhe rcsrits sho fiira hd acd that /t. 
very high lc:undity "cithan ircerage i (.0 egg-, per 
female on sucrose srlution and 677 eggs per ern;ile on 
distilled water aline. Maximurn number of eggs were laid 
on the second day after emergence, 
t ii on ui,/itiUl" Owitdr/laiird mtr, or le,t11djlr and 

/rtihr'. Experiments were conductel to st udy the ellect 
of mating arndl delaved matrng on the lonizevity, lecrrndit 
and fertilityof t //.-a. Virgri ele lai) onl very (cw 
eggs, it ain. Mating wvrnhin tew hours after eclosion 
be irc I dav)rehccd tlie limgevity arid preovipositiin 
period arnd increased the fecundity. A delav tii rating ho. 
two or three days rc-,ilicd inaidecrease in fectndit and 
fertility ( lable 3) It is possible that if mating icdelayed or 

Table .1. Ifluence of maline and imaginalage at mating on femnale longeity, lecundily and fertit)ty in lB.fusca 
Cm.1re acc .1iiiatingI oingctu, 

(,ntaNsX .t. 
Virgin fni,it i )i') ih 
Oday iS 1) 51 0i7.1 
I da,, ( i6i8t,rC
2day 7') 1)5hc 
3day 78 f ).6 bc 
Nol,.
 

Fed on distilled water alone 

I'reoc ipositioi 
period (days; _tS.H 
41t li rC 
10 ii i02.8 
2.2 ii 1.1,"-
3.0) 0.ibi 
4, i i1K'h 

lFecinniry 
(eg. f,,let) (X _tSt 
97.5 i 42.1a 
8h f 8-1.7 h 
699.1 87.2b 

562.3 1 121.0 hd 
2583 t 57.1 cd 

Means followed by the -ame letter are not ignificaitl) different from cacti other 
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Ihe cowpea variety used was Ex-Luanda. Two treat
mens unsprayed anid sprayed -were replicated six 
times. Furadan was applied to treatment 2 at planting
time and after emergence of seedlings. Rogor was applied 
live times at 14-days interval. 

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

During the course of the observations, several insect 
pests cere recorded, including; aphids (Aphiscraccivora): 
ttirrps (le'gahurotrrip.i five ofijostedti); species 
grasshoppers; flower beetle (Mrlahris sp.); pod bugs 
(,Vr':ara virjithla, ]irwtortus den'tipes, Atrollocnremis 
Ctir iir's, /gonroscelis pu/bescens, DYsdercus 
nigrofasciatits, A(anthoinyiotonientoiicollis, A.vis 

horrida); and pod borers, (Af. testulalis, Uhliothils 
arngigera), and lycaenids (unidentified). 

The avoidable loss in yreld of cowpea grain caused by 
various insect pests was 98.7%. However, even in the 
treated plots, the protection was not complete as a result 
thete was 10.5% loss in yield. 

lertility (percent 
,gs
hatched) (X._SE) 

93.( i 1.3 a 
X9.4 f14.1 a 
91.9 1 5.03 a 
65.)).) 9.5h 



Table 4. Avoidable loss In yield of cowpe caused by Insect pests 

I I (unprotccted) 
total KX SF 

12 (Procited) 
Total X< t SEF 

lttl pod% 
IlCalth, 
),snia1'd 

573 
3K 
515 

95,5 1 40.34 
6.33 .f 3.51 

X917 "17.11 

23496 
2374 

21122 

3916 : 647.19 
295.67 1 92.90 

3520.33 1 555.92 

Weight .4 grom i) XI 30 16 i:14.91 13778 2296 3 503.06 
llcalths F1,gi IF) 113 22.17 f 
Iia111ugcd .r+im 48 8.0 f 
t sFam I th 

IcI,I21 y e.'si,5 
7.1 kg, ha 

2 kg Ia 
Diana.rcd r.ir I k I! Ila 

Inlerrropping in relalion to insect pest infe-,ltion 
1 , o1,1, 

.]JI,'toj dill/'rnt Cp Ihe bstcr ,orhinatior.s. 
combination (sisrghuLn, coWpea), and the worst 
comhination (sorghum maite) in terms of crop borers 
control, productivity and ciop loss, have been tested and 
confirmed in three different ecological zones; MPFS 
(errati. rainfall :rnd intensive pest population), Ogongo 
(one reliable rain season with normal pest poptlation), 
and Rongo (highlands with both reliable rain season and 

low rcst population). 
In an attempt to explain the reasons why some crop 

combinations are better than others, both growth rate 
and pattern of each crop within different cropping 
patterns sece monitored in terms of the (try matter 
turto%,er at eery tss,-seek interval throughout the 
growing season. indications are that sorghum and cosspea 
or maize and coi,peai in both cases differ in their use ot 
gross th resources. 

()tI icother hand.sotrgtimand nat/c are more or less 
similar. Sorghttun is able to complement cowpea and so 
make better use o resources than whten grown separately, 
I his complementary action occurs much more between 
sorghum and cowpea than between maize and cowpea. 
Itis type of comrplementary action is said to give a better 
'temporal' use oi ressmrccs. 

Mai/e grew faster in terms of total dry matter content 
inpure stand than when mtercropped, while sorghum did 
equally well in both pure stand and intercropping. In the 
cowpea, however, the situation was reversed and cowpea 
grew much better when intercropped than in mono-
cultures. Maize, therefore, is much more suitcd to mono
culture, sorghum is quite happy under both cropping 
svstems, while cowpc is ritoch more adapted to mixed 
cropping. [ his may explain why sorghum and cowpea 
turned out to be the best intercropping combination. 

Genol)'p. identification. Ilie behaviour of a crop in 
mixed stand cannot be predicted front its behaviour in 
pure stand. IThis has been shown in the present studies. It 
is therefore important that genotypes which are 
eventually going to be used in a given intercropping 

situLtion should be evaluated in that situation. So the 
need to identify suitable genotypes in intercropping has 
been emphasized and it is likely that the use of resistant / 

tolerant cultivars in intercropping may offer all even 
wider scope for pest management. 

11.99 12325 2054.2 J. 469.36 
2.99 l-153 242.2 1 36.69 

540.3 kgi:ha 
483.3 kgjt, 

57.9 kg/ha 

Preliminary evaluation conducted at Rusinga Island 
during the major cropping season of 1984 indicated that 
there were significant interactions between sorghum 

genotypes, pest populattis, cropping system, and grain 
yields. Before cnclusinir 4,'edrawn, these experiments 
will have to be repeated in Rusinga Island and other 
different ecological zones. 

Intercropping ani its relation to plant pests arid weeds 
. I)ojrnd 

Pieliminary testing of sorghum, mftize and cowpea with 
different CrOp combinations and spacings showed certain 
differences in crop borer attack. 'Fle sorghum/cowpea 
combination harboured the smallest number of stem 
borers whereas sorghum/maize dicrop combination had 
thehighest level of infestation. 'Ihe sorghum shootflyand 
aphids were obviously not influenced by the cropping 
pattern. 

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

A weed-smolbering elfect ofintercroppingcereals with 
legumes was observed both for weed yields and area 
covered by weeds. 

Ecological factors governing the bean flower thrips, 
Megalurothrips slostedli (Trybon) in cowpea maize 
mixed crop system 
.
 

Three field experiments have been conducted at Mbita 
Point Field Station, to study the effect of intercropping 
cowpea (Ex-Luanda) with maize (Katumani composite) 
on the population den:sity and activity of flower thrips 
and also on predators in general. Temperature and 
humidity variation between tLe mixed and single crop 
systems have also been monitored using thermohygro
graphs.
 

The data from the three experiments indicate that crop 
mixture reduced the population density and activity of 
thrips significantly. Future experiments will examine the 
possible cause of reduction of thrips in rnaize/cowpea 
combinations as compared to pure-cropped cowpeas. 
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Trapping and pheromone biology of B. fusca and C. (Table 5). Results of these experiments clearly showed
partellus that CSH I seedlings contained an oviposition stimulant
G.C. Unnithan. K.N,..atena which lured the flies to lay eggs on non-host plants such 

as maize and cowpea. It should be noted that maize andThe objective of this 	 research is to develop efficient cowpea are often intercropped 	 with sorghum andtrapping techniques which can be used to monitor and shootfly eggs laid on maize and cowpea would not 
suppress stern borer populations, survive. The potential 	application of the ovipositionThe efficiency of water traps without any lure (blank) stimulant for pest management is being investigated.or with virgin females, mated females or synthetic B. Work on the isolation and chemical characterization offusca ,nd C. part,'llu. phreromone has been examined. the oviposition stimulant from CSII I is being carried out

B. fusca virgin females were more than two times as in collaboration with the Chemistry and Bioassay
efficient as synthetic pheromone in attracting males. Research Unit of ICIPE. 
Mated 11.fu.ca females Jlid not attract any males, which
 
indicates that they 
 had ceased to produce the sex Socioeconomic aspects of pest management
 
attractant. No males were caught in tie blank traps. 
 IVl (',,
 

In the case of (. parielhus also, synthetic pheromone

and blank traps attracted only very few 
 on tilemales, 4 and Research socioeconomic aspects of pest manage
7%;.,,,respectivcly, compared to N9'*; by virgin females. meit was begun in early 1984. The goals of this research
Even after mating and ovip,)sition, (. artiellu/s females are to: 
continued to attract mles, although not as any as the * 	 increase our understanding of the socioeconomic 

context in which farmers' decisions about pest 
Sorghum stiotfly oviposition stimulant and its maniagcment are made; 
application for pest management identify what farmers perceive as their most serious 

O; a,,A A ,,, 	 pest problems and the existing pest control practices 
of farmers; and 

t identify socioeconomic factors that may influence4 therigotia - at~a is 	 a nionophagoris insect which the ability of farmers to adopt recommended pestusually attacks only plants of the genus Sorgihum. 1he cntrol practices.
susceptible hybrid sorghun Irom I'adia (CSII I)has been
found to be highly preferred for shootfly oviposition. Fieldwork andI a formal survey of a sample of farmers
Screen-house and field studies wcre conducted to were conducted in South Nyanza District, Western
determine whether Sit I seedlings possess any oiposi- Kenya. The survey covered low 	 potential single-croption stimulant which can he used for the manipulation of areas rear the lake shore as well as medium-high rainfall
the behaviour of tilepest as a strategy for its management. areas farther inland that support many small-scale 

,SlIl seedlings were extracted first in hexane commercial farms producing two crops per year. We
follo,,wd by acetone and tIhe acetone extract was assayed report below on preliminary findings.
for 1)iipoisitiotnlstimulant activity in the screen-house and Farmer' perceptiorlv of pests. A large majority of
in tile fiehl lsing tileraon-host plant maize as an 	 farmiers interviewed identified stern borers as the mostoviposition substrale. Shootflies laid moost eggs on rItaize commor insect pests found on maize and sorghum and
plant% sprayed wkith tle acetone extract, arid less oin were able to give accurate descriptions of their feedingcontrol rai/e, (SI I or Serena plants used as control habits and the type of damage they caused. 	 Farmers' 

' fate5. imitfl, 0iipoitioi iin sorgtam and n" on-hiat plnt,iimaite and cowpea) sprayed with acetone extract of CSit I 
ieedlings
 

silln 1,1nC 	 i'cnCeno plaont, t'ercenc egg,L Pggs/infestcd
i npmsltcd upon StI:) p lant:1tSt 

IN ! Si) 

Mau.'c. nh ,tnnc ctract 	 92 5 t 1 84.1 f 3.0*,praicd v, 
 4.71: 2.6 NS
c.,nrillM, -Ic 	 47.5 f1i0t 15.9 13.0o 0.9± 0.3 

183f164 6.7±6.4 0.6± 0.6('St I Il(XJ 93.3±6.40* 5.21 1.3* 
.tM,/c,,pras, iltronts 	 02.5 f 3NSit ctr2t 	 52.61-4.6 4.4± 0.gNS( ;llI 	 191.2 t(6. 47.4:14.6 4.5:1 0.8Mauc 
Seren~a 	 100

25')  2.5 0.210.2 0.iiI0.0990,8: 10.1f: 1.7000,2*" 
ci .MIiiC, ,,pra,volh a icin 

extract 	 °
 I00 NS 72.7-f 0.0* 10.7± 1.41Serena 97.5 f 2.5 27.316.0 4.0± 0.8
('owplca. sprave I %1ii1actrolir 
rxract 
 46.1 16.9NS 92.08.01" 3.2± 0.30" 
Cop.ca,Cotrol. 	 1601 8.0±8.0 1.0± 0.0 

"Significantly different at P<0.01 and P<0.001 reipectlvely
NS Not signlflcant 
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knowledge of other inisect pests or grain crops, however, 
espcciallv the sorghum shodtlly and tie cowpea pod 
borer was much more limited. Many Iarmers reported 
serious insect problems with their vegetarbl.. and fruit 
trops as "ell as infestation of-rain crops by post-harvest 
Storage pests, especia lly sscevi s. 

[.acuiers' assessmentitl the yield I)s callsed t) insect 
pesti varied bcts een lcatinnii within the district. On the 
mainland, both it low and high rainfall cttirinets, 
lariecs indicated that. though potentially serious, insects 
lit lost ears ", ere itot t major constraint to grain 

productio. ()thr pest and environnicntal problems 
including -rtatlc rainfall. Aceds (especially Strta 

hermonti/m, a nd Ilgilarta%,'ahlrtun),Ail aniitals, and 

biftds .terc ranked ts tniile serious, Ott Rtusinga ttd 
NI langan) Islands, to)sc r, insects ;ire secn as a mice 
serioius ihrt.at to) l;armlng. lilec satniple lariers rtoked 
uonly raitlall and ,t itittal pests as itlire ittp(itattt 
ploblcitt, -hat Iilects. lable i slotiss the oscrall results 
rtnt all three surscs aieatit a question asking lariters to 

rank sariits constraints to production t te rtis if tlie 

tIcld loss In tlist Ncacs. (iserall. it isclear that frot the
har:cs,' point ie insccts should not be ,ic ,ed ill 

isdl,ltti)t, but lather shtotld hc seen as tnly one oI a 
C0luipkl.x oi crotj pcsts ,tnd cnvittnitcntal constraints 
that hmit ,ielt , 

I alileis ia t be unt,.illiIg toadipt new ltin practices 
desig ed t') iliC( iitiSCt pests it these ignoire I 

exic'rhte tthct Se i s cilli.st alnts to priidtuction. 

lrabh I lrsrInkuitel ts",tsirrr.t prtuciiu innSii 

N., it'i a W1 htmafilir, i 4X) 

-
.. n -susceptibility 

t(.it~t~tt .21 71 
I\.t, II 4 ? ".1 

cc ., i I I Is I ; 1 7S 
td,

Itit- . , 
, 

I 
S 
*t 

I 1 
.' 

. 
It 

I611)
I 

S 
5, 2 Iii 

Trailtiotll pest ctnPtrol pru'li-t. Intetitional 

co)ntrol il insect pests by traditional niethods is not 

widespreatl in the district. A few larnerN ae aware of 
traditional herbal 'insectictde,' but these are no longer 
widely used. Sotme tariers band lick insects and dcstrtoy 
heavily infested plants, but this des inot seem to he done 
sytcrlaticallv. 

Nineti the farmers report tsirg pesticides to control 

insects o1n their ial/e and sorthti crops, though sone 

do criploy chemricals to protect vegetables destined for 
the market, the intercropping of legumes with grain 
croip., which iay play a significant ;ole in reducing pest 
irfctatton, is widespread. lihough i:t intentionally 
employcd to coint ,'I insects, this traditional agronomic 
practice shoiws nitch promise is a cultural control 
mnethl. 

Ri'eni'tot'(,nttl iiiltturj triulliraitwt'.i[eexistig 
socioeconoini. conditions in the district make it unlikely 
that farmers will be able to adopt some commonly 
recommended cultural control practices without 
modification. As elsewhiere in Africa. the burning of the 
maize and sorghum residue after the harvest is not 

feasible because of several important alternative uses. 
"thee include use of the residue as livestock fodder, 
building material, fucls ood, arid its mulch in banna and 
coffee orchards. likewise, early and simultaneous 
planting is problenialic because of erratic rainfall, 
varii- ion in soil conditions, and the fact that many 
poorer fariers witht ut a phogh or aniital must wait to 
ent or borrc;w a plough team before they are able to 

prepare the soil. Fuitiher research is needed to assess 
eonrefully the potential of these and other cultural 

citlir:)l ntcitsures. 

'AN I Itt SIstAN(I t( INSIC:I IPtS SFcitON 

I fie tttain ohjectises of this section are to elucidate the 
principles which impart resistance or susceptibility to 
insect pests in different plant species or varieties with a 
vietw it): provide appropriate information to plant 
breeders in various national or international agricultural 
centres for developing cultivars which incorporate 
resistance-imparting characer'i or eliminate susceptibility

imparting characters, cultivation of such cultivars 
servintg as an inportan component ofan integrated pest 

manatgemeit programme; and to develop methods of 
manipulating the resistance or susceptibility-imparting 
plant characters in such a way as to interrupt pest 
populations build-up and thus contribute to its 
inanagemnent. 

Io achieve the above objectives, this section is engaged 

i evaltating and confirming resistance in germplasms of 

the target ccops received from different national or inter
atitional agricultural centres against their key insect 

pests; investigating the bases of resistance or 
in these plant materials; and stndying the 

genetics of their resistant t: to the target insect pests. The 
results of the work done on the above-mentioned aspects 

during 198,1 are outlined briefly below. 

l'valuation of germplasm front other centres (USA) 
i A oItnn ,, KA. Sat eia 

I)uring this year. additional maize genotypes, received 
from certain centres in USA, were evaluated for 
resistance against the stem borers at Mbita Point Field 
Station: 

Group I: MP1 701, MP 702, MP 704, (developed by Drs. 
Paul Williams and Frank Davis in Mississippi and 

reported to have resistance against Diatraeagrandiosella 
and Spo(optera frugiperda; 

Group If: Cl 31A, B 75. I 86 and 01 43, orginating 
from tile USDA Corn Insects Research Laboratories at 
Ankeny, Iowa, and reported to be resistant to the 
Europeat corn borer Ovtrinia nubilalis(llubner), and B 

85 reported as susceptible. 
Group Ill: ICZI-CM (referred to as CMT 33 in 

previous publications from ICIPE and derived from 
CIMMYT population 27) and ICZ2-CM (referred to 
as CMT 324 in previous publications of ICIPE and 
derived from CIMMYT population 22). These maize 
genotypes have previously been reported to show 
resistance to C. partellus at Mbita. 
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Group IV: Inbred A and Katumani, originating from 701, MP ,02 and MP704werehighlyresistant(Table8),
the Kvnya germplasm and previously reported to be Lirval estahlishment and development was best on 1 85susceptible to the stem borers, were used as the and poorest on MI 704,indicating thes that thiscultivar
sutceptible checks. has a high level of resistance among the additional 

Afehodlog. Evaluation utresistanrce l7.y maize germ- genotypes tested for C. partellus.
plasm to lepidopteran pesis, lik,"niany other i reps, is
 
generaily conducted through natural infestation of the "Tble 8. C prtlhis larval
primary damage and damage
plants in ilie fields or tmrough artificial infestatioono o different maize geno:)pe
la-vae, in the fitlif or tie screen-house. l)uring the course 
 ,Mean Iolar Tdead Sterm % steil
of the present work, it was cons tCered importan-, to (;cn1,otpesleitN heartsluinellint;breakage
evaluate tie different naize geuoitypes by artificial 	 . itj,. L...................
...... .
 
infestation not only against the hrva hut, also, against 	 M1'71W 2.90 a 0.1 22.8 a
%W702 2.60 a (.(I)2H.2 ab 

14 3 it
 
the a LIt s hTcause it is ihe litter v hich initially select or 7o1 	 16.3 ahbMI1P 3.35 a 0.0 24.8 i 30.3 ad

reiect the plants for laying eggs. 
 I-Z2-CM 3.45 ah 2.5 37.2 h 17.8 abc 

A special technique was, therehrre, developed during It ss 508 cd O0 35.7 ab 34.4 bcd
984 for evaluating fie resistaace of different maize IC I-CM 348 ah 0.0 38.4 h 27.5 aheKarmtiraj 3. II)agenovypes against adult infestat on.iFor this, the ahove- tn 6 73 l R00 .10.6 he 410.4cde75 	 37.5 39.1) 23.5t hementioned 12 mai/e genotypes were grown in radial 	 If86 ,3 5Ie 17.5 38.0 h 23.ad
 

rows, ir l'org cach, alhong tlie circulfere nce of a circle of (i1 43 4.81) hc 00.11 
 39.9 I 37.5 ode
 
2 rn dianieter. All the plants %%ere enclosed in a cage (6 x 6 
 Inbred t 8.25g 57.5 53.9c 48.7 tie

2.5 11i)of n.lon nlet to avoid co:lianriination from the C I31A 7.88 fg 45.0 * 54.5 e

natural population of the stei, borers. Twenty ovipo- Std. error 0.35 
 NA .46 . .153
siting feomales vserc released iii of the cage an1dthe c,:ntre Means follosed by tile same lettersare not sign tlicantly differ
could select plants of any of tihe 12 genotypes it radial eitatile5%level accordlng Inthe IIRIT. 
ross,,,s tlth equal clhint'ee Ibr laying eggs. le percentages Mt(13)Aplants Aere completely drstro)ed before lar,est.
 
of eggs laid on diff.rent genotypes %%ere recorded on
 
alternate da ,s.ren icing tie eggs alter each recording 
 Evaluation of germplasm from other centres (IITA

arid repleisthing tire inoth o c,:
every week. Nigeria)
 

Site by side ,llth tie it tests on te
."ovc-nctiitned E00Oh,ni,. K.I Se'hu Reddy
adults. linear iros i the sante 12 genotypes were 	

1 
A maize population, lZBIt, resistant to S.calanisuis,was

arttlicially Infested sith the larvae of C. Irariellus.The obtained from the 	 International Institu'te of Tropical
ftllhtr
darrage to tlese plats was recorded on a 9-point Agriculture (llA), Ibadan, Nigeria, and crossedwas
,tale. At the tnle of harvest the torer tunels withir the 	 with tIre ICIPE lines resistant to C. pailellus. The 
ster,s ,,ere also rlri,,ured. resultant crosses and lines derived from them were 

Ae,.tteh. I he susceptibility or resistance of tife 12 maize categorized into 5 groups and then screened under
genotypivcs t adu!t m iposition is clea- from t.:ble . Egg- natural infestation for multiple resistance to C. partellus
laying %as hea% tsr ol the sci, 
 rccptible Katitani anmdthe arid E.saccharina at Mbita Point Field Station.

resistant It2-(CM, 
 inediurt oinInhed A (susceptible The parameters observed were: tunnelling, number of
check), (l 43.1t 86, NIP /02, Cl 31A, Nil' 714 and lowest borers per plant, percentage of plants infested by C. 
un Ml' 701. If 85. 1 75. and ICZI-M. pwrtelhis, E. saccharina or both, percentage of ears 
lahh' 7.(.paftelliSoipISilinr on diffrrerol rnate genlol)pe' damaged, an,] grain yield. The importance of grain yield
preisetrled itiradial rovs alongit circle acage int 	 inilhia he feld this study was to facilitate identification of mere 

(,t~5 ' ;eggs, l
° sources of resistance (lines with high level of resistance 

Imcn, SIr and low yield) from the lines with acceptable levels of 
h~te, Al Ke'i,, I118 I.grainK,tmtu, 	 yield which could be used in breeding programmesens., 1 2 t. 
 to develop commercial varieties. From group II lines, 13,
IW/I+1 r(\ %l
INMY 1 2.5 1 1.4 18, 22, 24, 33, 41, and 45 had the least damaged ears and(Z2.(*' s (IMMY t 179 .-1.3 therefore realized high grain yields. The ears

1)1 	
were(I lIIA lowia (,. .4 damaged by a complex of crop borers, the predominant

()If11 I,.1 if)f 2..t7 species being E.saccharina followed by C.partelhs.Line
II 75 tots,. 42 1 (19

IBS lo %,it 44 1 3.5 from group V had almost no attack from both stem

If , Ial 9.8 f 3.4 borers. The best lines in terms of grain yield andM' 7111 Nliissippi 4 5 t0.6 esistance to both C. partellus and E.saccharina were theNIl' 7112 Mississippi 8.2 : 1.A group IV lines: line 26, with grain yield of55.95q/ha;25,MII' 7i1.1 Mirssi ,sitrpi 6.8 3.3 with grain yield of 52.36 q /ha; and 30 with a grain yield of 
oIlilte hais of total *Iumer of eggs laidon alllilegenntYpes 50.07 q/ha. Line 68 from group II also gave 51.49 q/hafrom 5to9weeks after plant emergence. grain yield. The fact that one of the parents of these lines 

had previously been screened for S. calamnistis resistanceWith reference to larval infestation, Inbred A, C13 IA, and had also shown a good level af resistance to both C. 
B 75 and R 86 were most susceptible, ICZI-CM, ICZ2.. partelhs and F. saccharina implies the existence ofcross
CM. O 43 and B 85 were moderately resistant, and BP resistance or resistance of a broad-base type. 
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Thus, in thL study, new sources of multiple resistance 

to C. portellu:, E .
larcharinaand S. calamistisha ,' been 

identified, anu crosses between thein would obvioasly 

oiler a wide scopc in multiple resistance approach to pest 

ma nage men il
 

ase,. of re'istance or susceptibility to insects 
A ia,, 

i hexapprahed bfooe oh septbidy hr~sienhe oat 
as ex plained before. [he susceptibility or r.sist-ncc of a 
plant to an insect pest is reflected in the *nisct's 
estabhlishtent onl the plant. Under othervise itdentical 
envt5tr mlentt a contd it iont,, diffecrences itt ani insect'scstomtisftienttt cndilcrer dfences aitineslat or 

cstab shnict ff dilerrt plait specie or vaeies tore 

dterpinted b I:; the insecto', respons s to
intcacttoncr 

tilt plantls, and th, plhant character: gmerning these 

reptsct t. 


oAnIns ect',s Coloil/ttion of taplant is gonerf i by te 


orictI stagion, 

ti tolvng attr tot-nn or rcpulsio and resultintg i its 
of it sct nablitsttent ott tlte platt: 1. i 

at salii i or itsitdancec o' dtftcrent plants. 2. Feeding, 

imo k , 
,t stimttulattiott or tilhihition of food intake by 
dtlletctnt plants 3 Metabiolisit of ingeted food, 
tlo trit tt titfiatiot by tlte int-cot and determining its 
nuttitiot 4. l)clinehptint of the iiscct, if in the larv:l 
,tagc. 5, ,Vpg prodtuction, it it the adult stage. 6. Ovipost-

a h tt i v. be tn'u!tl Cot ittt ted by m~.t:l st,, itle rent 
plats. 

Ihc p1ltilt cht,.tcters tt itg theO epr% ttho tc-teni)ttCd 
itespo iscs nchde;: I. I)stance-ncrccivable stimuli (visual. 
hVgrii, t,IfctOr,) Adluremining the insect's ortentation tom 
tin p'lant.. tntact-prccivablc chi;tacters (chemical,C-.
mcchaic;l) detrminitg tite insect'% feeding and osiposi-
tion. I Nutritiotal and toxic cmstituents, determining 
the incct's tntaboli.;tu and theteby i~s 'urvival or 
iiioit,t., 

Intt w of the aho, otur present itutdy is b,:irtg taken 
up it tao parts. I he first part in'olves a cotmparison ,if 
the above .itcitiioned responses of the target insect to the 
susceptible ,ntd resistant gentypes of iis host plants. he 
,,::otild part invsolMes thestuy of the role of tile plant 

haltacters it detcritining these respotses. ielow, we 
stttinittci: tttlctds de clopel tot measure and compare 
tiese rcpoit e:. 

.Wimh'irp'tt ',t " ,vi ,ttional rcipopo.n to whoh 
plot ot tke lit-hl or wreen-htos,. I hese methods have 
been so designed antid tie experimental coinditions so 
controlled that differences in tie insect's responses to tie 
platnts , ouid clearly be due to the plants' internal 
characteristics and not to any ottsitle factors, 

le.t swre conducr.id t t a single-compart ment 
chatlber (15) x I?") x 120 cti) with wire-iet walls except 
at thc base which wais provided by the floor of the screen-
house or the field (earing the test plants. ['he plants of 
one emultivar were arranged in a row inside the chamber 
alotg one enid-wall and the other end left blank (no-
choice situatitn) or hatd a row of the other cultival (2-
choice situation). 

Ten ovipositing females, released in the centre, were 
able to orientate and oviposit either on the plants or 
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elsewhere within the chamber. On the basis of the total 
number of eggs laid in 48 h, the percentage ofeggs laid on 
the test plants was calculated and served as an indicator 
of tibe ovipositional iesponse. 

,feasuremnent of ovip.iitional responsts to distance
pereeivahl characrersof the plants. A specially designed 
triple-comparttnent chamber (210X80X80 cm) was used. 
[he plants or other test materials were presented just 
outside the wire-net all ,. ,ne or both ends so that the 
ovipositing females within the chamber could perceive 
their distance-perceivable charact,:rs without coming in 
contaict with them. 

Te 
lhr percentages of eggs laid by tie feimales on the wax 

paper strip (serving as ovipositional substrates) at each 
end would reflect the insect's preference or non-prefer
ence for the distance-characters of the plants viz., visual 
(colour, pattern etc.,) olfactory (volatiles), hygro (water 
vapour) Techniques have been devised it) test the role of 

each of these types of stimuli by excluding or including 
one or the other at one or both ends of the chamber. 

,Measurenentof responses to tl volatiesfron the 

plants or their extracts. The ovipo:eition response to the 
volatiles front the plants or their extracts were tested in a 
specially designed rectangtlar twin-compartment 
itatibei-(20X15X6 cm) with a closed base and open top. 
A sheet of perforated ia -paper (serving as the 
ovipositional substrate) was stretched across the top of 

the chamber and was covered with a wire-net (20x15x 
2.5 cm) within which an ovipositing female was released. 
Leaves of one ctltivar, or its extracts in the desired 
quantity, were kept in one ,.ompartment and the other 
compartment was left empt) or filled with the leaves or 
extracts of another cultivar. Differences in the 
ptrcentages ofeggs laid overnight (in theperforated wax
paper segments above the 2 compartments would reflect 
the ovipositional preference for the volatiles tested. 

Afasurement of ovipositional respoines to conltac
perceivable characters. These are measured in a circular 
test chamber consisting ofa base ( 11.5 cm dia, 3.5 cm ht) 
and a cover (11.5 cm dia, 1.2cm ht), each having a wire
net across its top. The cover rests on the wire-net of the 
base across which are placed one or two test materials, 
e.g. plant leaves or their extracts, on glass plates. 

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

Meas'urement of larval orientation, feeding and 
development on resistant and susceptible cultivars. 
Methois have also been developed for measuring the 
orientation of the larvae in terms of percentages arriving 
or departing from the plants, feeding, in terms of area of 
leaves consum:d, and development in terms of 
percentages reaching the pupal or adult stage, during a 
given period, on the test plants in the fields or screen
house. 
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Basis of maize resistance or susceptibility to C. 
poftellur 

JK.I. ,mlxf,. 1I Atima,. K N .atena 


The following three maite genotypes were used to 
compare the above-mentioned response., of C. partellus.: 
inbret A, 'CZI-CNI and 1(72-CM. Some observations 
or the responses (if C. pariellur adults and larvae to 
Inbred A, and ICZ2-CM Aere given in the ICI'EE1-venth 
Annual Report, 1983. During 1984, further work on these 
genotypes was carried out and a third genotype, ICZI-
CM, was included for comparison. Ihe results are briefly 
presented beloss 

Viio.iion on who,-phnti O i ositin is the lirst 
step in a lepidopteran's ci h0i/ation oil a plant. We 
compared C. Iartelli ovipositional response to the 
maiz geiotype, menio ned ahi se in order to find out 
whether this Iesponse heals alt relationship with tile 
plant's susceptibility oir resistance to this insect. When tile 
three genotypes were presented to the insect in a no-
choice situation within the single-compartment test 
chamber, tile rate of oviposition was ahnlst equally high 
oii all ot them (lfable 9) In a 2-chiice situation withIt 
susceptible Inbred A and Oie or tile other 2 resistant 
genotypes, ItZ2-CM attracted alnmost as much OViposi-
tion its Inbred A, wher'as oviposition on I(-ZI-CM was 
mtch less. I here was clear ton-preference f r ICZI-CNI. 

rabe 9. (" partellut opiluitihal respotu,It certain smueptihle
and reikliant genot)pei in 2-dlcre is %,ellat no-cholce situalloniwilhin the tingle compartmernt test chamber 

Cry, ,1td 11I 

A it 

;,d .\ NI ,'1 ? 


I( M ,i 

(/ (f %ii 


Inhrd \ W/ I it %1 7 1 7 

Irihird A R / .1 % .t1, S. 


Role' o/ di slanuu-pu'ruiitu'all, plaini chiaracters. onil 
presenting tie plants uilside the wi,re-nct wall iif the 3-

sectoir test chamber at only one end (no-choice situation), 

toe insects within the chamber laid almost twice as many 

eggs at the end facing any of the three genotypes as at the 

blank end. \s tie insects were not in contact with tie 
plants, the oviposition would be in response toi certain 
stimuli froni tie plants which could he perceived at a 
distance. However, under a 2-choice situation, presenting 
Inbred A with ICZI-CM or ICZ2-CM, respocse to both 
the resistant genotypes was almost equal to that of the 
suseptible one. Selective presentation of different types 
of"plant stimuli revealed that the visual (colour, pattern) 
did not influence oviposition. Aqueous vapours serving 
as hygro stimuli as wel: as the non-acqucous volatiles 
iervinig as olfactory stiuntili from all the three genotypes 
elicited equally high egg laying. 

tbus, distance perceivable volatiies would nt account 
for ovi-' ;tional preference or noi-preference for theplants, 

plants.
Rolh of contact characters. On allowing the insects 

contact with the plants within the circular test chamber, 
egg laying on the lower surface of the leaves was about 8 

13 

to 9 times that on the upper leaf surface, for each 
genotype, when given a choice between the two surfaces. 
Even on the upper surface, the oviposition on tile basal 
portion of the leaf was much higher than on its terminal 
portion. On the other hand, on the lower surface, the 
basal portion of the ICZI-CM leaf elicited more egg 
laying than its terminal portion whereas there was no 
significant difference in oviposition on the two portions 
of Inbred A and ICZ2-CM. In all the 3 genotypes, the 
terminal portions of the leavesthough less preferred than 
tile basal, elicited oviposition at a high level when offered 
as a choice against a glass surface, which by itself is quite 
suitable for egg laying. 

When presented in a choice situation, oviposition on 
the resistant ICZI-CNI was much less than on the 
susceptible Inbred A, for the upper as well as lower 
surfaces of the basal and terminal portions of the leaves. 
Although heslower surface of the terminal portion of 
ICZ2-CM received less eggs thar. Inbred A, the difference 
was not as much as for ICZI-CM. Removal of hairs 
(trichonies) on the upper leaf surface of ICZI-CM 
increased egg laying, which suggests that hairiness can 
inhibit ovipositional response. However, since the lower 
surface of tile leaves without hairs is preferred for 
oviposition, it is likely that certain other contact 
characters are responsible for the ovipositional 
differences among tile three genotypes. 

Larval orientation. On emergence, larvae begin theirorientation and either stay on the same plant and move to 

the feeding site or leave the plant in preference for others. 
Continued stay on a plant or arrival on it depends on the 
phlnt's attraction to the larvae. Comparisons of such 
responses of the neonate C. j'artellus larvae to tile three 
mai/e genotypes revealed that the susceptible Inbred A 
attracted these larvae more than the resistant ICZI-CM 
or ICZ2-CM. A greater percentage of neonate larvae 
settled on the susceptible than ot tie resistant genotype. 

Larvalfeedig. The area of the leaves in the whorl 

consumed by the neoiate larvae was greater on the 
susceptible Inbred A, less on the resistant ICZ2-CM arid 
least on the resistant ICZ-CM. Thus, the larval feeding 
non-prefterence for these two genotypes is part of their 
resistance mechanism. 

Larval dh'velopntent. The larvae released immediately 
after emergenceon thetest genotypesde-eloped betteron 
the susceptible Inbred A than on the resistant ICZ2-CM. 
The percentage of larvae developing lo the last pupal 
instar in 28dayswas34on Inbred Aand 18 on ICZ2-CM. 
Such a difference in larval development on the two 
genotypes is relat, ., at least partly, to feeding as reported 
above. Thus, u.n-preference resulting from contact, 
inspite of initial ovipositional attraction, larval 
orientation and feeding non-preference causing poor 
devclopment, all contribute to the resistance in ICZI -CM 
and ICZ2-CM. 

Basis of sorghum tsistance or suseptibility to Upartellus 
lf Alghahli. A. Se.,hi Reddy. A.N. Saxena 

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



relatic ly reststart partellui respons is to these plantsI ('. 
and the role of plant t.haract.is are being studied in the 
sanc %%ayas descried abovc. (fur obseisations last yeal 
shiorcd that diilcrences in certain responses of the ilisect 

h to cultivatis.accout ted hor thio in their reatl\ictile 

susceptibriti, oi resisiaicc I lie oipoiitotal response, 
for the resistailt IS 2146 sas, loner than tlt of the 
,swcptible IS 18363 because of lower attraction b the 
hirnicr's solatilcs ,whil2 the contact charitcters ot both 
%ee mtliallv clit.-i.c ilieliciting thi, responsc. I lie 
larsie enrelgllig rionil lie eggs on the osipositci plant 
hos.cd Clqual attractioni to anid arrest on both the 

crtisa;Brl,lnt.ldrvatl aet-rrheloprietit s,;ns higherng dvtc 
(lit the sisceptible cultiar. Iritlthl study (ii these 
tc,pri,,s ;Iiud tile clllactcrs ins.ol\ed iceeiplatnt has 

irLrued out 1984 the irsuilts are
thilllrg aniii ricll\ 

pi.esited elhh 
(1.r'o\' Ii i0u,de/hwmli.I Icetss in the siigle-

rt.'ili r chr cd thllt (.pariitirltI lessthit I sho 
C.,g,onI'2 14( thuur onl IS 1836 111nri-c.hoicet as %ellas 2-

oltouse I)IIIIg t tellsllitio i 04,, is%Coicluision %%;Ir 
m a .tu .titire screeti-hoie. IS 18363 plants in arlaryc.e 

hil,k(I s 2 ni, " no,s oI IS plantts snere grovr'each) I 
.lirtcOllCI Itlthe -,crtcil-iti C "hile at tie diagonally 
'ppoNitC coitli %%,.,ISimilarr block of IS 2146. Ihe \ind 

hbclsit rehl 's,i tif,se plants %ithioutblocks of 
piSIrlig fromt ie to the othe. I Ilrs arrangenent ensured 
th.rr strirlli %cre riot tirethe distarice lixed-up 'Aithill 
SLterwll-lrow I ,cnt ovpoitrimg tcnalcs were releaseid 
i itsttletrc irnf the percentage oleggs laid on eacl 
,irli.irA.tSI' ]irlilalter 2 nights. I lie results showed 

th,tt, of thctotal % theout urirher of eggslaud, 58 wereon 

,1,,,_tipllc IS Ix1h3 and 42" on the resistant IS 2140. 

liltv-, tire unre t's oripositional tori-prrelrence for the 

Lott nlt. i tilsuisceptible I 1i33. ,.r36 ibseecd, to 1 

C r;.ill,t I rhr larveer than the sllgle-co rlptirilcnt 

11,1tl1 cl 

I,' ,IInit ti/ Iltlu'iouioiliotr. has beenm It 

liri,.tiolv slo%ni that ruitfh '. the ovipolsitionalI'art,'lhi, 


cllr.ris to rliet( , litiles, ol the .orghlr leaves III 

reLtioi to th'ir hitiiiiftty c;ti be nc isured ilitirc iMili-

corilpilttrll:' eLr;rIrrhCr Ill tlre l;Ibrittor ,. It kits Also 

f rtcd that , lt 4 1t1res as It;rrrv IS 21.10 leaves illone 

Corilpartincrit ,, tile susceptible IS 18363 leaves in tile 

other cotirpallnicit resulted in almostiart equal oviiposi-

ioiialrespolinse It)Ile solatilcs ol bth. 
[tirther sltdic' on tile role ruf these volitiles have been 

conucted drritng 1984. FIrstly, itwas observei tiat the 

leavc, of both the cultisars, Mulien air-dried, continued to 

ci it solatilc. muhich cited iviposition in the twin-

cotmp:irtinent chamrber. Ilovwecr, when equal arnotnts 

(3 g) oi tire dried lcanes o the two cuitivars were taken in 
one il the conpartnent.s of tire chamber and tire other 

coitpartmcnt :i,Iscit blank, tile percentage if eggs laid 

in the colipitir-to t conrtaining the s'sccptihle IS 18363 
olitils ist i21t4 olmr I 5.1) than te cou part-

ient srith I. 2146 n ties 1219.11 > 9.1 tinnier nio-

htie stitttiori ,\lter extractirg %,itin-hexanrc, the 

resilue of tlisir y leciss elicited mtuci less egg hIving than 

the unrext racted dry lear es Oil I lie hexarnethe otlier harli], 
extract of the susceptible cultivar elicited 68.0 ± 7.8w 

14 

Oipositihn as coinpared to only 54.8 ±-10.9C. by the 
resistant. Ilhus, tilelower content ofn-hcxane in IS 2146 
contrIibutes t)tie ilisect'snon-prefercicc Ir thecultivar. 

lijrval orientation. As mentioned before (ICIPE 
neonate larvae emerging on the 

ovipositcd plant aie arrested ililarge numbers oi1both 
the cultiars. I lie role of the chemical sliniuli Iron the 
plants ilnlaaI atraialion and arrcst %%as examined 
during 1984. 1 arae %%ere released om a disc of wet filter 
paper inpregialctd \sithdesiicd niounts tf n-hexane 
extraciL o acetone extiact ot tilen-hexsare-extracted 
lecass of the Ito cultisirs. I lie percentage of larvae 
reutining oiltIe fillet paper discs after 2 It would be 
relatuc to the degree of attraction ariest by the extracts. 
I lie untreated svr iuclr paper arlested tinl., 

,.Inal Report. 198,3). tile 

46.7 L 15.2(' 
;tlac %%rctas the percerntaige (it \ac arrested was 63 ±la 

6 l',the liexan xtract iofIS 18303.68 '! 9 by tile liexane 
extract ol IS 216.0, 85 1 4 by the acetrne extract of IS 

18363 anid 80 - ( by tIre acetone extract of' IS 2146. Thus, 

tile acctoirc extracts of both tie cultisars were equally 
imore eIlectise thln their I-hreane extracts. 

linrval frrlding. lie neonate larvae settling in the 

%khio Is the sorghulrr plants ha\e been reported to feed 
in IS 18363 nrore Ilian on IS 2146. On develhping tothe 
third intar. tihe larsac iraN Iced in tie foliage or bore 

into tie ster irakig tintinels. Iceiding by tIe third instar 
Ilrae oi the foliage was therefore comupared for tiletwo 
c.ilti\ars. I lie arca of the leases constlnmed itt 48 h was 
higher (W.3 I 01.4 cinr oilIS 18363 than that on the 

resistant IS 2146 13.4 0.6 cn).lThus. like tire first instar 
lar\ac, those in tIre third instar ;.lsoshowcd a feeding 

non-prefcrence for IS 2146 leases. I lie plant characters 

responsible for this are under irivestigalion. 

Basis of cowpea rtistance to tilepod borer, 
'.lesulativ 

.S"/II.f ,,,( h v..%.j w/jiPA) 1. 

I iree cwpea cuhivars hre been taken tip Iom thissiudy: 

susceptible Vita I, and resistant Vita 5 and TVu 946. The 
approiach and nethiodology described above are being 
lillhrwcd for this insect as \ell. Tire results obtained thus 

far arc sunrari/ed below. 

('ipositiont. On the resistant cowpea cultivar TVu 946, 
oviposition is less than ott the susceptible Vita I because 

I Vu 946 contact characters, particularly chemical 

stinli, are less effective in eliciting the response. Thus, 
nron-preference for TVu 946, caused by inadequate 

chenical stimulants, is involved in its resistance, 

partictlarly in a choice situation. 

Lrval orientation. Attraction and arrest of neonate 

larvae and their settlement on the resistant TVu 946 is 

lower than on susceptible Vita I. This difference is due to 
the lower chemical stimulant content of the resistant 

cultivar rather than any repellent factors. 

Larvalfiedntrg.On the flowers, larvae feed as much on 
Vita I and IVu 946, though tire latter's flowerjuice is less 

phagostimulatory than the other. Feeding on the leaves, 

though quite low on Vita I, is still less for TVu 946. The 

same applies to the stems and pols of this cultivar and 

this is involved in the cultivar's resistance itt the absence 
of flowers. 
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Larval/iomuiiliat:an /utittri,,n. I od utilization and 
nutrition it stems anid pods o I Vu 946 is less thantan 
Vita I I hutS, art ibi l is partlyinvolved ia the resistance 
af I Va 946 sIC lai s.r i stcms and pods.he Iced i 

Larval lr'vehl,/t,t I )i the Iltvitcrs,,laval 
establishnent is cqualll, high tar Vita I and I \'t 9406.()t 
pods, %slien iaser ate ti|nt asailaible, tc ,etlpirnt is 
liCr ti I Vi 9.16 thil ill Vita I (On stells, i the 

absecte at[ polts and lthcrs, diteelapliteit is asset an 
I Vi 940 thal ti lVita I I lie dcsclapretnt ol the leacs 

when holsers and pts irt nat ailable, is el 'v l)ss ain 
Vita I and ccnr hisset oi I Vii 941. 1)illerences in larsal 
ecselahnr..trt ii Icass, s'-terhini,aind polds, are caused b.'tl 

thnst, in bath lCeding all Id ' titill/,llln nutrairt( 

( ii I flip rh'a r 
ra i tsIht'ir ri\isait'rae )r sasceytililits 

, I ,/:, R . 

Shootll it r ari,lld tIrcst,ttitl Ir 'llight S)ightlll l 
criltir, (1Ks sntilwi, .2122. 212;. 2205, 2291. 46(,, 

,Sl. .l:-,1, ind ocit. itIIpItt e Itc:sls tlt l(i c 
slfl'.. ,m; i,,i, ) treprihil titrisrrs (Sejerri miii (5g11 
II) aceI I iidl d i;itlct lie il itLoiili ts (is ttirtliltt 

I l l't, i M I Ill: lt.LchI I t"I'I.[ tII1 ilt i sI1s .nd ( '11 I sere 

,tlt tstted lot piettetCicL hr ilptistr [i 1) ai two-.h ice 

Inthrt'I t", -hittist I h ttihilt esisttt'lc t l i, 

IteCl'I.11ei'l l. I , slititi,, " ftint li oseti+ 
itt,.:l di h' l it, It11 t1 ,1e1t'c Io. t ilti',ti. I lie 
t' lt. ,I tie . itricu z: pit rtwti andl iclil studlilcs 

tll,it liii I+ teti i2 t4tI 1pas1,- aliM, 0iftofIIs 
irp1)It.ail nllt .i:ttit I'll itanc to shatlk iiilt 

tight ttt llt iht, I itIet il,1dlLC t itie a crtain 
tit_' u,: . I iNttt,.l, il IN .',.") 

if;et-tlics ofl plaInt rrcsistant'vto)I inlSedts 

/ /2.',,.,; 

.%iriii it rittlan, t, tn /it riri. etitic afIlIitsi 
,I t'hitillti rt'sI',tltt it stei butters [ilaittly ( 
/,ttf//iit I is.is, etittrii tv mig susceptihi',ii ~us i~ri 

rc,,tmit mil tti .iI tlts\,iI Ie tti,,lts re.ealed that 
rcsilri, t d rt'ter, is iiiis'ertrmc r I he, Ilitelitjtfi 

killl illit.l t itstcci nert %lisetl hig'h degree li 
tlictrItM il sIti 1rrer initesattit, piaiticilarI tio stern 
ttirine'ih,igVirld ,lc tig h tlheNtPlin 1l.i ll r,f ,esistt 

til1i;itls ,tkrc p ini )!talr Niteis (iccetic s 
ti',,ititi ti rctt.,tttcIti ci ittige ainld stetli 
tihilrr ,ipg i t. , tl ihlilol cttrn g'nettr piatter,. 
ReIslsl, c I') k-.11 rt te sirs1,,iginsetcd by hultlditise 

ulnt tilttrc sc to steliu tic %k!ilc resistacc 
ttilliriirtt, l5,i5 ri't:led prt tilt ii 1,1ft t i bY addthi 
gcrie , 

I uitict cxpi.rcntit , t'rec l (t lit II stuik th 
gentile s , it rtrttt lrst.utice irenuttrlcrrnc.. 

llallssis iristritd irrcIr., I , ant I- iof three difrerent 
crsse,, Ihlie paltnteit iiilstd itn tire stuty hld t iidC 
ranze of cpte,,,,tri hir pItirt height, Icval ntdrnige, sietin 
tinieling. sier Ilodgitg anird grain ields. [stitiates if 
degree ofi dhontminate ri IhI--nt inibreedling depressinI itt 

F: suggested that susceptibility was dominant over 
reststance in susceptible/ resista nt and susceptible! 
tloerant crosses, while resistance was daominant over 
tolerance in tile tolerant re,sisant closs. 

I he vllallon pattern ft Iatl damage and steal 
trrnelling it) I , and I " progenics suggested that they are 

ditielicirt antd irrdtpndcntl , inherictd paraieter, [hus, 
bulth resistance alld tclciaice irechwisins are operating 

iIli sorgtm resistance it) stil buirers. 

'stinirtes (i i hoadt scrisc hertahilitv, genctic 
coieftictent f raittirn atd expcted genetic advance tr 

stein tunnelling are presented in table 10. The heritability 

estimates were rather law in all cr)sso,-s. Ihe estinmates of 
gictic coefihciert tf sariatiari coinsidered iii conttjtitctinr 

s ith heritability estnates \ssiuld indicate that large grain 
s,icld rtnn tire selection result fron the crass Serena IS 
21-P-, I lie est;imates ot expected genetic advance also 
inicated that abitit 55; reduttctiotn iln stean tunnelling 

stihtl d tesult ron seletion of tiip 5' (tile least 
IitMired tol plits aHlOng tile segregates of the cross 

Serent IS 2146. 
labl Ill. fstliat lrtuts hit'riitiiit Ctiutrm n"t' icinl of 
uriuti t llat tLctit ttg n tuiut rtc for jirlit'r slerun e 


tiiuiut'tlili in saorghum
 

' [Idts g'ttit I-\peated
 
Ol ti w. , It.rll itt' -it ctitic ildsalt.it 

it tnniinhi ; If Iicirt) 

Sst.,I;. IS 21.1f. 2' 1445 Ill oo 

s.u'rttriI SeCe' iilttr121 .11)- 19.12 
'wetci IS 2146 ) 1,i )7 54.98 
t.s 2140) - tesistait, S ,,rnt - Siscueptiht . Serea - "ittraMn. 

Itased nit the abase genetic analysis, exploitation of 
Itcsstairce ttilerntce tchianristm is suggested through 
iccrttint selectiom (poutlation inmprovenent) todevelop 
srer bi -t-iesistitintcitltisars. 

( tlp't re'swlaml e i)3. [P ie'.itthikv C<owpea resistanlce 

ri the pod barcr, Al. t'stitilts was studied it tie cross 

bet iccin rest stant pa rent I Vi 9.16 a nt susceptible parent 
Itfifla (i0 I(RV 5) Resistance to .larrtt' was neasured 
Ion tIs) parafieters: percentage puod damage and 
pcerto scet itatiag!e. lie varialion pattern in the F! 

suggested that resitilcn'e to Aflarti is polygenically 

inherited, Ili,cser, i conparisonri io J, [rin inid-parent 
saliie indictated that susceptibility vas partiallydominant 
oser resistance. tlre seced si/e (lIll- seed weight) appears 
fir lie sinie,shat associated with resistance or susceptibi
ity tf tite seed. Ile resistant parent, TVu 946, had 

less I(W-seed wright, (7.2 gj, as compareid to the 
s'is,'eptible parent ICV 5 (12.6 g). Ilie F1 progenies were 

fouind tor be ts susceptible as the parent ICV 5 with a 100

seedt \eight of 11.9 g. percentage seed damage appearsto 
hebe a mtre reliable mcasure of damage by At. testulalis 

thalt percecnt;ie pol damage. 

Ctief ru'tai.ifwiie o ap/ids. In addition to known 
isources of resistance toaphids, two newones, ICV I I and 
I(V 12 have been developed through induced mutations. 
l tieseimutants are promising for improved grain yieldsas 
sell. lie resistance ability of these mutants havL been 
confirmred through screening by artificial infestation in 
the screen-house. Preliminary studies in crosses between 
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resistant and susceptible cultivars suggested that 
resistance is completely dominant over susceptibility in 
F, and appears to be governed by a single gene pair. 

BIOLOGIICA. CONtROL. SU1I(1ON 

The long-term objective of the Biological Control 
Section is to study and develop biological control as a 
component of an integrated lest management (111M) 
programme that suits subsistfnce farming systems in 
tropical Africa. The cereal stem borers, C partelh. and 
1B. major pests of maize and sorghum;fiusca, which are 
and the pod borer, M. testula/is, a major pest ofcowpea, 
have been chosen as models in an effort to improve the 
production of these important food staples in Africa. 

Field and laboratory studies were continued over the 
period to identify natural mortality agents (insect 
pathogens and parasitoids) associated with field 
populations of the target pests under mono and intercrop 
systems at Mbita Point Field Station. An extensive 
survey was also carried out throughout the Lake Basin 
(Kenya side) towards the end of the long rainy season 
(.July-August, 1984) to record the distribution pattern of 
parasitoids and pathogcrs of cereal stem borers in thisregion. 

Parasitoid studies on cereal stem borers in monocrop 
and intercro I) systems 
6 I , 

Work on parasitoid incidence in relation to crop 
phenology and population densities (iof C. noartellu 
sorghum and mai.c monocrops was concluded, 
Systematic studics on the ellect of intercropping on pest 
population densities in rclation to incidence and activity 
of natural enemies (parasitoids) were conducted duri'li 
the long rainy season of 1984 at the station and on a 
subsistence farm at Gingo. near the station. A 
ranihrfized block design with 5 crgppirng combinations 
replicated 3 times was used. The following five 
combinations were selected on the basis of previous work 
on intencropping under the Bionomics and Applied 
E-cology Section of the programme: sorghum/cowpea, 
maizc/sorghum, sorghum pure stand, cowpea pure
stand, and pure stands of the local varieties of sorghum 
(Serena), maize (Katumani) and cowpea (Ex-luanda). 
Weekly insect counts were made by examining ant 
dissecting samples o 4 plants each of maize, sorghum 
and cowpea per plot. Ield-collected cadavers were 
rxaniined for mortality agents in our Insect Pathology 
Unit. 

Results from sorghum and maitte ronocrops 
confirmed the predominance of the pupal parasitoids. 
Dertichasmias hn.rreolaeand Pediobiu furvus in field 
populations of C. parte/lus and B.fusca at the Station. 
The population build-up of the stem borer larvae on 
sorghum and maize started one week after plant 
emergence (WAE) and that of pupae 4 WAE. The larval 
and pupal populations on sorghum rose to a peak 12 
WAE. On maize, larval population showed two peaks at 
fourth and nineth WAE, whereas the pupal population 
reached a peak during the sixth and ninth WAE. 

On brah maize and sorghum, infestation of pupae by 
parasites was recorded from the seventh or eighth WAE, 
reaching a maximum at harvest. A new addition to last 
year's list is an egg parasitoid of 13.fusca (? Telenomus 
sp., Srcelionidac) recorded from a subsistence farm at 
Gingo. llc pa rasitoid Apanwles .sesaniae(Braconidac) 
was found to be the commonest and most widely 
distributed larval parasitoid of C. partelhs and . fusca 
in the Lake Basinregiontowardstheendofthelongrainy 
season (July-August, 1984). 

The first set of results from intercropping experiments 
at the Station (long rains, 1984) showed larval population 
densities of C. partelu.%on sorghum (cumulative data 
throughout the season) to be highest in pure stands of 
sorghum (mean of 0.31 larvae per plant), intermediate in 
maize/sorghum (0.22 per plant) and lowest in sorghum/ 
cowpea combinations (0.18 per pl:int). However, corres
ponding estimate of parasitoid numbers were too low to 
account for the observed differences. 

Insect disease dynamics within the intercropping 
system 
W.A. 11,,n 

tUtiliz~ition of insect disease-causing microorganisms
such as bacteria, fungi, nematodes and viruses, is now 
widely recognized as an important component of 
integrated pest management throughout the world. 
However, most of the information available on the 
applications of insect pathogens against agricultural crop
pcts is based latgely on monocrop systems. The 
resource-poor subsistence farmer in the tropics, 
especially in Africa, often practices intercropping. In 
order for him to benefit from the emerging new techno
logie's on biocontrol agents, it becomes necessary to 
understand !he basics of insect disease dynamics within 
an intercropping system as a prelude to field applications. 

ieldmortality ofthe cerealstem borer,C. partellus,in 
diffurent intercropping patterns. A regular weekly 
sampling regime to recover C. partellus was maintained 
throughout the growing periods of sorghum and maize 
plants. After 13 weeks of sampling the 13 samples 
collected, larvae and pupae, were separated into live and 
dead ones.
 

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

Distrihution of pathogenic Pnicroorganisrsanrong 
dead fiekl-collected C. partellus. Laboratory diagnosis 

Tntie tI. t-ildmortallt) ofthe spotted %talkborer C partellus, 
in difrrenrt intercropping patterni at Nitlta Point Field Stalion 
(Iing ratn, 1984) 

total " 
tnirciup, collected I )ieawcd mortality 
,laue-sorghum 304 15 4.93 
Maie-cowpea 49 3 6.1 
Sorghum:-cwpca 140 12 8.57 
Sorghumn-cowpea-maie 185 16 8.64 

IOTA I. 678 46 6.78 
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of field-collected dead Child indicates that the bacteria 
are the most important mortality agents (36.761'c), while 
the viruses are the least important (4.41%). See table 12. 

I able 1:. Incidence of pathogenic inicroorgauninr field 
collected C'.part llus at Nibita Point Field Statlon iI.ong rains, 
194) 
- , e 

a 
l'uici., 

1g68)lalS 
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16 71, 
21)41 

,,hh- I 1 12 
It7, 7 I 29) 
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Infection and mortality of crop borer (in sorghum and 
ctwpea 
I 0 OF"5,,, 

l'!ots ill pure sorghum atd cowpea crops sere planted. 
hand-c edd, anid Icrtiiter applied to them according to 
standard agronoiric practice. Sorghum stems were 
saiipkd continuously from iflanting to post-harvest. 
dissected and ise larae anid larval cadaers recovered. 
)iagnosis for causes of mortality wits carried out by 

exanminng the hat-iolyiph and portions of fat-body
tisue in water-mouts under dark-field and phase-
cotitras nticroscopy. 

lin the prel-rninihtr hoissay's conducted to test for 
mncroorgainis with potential for bii:ontrol, lahormoty-
reared third-instar C' partelh larvae were fed on diet 
treated , ith a seriti-ptrified inicilun prepared from 
filif -cii Iclcted a r sal cada ers NI irra lit v wais reciiriled
eh-l stei ir aer Mortaly ,established 

Ilhe ajor ,teni borer was ( ipartellu, but the other 
ircr%, Ui limi a, V. i harst Sl. ta/ainim%hiwere also 

foind. Mortality buid-up isas slos initially and, 
although it startied about 4 weeks poit-plant emergence 
(lPlE). it reached its peak ( 14.7"; ) at late plant maturit 
(9 weeks I'T') lhereafter, larval mortality declined to 
less thtan 3'; it harsest ff4 weeks PIT). Similarly, in the 
leg1inc p I bhore r .1. tin ii.i. larval mttortalit y if tie 
mnicroorgansms was low, the highest level recorded being 
12i in late groing season. It laboratory-maintained 
cilttres of 3f teito/ohi the prototoa Nemota sp. was an 
important itortaitv factor. 

Blacteria wcre recorded in tie highest proportton of (tie 
larval cadavers of tIre cereal stern borers (77 8 , ), but 
firt/gi (Ii, 21 , protooans (7.9V) aind nematode, !2.9, ) 
were also observed. In laboratory-maintained cultures of 
Jl. te.tuthho, the pri to/oa Nose'tm, was an important 
mortality factor 

Pt'reliminary hioasays and subsequent screen-house 
trials shiwed that the protoioan recovered from M. 
te.stulali. (Noisena sp.) is highly pathogenic to C. 
partelLr, and therefore hai a high potential for use in the 
control of tie steri borer. 

INS.CI MAS'S RI.ARIN(i IF(tIN(I (XY S-('TION 

R S (k',Irng 

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

& D sub-section is the research wing whose function is to 
formulate and test insect diets for mass production. Its 
other function is to initiate and develop new techniques 

for mnss production of insects. The support services suli
section ca:ers for the demand of all other programmes 
and units at ICi _|E. 

During 1984, our efforts were mainly directed towards 
the production of C. parlth. Improved rearing
techniques were r -tpared to meet the increasing demand 
for the insects. It was, therefore, necessary to study some 

factors that are believed to affect the production of Chio 
on mass scale. 

On,: fittor which was thought to have profound effect 
or, Onto production was the relative humidity on the 
eggs. Studies of various relative humidities experienced 
throughout the entire embryonic period, or during part 
of it, arid their effect on egg hatch and development times 
were undertaken. Such knowledge is vital in establishing
optimum relative humidity conditions during embryonic
development, andi in applying air appropriate egg 
collection and egg in, ajbation straitgy. 

'[he eggs of C'.!larteltus used in these experiments were 
obtained from the laboratory colony kept on artificial 
diets for over one year (about it generztions). The 

experiments were done in sandwich boxes with light
fitting lids kept at ambient laboratory temperatures. Eggs 
were colected on wsax paper. In the morning, the eggs 
ssere counted under the microscope and then placed on 
filter papers. In each humidity level tested, 200 eggs were 
set up. lioaded filter papers were immediately placed into 
the sandwich boxes with appropriate test humidities 

over different concentrations of sulphuric 
acid, introduced into the container at least one day
before use. Care was taken not to leave the sandwich 

oxes open long during the various experimental 
manipulations, ir order to avoid disturbance to the 

nhumidity equilibrium. Hiatchability, checked after 5days 
alter oviposition, was used as a criterion for the effect of 
hunidity ot the eggs. 

1Theeffect of varying constant incubation environment 
on egg mortality throughOut the egg's developmental 
period is shown in table 13. At all the rolativT humidities 
tested, the embryonic development proceeded normally. 
At values below 801."rRIf many eggs which were developed 
fully to black-head ,age did not atch. Many black 

atble I 3. l'ercent hatchailio or (. partelluieggs at different 
humidities 

incuhatiol Number (it Unhatched ' egg 
Ciurlrieir cggs placed eggs %ith hlack hatchability 

(RI htad (rang)efe(ubrN 
iO 415 85 77.28 
9 11 99t02 73.93 
90 40I0 120 68,25 
70 4101 1'9 47.1360 400 256 36.o 
511 359 203 19.68
401 400 251 10,5 
310 398 229 2.5 
21) 395 269 0.0 

10 402 248 4.97 
0 430 427 0.00 
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heads at niediutri humidities had their bodies emerged 
half way through the egg. -ggs appeared desiccated at the 
ionsCst relat ,e hurnidity values tested. A large itnumher if 

deseloped larsac appeared shrivelled, and about 30r7 
eggs idt!rit ha e any embryonic development and hall 
extensiec desiccation. At 1l'1 Rif, 9517, of the eggs (lid 
not hatch, although 62'; of then cortained %sell-
dc¢cloped cmbroes, indicating the presence of ta water 
loss prescit on :ncchan,isn. At 100".'r (lR tie 
h.itchabilitts s.is aho.e 77', 

In Cq)epe cits c(1.,suhing lie eggs to satious relatisc 
hiuiihi tI, tir difterent perioids oh time then transferring 
thei1 to I RYP; If tor comipletion of dcelopnicnt at 
rotmi tniperaturc, it 55as shioss n that prolinged exposurt 
tiionm-si'uratcd liuiilitlc ioes not result in signiificant 
rctlucttmi in hiatchabilit ' II oukescr, there isas a tarke,! 
icu.tio in egg hatchabihity at 401:' RIf ( lahle 14), At 
9W, R II c;.:r theIxpmture for 72 h didint significantly 
rctuce egg 1i.itchablh.', !he..cgs onls hc.iii.e serisitise 
it Liter star- of dsct lpiill. 

I ifih"14. I',,rcmeIt ti h htillit i" (i . parielluiel g' expise( oir 
diftrrrenl perim1,Rii t oforihlionfinei it,-f %rimi..Jill at roomIranmferingtemperaturefiI")',-

(or riselopmei hbefore 
iN) egU irritim iuT 

hunidity affects egg hatch but does not adversely affect 
emhryonic dCvelopment Ihe data suggests that the 

tci hryonic developimtn is 1not aftected by low relative 
humidity. 

Ii (C. Irtellui it I0'i RII, ,21; of tihe eggs (Jill not 
hatch although deseloped eibryos could he seen 
thioigh the chorion. Under these conditions, either the 
emhryb s had not completed their deselopment or they 
wsere too Aeak to break through the choriiti. A large 
number of eibrvyos broke the chorion at 70W,Rhi but 
desiccated half say trying to wriggle out. 

It has thus been shos n that C.paurtell eggs possess a 
mechanism which protects then'Against desiccation. "This 
allows the development of the embryo but the 
deceloplnent appears to swcaken this mechanism which 
probably results iti the distithance of wkater balancedue 
to the loss of water molecules through the permeable 
chorion of the egg. 

Results obtained in these studies hase assisted in 
Imnproving phitses of the mass-rearing system regarding 
egg collection and incubation. Eigg masses are placed intightly closing sandwich boxes in which the relative 
humidity is kept as close Ito saturation as possible by
priiying distilled water onto the filter paper on which 

RIfh,, 

tNl 7i-IU 7!1o 90.h~ 
+++ + 75 '1 

I,'.I 	 15 55 50 
I S7 64 )
3.4 	 7.t er, .14 1r 

9,6'' 

"2 4 1 7t1 ,
4-

IIc studics ,fo-, that C. parti.Il eggs are riot .ery
sclisitl.c t( lokk rtlati',, huitidity. |ggIhesehupinit 
prceeids t4, hatching onl, it atmospheres close to 
,iurtiuiii poirr Prihli'igeud exposiure ito It)%.relatise 

Prinus tim"l of i w.t misifritmrnialsrered hby nifju 

P[m. .,1 1 wtIri '- I 
I I ' 

5,I.5 l,,IX\X 

Ikl I t ,l~ .,,N'~ 

/cf aX
St/ ,hrx. 

they, are placed. 

I",sii I \tV%'-Rt \lN tt( fiv l()(i'\11( if( IlM St' (lION itIlt) ) 
Ni, tl)I iItVs('"t 

e miain objcctive of IM Uf N:urobi Branch is to
mass-produce high qualitv t.rget insects, competitive 

(fith wIvild type. flt expcitiicrital u,.e by variius 

r-search priigralrnles. 
lDuring 11^4 the Nairobi branch mass-reared and 

siupplied tar get I isects Iii progra itnnes and tinits as shown 
on the chart. [lie unit also maintained laboratory 
aniials ftr blood sucking arthropods and also supplied 
iahiis, rats, mice and hanstcrs for experimental 

purpose 

hirririsris IlI1 i psiog}Srrsor> 1 ti&& Ito;a ,is iod Ihinc 1.1ilrhgv ('top Plesls Insliutlion, 

xx 	 x x x 
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_ _-Research 

Livestock Ticks
 
Programme
 

As a resualt
of recent develolptnents (oncerning the availability of vaccines and 
drugs tir the control of tick-hornedi.eaies,anti particularly East Coast Fever 
(E(1). all,! the avaihbilitj of biological inethods of controlling the ticks that 

" 

it 


shortly become availabhc or tilt, 


transnit thi.m ih.-eaiw.ivconsidered probable that new technologies will 
integrated control of ticks and tick-borne 

dtea..siof liveitock. Firther, it is considered that these integrated control 
technologies itill re.sult in a b~iologic'alli, .talh,situation with regard to disease, 
and that the i' will h'e en vironmentalli ac eptable and dependent on the absolute 
injninial use of acaricides. 

7ie traditional netod.for controlling ticks and the diseases thi' transnit is 
the fhose-interval appIlhation of acaricides to livestock in dips or sprays. To 
control 1:'(' e-i'eklv applicationsare neceshariv.Ti procedure hasmany
di.ailvallta:,:,: the high coit of installing, maintaining and staffing (lips and 
sprai' rate ; the high cost o/' aciariciles thei' development of resistance to 
acaricihe h' the ticks. anid high Ivels of acaricide resihes in bef and dairy 
prodhce. But perhaps the greatest disadivantageof using acaricides to control 
ticks is the fact that an inherentliy unstable situation results where regularly 
dipped cattl arte conplete/i, susceptible to disease and naive to tick infestation. 
Ifor any reas. n acaricide application fails, catastrophies call occur. 

A.% a result of work carried out by the UNDP/FIAO Regional Project 
(Research on tick -borne diseases and tick control, RAF/671077)from 196;' so 
1977 at Muguga in Ken ya,andsince then continued at the Veterinary Research 
)epartment of the Kenya Agricultural Research Institute (KA RI) and at 
I! RA ). Nairobi, curative drugs andan experimental vaccine against East Coast 
Fever have heenprohticed. Successulfield trials with the experir.,ental varcine 
were carried out in Kenya and 'lan.aniaduring the 1970s. 
At a rectent conference ointheileriosis at ILRA D in Nairobi, attended by

delegatesfron an" countries in Africa and elsewhere, concern was expressed
regarding the preseint situalion ofrelying on acaricides to control ticks andgreat 
support was given fir the chevelopnent ti/biological nethods to control ticks, 
IJW'se would be used in 4onjunction with curative drugs and vaccines against the 
tick-borne dIlstase'. !t was consideredthat such ati integratedapproach would 
create i .table situation which would obviate most if the disadvantage's 
assoi'iated with the use of acariciles, 

Wh'bat are thepro.prcs?A istatedabove.curative drugs anti vaccine.s are now, 
(irs horthy will be, itvailahh,'foir t/ic cotnroliifthecis-,tses ofcattle tratstittedby
ticks. It ahdditi it has been known fJr nany years that cattle can be made 
resustant to ticks., and the technique is now being used in Australia to control 
Boophilus inicroplus, the vector of habesiosis. 
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were produced in the tick-naive cattle paddock and 
cry few adilts in the tick-rcsistant cattle paddock, 

Another important linding is that tick-resistant cattle, 
Mhen inccticd with [CI, gcitlh afflet the inictit iltes 
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l)trlng this pii d, wre ctntinitl du ittsestigatints on 
tle rse of irradiated IR'. lippti'dic/lrtc ticks to induce 
resistance. W e have tad dilficulty it obtainiig regular 
supplies ilf suiltable rabbits [or experiment and the 
ldrought corditioitns it central Kenya have caused 

prohlerns in maintaining cattle for exnrrintment. 

eista ite engendercd by ticks treated with three levels 
f rdition. 

Itrlier ik , tiat if krad ofhtad sho tiuit es 1.2 and 2.4 

ittiri rttliattin pre,ented the tiks Iroirt breeding, but 
Ii nt interlre itridiily with feeding. 

Itree pairs of rabbits ,were used it tihisexperirmentand 

2) rtIle ald 20 feniale R. alpprw lcttd lats. ticks were fed 
tin the left ear orf eaci, cinfined in i cloth bag. The ticks 

had received 0, 1.2 and 2.4 krad and two rabbits were used 
for caci radiation dose. Iwo more rabbits served as 
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110 Itiffal il )I jilis on ea ih air ]lalbhih n,,.2 And .1dird bll fIthr e 3rd feeld 

cointrolsr I tc le fcis iere L acll'telwalied 34 di's fialcr, in tihe tiiighli e ,illc, WC tictciti alsit seehost i : to it 
cx,:epl that I"tick., 'ke.,- ltially helssCen Ierilll( i inaleliltr 1d i ilie ahilit.fis Iild e ioth iN Ihe %%i of' the
 
c,ii. tileht s~~l\lh'i, illh 2X da) ,,aitest ice'd v'a, IClii,1C. ii ll '
oI r to Iced~ a t'icII l 1Iitel hi 0I1,eI! lilt-iohod 

l cicli ct1 1.1hbt.it 

uslin 114) t',Illphi liilliiltfd le ii\ti C\ lililtiottill IIIollit r C\p, l 1111cis. 

d lfic tlt 'l, i li.d nlgtile Citiilsls , llIlI t111 Cltj l Ilc these iiit'Lscs %it c I tillcr 

oilti,lcd tllales 
SlPl.lt'dilltf1isitills,, fiil ilih ci-. ilg e d lisliphN onl iin ()in , I\o tihhlis %cl.c ,at1C hl,tifri n,danlfd ilaf 
hulk itradiatet ticks isere led in ticia aisslilusn iitable 16. All
 

' 

liesI lt t. ,it iH I II ltliW Icnalc ticks 

Icedh, eni irpl sd%kcre order to select those of goiod s/c (2.0-2.9' i11)aind again 

Ihc aI tfll IIS lieSectiitl %.civocie hcIt uid idu illk hclhre use II 
(11twin c el leduccd, often 

sc'f'l[, II C'erLi',t lt: 'cIt Isis J.jet'l,' In feitales after engolrgerllent. A stab-satuple of 5 was taken at 

tI;l lift It-l car, Mti11 lrid led tilallci f N, hall ll l cicfh cli illitioil lloI those coillpleliiigIclil Iil fo llIfrlo 
It,,NCIr tlil11 lil Cii 'Alhl I i Eeliot I ftc au ct. rgc'lt[It oil dass 8 aitid U itt tihe feed. I heir 

1 i lt1i1i, illsicigklti IIit ", rispc'iecii i lcnlili- liiidiiC \i sI %ciliefd ;ind .111cstilal o ( thti,I , tiomtil qL!gs 

L.1111, ' tl -t'l-, ,uitllItiiitti 1,hl il' l sitiw " ptlltiCllt f if L llI C frll i hatch1 1I1' it0"j, siC ( Oli CaCe Cgg "a% 
li, ,i l,,IhI h ', 1iii,1ef11 l t is ic isl i irl tle A siil 'te lec itisu ig IM11n rniil s \as slaited ail 

(lil illt ri .i h ,AlC11,11 In ii i lli11w 2K4 IlI,S alltr tihe ipplitlii 1 iltelc cuth litis! ificadlits II 
1111, rs iii'',, i t s ,if llclltif.,il ill liit i is og ccii. flie ingtrged iiiiphs AWer(%eiglied In bulk. I he 
IitW il, 1t.I ii ii .it ltdI ,i ,- ril. , i iih tfl\t . e , lllt d itfi11Cilg tile S,,ltcsii ikctifll I mcii t t.li ll lConti il 

It'i~llll li hw i'dll[but i Cat';o~( hwIiS Ip llll t'\IIClllllLCii'..lt lt -val 
, 

'i I h l l. 

i zil -Iri i ,t'd iji : ,, fii,I.,( ! 1111 ail I lie ,.ACIVJiIl(he Cn1)!O rk I hoth.' In v,, ( iif ilnl !it'all IllillC\\hell 

h,"- , , h 1 . finll , , lli li, t'CSC, t. If lidM Cd \% IS siptillti,. a .IXIIltI -l h' t llit Ilh M'c ll1l o)\k l (1)-' 

vltte I ,i ilitl ioii d i't ., 1 ilti ii i1; lii (iL k 0hlil1, thillif hitt se s de tiii alcti . olrititeid Ictlales l,iid 
h iiegi ;i31-da. period altci iletc lti isliercui 

All tiit-iai;titi le'iiuilt- sarted it iiisiiiili in 5 lit 7 

I'sslillr coiilailllcafiins of intale lick slhriliti in inluJing ItAN . 1I1l st c; , aisCeleCifd, !,hie0jgS laid b\ ltle's 

rL silant-,i Inihelih sl, i21;ti s.tli i ititimcd tutlecs vslc ,illioti c titlpulctls
 

'Iciule It ;ts i lipareit thalt if,: list rabbil for the 

I ;tlt:..i,k- litid i% itii, tick, \rJciif I tiiiifltatld feiales si iigil\ Iti lw% it s resistatnt slih ,ftt-rit 
ir.i1 1ill i 1 ll'It1:u ic'i1tt 

'
, ii C tt. sciglti llt'sialtitll lie tile g e n-iradialdr tt1 llotli'f lick is cesitl theiltit 

I! rillih! xii \it . i, ' . O tl h .vt\C, ii fier. %lt-ic frili ii . 

iid i t cd ' i t', h !' l lci lhtil expci is nilrab illwhich,il I flit 'I i lit Il ieigh lilc-it ilsti 1 \li llus ini progress 

utitlls In siit iv silt -isI'\ t" lliit'tiertl. \'eclt t't i tl b ardM , iitiicitiin (ii lesistalce iiifestatiin irradiated 
tIh- .:lclo tt lw i iltiull,h hil ticks levels ofi tivks itisci! .4 k% liol ili, tlii is beiitg insestiriled al 3 


di al ,I IkilldIi, xc it itl ,hilit% 1 idultiii rc istint iiIlcst iliii.
 

Al)11' I ,i v ititlr rlo lllt~ ill tI idlliI. iappeiaultu l iit irradialil tilli2.4kLrad fillh st trra"ill1l)
iiii
Ift. i liit ttial I))t 

do," ri I hi)! N) illh, 

ii .2 2 , 241 I 95 1)0 

., 0i ii1o 28? 901 1)1 2.9
 
I- it t III t 17h, t 52 54.1 2.7
95 

I ui i04l 0 0 .12 5,.1
r r,.ir 


i .- ,.1
tiij
,'i ht ,rJ 7,1 

i tieti 1 clrol - 7.9 
14 ruipf - 8.4 

I-Perrcentage aif ..g .gerld coa erfldIlnoegg%the i"liht 
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Induced resistance to R. appendiculaiur inftrstatton in 
cattle In the lahoratory 

We have already shown that on tick-naisc rabbits, adult 
R. aptendictiituiv irradiated vith 2 4 krad of gatnitia 
radiation., tliugh completely sterile, feed to ahout 2 3oft 
the "eight of untreated ticks. I lie duration t th,,: Iced is 
also extended, v, hich Might be Idfartageous sin'c ,i rec 
dealing with antigens injccted into tile host through the 

tick saliva during feeding (type I resistance). In cil:,tho-

ration Asith colleagues at the Kenya Agricultural 
Research ln;titute. (KARI) .Muguga, wc alh(o sht)wed 
that in cattle rcs:stant to I. upp'nrtirulat , there is 
interletence srth the tratnsmiission of Last o'atst leeer. 
The objective if the present ,%ork is to rendei cattle typc 
I-resistant for use in lothcr I( I transmtiission studies, 

and for use ii field ttexpetinctis to coMtt of licks icalls 
of resistant cattle 

I Ai year-old hoitai nch iiCattile %ketebought frota rat 

Laiktpia )isttict it tiorntals lr R.
Atei is tow for 
aplwitithiiiottni and Mhere lrih'ria /wrta (cattlsitlse 
orgarisin if ICI") is also absent A. rarilt sample o1 5 
animals was tested and fou d totII scrlogicall,, negatie 
for I ,urt., I hesc %etc placed fi staills, antd used totthe 

fhllossug CepCtricnt tusingadult ticks irtalhated sth 2. 
kr ad 

I)av 0, i t test tced 

I WayI et: SIo Irraiated tact Car
C-, . i1tlts oil 

4)it.2hd tes Iced 
I la, lid te.t itcl 

I)js 7S. itch! 2" iii -ii.nditcl ihuls oin tach .ar 
I)av- IIe d 

the results stiriitariied in table I7 show that suitre 
degree of restltaice \s,% tild"Itnlrd I ftc itail Cetgorged 
%,eught tlec ,ugrit erie , I tic cattledtt'ise' (I" Oils) 
results tie als. mnr ;cdt'el 5. 1 the potiled control rabbit 

results. Wficr inJridtu.il cutic sletc examitnel ior the 
first and toith test,, it appealed that ote anntal fai 
failed to(ifeehop resisttnce IItere sIias tSIu in In th,:e 
neanl engorged weight of" the test rl tllph)to thinilttlrl. 
whereas oi the remaining four tiluits a rican redlrutinnii 

of 32"; in engorged nyviphal wefht 'Asa,l-istcrcd 
Ilhe ican duration of tie test Iceds ,aiei rou i6 S' 

days its1te secttond tc,:d t,, 117 1is itt the third feed 
Fivtronmiential temtperatture is knwitn t) affect tile 

tAtile 1". 1)esehi.tm itof I lpr I resistance to tik %!, caItI . 

I h nf fdid i 

l tg 

duration iifthe nymphal teed, but not to the extent shown 
here. Nean duratton to first engorged nymphal 
detachrent v5as, alis') for each Ied and wascalculated 
fouid to lIe highly correlated (r t0.95) with the mean 
duration of tie Iced, indicating that soiae controlling 
actor %%as at %,orkcarl, in the teed. 

tfi II l 11 I) tM,,sis t lli tSi RI sIt t AN(tII [0 
R ItlIt 5//( I /,t .I 

R 31A, ,, 

A iic~d tcst is ,cntsal lot studies ott natural or aitificial 
hos'-resistance to ticks. 

With single-host ticks like II. ticropi. this test is 
caricdI out by applying a known rinIber ofIlrvae on the 
ailUinials and subsequently counting tIre number of fenmales 

betceenti 4.5 and 8 ntu in length from day 18 to 22. The 
applicatit otl I00 nymphs (NN)of R. appendiculatuson 
one ear of cattle or rabbit has been previously used in the 
laboratty to assess resistance. In the course of an on
going experiment, cattle, believed to be susceptible to R. 
apprulnntoiuhto. were brought to Ittona Ranch and the 
I00 NN tcst performed ol them to evaluate their 

rcslstance status. 
Ilifteen cattle, up tI then regularly dipped in 

qiititioph)s (Bac:dip, Ilayer F.A. ILtd.), were washed with 
detergent oni .1siccssic days and their ears thoroughly 
cleaned atnd clipped. Farbags, tmade ot nylon inonofil of 
2 6 1oi poiC si/c. %%ere applied to the ears with tie rtse of 
ch!otnprt:re glue. Nyrmphs front the tick coloty at 
Ntigua %%erctransported to the field by placing the tubes 

ot wet satd ill a polystereno box, The results of the test 

alld at cotmpirison between right aind left ears are 
presented iii table 18. It cart be seen that no significant 
iliflerences ,.erc ofisersved between the ears, and the 
itnitals appeared to b! R. niiil/itnioltli.-susceptible. 

A tcyw carbags %,crc lost and, although immediately 
icplaced, this Ina% explain the relatively low percentage 
of cityucd tu,,fphs recoered. Ihe s,catricr was hot and 
lhi tick, Vcre drnr t,,.ithin the earbags. Ilie bags were 
ntetefoie opened twice a day H MtOt0and 1500 hours) 
instead of a single collectioniat 0900 hours as it the 
Iabratol, 

('atlle stimenf oun pasture all the tine, except during 
hca yrains wctit they %%ereput undercover. Theydid not 

t1$Ih tei t Ida.i ' 11 

It s ' Icf Ing 

Ic, rc it I) 901? I I 9 t t),I 70. t1 1 XIf319 0 6,7I L.5 

I w r . , 
is, 

t!.1 7 ! 1 
i1 

SSitt 1 .t 
t0t 

9.i 0 .1 
(51 
tif0 5 

13) 
9501 1.1 

15) 
9.8 1 5 

12) (2) 1 t:) (2) (2) 

NN Is I' dnlcoutrl,, I 166 9 9e lt919 71 

Mot ( 9 K t f6 
Max 'C 2 1.2 24 9 

Note% 
I-Pooled data from 7 control rchbti only (one died dhring ?rd feed) 
Mean e:'ult ( t SI)) for engorged ticks in tet frds with 100 nymphs (NN), sample %lieIn brackets 
leeds of Irradiated adulti (eiqual numhrr' of eacth %ex)were started on day 14 
(1,000 ticks per host) and day 75 (500 tlicks per host). Mean environmental lemperaluret are given for the first 5 days of each feed 

24 

http:1)esehi.tm
http:inJridtu.il


IAble 18. fir mts li 11On N,ts %carird it; lilt chIe it ific field; 
compajtrisonthrohil J piired Nainple '1' 11',I I,, rriIj%il e,1, Ald4it 
left ea4r 

it I i4 '4I 	 1 . ,114..II% 

an 

1 
i ,-.i, I 14,.4*'4, 1 4I (I~N s, I. k, P 

(riilciA 4AI44'Of I MillI 

;pif44141 lfwth i.o''. 
Ii'p. lot 11., 114')44,sh. 

n W'i~elt'i',),llkoh, 
44,17440)4) .1 "' 44'wi-11 

M!, I ill tA 

(1 ' 1.t '(.I I1.1 

. rd ' 

14CI .4 l4 :)i' .11441ti',,.tiil %oo,44i4)
i a 

lh,,',t Ili. , tI 141lIt Cdi111 417 

!,',) I, d4 l'.cd.~ 

I'di) \H) WI I \4' I4, I 

,I, 1 1 it44 %.,,1k '' ''1 7' (it, cl, I 'd1Ill. 11 7',1t.1444114414 
(.41114Cl:,t. 1444141-I4 144', '44) ill \'; 41 , I-Ir B1 1111i444/4/444 

"lilt 4111 .,4~t 4, ,.4 . ,Ilt ,44; Oll,' ni4441,14'1 Ill I,,tm 

h',444 i I,~ A ~1 '' I.',!1 ,,1 ,4 t401 (41 k7 '.4.4',l,, 1 ''11 

'.14.41.4 

%kk'1174,44) I 

414,4117I.4444 140 

.4'1~l4) t4'c1414.4 

444 1'. .' i444)' 4l II4,. 41)) (41'I 1 

1414' I') .. 44',, 1,) (IL14)Irl4444) I LiA 

rolC I,V. k 446,4n%%\Cf d 11 ,h i, k-41414:,I 'Ii 44I!, , . IIk(k 

%I),it,' 
G 2-) % ;4,., I4[,:147 oi4'' a411.))al4,4, %klil .100 

)P144).4-m ]" , 1 I 4 111,4114' 1,,I )47 

) %%4,417,44 


[I., It "h"/1, W4'4l/44414
. -I L-44,1 1" P" 1/. 

1

)2444l4)I \1441l1 

I,%44 I4 I4-, 

i' , -rl44,,4444414,I414 I t,m)o4 

'.417e14'.4144 I I,~~~~, 1: I)Il1711''.4)))4.14'.4, 

t 4 r , -r trn ,%4444)4 444: 11 ', 41141l4.4I41 1)4,l 

llIwI I '): I o 14I 11.i11.) 11i11114 :,IIl lCI1 pa ck41c 
k014411,.' (' I'V)4~4 .44"17 17444471,4 111glie1Ill 041111401 
alllill., 1h1l1III, 141i 8474) lcl,l' 44hm-,ed44414' ,7Il .ithil.' 
L'4 14),,,! 44:114I{MY4 )14 '.411 111444xll (I c'.I1(144111', 

I ht: lit4411.4.;iwa I it.4,.k 44114 .4)4im 2414 mot di 14,d di, 
'.i)'4114.41))" h t ol.ccll Ow 24144414)4,)I .4111,' ll,mc4' .c' h"'lil 

I iblc 2. 1c4I.Results of u .iti i i% arionice ofAlljI* f the rest:)!' 

I4.,-8 IW1, k 1 4~' 

,\1t7 	 '4, if, I, - 0. i4 ' 7. 

I a ilet 19. 1?euiiIs of Mctor AaMI)'.s.' ofivaria we oin I tt percen
tagt41r ighl~t gil oif thr groupo, of cattler intl four Ceutiv11e 
si:x-i tik perids 

-44, ill44), 

7 [I, 0f) k2 

Jh p 	 141tc 

741, 

10-K_. 

u:tl r' foit44losv11)I4i1f47r4i41 sit%igiic47inflo diffret 

dai 5 ai'.:giolinltk lighlcr pelcllt.I)1 ill thie It mhales of' 
(tic 41-tick grioujl 444,44:1e41l l the 41)0-ticka[il than (it 

gr4oup. I( 1.304) . (1 (P, 1) (05). ','.jtl it ligher overall 
Jleiceiat.4e Ill t44.1,' Ime4inI) dimoy,1) %.'.cksI to 0 than itt 
,lilA 4411117ociiiIII (I ,thle', 20 aund 21. file ainWIm S %%CIL 

41 I',Ilot h44 /? a4//44p 44444(4441)1710141 e cxperirnicit11W 

'ri:44lehillthoid dc4lo1pedl fusisia::cc 1) tlte (title thle wol k 
%4.4' co4114)icted4 ( I lilt(-' 22). 111, .%%ii'.4 the litst attempt to) 
.4'',1',' i14 ll-,clc t of adul:t R?.44/4/)'144/l utIto' iflle44tlltil on 

p1.4.7I' Il ti 1 c ,4117 level', ticklil(.41 a 1(dmihl4.t ol' 
l4l,4114,14l 

tcimidiI' feeinigi:: oi: ilii 411-lick grouip of cattler (i dii3 s 2 and 5 
44rj:f'i04t 

4 1) .0 55 
'4l. 44 

8,42 41 

I l 2 %l'i:::t:Iir. lrc'tueiil.aji'dclt 

uttier'lillitpti4,tlt 1i4444 

intIvfrfiogoi il 4 01.,.)oicI 2aI e(d y and445 

I-I4444,-)..- I' 	 lbS 81- n applied7 

.) 4 1 , [Oil 1 58 7 29. 

4444,.').9. '1 14,44 445. 54 25 

I lie combinar11tion1 of1 facttrs sch It, ;isgood feceding 
ie)241147 ;and the 4Ie'.eplipei oflhost resistanice to ticks (in 
\A411Ilich t4411nii)2lae i may explainaniYI prtathnt part) 
'.'.hiv caittle si:llierei froml tick effects i41tlte beginning of 
th14174triaand liter [114e e41c. 

4of 11101 perfirmtedt %uliltR?. apjtendoiduatur oi three.1suiplidil (415( 

( til:). .t4-tck 4111-lick (11(2,27) 

"145.4 5 1 )h 56.26 122" 

Resut% eujtrewdei at, perce-otace if results Attainredt on cointrol rabits!' 
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Supires'.sed irnniune response-s in tick-infesiel ,otihk. Transmnara Itivision of Narok District in Kenyai. Twenty 
Boran heifers were immunizcd against theileriosLI byLymphocyte reactivity in the cattle described above, was 

tested by assaying transforination responses tg) infection with local strains of T1ei/eria parva parva, T. 

conc inaail A ((.on A). All animals were tested oig five parva lawrencei and T m followed by treatmenttan.s, 


occasioirs throughout the six-month perioid of the trial. with parvaquoic (Clexon, Wellcoine Kenya Ltd.) on day
 

LI;even ILcLdett o. I)M ie s tonigeless to (',inA "sere 12 after infection.
 

identified, as shomn in table 23 No insered responses Acaricidal treatment using toxapher.e (Coopertox,
 
"sere .- ten , eks., 	 Wellcome Kenya Ltd.) was administered to one group of
tccted aite 

12 cattle every week, leaving the remaining group of 8 
lahluk-23. I.)'itllgor. ir tir.,ti terztoiln rcs~riptii- i ( iginginlii Jn untealted. All cattle were weighed and bled every week 
.At - - and half-body adult tick counts recorded. Table 24 shows 

(.0IL bVckfiespecies in the cattle, in order oft~'l'r,,, 	 l ick fouggnd 

I) 14 '1 24 aundalce. 

4011,k j4-A r 	 halile 24. Etinaled mian ,erki) hlgil adult lick hlad%, derived 

, 	 ogfhitlli cars5. Si1 itS 	 fromiiC ililts plushalf-bied, counlt%x 2 

,,,rtk 'S' "'iI 	 ick sjwcrcs 1ltippcd I)ippctd 
•to 11, - 46 , , I .I4,l+ -:t. I	 uhatl 13.9)- R ,apl,'it~l -41) 


theduciv rVI ;00)1) ii %p[sp 1.8
,illsc": iglgl, pil nilurte. L1inilhil-d stilh ,4bli'mra 15 
,Silnigtl limiratio of < igi l repeatd 1(%lvilhist 11i-i i tI miaiinit I , , 	 (1.2
"relk. (1cncraill:I,)ihm sirt'ga, i t+l i~ tlu r4.000) / ,'<Rts 	 2.25'l.ll) 


. .
Iof i t( .I.K ,Ald SI . 

ioin niirggh rs, f jnithhi gil cattlIA" lihoilifitm 

ii issc s the eflect 11iflletaillon oilllt:induction of a Iy the end of tie trial, dipped cattle had gaiied 
=
 e ,c 'to stre 	 significantly more weight than tire undii ped group I 

2.45, PO.I5 (Iable 25), equivalent to 0.55 kg pertnimal
primaf, 1ninu re11t1'11C irniyeil, 	 (lie catilet 

lood cell., (I) 1iC third 
per sseek. I here wa' a significant positive correlation

Ictilatei %%lith (ick red 	 ()ntic 

ot each 'lToulp ,as Ilectc,l at ioriutll, iiltersals alter 
bcseett inean adult counts and difference in weight gain

infestation, thus asscsing status at 4 , X agud12 weeks. 
111) to I)RIC va b t.cer tie dipped and undipped cattle (Fig. I).

I Mlayed Ilpe hpcrscnitisit,, II) 


assessed attel inrlctil;.:lln, aid hilcinligglutinit!lol titres [)itlorturlic in net weiqht gin(kg)
 

,,elc icasteiurd oil . cki, bisis, 	 Reduced 1)111 2 
o
 

itsplins% *alii,'tiletick-inlescel group, atscompared 0 

h, the Lontrol group, . re smceiin those animals 10 
9ek 


irici ll td it( S, s e ks, but it 
 It .4 or 12 . 

IIlae'r iilriiniti i ,allntibid tliies i.Crehigi-er il (the 

cintitid Inirilalsl liiCullltCil sitllI )RIt( at 4 and 8 weeks, 8o 

built itat 12 ccks. Ilassc s tit ffectf tick infestationi 

inl the dt:clipriiitlll i litli lle rcspontlse, all cattle ,cre 

.accintiled Aith S 19 llrli i/la 'actlne, gil! weck before 6 
tick ilnfe-staion Half tht ainilals in each group Aere 

rcaci'lnated ;it2 lnithlhs. the rel;iider ;it. imintlls. 

)IIIhruccllei-&; was ;gsseitd 30 days-alger the second 
iloeillatiini / apl+g/ %%ereailulnatitln titres sisaycd 

.,cckl,.('ittlei l iticd at 2 l)ioiiths shtie ifterelices 2 

iol1)l11 itespinnss )et%%erl the infested and cointrol y-7.9g+o.145x 
In cstcd gritips haid li crerd responses. Allgrouips. 

lllllnils ilonclatedi at 4 montlhs re'itlondcd in a similar 0-	 5 I 

mianlner. 6 
Ma,f limiln Iru, ('ij) lgglutination tolres did not differ 

,

hetecn ,ri':Jl beforc resacdlniatilin, thllgl litres were -2 

gcneralle mnaintaiilnerd longer in the control group. After 

resaccin;liin at 2 nrintfhs, the nla;simiiin mean titres of 

the control griup "cre twice those if the infeitcd groups, 

and again r ,piines %cre more prolonged itt the control 

groru p. -6 

It appeai -;then. that sporadic and temporary imimuno

suppressilon occurs during R. apl'ndi'uhts.infestation 

and that tis happens quite early during tick challenge. 
Difference in lick 1oalcounls

Fiel trial to asrev.s the effect of tick infestation on 

cattle itmrmunized against theileriosis. Ihe study on the Figure 1. Regrcidon of difference In welthl ggdnon difference In total 

effect of tick infestation on cattle immuniied against ilckcountpffr.-weckperiod. Nlneperiods recomildered. F(1,7)=10.3; 

theileriosis was carried out at Intona Ranch in the r >0.051) 
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(iCnerally, lol,
Cr values of If,), PCV,RI1C, and WIt' 
Counts \ere recordeid fi the iiiidipped cattle hilt ,(itle of 
thes \"as sigloficalli. 
Table 25. (iia nriwil tilta4bodi, rigllt of iiialipprd i d 
dipperdril i;~le 


Pli.,rI i I 	 i c.il l S Il 

2k 
Wii 	 ":.:"2 

"lDiffrrencebriv'it[ ttlld flipper l itilliul , d catle %igniil'll. 

deiiftir 2.47, Pi< 0.0i iIIiiII 

A aI I csoI lt I I l itI ll\oi p ,t-ll. I 111lil 1 mI /llon 

rchrltiq , aItIci Oiet e1.IC , It lC l1.1 isch CNi 
flh\d .IiLt lIe( I i l cMiCiiii 4 1 theI ti tijh% %11 

{:;(IffIIn lh ! 	 C I hlab 


Ill~~Il 1t' , L 11. 1. ,O Id, i c(] ,d l1111M l' " .1c' 1 t I 

II II T) Ic kN II l I I i f.,h 5"it ll i. 1 1,d ;. 

rli 1. 1 e, I ill, "%k{:il s I IS
thj , II 'll. Vtl 

le(ii', Il nt sIic..l tlt.W 'l i ir t h l li , 
Iiile srltli ',Lell i S I hs, ,o lrenvaes . . ll'ilt Ila) 

ro.illoh l ti'SII .Ii1i, Liiiiistil biew 
 'r%onhi feiss 

iii lil If,- [dc, ii
e.11 il'.ji i i .ui 

i It 1l i 1t iiii 	 i tts111I I1' %I'lli// Ili/I 

SI) iioiiplus in s i~iitt1iati ller 

t , ,Ill i llo 

l ; It', I)llNu l kOtL ( ." (11ho',tresisanceIuik 


,\fill r ,heI l d mit (filllc1j.lIui p lundir 
(-"'. lllt'11t 


in ucble h% I1,1 rsltor in dI liih tilet e /\ 'll-leriel-i 	 li 
',
ram thuim sl li1 -nit F'our irlchlhieurrs if 

of1[tit!late1"111 l anphc~c\l>f %Ir s 1t e11. d.,clopri du 

50 "tlhts car (iitt
Sirnlila" of l}ieohe.rhlo tio~n tll life otlhr earl \,;Ii5c lei(] 

()Im alt{:r lie furh lrlIcst,1lionl,I t1ic lllic.pro~cedu(hreV'a 

[]elldilerlt 
[\ .()~~~~~~~~~~~~ I.(\;1II;11[ 


I ciob % 	 I %%r,m { r.attalliinilr m 1 .ahd Ifi -1lA<ii 	 al 

Tabnfil rlbhiti hinp 	 ilital prr Ct larvseiol) uc c etm¢h,,el)Infl'ested mith 500I larvae o)f 

Nirok ll uid la t lowr percin. 

i Ili ,l ruliiusts ([instri' l ~iimiie i lu', raoehI ahl20) l i rt n 'i%]lllt-,t~~~~~~~~u~~l,,ll~or, 	 Iha klill:h rlnI i 2 f 1tnm ,.,,..:, lm ll k .1 iied 

i 	 p ercestad I i ,i , i ,iI i s 'ilnes e ,a 
,l h r a th fiillt.iaie 'h l , 1

I lurd 1. i t,1o 6 1) I ) w 1if i1 t ) ,, i ) .I ' 

Iaro larvae tls s 1e l . aboratoryI ieM 

fe' t; l e lClU{.,Naro~k 1,11\a1 li h\..r|'1c.llc OhiStS'CC)tible 
h o in th e:ys h o l o)\ rs t % (fils t l,sra ti o) \\(t I k c. a t e,.ofw e r 

dc ,eloplnlclt of host lc: islii rice.( respe:c!to per~ce11ilbewit I 

fl, stch thatl ill thI¢ foulrth ir1ickhatio~n, miIe as man11y 

Narok lit.':ac led( its the( ]labora!tory lairvae. Ihl ie 

S:conId oIbs,¢Vlitli\%%itsthat1 the me1a;nqcrigOrgd weight of| 

the Na rok larvae on sticlsptible Iiosts was significantly 
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higher WP<O.Ol1) than that of* tici hiiratory larva¢ aid
 
remaincd so through stcccssive iniiestitiolls. I he iiNiipl
 
inlCsratmisn ga(se siihil rCsultS (I able 27).
 

l 27. Nt. an riL:l ad tr , N i inph s 

IIlh -u 1,Khlrnlilla b l c,|tl 'isV.I.ittfutudl siilh 51)ulrjn, Ctx S tj.,'tt 

i.l 1I011) 

S li'tnll \m- l:' I, i I Ii ilm . w1l)iincHIl ,'i{' T .s 0:2 1 1 1t ) i,' 4 (,1 If s-, 

Wh n liel Jlli: al l l hstc d hilg Iihcisl et"aI ris 
hitih 	 iVlilils N huil hit. I 11olt:d iiviiipi tdlilhl siI iillii¢ 

\ abbi .,in.telllll i,-iliIh" t,,priiii l l.ested ilth laltii l" 

rl ill ill s te NilI l29).itii" l 	 s tho lli1",,d \ lh k 

i ( 2m),I Ih(, t hiw it u i2(ht h ; i.rNalo 1; 	 tniiiilicalill 

%etblk|tt1' 0.05) li r Lll t t l) t pic%i osl ,'%\ ilh th',.'il l ) 

,lhNil\ hlala.t .',[ Ii Inf i
, th ose %it.d i \%I 

a csll, lif I ICti JlIVImit I t inh l l i it11.rlh lh . 

astiposiNiI, 1i 	 l lnympi2 1fi l l. 

labh'2 . ,MIeain "rilalclanld pe'rcnhil'i S 1ul i)ft"l larkae und 
lII11sn) miiOt rabbitsak151 , 4pI blt d iisiii)Ii SI)5irci t after%lI infistutiio 

,

hfl{uIil 1 .0 %kith
ljll.:iftd\ Itr,, 

.crb lll l llliilim istilw ill' 
' .'d olin!) \t (In -g)%%It Iv'd 

I1ice0li 1 it I 1)01l IS 11111111 S li) 
Li\:, 7t, 7 7 . 1 1 10 1 1lI , i o1 12 0.015 

I.t l9,,iii l i 7 ! I0 1 11.12 '71 110 t (1.5 

aultW s r e e. t a i c t 

"ngring i islr in hiith ti nle sciuil .eI s. .iichtl 

, ii irf is leacrh irabbittaniil i ii aIlhI alh' Iai miin~ph, l. .itll jl IN~p' 

[)I),d %% l 

t,"tui- lie scii l lelotts u. hied ule f itii. 
%J"{:\ll~l'46'I_6) 1,4l~ 71 S_, 0I1! f,1i
"1 iftill)l1 S9a~t I Of1
 

lNoeii i I ?mSer,? eliti\ nls pl S mo ai able71blelInctaillid) )ltu when n'yipli1 : )0 Jtoe had fid 11

A'lter the' test ir eoar iuuif lie6 	 1iviin[h1% h;II 1111lilI(lI the SC~tlll ],,:nI[hdtorginf
 

o)h(tie lei il 	 iig edult%%ere I \%ied , i 'dthatr: clealy. 

c lntle J
hr siliic t ilk scual l gtchs \fcd si.nifi'hillihuira111)T.\1r6yniMk1.le the9 le WeII] ["\arable: (I"-::0.01)whe M iehiVpi 94i on O11n t11e1ily11phi 	hallflbh!0,3 

bbitsptcuio iJ ly %efill hlrei,oi- nel h of.
 

il..hrnt t lts iibn ths of f r ils from
 
l( I 11 h ,\, r L I no \ r ib] L. ). 0 ) h t
 

iltlhtIs marlaesedrd k had otrwrabbits 
infecsitn \aillLhbtratry lisr o nviva tiphs.lie dala formthe. temale¢ ticks \%e:re se, clea';rlyno)t (diined, possibly 
b ue1.a 1 .,. hl rn idh lic k s c h affe~ b vyh o s tw,e is m ut le s s c t ed 

I{:sisltnce.
 

()(I fle basis of the resltIs o)btainled so(fair,it is tol be 

ote.dthat1 fiild-d.cric(I Nairok stralin ".itssuperior to!the 
laboraitory "fralil in te:rn; -.I- surv'iva;l on1hosts made11, 

resistant to both strains, much more s.oat it medium level 

http:I"-::0.01


of host resistance. The increased viriability of tick size masses prod,. -d by females and finally thle percent 
when nymphs ted lln losts previously infested with hratchability of tile eggs. 
another strain is an indicat on of inherent diffe ences in One month after first challenge, , second challenge was 
the antigens injected by the different tick !.trains (luring done, the rabbits having been bo osted once between the 
feeding. challenges. A third challenge was doiie tar months after 

I)IiVIt,(nl'Mt-N I ANDi Si'I VIVAI, iii I A I',:II.f'lC I/I tile second oric., is, in boosters hlsilg h.c'i administered 

INtILR i)!lt.:RIN IH 'Ill 1) C(lNt)! IIONS and similar oibheratiois iriadc. 

I) K h'Uin .	 (rude 111ldgul horruilelirale 

As indicated in last year's report, studies have been 
carried out ' i the development and su,vi,,alof the tick R ' Irgorgneiii'/ht. Ji ie rican led weight of adult 

arzIrendicu. , al Lb. trans mara ) ivision (if Narok lerales dunig (li r'*,il cliallncri was 294.7 ± 8.1 anrd 
District ana at !,'Ni ,a Point Field Slaton of South dropped to 84.1 2. 13.6 anddecrcascd further !o47.4±9 
Nyana )istrict, Kenya. mg during tIe second and third challenge respectively. 

Ill- Iininlira aieo has a rediium altitude (1600 au) On the other hand, tie iean led veighlt of female ticks 
sistl \er , high rainiall, M ile ,lhita Priit Field statir:,n led on coitrirol rabbits ere,401 +.5.2and 385.5± 12.9ug 

11.1%a Like share .tiitnuiC (1230 mI hut low rainlall. 'tie ruring the l;st aud ithirrd challnge respectisely. 
,peceIC, h ccr., Is loritl under roth lhcse conditions. Unfortunately there %cic iio controls dlring tihe second 

I ngigcd ricks of all stages (larvae, nympls and Challenge. 
ltr'iilrcS( .ce ris tindner field conditions ;inld I lie inear engorged rylmrphal vnglirs fIlicks led onei ce 
,iht'.,.d to L'rnplete dcelopirrent undcr these cniditior's iurnini/cd rabbits dropped from X.8 t (. 1 (o 4.5 ± 0.2 
%0111:1 ae cartolk rnrrri1itrrcd. and 4.0 : 104 ng ner inriplh during the Ir t, second arid 

third challenge rc,pectiscly compared to those fed otl 
1't r O.tielh oen e rinds o! lick R. alrpendulaur Illle control rabbits ill 9.9 - 0.A ;rid 9.7 ± 0.2 rug/nyurph
rrimruran tilsnam Wo 1984 during (luring tire first and third challenge rcspcetiselv. 

,i Pic I vi' I ., Nyirnhal 'Ilie rrcani lirval led sseights a Isodecreased fr n 0.58 ± 
1,!,u1 1,11 ,h lt1ii ll .11114,l114 0,01, il 0.3.4 ': 0.03 :rrg dirring the three challenges. 

I ru~iri . iIi,,,. ir'r~ 
, 

'~.-. ranlh" t kcurinpaied ic, 0.62 _±-0,08 aund 0.54 ± 0.01 ing for control 
St~ir hi 5 fair '7 <ks 2 sk 1 r ncks ticks duringitIe first arid third challenrge. 

-\;rrr S Inn;, plch rrrt-k,. Il \ I:i,''g l(rmll. I lie highest were 
during tfLe first challenge (1-5.8 _ 7.3 rug per tick) 

ta I.1.rrr,,.rt ftolriwefd by a sharp .driptri 2F.1 ± 5.7ng tick during the 
hilw \akcks second aind hlrest in tile third ch.rllerige of 15.4 ± 3.3 

rig tick. Oin [ie other hand, the control had iicks 

',.1 ? 	 prn ;ncans achieved 

mean 
Whilte Ihe stud has Irs beeni Started at Mbiia Polnt \\eigltrs of 212.1 : 5.A Ing ani !82.? ± 11.6 rigilick 

I itld Sttioiin. rle auik \%as Starteal tthe lrmnrriara in (luriiig tIe first arid third clrallenges respuxctively.
 
I i- 9 84t Ilic Ire tillte sira il 1itables 3t()ard 31. IaIr'habilitv. Tlie percenrtage: hatchability of eggs
 

resulling tron feeding rn iniruni/ed rabhiits was 68.2% 
!lrh it Siii lt of Rhipin'hahin upnndiulalu ill itre _t 2.8 and t 1.41 1 7.2 as corrpared to 810.0; ± 2.0 for 
latir ial.r4tiiSirirn, N'sr-,k ticks led on criitroi rabbits. during tile first challenge. 

It s 	 ortunately, during tire' ih \lrI ruic uis Unloltll we iill not hiae cornitrols 

\dIr.d, I'l lil It(io' 9x,; ' 9, 1' Seconird chalenge. 
V. ,n I n1111"1ll1'd 1

9,',', .17', 2-i', (1'; .forialili' The niealn percenrt mriritality aoi ng adult 

ticks led on ir iunrii/ed rabbits during the three 

()i l[ 	 i ,: t I.I iAIIIII IS; IMSIM(NI/.t) WI I Il challenge are 18.2('; : 6.3, 14.2'±'-L 5.3 and 28.61%± 6.3R I"I 
i41 tl itI1i IIi iOGil NA It ANiIn.\t h)N I PRfOttiN respectively, whereas the ticks fel onr control rabbits the 

Mit .illtGMi percent inais are 57,' a nd ?2,91 j ifuring the first and 
third cliallenges respectively. 

h Ilmr'.. if P' rnr~r-Aniing Alr nvrriplral licks,. norltality as low with 

illus 	 rfnabhits were iiiculatld with either Crurde percent nirein niortalities rif 10.8(i 2.7. 6, ± 0.6 and 
r 1 elliate proteirr _ 5.1 luring the first, second and third clrall.'ngcsrl',irin ihortn or I-raction I of nildgut 18.6,i 

fiactirinae tiriglh Sepfradex G-I 01. Thfey were respecris'ely. 
regiularlk bunited and test-bled a i' tested for File larval ticks show a progressike increase of 
j)recrijitaliIIg antibodies using Ouchterlony rmethod. irortality percent of20.71. i 3.1. dlringtlie first, 34.7%-± 

-\Vhei a trig," precipitin reaction was observed, afler 5 5.5, (luring tile second ari(l 14.0% ± .5. 1, during the third 
mnths and 4 rnthls, rabbits immuni/ed with crude challenge. Tlre mortaliny among the control larvae was 
nidgut and Fraction I protein were challenged .4% ± 6.5 during the first and 6.6% ± 0.6 duing tlie 
rc',l:,ivel, svith 35 female an. 35 male ticks on one ear third challenge. 
aid II0) filirrphs and 204)Wlarvae on the other ear. lThese results show fhat rabbiis inmuuied with crude 

()bscrsitions were inade in engorged weights of adult riidgut intogenate acquire resistarncc whicht is 
lermlr's, 	 ryiphs andJ larvae, mortality, weight of egg ma:nifested ini redtiction of led-weight in adult females 
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and their egg output during the first challenge. During Ilow.ever, this cell line did not grow fast enough it) 
subs equent ctallenges (2 a ,d 3), there is it great reduction provide sufficient antigen to he used for experimental 
in led weights (i adult itciales, ii itphs and larsae. purposes. Anothur cell line has rrc:ntly been established 
Among tie female tick%,, tie reduced fed- %4eightresult in Irorn eggs, 18 days post-ovipi ition, which has a high cell 
reduced egg output as ,.ell as hatchabilitv, I here is :lso turn oer (doubling time irteral Itoin .18 to 72 i). 'Ihis 
increased mortality among ticks fed on immuni/ed cell line, like the previous ont, consists, of 2 cell type.i: 
rabbi s compared itt those led on cotntrols. librthliast-like arid epithelial-like. 

A soluhle antigen was prepared irorn the cell inc. It 
Results of Iriction I preinlii of iidul wi,;ts injected into rahits after ctmulsilying ill 1-leund's 

cottp!,:te adjuvant, One hoosier injection of the artigeti 
[nAtgrge.1 itvti.ht i. ( lls ost thallenge, the ticks led oi it Freiund's incomplete aljuvait was administered 31) 

itittitinri/cd rahbits itotk large hlttd riteals ofl nean days later. A ,etitLd tisie was glvell it) tile incomplete 
weights 370.7 Itig -' 34.7. lltiseser, rilsctond cliallen;e adjuvant 3 %+eekslater. I lie rabbit was bled 14 0:tys later 
the ieart led sscighi drasticallito (+4.4 tig t+_ for intunntte serLiti, A double iinttuodtflusion test wasfell 11.2 per 
fcitalc tick. I he minipihal ticks did not shot't reduced set up rising the immnUte ,ertun against file fitllowing 

the firs t challncge 18.6 mg on l R. .s 
secotid chtallerig . the i ntplhat itcat led %%eigh!droprped Vitellin (a). sotluble tItigenl from tie cell line (i), liotein 
cttisidezahls t) near I hll (..8 trig * 0.2) extract frot adult fed feitale ticks (c). egg extract (d), 

SliteIr tlltcait sseight ",ittlrl sas normal tn tirst Itidgut (e), saline (f) was use(] as ctntol. As shown in 
challeige, 1)47 tg ) I. ainl ihitipp.d toll .19 trtg 1).01 figure 2 the intilurie sertu against tire cell culture soluble 
duriag tlire sccotnti chtllenige antigen reacted againstiall antigens of R. tq11niicuhtus 

I'.:r,.rt~d tt,,tt Or: tie lt clitalleige. egg prtodtuctioni tested. No expltnatiorn for the reaction between whole 
%%its h-%I 15 .1 tng 1 15.7 per tick. oiI secoltnit chllenge it tick hotnogenate atd tile cell culture soluhie antigen can 
,.ats ,er, itict reduced to 27.3 trg ' 5.8 per ltenmlc. hc given at present. 
ctontp;ared to 172.1 trig 1101 pit c iutrtl It'nitic 

incan led , eight oii 1-0.3). ti tig-lis Iro n al/ptdictlntshown oi figure 2: 

,lat la/iltit . I he pitcent 1ltt hu!khili itt eggs ot ticks
 
fed on unnruicd rabbits during the irst challengea
 

48 (' it 5 cttrupa-, t it 75. 1 1 ;anintng cttlirtl
 
tucks 

Mortlhiti . I 11CMean reRclit iott:ility amiong the 
;,afull lentile led tit iltiiuni/ed ratbhits durintg the first 
and sectnd challenges are 4'.4 ; atd 49.6' ;cttmpared 
itt 7 I; htr the control ticks. Atitng tilt t.tniphatl ticks 
there dte. tit eltttl It e i pattctll. Ilhe incan, %,ere f 
61.5' a td 1l.91, is conil:ared toi 1.5'1 and /ent in 

Coltit,,is uring tile tirst ;,it s c(1,ntl chIallenges 
respectlsel), Withiin tile laral ticks, tile Inteai mortatlity 

trate rectrded is (8. ,' 1 tid 4., ; ctmlpared ti 29. 7"; ant 
9 4", il cointols tinng trte tirstitand sectitnd cia llerige. 
%,h ri used to irmmtn i/e rabhbits, rc,,tJlt,, in re,,istance whichI lie resuilt,. shtiss tht! Fractint I protteint ::tf tick itidgit 

causes adverse elects ti ticks leditin the rabbits. lhi:. 
resultig ellctsc ireteduction in hlttd intake Muhich in 
turn results itt reduced repodtuctiton and egg 
hatchability. Alsoi, all stages tit ticks leetditg In 
immunied riPbits e,\periectc higher titiortality 
compared i the ctrttl ticks, Fraction I protein shows 
irnpri,,ed atdlcrse elfects compared tt crtde tridgut 
hortutoeitte. I herelurc it is to he purilied ftirther and Figure 2.Rhtt of double Immuntdlfilmkon iit between Ihe antimurm 
used for firiti/:ttit. agalml cell culture anti en and different antigen%. 

+i'e IgG fraction of tire imntune serun was conjugated 
IMMttN(MiI:N i t V ANt PA\R II\1 i AtAtII RI/A: ION with fluorescein isothiocyanate and the conjugate was

lf \" t II I I R I I( I I INI IlROM applied onto tile tick cells grown oin coverslips. The 
R¢A I I'C'll I /ll S results of the direct imrttunolluorescent staining 

if i,,,. /.. Iuh.th,. / .t ... t:onfirmed t lie presence of 2 cell types as revealed by light 
microscopy. lte epithelial-like cells stained more 

In the previtus nmnual reptrt it was stated that ain intensely than the fibrohlast-like cells. 
emhryonic cell line brun R. appinliculatrru wts The existence of he 2 cell types was further ctnfirmed 
esiahlished froit eggs. 21 days pttst-oviposition. by the transmission electron microscopy. 

29 

http:itvti.ht


Medical Veclomr
 
Iip~dClrniologicai Ime siigtiions of IcishmaIniaw, 33
 
,\gtificilI ifetion of ,Ut 315
jf(fjjjcN %%It), J_ £IUj(J(jtlI 

%Aihi animals 35
 
Id\Ionout1c stultics h.Iscd 'n phkhbooinc saidthies of Keny1a 36
 
Sciccing naituiral planit proutmN against khnunia paraitcs 37
1
-l~Iion ofi timusl I;Ilc. of fieu putiatiions of mialaria %ectors in Kenya 37
 



Medical Vectors 
Research Programme 
I) rig eiLear 1984. Medical I "ector.flwart h ]rogrra,, tn lionlt'dio/ocus 
It.a (Pt the eltt'niol'hgy of /ih'.iiania. is. areas ofaelivfli.U-IIvItie 	 flie maor 
ie'r' a.%fillot's: 

" It iriigo whetire, eitre.nce ofhoth visceralt! fteott tani ihnittiisis 
Jhaiben estathli,%hei.
 

* 	 In of i'hlebotomus pediftr aniAouitt 1-goti area. vitdie,% Phle hot OHMs 
,ctdleatt of p/ih'totoine.adli'sarte,,were carriedott. '1 ese titt) .il'' 
otidistitgtili~habl tithe .i/i'mah,/Orins through ordinary niorplh)oogi'al 
chiarm ter.s. 

" it Afahha. o%ami Kina h.i,,t6 anianjisfoci, invi'.ttigations were ioit'tietld 
ot hroetn tae ati' sanidfli' taxonoin r.unit 

* 	 hit tieta lraftrv, the 'ost.)ara.iite relatiotioshi.i, parasiteih,tnjation 

through/io'tItvo le'chniq'.es anii ve'torstdiestthrough/,iohenicalant 
io ,tine tehiiqi.t. wtt' carritdout. 

" 	 A PI1) iittit 'ofu','td'dItivinvestigationtson the eio/og" if A nopheles 
moquitoe.antd i iit' prhe '.rocess ;hesi..of it riting t) Is 

was in collaborative ins'estigation with the 
('lR' tn a natural p/aut cxtra t which howed oli f/oIiotentialthe 

* File progranitne iivolvedI 
ti 

control t/h'/ioiatiasis. 
it I t'w area' oi i'lvt'.%t/g/tiOn, the pri'',"oio' made tonl' .,'rnijicalu 

ti/hi've ntt. ihir/ are highlightcd in ths r. ,,rt. 

tI:11111)I t/1()it(dI INVI II/iA II'iNM) I I NIII.ANIASI S Table 32 summaries the number of species that 
311] .1h1t1m,:. ( ha~mat I,, 1it I %,,,l.:., emerged frorn soil samples taken frot 4 ;ininal burrows.t ,,,C,. 


•ftit 	 Fe,,,.,,, of sandflies isolated (i/hhbotoitusln species were 

marin:, Sergi'ntooi.'ia ate/inattits, S. betfordi, S.
 
Ilrceding sites' of philt'itotine sandfriot" ingratni. S. africatus, S. c'vii,S.adt'ri, 5. affinis, S.
 
I he hi ctl ing sit'es of phlciitotnmvie ,indfleis were schwet:i. S. graingeri. Sex ratio (184 females and 266 

inteily iisetigil. leriite hills and animal miales) is also shown in this t. bie. Ilhe percent prevalence 
hurrsss% ci ;.utily exc '.:a!cd nud soil ampies taken of the various species shows S. anfennats antd S. ingrani 
atspecitic depihs of thc.,c with the higheit prevalence. 47.3Y,;. and 35.56%niches. 1liese were incubated in 
the laboratr, tit containers with an area of respectivcly S. ad/tri, S.sthvet:i and S. graingeri were 
appro'imatly . [lie samples were vigorously the least prevalent, 0.0,92, 
agitaied and searchedl to ensure that there were no adult Table 33 gives the summary of various species of 
flies. These samples "ere then maintained at specific sandflies that emerged from soil samples obtained from 
humidity and temperature. [hey xere covered first with two termite hills. Nine species were recorded having 
line mesh cloth netting then with black polythene emerged from these soil samples. There were 57 females 
sheeting to maintain darkness. Moisture was maintained and 62 males. The most prevalent species that emerged 
by .;prinkling water in the stoil. ('ontainers were were S. antennats (50.42%) and S. ingraini (24.37%). 
examined mornings antI evenings for adult flies. The least prevalent species was S. affinis (0.01%). 
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Table 32. :;prtces, number, %e and percent enirrlence of 
,aridflies.I'n four aioniat burrows. Marigat, .March-Ma) 19X4 

I'rivezir 
Spruc, IrM'la.I-cm.i- ,.t1C co.s111Nt.riii 
N alilt,, 2/1I ,1 I s15 47 .1 

N b.',,rh It. II t o 
-
.N Ffvr,??;, iii., (2? 15665 

.5 ,2,, ,m.I ", i .i 1 56
S, , *' I. 2 3(1 7 I,3011,' I 1 ((112 
S, al,11, 2 1 0Of 
.A , 1l1, . I ) 1 0 W2
A erip,,,., I (I 1 n)002 

P' , 
 5 't6 I If 

ho., .151 18.1 1 ', 9S 69 

1 i 6t 


lAbleit . i numht r, ers x nrd i rcent prr Alenre of 
%lhtflies, emtri rgoi' froi terie hill%%oil iamples 

I'cier:, 
I,.i I,gi. en%f.ulc co'psr, 

.• p ,,;:,,,,, ,,i (j 2,1t .121SO 
I.,b, ,h 1 (.72 

2
i, ,11 , ,i+ 2S I I, 24 172 (((13 

lA,1 . 7 7 6 
0, 0 W 


I I ( 001 

s ./ 2 0 
 2 o W,2
P In .1 I W...((3 

lIi S7 62 X')I1) 
I 111dn(1hcIl I 

ist p tirleice stttdis 

' cini cnts oi hist preference using various animal 
baits fihNe p iuil,. i beer carried oul ili Kenya by I(Ith 
sci'ttm, I he yt'nc.tl contlusion by tfhese workers was 
that I' ,lmi and 'irnh,tli. prefer reptilian hosts. 
I idc %tvic,. h" ossI r. citlililetcd in the htiburttirv 
Iliin! .mIllc.. I, hilch had hicn captured the night before 
the c' I I i I I Iieri 

A sl d,, ,ikigned t) ,hexrsc nilattiral bchiltur of 
s, lfhtl f-Icpls in [licit nutural resting sizes. the animal 
burro%, is Ma rigat. wsasdcsigncI t,) allird phIeboto-
1nc sanfllies equal accessibihty to saritius host-i fr 6 
nitis, .!i.jiar,,-jnc I9, in irder to quantitfy host 
Cclctiln anrd determine host preference, 


A p:elilinrry surev, 
 of fceing habits of variuits 
,ipeC:iCS Nas conducted in Marigat, using sandflies trap-
ped from termite hill sentilfation shalts. Ihe engorged 
vormile lcsI cre ashed in detergent salinc and tle heads 
,c'.'red :ni proesrscl for identification. I he rest of the 

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

A dog, a goat, chickens, lizards, r'-ts and a mongoose 
sere used in cach trap Ihese were plak:ed inside a cage 

a id covered by a clear polythcne sheet coated with castor 
oil to trap sandflies which were attracted to the animal
bait. The open end of the cage was placed facing the 
animal hurows so tlat flies could be attracted to the host 
and possibly enter to feed avd be trapped in the process of 
either getting inside or leaving after fteding. A control 
trap without a bait ",as set up in the same way

The traps were set up in the evening at 1830 hours and 
ilies which had been trapped over tile night were collected 
in tile mornings at 0700 hours. he flies werc then taken 
to the field laboratory where they %ere washed in 
detergent s!line and inotn'ed (In glass slides and 
Identified ilt( species. 

liete flies which welt freshly fed on the bait were 
recorded after identification into species to determine thc 
number of flies that actual!y fed on the animal bait. Table 
34 suiniari/es results oftlood nical analysis of flies trp
ped front termite hills ventilation shafts. hiec P martini 
fed un bovid hosts, I uninaninal, .3 on dogand 3 on reptile. 

In general tile .ergernivia species led mainly on 
reptilian hosts tile ionlyexception being where I S. 
antlniat fed oti a clpg and I S.. whive:i fed oil bovid 
and inamnial baits. 

Various hosts, including niaminalian, avian, and 
reptiliai, revealed different attraction todifferent spccieJ 
of sandilies. Ten species of sandflies were investigated
during these txperiments ant] included the already 
incriminated vector of visce-al leishinaniasit, P. martini, 
t,: %cctorof Ii',i%, oaniamajor. P. duhboscqi, and other 
grnuIips belonging ti tire Sergeltont.'ia genus. 

Sandfly colony 

It has been possible to study the biology of several spccies
of sandflics and Io color.itc several species including 
.'e'rg'tmloDi i1ia %ii S. inrant, S. .whi l.:i, S . lm ',loivs, 
S Ir' i 'i, and S. 'ei/oii. Our sandfly colony reared 
,arious species of phlebotornine sandflies. Because of 
lack of proper environmental chambers, it was difficult to 
colonize the more delicate species like P. martini,Ppedi
f,'r. P. 'lgonensi.s anid S. garnhamni, but we have recently
purchased environmental chambers and have vigorously 
embarked on colonization of these. Dr. T. Gcmetchu 
who joined the Programmc in October 1984 is in charge
of a progrannnc to rear and colonie tie difficult species. 
During Ithis period 12.10 sandflies were issued toscientists 
fur experimicnts within the programmne. 

InMargat, Bartngo District 
-l.. .. Mamin al Dog Rcptile Neg:ttic Total 

1'uarmli 
A ,,t, ,:a,: , 

I . 

I 
3 

5 
7 

20 
17 
71 

5,h.,
S elimi 

l 
iilfl 

I 32 
15 

27 
7 

61 
22 

I,tal 4 2 4 102 63 175 

I shit, N.. thIttu mral and anul),its ifdanlfln trapped osing suction lube from termite hill ventflation %haft% 
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AR tlIIlAI. INFI:CtI ION Of SANDI IIUS W I I If Investigations arc conitinuing in or tier to compile data 
LEIlHI.. N4 DIiU()1.I .NI based on large nunbrs ol diifcrent species of laboratory-

J It Kaiu. p ete, sand (Iis to bhableI0 cortii r thC susiLCplIbi Ii ) ofPf ,,,, ,. R Ltld 

Ken)yan s-dodflics to L. donollot,1,11 
Two years ago %lhcit pilot s,rk kn the labolatory
 
colonii/tiojn of Kenyan sandIlics Aas iindertaket, plain, (tIIARA( ItRI/A11J0% Of MANIAI,
iIII(Ai1.MI(CAI I I.ISI% 

were illdeIC out experimental 1 IfIS Ii uI IItIM.N S A% 1A\[ 1)ANIMA LS
to Carr' Iralsi'2,ssln (11 

leishmania to be able to pinpoint vectoi spc:,-. Ml ,'),tA.ts RIt?,'u
 
Iliour currcnt studies, the susceptibltity laboiatorytll 


reared sandflic, to I. lonovan'ii was invcstigalted. In our report lat '::al(19I83), \.chighlightetd the 
Sandilies were ledon infected harrrters. importarnce of the identification of lr'thmanta isolates 

from ild animals and saindlics, in epidemiological 
Feeding through a membrane In Ces!iga t iions. D iuring thatperiod basic facilities ini 

It ins of Iahoratorv and tit vitro cultture methodology 
Sandilc Acre ted otnldetidlt ithaunmster blool ettrc still being established to enable us to carry out 
Containing -uture tin)[ts l I. I,'Ui through I Identilicatioti studics. I hanks '.,those efforts, %%ebase 
ltilihl,ti it a I tot !-.,I lIi chick Il tfie absentc if. het aihle to ilio, ahe.ofd wih the work whosteslitsare 

iiriolimroIliit chiiber. tileflies kerc iiiamaiicil in helligIcpork.d her . 
an ien aIt22-21h ( with refJitie ]luitniditv fluictuiatingl seletted of friont ;irtl wild\ nurh1'cr Isolates m and 

beteen 40 and AY, aid trclttdunfiuitfd ouii.ill . rr.z_=inz
In opokl a stra:; th 

of aipplc ji :c. tc tlscat:d and micros.opi;all] of ,p itn virroI I ',.i, ,iroups ljijhmatnij %ere ias-cultured 
cmit.eI ototpie .iixn of it iot il, i srlou,tldN.,ti llt.tiny Oite ptoce'ilre lepolted illast Near,.%annual 
the iIOeLh ic'iiina 2 to dl, rcporr stit% %ereiiset ii1the study:l,1- teed, Iroiri tfl', l1) I fie tollowmng 

leetding fin ai himiister Reference imaterials 

sandtlics were ted on hliit -is Mhich halt bcn itIeeleut d / or,,r I.R( 119 
r
%iktihai itfigotcs rd o, ptfIt h1ir / trit,' IRCr .i , cltullle tit / - 1 !37
 

doitle:mt, I to 4 ontlis tlit Ihre flies wkcr rnimrlt.r~licl V. ,olm it - MAN IN 80) 11)8
 
in ;ei o.arid tdctd IllrfriCr0s 1.il IC 1. it 1 1 83:
iet tor IL \IrrfllILto cLa1/not111, - MAN eleh ui76183
 
in tire slle wa; ;i the lhe a lich wcrc tat through ;i /.alt/r - [.R "1.121
 
rnetlibranc. -\ hrtrakilowrn o sirndhflics species led iilt / - ',mtWI - I RC 1.123
 
rr11i"lr)r,.olpi.ills e lite preserveIt istirriille¢l for ofl)ii;Isit+s 

gien i Lahie 15 1lie hanisters on sarltihs cit r,,v1cli I isolates,r, Vnidetnlified 
still ili :hscrrtio lrid hirce CoIIiIMIsn Carrllli h) 
dtriti is to ,Mictl,r rit The hit flies v re able to illelrI ( 1 1' 126 from humain spleen 
p;ir;asstc I'[IF 1410 frrt a1 iard liver 

lUft n if a.,A 
dorm vn) ICII' 22.4 frtm elephiant shrew spleen 

"'ihl:. , t-I l'l 151 trut;II niugooise spleen 

,,IIIIi I iiro 2.' I )iit.: lI(ll'I 1'72 In1 Imongoose liver 

Iltie l;..Artifi ili, ,,lirs %ith I jithrnuarou l( l'1" IX0 frrtla gen.t cat spleen 

It I .rt' It 1tc' d 

\1i, ,i .,1 lie iiss-cilt rircd striains wcre processed for 

,Wll
,It)u, biiicheicaxil stt es b sonicating in thc cold in an equal 
t tirolne saline V xof phisplat--bfhtcrct with l;;triton 

0f 10 (l'lS-pll 7.2). One hall was treated with 
i. I 17 phtn.vlnrcthyl ulptipyiitl-tliiride - I proteinase inhibitor

.. ui,,,/,u,,, t1 *"f to prtecLt proteins fron brcaking down during 

ea i, ~ltltt 'processing, tractiirn wasi , . fhis used for general protein 
/' '/,ir', St t1 I I o (i profile analysis. [Theother hall was not treated and was 
P' , o%,:It ised for rsocn/yle studies folliowing sonication and 
MI* I' hruh ncrnt11t ugatirun. Ilhe supernatants stored iii liquidmmtrire were 
AI-rd i)nIAIIICr nitiogcri. I thet firllpof 1(1VI beads, utitil required. 
nly I S. ingrami "A iuniitihralAeni" I Ili: fhlloollg g.coltie ic1rllr/yrcs crc uscd for tIle 

(t th 71 S. i/grt Mich wcre fed throgh ;a Identilicallioi of strains. 
menibrane, prorraligotes were found iii otc saindlly n .Alcofhol dehydrogcnasc (FLU1.1.1.2) 
tLa)2 porst-intction litire various species, the flies (;liCOs-r phosph!ate dehydrogena,,e (EC 1.1.1.49) 
Much wcre ithout drcinronstrable piraiitacria had (Gucosephosphlate isoierase (1!C 5.3.1.9) 
bacterial infectiion thre gits. I iclack ii parasite growth Ilexokitase (FU 2.7.1.1) 
in the Si ndilly guls whitIt contai ned bacteria rcaffi rits the Isocilrate dchydrogeniase (1(. I1.. I.'42) 
antilcishmanial effect of bacteria inthe sandfly gut. Malate dehydrogenase (H.' I. I. 1.37) 
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,Malic enzyme (lFC . 1.1,40)
 
Mannose-phosplitle i hlilhe I C 5 .1. + Fo
 

(6.+'hosplioghucuiiic iehigcii.isc I1(' I 1.4)44 

Ihe extracts w,,re onbjeck:Icd Itu lcilecifotl'oing in 

either agarov.: or polsticts alti All 111(,%( I0 clcclc( 

lsoen/Y11nc *,,+IcfIio cofisstclll.s ll fecnllatied bels cll 

slrai ri Figure I s+how ,, Ic.I is, Ilec iioociisiiig 

pattern of I,,Cli !,flies. of p .listy lu ,." Ih t,s ti lite 
follo in, R A III 1ill. I ), i d 22.1. , tril,,,isttcN 12h. and
I rcl-rhu i alt 'a ds,. I ) .S'-I / ,,v,am . I I H' tril 1. 137 

i.. malo r ifll 76 ., I. act'It mi /ifd I. 457, i lI ,,;,Iid 
llaiteriail frolin Kenyaill unIn ii identily. I lit f.nlynie is 

ii - 7.'O ~ -: 

fI-tur I I1lical s IrtLIfr l ilinle liellr is Of i OIICS If 

II11 - 12 . 140. Ofr1, 4. A2.1 , iin *rrr i, :I l 1)5 ,I ,I,,M,,O 

I. 119 snd I I17, I 1 tj- 1nd76,34., 1 zahilpia and I 4S7. A 
Joinr Iil)l17lit Ili III *ron I uoL ,'n,, I ,l P nlhtiIIf: Ill I 0.s-h I,phS~ii IH,H~li , , Iluiniiii;t ,r~hi~iI : I'; , ,t , I ll(i \, 

I rtmil ;IOnI On - I'1 , I .1d 1 n,,r' l iInl-I \% 

I , 'l . I I l:a\litll 

, l Ill II'')n \ i ,. , I, '.it I i\ l,% l i. 

till ,'l/ cli IM tL-C{;IIl'I ifl.lllt .A h;,thi. tt Mid 
i.1 t ''h, t "h1i1chp . , (1 I I 

,r. i1Ie.t:i in "it:. Irii .I Kciiri v. d animal) 

'''.h'' th,at I R( -I 1 I I , Inlci fo Ii 

Lit.ItZ~l +,,I 1 sh.hririll . , . , . I ll .. 5.. '. l t" 

stltil I( il I .. . . I , I 
Ilil! h't'. fll.!. Il( 1-, t' tilt ,- .if" , lr ll i.) . 
I,,, si, r. .i,., iiiitti. hi l hi+,,i ~s,t i.,rl ilt,-

, ti1 101 's.hi. til t: , ,A 2 '" lC cd Ill , 
.!C'1I [h t OtIil1 .luitI0I'l' IN(II,'' I 


,

c.tiIt ,'c , . , :Iil 1) I . , 

nt~liht %!ll, ptm,m ho ,i hl ikllIefl.ica.i nlo m and 

,oc Iticnw . .1ko g Ii it it imilroci.t tii tt iIti 

lie etracts front ifIN 151 ti,; IC 172 i 
troimi inoiigii5.s V,12I2 iIcicd ()f titl ,I)CII C.1/ 

I 
biclrmc rt l.tuhntertiN u olua i nd the ctc iid Iti 

lst.hee slts(tichoinci eiist annclued li ts 
lestl. Ilhc,.e ults shu, Ihlat genct cats and elephants 
shrews iay hi: potential reservoirs of cutaneous 
leishnmiasi, in Kenya and that the Kenyan strain ofthe 
kalaa,,ir casatite agent, I(P1111126, i not similar to (lie 
Indian strain MAN IN 80,11 IM. 1lie li/ard strain, 
W(IPE 14). raises very interesting speculations since it 
Las the same IsoCel1rye profiles is I- maior. More 
studies are underway ill ascertain this apparent sirnilarily. 

F
 

. ... ., 

A", 

, - , 

+A 

I'iur..I lertcnn fg•ta nlio 2m .,eatlii 

11. 12.3 fl y ISO Alit mill opt fag." 

I \iiN i\I( SI lilt i,,\SI i))N PiII IhihII)MINI: 
--. 

I l i t.+. (Ii kth, 

: (tlill)Res, Ci emitiiiued~ti Ihi+ yearl tini tihe taxontomy of 

pllehbuiouii: sandfh",s il lcishlniania , endemicaras of 

otly clie Spe ic of sandlics, belonging to two 

sihgcii.ia. 1 i/,/ ,,.;i ., (10 species aIdi one subspecies) 

a Y.0-m, Pisl a (30 species) exist. Although itiirplho
o/gical characteiistic,, have bccniused to identify most of 

Iliese sartilics. this clitellion cannot be used to 

diilingiiilh ;ceiltaiikinale sectors of c:taneous and 
visceral lisli .naniasi.fronm closely related species 
(cryptic forns). P.l'tin i'rand P tvilt'onetir I.niartini, P. 

va' mitoi,'ratiat,P'. ri'l't' are not easilyand respecinely, 
d-istunguishabl e iig these characteristic. lsoeni yme 
ari , were usedalysis and iicro-niorphological techniques 
to lrV and differentiate between these cryplic forms. For 
life otlier sandfly species, morphological characteristics 

%;Cieced to distinguish them, but a txononic review of 

Kenyiii sandtlics had to be done because of the absence 
(Icomplete taxtornic dcscriptions of species in this 

regiont and the absence of up-to-date identieation keys. 
I his therefore jiecessitat d complete neasuremenls of
Kcnan sandflies, which have been used for a 

redescription and construction of an idenlification key
for Kenyan sandflics. 

Ioenyme amalyls of cryptic forrns 

I his involved specific detection of eicuymes following 
electrophoresis on 101%,starch gel supporting matrix. 
Ihe thorax and abdonien of single flies were 
h tinogenied wiihIa glass rod in 5 ul deionized watter in a 
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microlitre plite. I he h iogena test,ere applied ti the gel S(RI lININ( NA IIURAI. I.I.AN I PROUI) I S AGAINS I
 
using anchor thiads aid ef'.tophoresed at a constanl I I ISIIM -NIA PAIRASI IIS
 
voltage (4(9)V). Slnm. proedure flhoied recipes i1 a s, Od,,
 
larris and I Ipk instl 

In tie P /,ldlit'r groUp, 14 e/tl es hatie been clisbrrluiasis, the infectious dis!ase caused by 
exainted tor ind ilual sa d lcs () these 0 "crc pr t)ooan parasites fI tlh getnus I~ti/iflitid. is 
detectd iijitarig degrees -1succs and hour of these transmitted by Ieitale phlehtioiniie sandl ties. The 
hase beji Iuimnd to)he dagniit teen.'yie I discases exist i tle ()Ild ard tie Ness World tit visceralh)tl is group. 
I he cl/yiic differences occurring tin this group iIay be and cutaneous forsi and as inUcOcuteneous in South 
tisclul in diflerentiatiing ol fitwsi/er ltinii P a4u/aoIl Aierica. 
during epidenilog:ca studies in :utancous Iie oiginal lcishialtial cheitiothetapeutics ",ere 
Irishmatnists entl',:iitc arats of Keiiy~r et thews i based oil peotaalent aiiitooials and the aromatic 
OCCUr s'itp;lcl, diamidtiles of 1930s. I liese are still t hc drugs of choice. 

In tihe P Itlrtlim glioip. Inel'Ibes of lile group, Manty chenical coipounds hitv,-been tested against 
especiatll, I'. tantiom'ratae',and P. t 'i't' are st.'er ctiiallnlla parasites siice thet, itne proved useful.scarce hut 
in the %sild. Ilie allabilil (itthese specie, i's lade h i tur laboratorV, secral ilatur;d prouducts from 
eel iTore difficult bh teie Itt thai a!lgras iIcittics Kenyan plants, hase bLen screened against proinI'asligotes 
obtained Itoiti the tkild and raired in of L nvan tit,th, laboratory to iti during tile period under review. 

prtduced onl martint inles lnd One ;llileishllltital coltpiet %%as identified. FurtherP I/' ( sinsUstrto 
tale'. HIteC tusoftile ~AMtit tile 1"40 spVCICt,It %%is iiOrk to study its effect ointhe ;laSiigoltCs (tissue forms) 

difficult to cotripait' ithettm lsing seseral nli. l /. and .. Irom/i-a tit itlro and In Vivo. is incn atotoni 
I hcrler. I it-tyics %ahih t.Acreftun to be diagiostic proigress. Additional investigati,)ns expected to be 

r
for the p,'it/er grtip ,,c" iusedio ii lildchaiatc irte eiinducted on tie new compound include: phamacody
the lea, ,ioliblc spe':im1el of this igltolp. ()liik title namiLs, toxicology and chcristry. 
c/i i rili i 'i tosel rI. P t ita ttii fron I, I N1) - )M \ I1 IIII S U MIVAI RA I I ()1 ILItI 

o" martim wdP ,' itat %Ia ti i nttriafie astig 1NIltt, M
t (NS)i,IA.RIA %I-('tIRS IN KI'NYA 
OlthStit- cll/s i Ilit-"otier tt en \ rites sht'. to t.il 
uiCi loIis ii,l ifi igiiistIc if '.Tiht.s 1 I( thlf 

Field stitdies tontit, stiri;al rates if .Itol/)le.sfwllestrt 
%icrrt-norphholgical exAnminlini of sarndfli.er-s using the and thiree itenbers o itth A. gal/ial, cortiplex were 
wuianing electron rtitiroscite Cotcltitled at tileend Of Matt, 19X4. A final aind detailed 

report ott tilefindings will be available at the end off1984. 
[gg, itahitiftfrirn giitud felelcs oi the ,ectrs itf I'relimiiary attalyis (t ile Iesults have nevertheless 
clusck tiltteif Spct nc. etitintefd ol itcttaf stubs atll slio\,n interesnting species aind seasonal differences in the 
,ilhfist'di, rr, t ttimbcr, sl. 5 ,hfttietlehv',fe sir ,al and hence vectirial capacity of geneticallyYis 
flities.. oidttthetlttb!.',, it.il ull catii) population% of I.en 1 -200,\ defined tie gatnhia, complex. 
and Ati-I'd illh,111to a.ILctii ,tpiirathir, the clioriOn Previous methods of estimating survival rates of field 
sculpltlure i, the e':g-, %teictwnt extittetf ,tit photto- itOstliItI) popuLhitions were elaborated in the course of 
graphed using II-:,.liilttg clcttri t1iacroscipe, this .as the present studics and investigations were also 
ditet trNX !t tin the cgs hii cintiucted tn the iccurrence of pre-gravid developmeitatid (i stufpttillitg patitcill 
tgoc te%C ter,Ituttilosel, reflatCd spcLiCs. iIithe differeni ilsquil o species dtiringditferent seasons. 

I lie osit cutntmtiti pttierits tib--Ict sCle p vostint A ctirriph'le anlalysis of the field data is expected to 
and ridcge bntm tihe and ' 'tartlt reeal hithLrtI( 
IItisAcsr. I ,r.e,hight degree tifirttaspecific v;tnihti lirertigencties, particularly witl n members of the A. 
was tbser,.ifd , thi (lie cltihnoro sculpturc il eggs laid hs i uti 

tit Pipit,hli'r grinps unknown -c)logical and genetic 

hta' complex in Kenya. Such information combined 
dilttrrnt females ot the -aiv spcit.s, irtificatirg that ie sith prI'-i6ti indiboti will unieutibtedly make a positive 
coriitrt situctitc i riot itrefihtle if:agrios tc it,¢ethttl contrtbutitn ttwsards it bette,fur understatling ofthe local 
distirigulsfitng bet een th,ee cryptic species scettir systems, and especially in relation to planning of 

approrpriate strategies for their control. 
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Tsetse
 
Research Programme 
/i %tlt, /i1000 i ear.%of re'warch and at tvipti (itcontrol itlivtre. relatively 
lit'thaimpactI itei'ttlade' in thI ontr'l./ tropunuo.soia.4%. Iuth'd. ,',,iseha 
 and 
trtpapiiuontaits art,' till of .oftl,-A'itharan.|/rica. Fora iprohl'm itnanv ard-' 
insancte, it .'tria. t ise'tinated tha ot out landarei, nearlyo/ 57() 000 ki" 
/38 0X) Ai)n: /ltholuKh mucah valhaldt information has beenis t,': '-tt-ll.tLit 
accumilatod oit twt',. fu',e ar'e.till majortap%inthe ktuo'h'd', ofthu i'tologl, 
arid It,haviotir of/II ttttlnrtant v1Stfor oirt i/io, ut.ia.iA. It tilt ite? to ll 
,uot1' ol /t'i' .I . tIt' at'tttin uUl("/PETtII'c R ''art hIPrograinit' hts been 
ditr'ted tot arci I'v'aoinnig 'i/A hoel ' CIlt"oi attd also improving'itwit / 
oile %trat4,tit%.sp ('i/i" tivr,%ittn At, ohle,' art' itt t'velp envirtin,,,'ntally 
'ai. 't metlt't tIhro/itth vectorialuwntrol A i lttih. of itwSt' l't/ ioatr, 
t'apa itt4)Is ,tst' on ilti.'tor.%I0oinlatit,.%. and throutth stidw. involed in the 
itialtral r.i1 ll ontiio/ tu ,u ,t' IIt/iIol . 

NKi0itI;%tN I;. [I ANi IR1'PANOSOIMIAi'I V'Rin (I 

It 1) Irani,',Idif I It , I . ,,,Ide'r.( hta. / k, %'R1 -i , 

The objec.tist of'ti nimi ltidisciplid yteam pr.jcct are; 
first, to develop a dyaini c epidemiological model of the 
trypariosiniasis challenge to cattle in the Nkurunian 
arca., ,t which a majot component wsill be a tsetse 

additional tialsect%, as well as work on pupal ecology, 
quantilication of the level of predation and parasitism 
ant
;ld dispersal studies. 

In addition, cattle in the area are being monitored for 
trypanosome infection rates and a small herd of cows has 
been purchased for experimental purposes. Work has 
recently started on testing locallyavailable odoursources 
(e.g. Cotw, sheep and goat urine) as attraclants for use in 

population model,sectndly, to test the model in the field, contrlistrategies inPhase Ill of the project. Cooperation
and lastly tt use the rnottel to de-velop an integrated 
control package for irypanotonuliasils in the area. 

Ihe area under study at Nkururian comprises about 
30 kni between the I walo Ngiro River an] the cscarp

lCent, with vegetIationi ranginig morn open plains near the 
river to thickct and woodland near the base of the 
ecarpmncnt. I ht(anrca is nor iallv byheavily utili,,ed 

l.ta'oi ftr gra/ing their cattle, although with the 1994 
draught :he laiger ierds were nutsetl to the top of the 
cscarpincilit, 

Phas, I of the project, which .nvohed rnothly 
sampling of thw tsetse for p.pulation data and 
trypanostnre infection rates, over an 8.5 km transect 
from the river to the escarpment, has been successfully 
completed ard the data are being analyzed by computer 
to provide the basis for a population model. Phase II 
which is now underway involves sampling on two 

with the local Maasai piople has been excellent. 

VIA" IOlt i'OI'I tAION DYNAMICS 

R.1). lra i,.d.itI. (haudltiur, 

Population sampling 

Since the bicenical trap is being used as the principal 
methol of sampling adult Ictse,work is continuing on 
some of the problems associated with using traps to 
monitor population change. One of these is the 'site 
effect' whereby catch size is grcatly dependent on the 
exact location of the trap. The first approach to this was 
to use a chemical attractant on the basis that if flies arc 
attracted from a greater distance, inter-site variability 
may be reduced. In addition, chemical attractants found 
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to b effective in Zimbabwe could be tested tin Kcnyan results, aithiugh the treatment effect was not signiicant 
GIosiinr plllrrl,l populatimns lo poapulahn ingto high variability. Ihc high dose of acetone was 
sampling, a re lati.cly cheap Clenlical is ,rquired fo r nmost t lcctl;'. gc ing a 2 3-fold increase. In the firstmica1¢1 
shicli thc :Iept,_ to diftlint doc tate iSktiown A expciniri)i %kith I-octn-3-oi, this chemical was not 
series it e.,pcrircl.nts %Crc ficretohte cailltd ot to assess oitULd to le attractive, hilt the sample had been 
the eflicacy of srtou's dilerctlt ketolics (acetollu, prcioiisl used clsewhetc and Asas disctlourcd by 
tnethN lcth) 

+ 
keton i M FK I atd n'tli.l0 ' nill kticttl contact wilt the ribber septum. Whe a fresh samplewas 

(MNVK) il I -octi.--ol , I Ins i';idone lit collltlatott nsi-;i ii lotiltd toit nearlydotlble thccatch,and togethter 
,,ith t~r Satll. Itl tihens+ isf N,I'll),rIohlo Rescatch Irt. %till a low tose of MIK lie catch was nearly tripled, 
,ho ha cirrt tit[i rlei. tilt %alltit I li etctcts of til odour alttraclants used on age 
chtllls oIi G ou1,1rIll ,lustilbutioll t ,ex ratio tIhe samples were also3lld of 


I iirtl er o-'d pl+cv cl'trucIll
rt ,+' .ioeS No cnsistent dilerences ittltheagcdistribution 
tti- thu 'riuhd tioeidb} rcksala 1)1.tim hC Ir'is \cic t ieitd, hut bot cto¢tnitu, 7.4( .( 'I0.01), 

Ot bIICtitiIA trfII)uS1]' t .t0Coklokl i dlost rites Il tilt: tith] l cte'l-3-ill. I x2Ill 9..42. I ll . ),. cre fiouId to 
,kc:roIs sMsie br1itetllld t) i liei c iiirCt t 1he he toro,.tcctui c for maits than let.als. For the high 

oipllle , itf tilt 'ms I tlte sIre rtels ktith a Colittol \c-c dose tit acetlt, oscr three trials, lfe iean index of 
tested fou cacti o the threc kctnlcs Lit ', tetletdtII. IcahImtrmtr, i2. n(i cioImparerd to 1.77 for females. 

}ugh ,tC', clteriuLrc of these thl ofsqfitl tcsigln itosc e i ,';tc N \ssr';I ICstilt experittents, high dlose 
thenc uuI ie01 if'C su iiiluiierIl sullth .' cotlltfill I I eIt: icliutue \sis calt.rsetin i fclt uture onl tihe site%111 c expernitlets 

i1 I- tuCI-3-oi (t-Is irt MlI ,'. filii) vith tild ' tlli titll tilect becattsiproduesi relativelyconsistent effect on 
,(cha, aiid ,kith mtl l ,\ithmitl\I K tt lin ,Owniss+scd callu siuc f G. parldli/r.i. It appears lt be stable under 

Ihc te-dr,h 1 11. .SC t..Ih l nirrl-rII kl ilt- .al,+I., of lichli condit n 
+ t it is ctinpla:rati-cly ctteap aid readily 

rlue: rrl h" h,' ittlIhUt nit'd r,:!,!A Ir 0 ",ii.1.th e iait labe . t tills in June 1984, the high dose of acetone 
l6 (Ittche-, 1! ., ,hlliri" \ l:e iiC.AsLdu It I tie lSe (it \%ts t il 41 tliaps (II ttl regutllr transect tm alternate 

,tk ,!irsl, l-ut ri!,"I ut,,tlt \K h the Ns usrra-trttya penhd ltescdtalaareat prcsent beinguh Ill 
hltter tn chll d inler-trap has.r,. the hr ltriallit tilv.(.11t .r olr ,it a a N'ltys to asscss wlcthu:r variability 
sprserCd r., hld. oiitirs0, s-,llge llll ch .t e bccl teductd, and ,luciltcr the apparent patterneteuical ulttlltceif 

,ttnrt psolr. .:kplalilit! Jick it itiMt lie i t i.tis,tribulir tilfers w hci a odourir altractanti is used. 
v\;srticit ti, couriprr rich ih s',, I 1hc threc eti,' I lic s-cnfd appuracth to tiltucing in.er-sitc variability 

' iruitih.+ ,ili.cr5t' sri lurrurs.r sriitulllllllllllliiitiIl IM \r.isr , to m\ tr it erstald mture fll]y the factttrsearisingit. 

Hot lthh I€. It. ',1 ",rirus Lcr lut I-a-nd r- t-Il rlIts t.t1 siii. ut G. ptllidil"wt hititruutticatl Iraps mtiNkurinulm n. 

hs Iiri r o.lI .' t h 1.r-1 u-l I Inturit.',r;ste t-rati 

d, IIfI"
 
dt- I IV, .X
 

Ilh ,i,. 2.91 '7 2 7
 
Mt h
 

I sto 1" 77 1.4 2.7 4.30 
".lrrtrwu t rr+-,, 'i(t I(). 1+7 
Iih 1-o 1546 1)K 1.7 

I dt,,,r (I. 252 0.8 5.4
 
tlr,'rhirrr d-c 145 29. , t.I)
 
Ill1 d",,c 711 177 1.2
 

.I trtorru's 

I 4.1') 
\ ',rr " 221t6 1 ') 1.8 2.9NS 

I60 1I6 1.5I/S)r 4 

I, n d t)2rt IiiI rr8s 0(( 1.1
\( t++ ?21tf , 62. , 2.4 12.5800 
I ,t q, d ti ' I11: W 0I. 

V rlr , l in Sir 2 1,r"h ".21f 51 7 
NiI K l-t tt'n-.-ol 

4 il i I 47,11 
MI K 55 71 () 1.6 10.3"** 
(h h'rol 5i S8 (0 1.9 
%II K ihl i.,t, ,15 if) 125. 6 2.7 

+' +' * IP< i.5 P <C11,110l111.,,, nun-si ,,ilticranl 
O Irnm tampie . inuitol|~co 
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Th.se are thought it be vi',ib!ity arond the trap, light Table .17. F'requ IPrtrirphled silatne f h) , glands In G. 
intensit% (i.e degiee.of shading) and i.xinity i hiosts. pullidilrr litNkurunian, Jul% 198-Jut 19114. 
'Ih ltte r two %kcorex,liniied b) ciiipt, in 4 traps at 15- Wil.,It,'calcgr, 
Irtiri t"riile %a r th+rrrighlrit :i di ;ii d taking liiIhit I t , l
 
itlteilslti, rear itigs ut the trips ait.l)-fitfiute intervals. 

lilt crrlriritt ittrS F,:eol-t_ Ier i,5 ding (Ithiet solar fachati-n, I I .j 14I9 14 Ilt 
t:i 1 'eIChltr'. and hulnldlt,, ilcids iof cattle and oat. I 11,.C% 2 0 S I I II 1114
rii eidailing the track hetscen the 4 traps at intersals 

, 

1 ?? 2I1 S l?(o 411, S, I71 
and Uilt1 It-coidlcI as ,',tlit+,tn'g litntnahnhl, ,ce 
 l , I 1I) I 2 4 0 I "2 
seei Pit;II1rrIr.i l s, g ts,that uts, pa g 
near Ci.,L-V ia1 L I . tiltli sie:tie tialh, .I 1i1, S, III}lti 

pitald., jhlltle w tre irtigcpa thi l It sud
attrtit n (, I Oie If 1It21) ilt) I hsec ipls aiw%it,, still 
being takn, i ,iii : Ion.etth niothllh m tlhe re.ular 
amII linig niplts midI oc so It<irg haI-uset ! ltr lati iiluitil
 

arralls 1i,t, 1i t dnr;
11,cs,% l rgcIn Ithenutl i st,ale it t lt 
pp l 11A,i n ll 

()trall iiirrliitr d t raIasnicriitIIIrl 
/ , tt .., ., 

liht pIihMI'cld 11 . ml IIIi l ), has ha( ih(IruVII: Ariru, 
pr,)rihiit'd .,ifc, ,a i l it r,11tbltit. (1.flethlld'v 
Colillr 
 w re Alitd I P i 1t ilks1 la . IeICscltd i0 tire 

thei. llt2 tt ,. ,'tt alll id %,1llc lthough aar.is, 
sls In icti,,i.t i uill. mitktti llil s itl)CiSt altrlgtie 
,,iJ \1,11 i.i (p dwilt lt l ,t1tr e t:sil, thir iii: (Ile 

Ititlict 1,0lta. I lra lk,ranrginrg ibo1nit".'h ttl.lhi] 

[)%,.I Sri pt i 1-:1Ihcs 'l, daI IItth t r Itlckcts irr 

it , 's iilntr I.,h,.,1lt i (I) per lap pr la%al lt' 
II ,, %,I.0 ti ' i:,,llt I h1 prcl l Il lChireil flies't,t 

ir:, ti ,sI t ,,il-I .ilippmtI lrrile p l(t s, 
"tilt ",ti i;j 't ttiir'irl',rur i t rot's var'y 

Ifoill 1 ) m 1 I reh, rif.1 rllillin,!tti.ltl lal 
tt'chluttcs h,, ,.!lii.ri;rry tr'+irI fatc Irtii Ire age 
disttlt:rir l \l% , -: ':e.,c.-ttrlitIu C sltudcs% antd 
esltirirte', 0 t t .rr''it .t' 
tnosi ttu irs wi,,u ,.rital<e 

ntl' , it I',",treilawdsrIi 

I nIil Iitti~hliiiei.ris 

Iilln lt,:
puplI stridics 
tIre lr rIrlritlit and 
, %%V1l 1li1 h.Cl oi;rs 

Lffi'4'l nfoIlansaItir h.',lWlrh., rt surivrli rale 
/ ?,,.* , ,,, , ,,. - , /,,,,,,¢,,] 

111 1', CIa//i.t1' %ltI1 u t "te-l thui" (N i l iili-
asstcni d' iis .. ', g, t l hK.plltiphlv rltliybe Ir a 
trcscdc tiiltittni ind that this rrriay iterlt inIdecrcased 

' 
lirnr.'.+ts IrisII tTSIe Ir" is bacd oilrbsclvathirs Ilhatn 
tie i.,ic'ofl Irptittiy lrrea s ,ilh ageiitf hI 
and(] Iicir'lt.:c ted lie', hr ict-ii bservcdithat Ih..' of1rilen 
to) Irel 'l-,tI iilth rctrrclird ntprl;inrirn ierirty in in , 

,stliri Ai di Ilw KeIr.i I oat We hlve reisrnei that if 
hlngez it, is rilitd i Ilics wtllhli,pertrrplhei sahsary 
glan.;,tile ptrIuerie irriCCtCd shll be lisser in tie 
ldcrige grups 

la ble37 sIth,,s
the frequienrcy of hyrpertrophici salivary 

glarlds m artl,.i' cgrillps of (, dl'nihssected at 
Nkurtiran. I Irc,% raill frequency of enrlarged glatrds is 
121 in t Ii-i) 231 IhncsdissectCi. Ihere rs ;Iremarkable 
hrmgeneity between tIhevarius wing fray categr,:s l 
both rnale and ternale flies., v ithro evidence rif any 

2 146. W, 1 1 12.11. ,121 64.t 1 
:iccasC in the Incidence of hypertrophied glands with 

age; ii anything there is apparent increase in wing fray
categories 5 and ,. I hee dlata sug.est that tihevirus has 
nio tcIl orttire ltigCviry of flies 

IReir iu eitbilog of (,G.pa hllidiles
 
if I Ih~, ' R,I¢l l~a t r,l l A (i d ,
 

lIiaes calight Io tilt traps %crc exatinieid t)o btain 
iltIhrrIrmattion( it Ifrilizalttioilsemln itionti, ,eggand larval 
de,clttljmtinta tales and teproductive ahnormalities 
inclhding abo ti(n rate. While tie data are being 
pr)cessci 
thriough the co)nplter lir detailed analysis, 
sec al prelinhirrar o'rieV;tvitimrs are reported here. 

hr (1,ptdlitmmw, fitlikc ithel tsetse species studied, 
traillng ani Insctrii tlo occur several days after 

rIoCgrCenL the ie rale. rier l brrratory conditionsi 
In titg atr linsetllinatirn gencrally occur wtvhen the 
inralc is 7 ti da,, old (usuall' iniated %sitha I0to 14 

daN-old trale). At Nkuutrran, fetIales of physiological 
age ii a (a' I to 5 d;Lispr)id a stubstarntial nrttrber 

iftire a'e yrrrrp I lt (tgt 6 I t ( Nys) have not beet 
IrCti'rirrleit l. Maiy (i tite tuirnsen latid 0h fetales 
p,,,,ssehd i de,, ltrping follicle ts lonig as 1.4 mm . 
Nrrmally these fermales shrould have been inse.-linated by 
Ills stale if |rrllicular destlopnrent. The percentage of' 

1111rrtl 0/' ItIallcS as :e-tlisely higher iii theIr irrteIItd 
hlltc nitlhs (ahuouti 12";, i ecetnber 1983 and 
aurrray 198.41 Peculiar case ofluniertilized eggs in the 

ulterris rrf iiinatedi leniles havc been! detected, but 
til:y we ec rare crrmprising less than r f the females 
exainred We have twit rrbser,'ed (ivtltiliun in uninsciti
tral ei inales, a case cimmoni ly rrbserved in laboratory 
co, tries resurling i non-prodriction o progeny. 

A t icglird , 
oocyte and larval development, a mature 

tivulited egg of G. I li/dile., is isually 1.6 tntn long )r 
lnnver. We hrarve uibserved howevcr that the eggs of the 
first pregnancy cycle (Ionht attain ileulsIal size but are 
orioll, 


rI a crntributory fact to (ie relatively high rate
 

rltn. small (sonetirnes is small as 1.40 mi) [his 
could nle 

Iabortion i the first pregnany cycle which has been 
obseierd both al Nkurunan and Latnbwe Valley. 

()bservatirns orith,, oocyte :mauratior in the ovary 
and the duration of t' :various stages irt the uterus aire 
yiclding interesting information. Measurentents (f the 
largest develhping follicle and the corresponding uterine 
cottent indicate that female flies are caught inthe traps at 
three main stages of tie pregnancy cycle: immediately 
folhwing ovulation, immediately after the egg is hatched 
and atsecornd instar larval stage. T7his may indicate the 
itiing of bhlod mcals during a pregnancy cycle. 
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Examination of in utero larval stages indicates that Infection rate and age of tsetse 
there are considerable variations in the rate of larval S R I zi.i,. k Golr, R 1), I)ranyi'lI 

development among females caught. A large number 
showed pronounced retardation in larval development Table 39 shows the relationship bctseen age and infection 
particularly in drier nonths. Many of these retarded rate. ihe trypanosorne infection rate shows a sharp 
lars ac probablyIdo not produce viable pupae. This may increase fro i ovarian age I through 5 but then a drop in 
be a significant contributory factor to pupal mortality age groups 6 to 7. This drop in infection rate in the old tsetse 
anti thus the o, cralI recruitment rate. (whclih has alst) been observed at the Kenya Coast an' at 

I~rnbwe Valley) is interesting in that it suggests that 
L.arvipositlon and pupal biology either infection is having an adverse effect on longevity of 
iVI (h.l.mhi, 1R1) I/,,i,'ii the fly, or the, old tsetse are losing their infection. 

STable39. Fryparismorne hiection rates In ovarian age group Ob-2 
N",at iiidlah r piit ion sites hase now been detected in tre In G. palidipl'i at Nkrunian, July 1983 - June 1984. 
%icinity (o 1w three transects and regular sam pling is -. . . . 

uriderwa N front marked sites. Large numbers of live t r .... .. -----

pupae as %%ell as many empty puparia have been Of, 1 . 4 5 6, 7 
collectcd. In aiddition soie artificial l;irviposition Inicc i d .- ,, : I 7 i S 2.' 1.8 t,.9 9,.7 7.5 
shelters 11asC bCCn eisiruCteid and these are proving 11 2.0 654 IS6 142 490 .187 255 

utdic. Indisldilcl pupae arc %%eighedand kept in vials 
hor ClnlCrcntC of adults o: t) detect otomrtality due to It should be noted however that when wing fray is used 
pailitism or olliet licators Adults of the hombylid its an index of age, no( decline in infection rate in the 
!.%h lath ta spp his emerged from so te of tliese older flies isapparent. -1his paradox siould be clarified as 

[ii pit. more data on flies in the older age categories is gathered. 
Once the effects of climatic factors ard feeding patterns 

I Rt) s11Y %I(A I I I N it M I il's, ANtD DI ASE ha%,e also been analysed, a% If mathematical function will be 
I lfi MII( ()(1iY generated in an attenpt to predict seasonal and spatial 

variations in the infection rate, 

Vrctor inftctioit rate 
le I ,,, I A t,,,ih, Infection rate and abortion rate 

I A G,,hkr. , II lcjrcin. .%/./ (3Clmcdhcr 

Ilta cc ilctci so .l intici:tr" that G. pallilipn'. is the
lijoi set tol contributing ta trypatosoriasis al While there may be many different causes of abortion, in 

N kuiit1n11 I ltiree trypaiosocime species havse been gene alI thery esult fro nt some form of phiysiological 
litslf .d, 1i c cli#(m i%')vax, 1I I'c)tl'golt'l group ant triess . havse recorded tire frequency ofabortions in G. 
I. hrucci O tile 10281 tsets dissected between July 1983 ,allidclye.%at Nkuruman in order to assess their 
Mid lily 198-1. 1.51 hIid ' infection, 0.81'; cintribution tola t viva 1: reproductive loss and todetermine if the 

ncc,olet, aid 0.(13 ; had a 1 iruci infection. The sticss of trypa1os)lie infecti ons increases the abortion 
hi hetliectich rites were reciirded for F1 viva) in freilclency. [he data ott empty uteri are summarized in 
.lancmii y 1984, and for F congoense in Jhily and October table .10 (this will slightly overestimate tie frequency of 
I'M ,tand Marci 198.1 ( Iable 38). Infections of F brtcei 
adil Ic c,il,(,ctmic group ha se been separately inoculated laIbte 411.Abortion frequentc in uniifected anti trypanosome
into ii ldiduail inice, and stabilates made and stored for infetcled G. palidipe.v at Nkuruna n, January -. June 1984. 
hiithet experiments such is finding out whether the 7. .. ..... . 
brt vi ie if tile hiinan or animal straitlls) and whether 
the 1i 'oh'ncc' group contains the related species T I 2 I 5 5 7 'lotal 

.cinlu I lie possibilily of a tstse harhoiring more than I 1iilec lcd 
one parastle, e.g. 11 congo/,n.se and 7. bruei. is also ,h'ohrii0 ra ic 6;(c 5 6 8 .1.9 4.4 5.2 4.6 5.6nl 6.1', .13 327 4t56 440) 23182552 
being looked inoi as this has been suggested by hCIuincti 

observatinms in tile I ambwe Valley. AItrti ion 11. 31 7.7 6 7 2.9) 6,.1 5.9 6.8 

n 6 13 15 34 47 17 132 

Fale 38. M1.rtly tr)panosiome Infection rates or G. pallidipet at Nkuruznan, Jitli1
9 
83-,tcne 1984 

I A' N ) N 1) JAN I: M A M .I1UN 1 otalI 

Milk Imcoa ; ?2 1.7 2 ii 35 4.6 1.2 13.0 3'9 4., 3.4 3.9 2.9 4.1 
1 lc'ncc'c'me 2.1 0t2 0 5 012 1.6 It. 12 1.4 14 0.5 1.1 10.7 0.7 
1:Nl,i c " Ie0 0 0 0 0 0 0 0 01 0 0 ) 0 

, i 219 .128 3')') 4161 348 250 243 280 497 411 439 451 4428 
FeiaCle I mcccc I1') 2.6 13 2)9 1 33 7.5 4.4 3.1 1.01 2.5 2.1 3.1 

1 m,dc', "I,0i Lb1. 5 0.4 1,6 1 4 10.5 0.8 1.3 1.5 10.2 0.8 01.0 0.9 
" ricc ci ' (15 0I () I)0) I0 (1 0 01. 1 110 ) 0.05 

i. 3 6 381 520 .555 4W') .h16 387 619 519 410 854 374 5583 
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true abortions which is to be estimated using data on the 
length of the largest developing follicle) and show several 
interesting points. I he relatively high abortion rate itt 
Nkuruman compared to lamnbwse Valley can be 
attributed to the harsher environmental condit.ons at 
Nkuru man. I he highest abortion rates appear to occur ill 
ovarian age categories I and 2. Wheo abortion rates in 
infected artd uninfected flies are compared, there is no 
significant difference in abortion frequency (X Idt - 0.33, 
N S ). I lie Itighct variability betseen a, ,- groups of 
infected flie. is amtst cetaioly dile to tie 1uch smaller 
sample sies. We mav cotclude therefiore that 
trypanositme infccto does tot increase the abortion 
rate. 

Tsetse feeding palleros 
SR /,'! , 1 0, 

More than I MO) blood ioals from G. allipei.antf 6. 
hongq,',1ti h.ve b'ct collected on filter paper frt 
Nkirtintnt , .\ total of 097 samtnples are currently heing 
italyscd h, IIRA). Prelifonr.ay resuls are sunftari/ei 
in table 41. Suids raKc up the higest percentage, and 
these arc it tmtstl beittg tsCele(I h4) :iistlllgllst betucerl 
wartltog tnud bushplg (thcr l. loud ffoists iiclide 
bu1t11o, kongitli oltd cattle attnd, st. rprtsinglY, watetbuck 
and .ll 'hccst Iohih thte Liter species rclaticlyare 
(Intcoftitftutil ifl,'N l illutolli, ittd( tlie'Il n ritall.', regirdedf 

is laoVltted hosts 

alt -1. I +tii, pth'ris ,f GI talidipea Nkruton 

hu .1+l 


,, is.b,,'. +.! ".W 	 j?Ihave 
Wi,a, hu 1 
Ittth, I I 

W 0 h.., .I 7
 
Kwwu, 
 5.5 

ltIS1,h, , 3 7 

Ilhod 
 3.2(it', .:iifh 3.2(Gra ltir,(ril 2.5 

., 	 n I.tsetse 

tnt ,1,, 
 1.6 
}llcn1 I-6 
Sh0p )9 
R;ahbi, 077r 

It-idac imni cltifr7al 

As id hl 
 O0 
N.H. 	So~me blood torah Arre onideniffed tt~lothe si,,inced 


,tage of tiige,,lion of he iood. A few rare ,pecles of 

animm, huae )eu I. lie trteii fir te.g. klipslrlngrer. honey

hadgeel. 

InfectGon rates in hosts 
.S ,,,, A (,,,, 

In order to develop an epidemiological model, 
trypanosonte infection rates in livestock arid wild hosts 
are clquired. Work has cornmenced in 1984 on 
monitoring infection rates in cattle, 
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A sample of cattle in a large herd of about 150 animalr 
belonging to local Maasai tire bled monthly and tested for 
trypanosonte infection. Iwo capillaries and both thick 
and thin smears are taken, and both E wivuv and 71 

onlgo'ni e, infections have been detected. I lie packed 
cell volu foe (PCV) anrid girth of the ani mals are also 
recorded, Ihis herd of cattle is ti ed from one area to 
another in search of grazing arid because of the drought 
was moved to [lie top of tire escarpment above tire main 
studyarea in mitd 1984. SamtillirtgItashio .ever continued. 

Another small herd ol cattle ( 10 anitals) belonging to 
a lctal laasai has renainrted in or near tite study area 
vith ICIPl- supplementing their feeding with hay. 1 hese 

amtals have been given Isometaiidium chloride 
(Samorin 1,) for prophylaxis. The first breakthrough of 
infectinoeccurred after 3 rnnths. ICI PE has a further 3 
coos which are kept with this herd. 'lhey are not given 
prophylaxis bit are checked weekly fer infection and 
treated with ferenil shen necessary. Iltse animialsareat 
present used for experimlental purposes but when the 
drought ends they will forin tie nucleus of a larger herd 
fur hich tire 'Berenil index' will be estirnated to give a 
iritstile of tr\ pafisliasis challenge. 

Distribution and abundance of possible mechanical 
sectors 
P I I I A. ,I,. 

Samnpling of itbatids, stonoixyds. hippoboscids and 

Mustra ira itr.itr. has tionirued using biconical traps 
attd water traps. Il addition, hiconical traps have been set 

)inlocal nianyattas, and biting flies around the cattle 
been collected by hand nets. "liedata indicate that 

Ih.'fracnatobia minoa, Al. cra.irosirisand tlippohosca 
spp. 	 ire the main species feeding tin cattle. 

.f I A (..lka 

Field studies initiated in tnid 1983 on screening a variety

of natural products and chemicals as aids in attracting
 

to traps continued. i the initial experiments,
 
carbon dioxide and atCtie 
 were each found to be
 
effective attractants in their own right, but gave even
 
better results when dispensed together. Attention 
 was,
 
however, 
 turned to natural products, namely waste
 
products such as 
 urine, faeces and body wash, from at
 
least two wil 
 hosts of tsetse, as possible effective
 
olfactory atteactants. It was shown that buffalo urine was
 

tire most prom ising tf these products.

Since May 1984, experiments were initiated using


buffalo urine 
 tinder it variety of test conditions to 
elucidate its effectiveness as an olfactory attractant for G. 
palhidtilws. The studies involved determining the position 
of tie bait sample, in relation to the trap for maximum 
effectiveness; establishing at what volumes it starts to 
effect significant increase in the catch: determining how 
best to dispense it; comparing it with a similar sample 
from a closely related domestic species, cow; establishing 
the role of evaporative rate; and finding ways of 
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maximizing its potency e.g. by adding acetone which had 
proved effective in boo!ting the attracliveness of CO.-to 
tsetse. 


The results arc summaried iii table 42. "leneral flies of 
both sexes were excluded froim the table and from the 
analysis. There ss, rio significant difference in yields 
between the traps having the sample bait placed inside, at 
the foot of the:trap, or at a distance from the irap. All of 
them gave higher yields than the unbaited trap 

Ilowever, there was iasignificant difference (P..t<0.05) 
between male and tenltale (. alhlidrpev t letrap wilt the 
sample bait placed 40 cin a way from the trap pole, it 
captured niore males ([able 42). Another important 
obs.rsation was that the trap with the bait inside had t lot 
of tsetse flying within the upper cone and riot entering the 
cage, (these were excluded frori the counts). The two 
traps which had hait samples placed ati distance hada 
Only tsetse inside the collecting cages and hardly any 
flying about within or near the trap. 

Ihe age (Ithe hit sanple id riot atr. sigAimicant 

diflerence in its potency, hos,esen,the thrcc-,ssek-old 
itl the ive-itrnoith-ld sanplescaptured riore tsetse and 

lie dill e e i ight Ira e:been significanrt if [here 'ere 
iiltoC lellicilc, 

Cattle urine performed poorly as a bait compared to 
buffalo urine, effecting only 1.8times increase in the 
catch iize whereas that of the buffalo gave 9.6 times 
increase for femaleE and ,t.2times for males. 

the rate of evaporation of the sample played an 
important part. The two bait samples whicn evaporatcd 
at the rate of 15-20 ml duringthe ,xvenhours of operation 
gave statistically signific.nt incre'.se over those which 
evaporated at the rate of 1.5-2.5 nil ii tre same time. 

Froi these and earlier observations made in the last 
annual report, it was concluded that buffalo urine is 
worth examining chemically so that the potent 
sult tarces can be isolated and identified. It may bea very 
useful aid in tsetse sampling or control b'.removal 
trapping. 

SIUI)II-S IN lit" LAMNBWEG PA1I.41.111'IKSFCOt (1)(lAI. U 

VAI.I.Y 

D.Aake 

Research on(G. pallidpes ecology in the lambwe Valley 
was hampered considerably by the depletion of the fly 
population by spraying operations initiated in May 1984, 

when yet another attempt was made to interrupt 

I011" -2.UO"ult% f anliiyi% if ,nriAlrcr and I)uncian's intiitiphe test 
I ,qJwllflwlt A\N()VA Dluncanl'%,l 0 P It05 1 0.0)1) 

Ii)rie obl 

Ir li4,In.re Mean IF r ltw 

",,c jiliph 2 4 3 

fIcsh ns.ihi 
I suk ,,iiriplc 

ii II 0.179 10.29 2
4 

*t 5 , u l pii 3 4 I 
2* 

3 " 

I II 0 179 5.58 4 
t i ho .[ill cattell ir 5 6 3 
! rimli t II 0.15 13.84 I 
S -It111p nhl icl) 5 9 

1 h istaple 6 
fs ctlc i plte 6 

5 6 3 3 

5 9 9 

0 II 0,121 15.860 6 0 

Rlc ,Icapap,,rirrr
I , , r l 

0 9 0.045 7.51 
I 

8 10 II 9 
9 

7S nil. small neck 10 
f 175 il.largeneck I I 

I0 150 ill. till reck 

II 150 mil. irge ncck 4 2 1I 9 

9 0.07 4.19 4 
2 

5 
13 15 12 14 

Iosit1io I .111 I 
I conrol 0 14 0.112 17.82 13 

12 smirple rirIside 15 

14 ianipl: 411ciii away 12 
15 arnple 75 ciraway 

o 14 0.126 9.206 13 15 12 14 

13 
15 

12 
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Irypanosumiasis transmission in the area. Investigations baseline data for the envisaged control attempts using
carried (jutduring the period include: sterile insect technique. Studies initiated last year i two 
0 Surveys to determine I lie limiits of 6.pllidh,ev distri- study ,'reas populatiti was%%ere cniinued.G. tlllOhi/wi 


bution in tie enirons of tle laInhb%%C \'dlc', nIIe 
(Genib and Gwassi hill%patticulail,, , hih ll(k e 
Valley to the loss (..I 11,11q ,east, densit i., di\N 
populations were found to exist II allot,t;Icsotli. is0-
fated patches of thicket it the tops of hillside gullies til 
all sides of the hills. I his Intrniation %sasSought to 

i'gain Some further undei standin vtit A i past .itteipiS 

ii',;e% and Am 
isessential d .ta ilthe e t thit a pltoposil nI, 
to eradicate . , s erUll,istccesfuil, +s 

lcttl. 

" 
lit+"ImItsetseerdiicatiioll i tilte %,illc\ i.I ;liiib 


the:sittrde insect nTICltlhd 


P )eitlliination ot the itionitll Status of ( 1,/It-
dip"% p , 1 t:o ll alt N.tCNultllirti 1.1t hIklV11t1l 1 ll 

Samiple', sCl, Collcied hi,tm ! t 1 pl Lt ill 
icclip;,nlg thicket, % ot tl.il irid ,'ile tlt.itlall 
segetilltti is pe'. it i %iclit-ic .so,.", it' tili-
tions hCi Cii liltzilii .,l litl,, ,111d.s',+wi.11IL l-, 
and tsctSc dleiiL t,s1 , ,tiI' hieit .ini - hicsthl HI 
IsetisRccifh I Il .ltol, I titrhIdi. Il [stil 
Rcsiiti- Iit:tli,o Iit.11'. ,till it l s itlcilcitl ,iiic, 

iiit, it'll oll ,Ii11: tii 

Iti s 	 ,i i* 	 lh SC tilleiVCt l i 1 uiit"-itlC teC ls tltti_[,)aI 

saillilitiuii hi n h,b'.i lu:tlic ti ,1tp . i iti iia littl*iti ii 

-,\fa yoLo 	fitletciu It .',o,illiptutill ,a Itilliiit: 
prIgIualt. ResutlI.. ,t lii .uc 0hi,1 ol 1) I.1 ,'eiPt (Iis 

st uc a d it-I-i'ii it et . t alt.ill ilpets,lle 


pu,'.,ll i istionPprit h i yo.i dI ii l'licsi. ituttu 
and tfiat males attplir itt) Iw mitdci .implcdil hctlica;l 
trap Its.is ,i, hilt,i lii thl tl ' ctells ,,outld 

,+ampled using tilebietni'al trap once every lionil. lie 
iiiiiiihr if fliescaught per trap (six traps ineach study
 
,itc) %&a, noted. A sample of (the female flies caught was 
aged according to tihe eluthod described byvSaunder, anti 
these plus an LLequal numbei of males front tilesame trap, 
,%ere disscifd ald examined for tie presence of 
irs paitttlnes 

\t (N (HiI0 I(,(i It lt 1ItI[S 

Inlducibte inmmne p.oteins illtile ofhaeuliolr llph 


(;luiina,nlosti,,zs ,tiortjft,,.% 
I P ++ = I /I +hOIwo,. \ /)ll/ 

lltjioral responrcs ot G ti. .litotn. tivarious species 
of bacteria and to :/brucei were investiCated. Further to 
our earlier observations that saccination of G it. 
moitir.tltii will ,sublethal doe:, of live Eti-iiriehia coil 
Confers pritection against subsequet iththal doses, we 
havItanow demonstrate(] teniarkable increases in two 
haelolyll ph proteins ill %acclatedG. i. 1tnorailts. 
Ising SI gel electrophoresis
ry!autInde and
 

suitable in?ilectilar weight markers, %%r have demonstrated 
that tile t i niulie proteins possess molecular weights 
itlca. 17 - 1,;70 Kilodaltonsand that their increase begins 
at tapprt.xiniately 18 Ii and 48 fi respectively aiter vacci
l titt l.L.. t/i, lnteit/tijiit'r i/o-a' and ,cittobactr 
I'/tttlt 'ol. induced mtarked pioducti;n of these 
protteins only when injected alive. Injection of heat-killed 

prtiltits01111stint,,llt' d.11.1 (111 "iLttJt lt l dfiilh bacteria had nieffect. I ise flit-ecro tt- s hlletus',Bacillus
 
ts.p' ill iluIttt/iithi Isi ' 


,
 
t 	 Ise ],t, l , lyiccil+l .otititt 
htti llt :i p N ot, Lim.1 tii\ a s lp't , 1 .1 
krtOtii 1t-1tc hCl, i iii \Ml1 , I% tili 

0 Il'.iugtttiull .\itis lt It'let AIC1lt. 
eiice itt stiuitiitwul uuralitic'tl i Inetll altttita. 
snitlsill,ind nuen 1it4t1cttlchps studl satiutli,tittuti 

l iiantleasittcllS of pipfl Ihi l,u k ,ttiii 

niiCittbc hel hick f, i le ibum ail Il l lettritt 
to locale puparia Ilithe I in buse Valley, suhere tluey d 
not ippear aggregated diistributi whichto hiisc aIll n 
normally f'cilitates sarctuing. Attempts to ctostriict 
artificial larvipitition sites ssCec itt successful. It is 
hoped that tilei. pl/itli/tt atctlttny establishcd 
Mbia Point I icld Station -Il! tnori hc in pttiitt I 
supply puparial tmaterial for fihi SimIls. 

6 PA/14111A. l(Il(tlI lION l)V", % 1l(
', 

1, 1'411 \l1ift% 
Ii IIlt I 1'1l Wttl 06GY M.iAIRIC'AN 


I RiI',sit)',,fM I.\\l|IW I %V,\I Y
i \SIS IN 
WI'll ttN KI u A 

I// ittt,,. A R .5 Ai ,Amt 

These sutuies are aiiret iat collecting udatalati( 
pallidipes populatin d.nanics and their trYpan"iiilt 
infection rates so thai trypanli",,t iniaxis riskin (ttnia 
(inside tile park) arid at Riamakanga (an interphase 
between game aninials anti humat activities could be 
dcterniirned. [he studics are also meatnt to provide 
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antd Ill. /hrutfialst failed itinduce production 
(oithese proteins. 

Ilo v er. iijectiti oft livelit. trtcit'inl. the 

haciio cl'.t G.m. nortilaon was fttlfht ed by a rapid 
cilititon tif"f the trypanosomes sto ttat only 
apprtximiately 1I ti the injected numbers \ere present 
4K hI ptst-lnjcclion and they bccame progressively 

they stayed GhIo..tti 
observations strongly suggest thec presence of anti
bacterial and anti-trypanoottnal factors in tsetse hacino
lmph aid further experiments to characteriie them are 
it,progress. 

doggish ;a-, in iaemiocoels. These 

lIolvri .i: of flit Iselse %irus lit lpi togiesi control of 
G.pallidilt's 

iaboratrvrcarcdtcieral G. Im/idit+, were inoculated 

with%s the tsctitvirus by micrinjection into the 
haennocotel, atd feeding lrthugh micropipettes. The 
inoculated tsetsc were reared on rabbits fur 45 days and, 
during this time, feeding, flight and mating activities were 
rccorded.FTihe tsetse were dissected and the conditions of 
(lie salisary glands. and goiads noted. I',pupae were 
alitscd ltt emerge, dissected and the salisary glands 
E:Xatitied ftr hypertrophy and the gonads for sterility. 

there was no reduction inthe activity of inoculated 
,tsctse. Infection level wkas 23.5 ' - in the treated adults 



(Table 43). All infected males were sterile while females 
were fertile. There was no significant differcnce iii the 
maternal age at larviposih los. I-, pupal weight, or incuba
lion period of :, pupae ber\icen treated and untreated 
tsetse. 

"'abIr43. hIrgeclItI id tirrlity in (;.pallidipesiticuIaId %iIh 
lhiv.........twilse '%Iruisused... 

Iii) 

itr 1Wlit +In "i |i1 

tIimkultlci It2s 12s 
toilrI 3 I 41) 31 

(H G 0I i 

tInalte ontl) 

A high p otiton (it It!adul (65'') %%ere 1tt:'cd 
wlih cattcgor ,I hypcrtriophy ti li al' glatl,S. All iales 
sith enlarged glands %ere sterile. I fie c%idctic obtaint d 
shows that tile tsetse .irus could be used as a sterilit,
itiparting facIur n ith biologi.al cottrol o)!G. h tlliitptA. 

hI ptilititi detitires hae citiu d tt iike cr 
cighird i, (1-15.59 fiesd trail iayi tte arusiatilga 
thit'tlt whic'h is q futclies"hi lurtuatn settleiet. it oth 

study trcas ohservatior;- st ltr rc.'al ni dirct 

retlatIittshfips hc\icetn th, ll dnsit, andt irpatiisole 
ititejititti rais. In biiih Aeics, jissc~i t, detis lie, 
ohscrt ttitiig tile long tm,i I ihe mont h (,I April I 
diata tttl the tlc i u t .c, are being attdy,'ct hy 

Milxed ir)punii oc it [ections 

It Ii' hcii tihcrved Irimn time to little uring the able 
st:die. hit huolle flies shiss tg apparetnt I' io'tgoI, 1%t 
iitectins .is rciicalcd by ly dssecitit ut) harbtur cryVptc 
11t'rinet itihctuons. I his kas discovered %%hen titurates 
ol 6. lalidipe' proibocis infected %ith trypanttotlncs 
wcre inticiulated into suisceptihle mice. I lie ens ing 
infectiot usually turtctl out to be ntixed I. bent ii and 1. 
'titlt'oti i. 1. cottpolet'nzi normalily appearing much 
h,icr. Ile sitiw griwth cFiiniolt'ri' parasitteia 
stmed clearly that the groth rates it tile twio 
trypanonime species diifIercd. Ithis is a point woith 
notirg as it may well aftect rtnaty experititental designs. It 

also underlines the need for a more accurate method of 
determining trypanosome species infection in the tsetse. 

Preservwtiot, of like trypanosomes in t.Uetse tissues 

In order to [rduce the work load during field studies, it 
has become necessav ;) devise a method which can be 

to identify it ypanosome-iricted Ilies after a period 

of cryopteservatiton. 

phPreulimi.nary ;ppriacl. to this probicnm has inolved 
atteript.s to cryopreserve trypanosotme-i ofected flies in 

phosphate-buffered saline glucose (PSG) mixed with 10% 
glycerine and 7.51. Dirnethyl sulfoxidc (DMSO). 

wo trials carried out so far indicate that trypanosomes 
it the tissus survived %erywell in samples cryopreserved 

at pll 0. 

l F+Hi4, 11 l'Ls RINI At MiilI .', P)IN I 
I lit 1).- ION 

/ trt,. t , Iwn., AlI II (iiuuir 

Ihe use ol :,tcrile it ect technique in the integrated 

approaci to G. lallidiit,%control in the Lanhwe Valley 
depcnds %erymuch tr, theability to) rearthis species in the 

laboratory. With this objective in mind. attempts to 

cutloni/e G. iallidw.s from Lambwe Valley at Mbita 
Point Field Station were started in March 1993 in aimakeshift insectary. ilie initial attempts were very 
accessful 

In ordet to facilitate further work, an improved 

isectary wkas therefore constructcd based very largely on 
ltheearlier prototype. [he only major improvements were 

a conciete Ilior r,.ida concrete wall up to I in front the 
ftoor. Ihe rest of the building was thatched with grass. 
Electrical lighting wasvalso introduced to facilitate work 
at night. With this arrangement, tile insectary maintained 
tairly utniorrn humidity and temperature. Flies 

inlritducrd it) this inscctary are doing very well. 
Itmergeace rates have ranged from 85-954. lupa weight 
has ascraged 37.0 tIg with at range of 25-42 mg. Flies 
emerging frim puparia weighing beow 25 mg do not 
usually stirrice. No drastic mortality has been noticed. 
I lie coloyty siue at tie time of writing was 1510 mated 
letnalesi 
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Chemistry and Bioassay 
_IResearch Unit 

llrti tuvar'% r7,rt refletit a til t I/i (nit's re.warch activities towards the 
imph/ow'niat,: l 19,.M Strategic 'lan. Retports on the purification and 
iti titr lnwi ol It i .1LiCaal/onioesftIo i/i ' 'heost'pe:t-ai A proAtl'int anti tilt' 

platit unfl/erl hit' grewer tml/haw% itii'h will the given to tick-antigen and 
(hetitt al /'a.ut oit//at re'.ti.tattt' t in the coming years. 'TMesorA re.spectivel 
ittalaUttt'n )/ a I *12250 qtairttleoh,gas chromtatographmnass spectrotmeter 
MV4ftihi thart or t heitcaI it ork, Iartictlarl/ that itnvolvin volatiles 
i/flthI iitwtmti. lanit ftior twi%" litf ofo/fr.s e'l, ). cant h'purstiu d withgreater 
ti i'ffr 

..Apairt /rftti th' (('-Itna .itectromn ter, a nimbe of new equipment arrived 
during, the' rear. a .perl !oi temperature freezer forhigh- centrifuge and a 
hfitItemnfa/ it rfTA. a Pat kard Mo/'l 4530 ht/itil intillation counter coupled 
itIth NiOthl,. mt ,rorifuterand,a Blirt/toverradioisotope carnerafor'2fo0 I 

Ilit' IR l ' I.., lR'atitoIt% Project. If'Itat remains noit to fill up the gaps is/A otIlpt 
an I NAIR ,quipl ent and tI nmher of stnal/er items like a Ul' 
plt' tro/tttt'ectr, ifroll tftiinttr ttri inttrunit'nt. aspintiighantincohiitn, 

preparativeliet fh fltfferiii/ iquttient etc. I i. hoped thatfutnds /illhe 
avti/alaeh, 1ff entahe hi two rears.Mlte tohf quire them' it! fit' nex 

A SYNOPI'sI (1. tile UNi U*SMAJIR A'(iiMt'I.ISItMFNrs characteri/atfi of the ecdysone-binding protein stems 

froim the poss hibility that it may he used to produce
P b; tt 1,,. iL.ttII,ttffft, antibdies in livestock which w ould sequester and 

Protein bhochemitry iiactivate ecdysone carrier protein in ticks. 

A carboxyl prtteinase lrom the gut of partly engorged Allelochemical researcl. 

female R. sq1fpt/l fhtut ticks has been partially purified Irogress has been made in the fractionation and isolation 
and shown to he siiiitr to cathepin ) of mammals. of feeding deterrents from ethyl acetate extract of a 
Further purificalton of the cnyiL as well as .tlaruca-resistant variety of cowpea, TVu 946. A mixture 
immunological studies are in progress. of mildly active phytosterols isolated from the active 

Vitellin. thIe major egg yilk protein frim the eggs Of R. fraction is currently being investigated spectrally. 
tppet/f, ittihif has beci I fUried 5 1aid sho s n Io Isolation of the more active antifecdants is underway. 
be a henie-ctrtaimitg gl cotlpoprtitcin. the purified Two more projects were initiated during the year: 
vitellin rcacted ,ilh ari[i-,cruin raitsed in rabbits against isola lion of st irghum shootfly oviposition stimulant from 

tfed tlilihi c ,, hi tie ttl. htituate, thus confirmig a susceptible sorghum variety and Ps chromatographic 
that it i, tpc tf the 14 ,anti enf%prccit in the hormogenate. examination of volatiles from susceptible and resistant 
I'urification ,o1 tither potential aitigefn is underway. varieties of sorghum seedling. iowever, it is too early to 

Ihe atfinit constant i (Ka tit an ecdystine-binding replort on these this year. 
protein latition %,as cstimated hN istlope tfiiutitn 
technique inl simq,,ri to he ,ihti 1 10" al ri)ufif Pheromone research 

temperatur,:. (tntinucd interest ii the piirification and Pheromone research is now set to go ahead with the 
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installation of the new inass spectrometer. The emphasis identi.fied. Mycotetes of Termitoirces which have 
will be on crop pcst moths and projects on .Mlaroi'aand shown high levels of cell'ilase activity was successfully 
Chilo have already cminmenced, although itistoo early tt) cultured on potato dextrose agar. 
report on these this year. Sonic out ,anding questions On Several lignin subs-ructure model compounds were 
volatile pheromones i R ap!,nerl'u'lt4.%are heing syntliesi/ed and used for assaying novel enzyme activities 
answered, and further to the report last year ointhe in the isolate] organisins. Cellohiase oxidase, 
presence of 2,6-D('P iladult teniale R.apeniditlarm, ptrlocatechtluate ,xygnase, demethlviase, an I1:, 
the saime compound has been detected in the lars al stage depedent ligninase are sone of the cnzyres detected in 
of the tick. Sexeral othr conpounds hl, also hen various cultures. A start "ias made on the use of 
identitied. rathol;:helled suhstrates to inontl(ir the state of 

degradation of substructure and polvineric compounds. 
Anti-iniect compounds fromi tropical plant% 

1)I(1 SI "' IN/ YMtS(i[ I ill iR')WN EAR lICK,
pterocarpa:i isolated A 'I J1'! NA new vas fron 1'p/trima I/11 '1 11 II tIA I IS.NitMAN - SOME 

hihiebrandtn % antilteetant M!. t'RIi R It (llIA CARtI(iXYI PR(OI IINASI FROM THEwith ilctiity against 
tevitilahli this finding has If(K (itlIlarsac. wised lie po.sibiht) 
thai ctpea ph.toale!n ',,. ich al,o hac the RA 4 wj,.,. I; 

pterocarill skeleton, Imilght conlstitute t hais for 
induced resistantc In [tip+.illt Ilieexploitation manipulation ofagain.,t At. It'tllht or those special 

ile alilcc(Iill l,,pcfi ,I the Icaloxtact oi physiological and biochemical adaptations which enable 
C'alpliril'atur,'agiinsimtcAI,an.rn)\%(irinhas heni ticks t()digest and tnetaboli/e large volume, of blood 
sho\Nt to he ductI Iticprsencc ofl dehydio derisatise t niay he important in lick control. The digestive enzymes 

,
0- 12-pslol',lcarhi,)-sirgil priie isolated constitutc an essential component of the biochemistry of-irsl ,Io roiii 
specics ,I au,,a fioind grosing IlSouth Africa. digestiot in licks, and allunderstanding of'their nature 
Iltclc,,tlmJ%, 1 -)s i in,,li nclii it ., action is therelore important.

.' s r sia, and in de (t 
11 llliiic'dati 'l ,llll%llli,:. ll'tbI'. i A camhoxl ploteinise troin the gut of partly engorged 

the liar cidll elccto tirhehclIec .tract ofI'hIiyi,a4,, .I1ais 5 and 6 pst-fecding) feImale R. alpndiculatus 
:c al ailisi .'i a, ' ptiarsae his kemi sli,, n ticks hi,hneen on sephadex G(110. Inrit, partially purified 
he die tIplurihagim plc, ollsl% idlentified t1l( 'IN as the this report. sotie chemical properties of tire partially 

" 
atllillcm,,hval ald olnc .:lIecdint agellt preselt Ili puriticd eli/.4e ale presented. 
(] l-m'mi, tlitivi 

I omICllvilan I moiurtana I lie all, was assayed in 0.25 M 

PIIoi'ari', al/,'n I actol,natiii it a potent irrsicidlal IO/hl i1tt1.lra, yotle',ptlrtfin on tIe lv. 

,i) cxtiriL iApillthi' tid pait put licd etnyiie 
deiiticaloi (dthe jiril:'.d comiponents I" tllders sodiitirn tormate - fornic acid buffer pll 3.3, containing 

Ilight chiscls reliltl b solation sodium with a) haemoglobin,himmi,,ib ,ihtairied i, 0)21 chloride, 
or ptili "nlbess hic ht.n s,.,ceiid tor illifiedtlait ciceitriiors% ianing roin 0-2 

1 
; and h) bvine serum 

,ctitI at lls .v/, ,, ,'t',o, . /. sm-a-hartr iaand ilitnl (Ir.i\ COncenlr[it raiiolis of 0.1-2l'. The en/yme 
I! rvii,/h,, Ni siv;il, ,ItUMIurc-,Ictiiv relationship .Aldols',cd both hacnlloglobin and lISA. The Michaelis 
h.1, -'v t 'rvcif Illkt'1' 111,ie:,mt le %V. OlL tl,ll\ kcolisant (K J saltics .emt02

1
' for haclmoglohinand0.53% 

11,1'- t1 l':hIn'trt v htr ii11hich has hr ISA iI-ig. 5 and (i.a .J ,JtvxL 111 %% h-it 

' llt' ,1 Iii- I VlI~t ,l i I I ';v it pl id ll ___l___lll___ 

/I(II'F Irojeti0I.,I , rialioi oflm 

Ihis three ,c,ilpllet lltcil l~ite In1 X1 vsith tie 
siis il ,oismlesiibhishiiicrii i Ic tivpe stiIIdard Ih 

hihrathi . nd thet.lerimig a it einst" io ntiiherf ot 

eqilipiiiCiil I ie piilp4,c I(ti' priect is to establish 6ti 
f~iciliiies tor Cllip limig tiinclear techlittques in insect 

teinrloiiilOglcill aiid hibliigi'al rtee;rch and frailning 4 

r',gioial scieriistsl i filtie oit ch lechniques. _0use fhe 
project prile, for I uul"lug experts Ifor the three sear 2 
peri d, cach hir tnionth Ilic irst visit Air compIetedl
 
hetsccn lnehliur ,April 1984 succeeded in O /
uand awl p 

cstablishing tile phssical liciitiCr Of tile -i -2 2 6laburatory and -4 0 4 8 10 
prosiding suitc trining to stll(. I tiesecond expert %isit 1iS 
due to take place early in I ASxill cincenftrae on further figure . I.Ine~cav ir-Itiulk pint howlng Il dffed of[hat,rnollobtn 
Irainig itl stIall h appllcation h t heir oii, rre search. c,,ncentratitii ovn RI. ajplendirulatui czrl)x)l prolnaie altily 

(-l) ond compeilitie Inhibillon by .1Ont pirpslalln (&--A) 
L.ignocelluloe project (Otimunpil. Phosphoric acid - formic acid-acetic acid 

F-our fungi asociated with the fungus-c'omb of buffers containing 0.2M NaCI and ranging in pH from 
Afacrirterinvi ,,il'h ent hase nov been completely I. to 6.2 were used to assay the enzyme with h'-'-oglobin 
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E2 71, m inT1mr-l1 
pepstatin and then assayed by the standard method. 4nm 
pepstatin rcduced the proteinase activity to 50Y. With 
7nm pepstatin, the en/,rne activity was do%%n to only 5%

020 00.1O0 (Fig. 8). Pepstatin inlobited the etyme competitivly.I/I
0 16 -/016 0

012 

J008 

0 

004 '0.6-

U __ I .... _L w____ 
0 4 6FI 

geiti p tI" a p''ndiuhjoi iI iyurei.+,u6. lIfili l ilul I? l, iI t'", 0(T" ) Mid lr ,~irml i l'.)"O)1 l pIr, triiiites ul~l'trlllc. 

and ItSA. Oplnum actity sias olhaincd between pll 
2 (- . lot o(th ',h ,ldt:5, (Flig. 7). 

VI-V-

0 

3 , I 

4 "a 

Ifemales 

2-

0 _ _. _ _indicated 

2 4 6 8 
(PepstatinlM 

ijlurr 7. Eiffelt torpel),,la,;nimR.al ¢ndi ulatut tarliylproldtna.,e
activity. V , activityafterm n treatmeelectrophorsbd

acthty sthou peifatis. 

Lff!'ct ofp+p.statin.'I he proteinase was incubated for 
15 min with increasing concentrations (I - 8rm) of 
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Hlgute S. I2nemtite r-ttLk pll ,hoting thr effect ol BSA 
oicenratir onIiors . ai/itwupuiculatlu gistcarlbuu)l prtiriawr aetliLy. 

Front the data reported here, it cin be concluded that 
the enzymne is a carboxyl proteinase, very similar to 
cthepsin I) of maim mals. Work is in progress to purify 
and characteri/e th,- envyme further. 

tltt;RI ( A IION OFH ..I III If 'll I U% t IN'I II.t. 

IS Ih11udI/a 

Vitellin (Vn). the major egg yolk protein, from eggs 
oviposited by hR. fppendiculatusfemale has been purified 
by gel permeation and anion-exchange chromatographic 
steps. Upon electrophoresis on gradient (3-15%) poly
acrylamnide stab gels, Vn stained as a single hand with 

molecular weight of about 485 0)0 (Fig. 9). On the same 
gel, haemolymph satmples from post-fed adult males and 

and crude egg extract were also separated 
electrophoretically. Protein bands (presumptive vitello
genin) (Vg) with similar eleetrophoretic mobility were 
present only in haemolymph samples f:om females and 
not males. Staining tests for carbohydrates and lipids 

that both Vn and presumptive Vg are 
glycolipoproteins. Vicellin also absorbed strongly at 400 
nm indicating the presence of heme moiety on the Vnmnolecule. 

Under dissociating conditions, the purified Vn 
into 8 procin-stinabl bands (II to P8;1ig. 10) with molecular weights ranging from 43 COO for P8 

to 160 000 for Pl. Purified Vn was found unstable to 
heating at 72°C for 5 minutes. 



lI aii Ouchterlovy imminodiffusion test, the purified 
a! b dV n ieacted with anti-,icrum raised in rabbits against fed 

adult Icnale whole tick himtogcnate (it-500) giving . 
Single prccipi; in linc ('rtjdc egg extract, t the same 
OuchterlN, ivsultcd li - precipitin lines ine of which 

had complete idcntit with 'ni. Ihese results reflect the 
. ,,ollhocllclt oif tile purified VII 

1 1) 11 )' 	 IMtI' I It! tGGS 

1) li ifhed I v. 

I lie ;itiiiis if thle low tilcculwit weight proteins 
Ira.linted ioim tie eggs, ol tile hroiwn car tick (/C117/E 

-WM Aeft '-ttiwi/ h Annutal , 1980, p. 94), with pi varying from 
l0-S i , h0 ctil,:croids, fuse hcte variously estimated 

Iable .14) l-cd,,sonc iipecccd intt engorged R. appen
(hidii/,IS Lallcl into the eC,,gswtcre naturally occurr

, ,,- its,e been found. At pl 7.7 40.5% of thecids 
label l tfie cggs adlicted t) I)-AF cellulose but this 

* ou.l not he clutcd usitig unlabeled 2(-hydroxyccdysone 
.i - unless U 75M Na(l wa added. 

IN i( 11op dai I I we,111tc itioii0 Sltiow Ii ill figurC 
, ',' . ha," c ii, itim,,tcd allhutsv ant (Ka), Ill.,, the cotm of 

, ' ;i+% pil i i,,tln t, hl l 1(' using low specificti ,hol k e, ab 5 M 

it.\ilS 11-211-(ill it roolli teniperatire. We expect the 
. .... ......... ____________K,I Il l h" 1_\%'lu dtaferil[tinil condition . IHowevser, it 

I IXUI 1 l vs-I of mod vrt e egg-i L o- llarivrtiill ki hsI l lliliIIi i l infront blowfly 
eIrA. I111 L t'tic'ksst.r i(Is Ile hiiudiitg piotein from the 
1-i- o-atls Ii ,t t*iiiaic. Il da.i ,,'-.f iuriog 	 111 illp -, I I, t ijui in ihli has a Ka 1.03 ± 0.051 	 

-1-hariuiliiqi1i1,Irle. 1,1i -Oni t hIII. " l I I1, Iu II A uI hIt au 
iraithaird - 1i12 I krail aoimlA rAdii.mii n ,% lll ltiuti ii ,liihiiiilii 

l---uiii~tr ag ,'iila. I (.li l ,o' 
r- 1.,uotied 

uuia r g K-iiitilua wutioioa, 
oullrr ]llor'- Jlorti IlJo ld r l - l~ TIgh 'kerN . 

a b c 

.5 15 

-,' 

P2 
.143 

LL 
177 .212 .246 

. 

g4*.Fraction! bound 

67K 	 I-Igiure 11. Proporion of 'if 20 - OIIE bound iofBl'.,proteii faflovdng 
ituope dilution, plotled u-ng the ,lmpkx meltod of computing data.60K P 

43K r.:(w '4,. Pe '\'thiugfi purilicationi of 1' is not complete, from 
36K l ,' s% we we to be 8.2 -8.3 andthi: iernt hwIac. deduce the p1
30K -4, " tie mIlecular weight to he 33 300 approximately. This 

+:':-:'+t"+ tufhl he sisliali/cd using iso-electric focusing and", 

20K " ;"partiallyi 	 characteried SI)-PAGf'. The possibility, that 
CTc 	 te ts enhvos ca.,i also crie the seroid hormone 

I requiredl fir dcclopment, from the conjugated form we 
1-lzure 10. sI)-get firt-rioltiv.renii of jurified ,itellin. lose fuulnd to he picSent after injection of 'FIf-ccdysone 
a-hillh oillculmr .eght ioiarhr, 
ht-ho mu ,erulmr ma iqht gras ul f-.uales, will be borne in mind. A carriertright vri 
C- 1 tlelin prlcii for tie coiojitga ted ccdystro ds might also exist ifirififd 
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Table 44. Autiisment of the binding potential for ecdlyeroids by tarlous tick egg protein fractions 
Metchod£s tJ,,cd IProlvli I r aiumn
 

1iI-7 114. li, lilt A C) 

RiA 1 .'iii. 4 *' 4 14I 411 4't
ItlIA ?124 1l4.1 , is M ? 57 4,N 12.2
 
1.1160)Srpha.dc,t 114. Ii


~IIl'iintei,,n A" 21 22 4 
1.1121)Seph1 lte., 111-201-111 14 4
 
(i25 Sephatrx i 2-2-ONI 26 6
 

-AiI|addcId 2 1 ]~~ 2.1,; 

20-0Il F h,2 l,,i 24 .1 

2 5-rurll 12 1 
"5 ili nol -50 CiItol. - .. 1711i ,ini,l"i 

it is not one and the saie thing as the IF(' tsc have: N-actyltyvrnie atld N-aclyldopanitt. I his isthe lirst 
studied. iepoit that ti" ,,cleriitiiig agellts canl form ill vitro in 

haniiolyniph lather ihani. i:tle palher mis. 
PIUPARIA 1t1 AND IFROIIIA I1(N Of l'.e ofiCONIROI(1 " I role cd '.ttilds ill pirogl nrllilfln the

JIll POIIYI'NIIJS It 1,111 (A ( I 1 0 (, itlfI iSl.1%% laniilte)lS aid cpldcnrnii to ,ViItles/te tile ell/yes 

1) l vrequired I lhl,.ol inctahol/C t iisinfi 

" m odC)ic ill onictllta sub lit:l (ICdc I ( A OH NI I(cc ,Ii.i til iid se h op l c lt Nil 

ol the tsetse itr, oflters cerlain distinct adalagcs !l tu i.)TI CII 
 "
 
student of inlsec t nid ocri noli i. I-or iii StaiMc, CClts B .Ililt: 13 

bClI;ceII the onset ofIpupiriation (ie. hirildening iii tie 0 i
 
perilrerne ariound the spiracles) and pupation takes, 1Oto I (. ID l'r;i', Y IO
 

12 hiin hhowllies whereas i tsetse lhey take 5 Io 6 days '-5
 
Ilardentiug of the pol"tieusti" lobes (analiigiiuso hi Q
Io 
peritrtrne) takes place 2 days hefio e larspoitit11m Ittlire Ii,
 
lobes were rilt sclerot.,td before birth, the kil uplikh h) 
 )u
 
the larva ut utier could he cut oIl "ere the picgnatit flyt)  l i . 
fecd iluring the last 2 daxs of twi llrCt:liilicY. Il l98) it _ 

%IssuggCsttd thAt. ItecGMli, e.ds steids Coiuld rit h< 
iletected using r(iditi iiil oliss, I RIA) it the titte it I able 46.I'ertiit klaibIl ieluholihi,%ieriid front I-(1141")

.
 

lobe hardenitig * in-,troiud actor might he respiinsible ) ro tiehltin I 1li ITIl nI t %t, riA IlriIi ifIfr1(i1 il isiIifilil 

for trlggcrii ,s ltihHlliatiir of tieI lh I hIlillteipiela- p Iu tlitin 
liorn i lilt% Llutiont l eft light It(hic fllohkking l, c ,.iv ~ t d r .,lin lifeSlllies. S'', I 2 1. *( 

lh r ,tte ittyrlsue uptake hy te hody wits conpred tr'icil
-

with uptake iiti the lube ctltcle titviiri just beliir: %h alli)lclh
 
sclerotliatiOn was (el to start. Ih label elitrcd twice as \&N 111 '02 i I 227
1 11 1)I,.1

1 11 1, 1 i-1 0).11 W) 0)TIIL' if 0)0 1quickly into lobes nhe2i-hydriixccdsiione (2011)ll ) 1 ', S 1 7 1 S2 
, 

.1Ix 
was added tii the iselse riger( able.45~hut 1cdvsi(lildul I 2I i ?1 11 40 X )II.l3 
tirepreclrsor o1 24-()IE, 11d itot stiir,ulate uptake leie I 'k*li'ml" isfi 
low titre useid (delitrately I Sillltte t e shitllla i/i h l, 7 4.1 1f) 1122 19 -12 5, ,
V+i"+
10) Niites. 

table 4. 'ercrnt lhAl tAken up ofter incubiug tsrIset" litl %letaliilites 
larvtlruliclein vilre, ilhsOn( iiiri-l "(( )-t" isote& in tlPl Separated (itpaiper I) e'ctriphreii, 0i11 1.9and chronma-
Iefse ringer fur I It at 29 ( nol ther fir I ft . ( tigraph) fi N-blanol/acetic/viater: 41I11 I. 
IllrrIcrii ( ,ncellr,,'r 11- llk lltenlol)np incithilted.41 .,heiii b, id. h III 0 11.1. -finail ilIU ltt IO0(EI 

Lira per y 1, label .lih) I mol.8.1l'ntol (0.4 ng(/!I I) 
X S Ii i lit thecinjugateiherated drol)s (6n N( I) fruin 

C'ilooi I ll') +i 'i rdellIi fi'dcilttund(s) riligraIling (nt liepositI e sile of 
W ilth 2 )1 11 2 i)fll' 1 4 t)roii ne11.. t 121 
Wilh I 2 'i n,)1 2 4f, cai, easily Iesiltdlil in tsetse %klhiee the (prepupalion)
Willi laral and pupatiltn
htl iI 21 

cvertls itsell arc widely separated in time. 
I se of tire decarhoxylase inthibitors PAK 485 and Ro 4

*522rn C1 ninIol 4602, whicii inhibited pupariatit foir IS to 24 1h.showed 
20-011: stimulated metabolism if tyrosine in that. because ID) PA accumu ted rather than tyrosine, 

hacimolymph taken Irom newly (ICtpsiled larvae I table tyramine Ias n1t tie major precurstor of the sclerotizing 
46) but the increase was mainly due Io oixidatioin oh agent. 
DOPA. !"slimulated incorporalion tiflab iito neutral Flow 20-C)t1E activiites tyrosint into hlbe cuticle rathcr 
(at pH1 1.9) compounds X andtY %I ich co-migraie with than the body cuticle deserves further study. Tle flux of 
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labeled metabolites, detived from "C-L-p-tyrosine 

injected into pregnant tsetse just before lube hardening 

was due to begin, showed a dramatic activation of 

specific uptake of the precutsors of the scleruiiing 

quinone (Table 471. that tie process was mimicked in 

vitro when 20-OiF (bill not its precursor, F) was added 

to the incubation ringer. it Ahich excised white lobe:, 

wiere floaling, .louS that Ibs stimiulated uptake is 

specific for this hormone. 

'rstale47. Ritihnoflatbelfoundinpolypncustlcl.lrs tal dy 
cuticle o ta e III larvae in v'ho after injection on da) 7 of 

t
pregnanc) of 0.1 Ci of I.-(tI(')-lroslae "lto the lorax of 
female (;uisina rnorlitant ,oorjilani 

Elap~cit tini Status of the 1 ofiilprpnal 

afte ifrIctrillt I ir,.l lit 4to,. Sl(i tii lohes 
I)I'M 'ON r 

"ite linrit it 

lh "t ret" q, t Ihc 

tipltet1nb 1 
2h1 I ,1hCehardCl 1ug-1 
Si. I hs hloitdruc I 

2 l4ht'parfn 1,,r d li l),, I19 
4S 1 I l lpvt lllutl (19 
4911 IWied i lacti.,1 0i6 
51 Hitiufdi l I ( 

Sl1t Sehi~ut.,uru iutttiti III 

21,I \ffi Sf l '1 i f flIV.. i- ii i\Slf'f \ sf1 Sf RfS 5I I 
Hl If%IH% II /I I +,INI 

1' f ,,I I'1 it "..'..Oii. PI~u..,...u/h 

We hasc previ jusly reported tite ellects of ethylacetale 

extract lt Stltln ol I V0u9.16 tnd Vita I coys pea cultivars 
ot the !eeigrtr!z rpo of tf teihulilti laiac (II:" 

I:hLlt 1 Ptittorli port, 19,'3j). It was Iound that 
Cxlrict , ot I Vi 'itU shi, cd cinsisfetrly greater feedting 

Inibition thint Iltose it Vilti I inll tests., l)rtring the year 

unlder review, itifther wrrk has been unttdertakenr on 

extracts iit ttesc cusspea cultivars, wilh the objective of 

definiirg the roles of ;illelochernical tactiors it lire extracts, 

islmlting and Identifying the allelochenricals involved and 

deselrping chrornaltographic techniques for quantitfying 

these c~trtpounds in crude extracts from cowpa platls. 

I lie work fociusseditonfractionation, high performance 

hquiid chromatography (Ill'IC) analysis and bioas.-ay. 

l-ractirnation was done by colutis chromatography and 
gas e hree tnajor fractions based on polarity. Iioassay 
resuis .rf these fractions( lable 4g) stggest lhat tile active 

compounds are present iargely in the middle fraction. 

Coltntinued obser vations on larvae led tn discs treated 

with Iow,r doses of these fractions showed no evidence of 

toxication Indicating that the primary role of these 

allelochernicals is that of feeding inhibition. A mixture of 

phytostcrols with moderate antifeedant acttvity it been 

isolated front one of the sub-fractions. Purification of the 

more active components is underway. 
1I1'I.C analyses of IVu 946 ant Vita I extracts were 

carried out on it IC model 502051 (Vari;.n aerograph), 

and the cluted compounds were monitored by a (IV 

detector operated at 241) nm. Successful separation of the 

constituents of the extracts was achieved using MCtl-5 

Table 48. Anrtlftedanttff"cofer.tracucofteintaofTVu946and 
Vita I on th feedin sllvlour of Al. . u_. . 

Ix'Tract Arrag' Aerage I"Percent 

€,ight ,eAlit of Acight of feeding 
control hic treated dic dctrrcncy 

oil 

+fVu14it 2.64 0.44 826 

Vita 2.7) 2.73 2.15 
I cast polar fraction 
c~hrr ritrar i ii II 

isolated fruoiim I Vu 946 3.76 407 NS 
Mcdifni polar fraction 
chromatotgraphically 
i lflaLfdfrom I"so 946 3 90 tHt) 74.4 
Mrst polar fra.;tilin 

thtrdnItatograp IcVu9ly 3.99 3.17 20.6I*til,rcd frsirn I U .. 317','to 9.- 
('ralhnc pt~lostcrd, 

Isiolitedt ulorlltile 
.trcilitilli polair Wn.ctioli .3.48 1.77 49.1 

. .-.............. - .
 

I)se- 100 pg/disc for all extracts. 
Pecent feeding deterrency calculated as 

100 - (Aserage WT i Average WT)ihere W.. eight 
Average W I 

treated tie consiunied; 'AC Weight control disc consumed 
N S No significant feedingl deterrenc). 

reverse phiase column (Varian), and ,an elution 

progranrme involving 30-701,'i acetonitrile in water as the 

ilobile phase.
h'le resulting chrotiratograins, (Figs. II and 12) 

dem.strate that almost a complete profile of 

comnpountds present in tire org,:nic extracts may be 
obtained by using a reverse phase column and a binary 

solvent system inrolving water and acetonitrite. This 

possibility opens rip prospects for using the method to 

analyse crude extracts front floral parts, terminal shoots 

and pods of cowpea cultivars, and suggests a potential for 

Alorbanco 
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1-igure 12. ItPI.C profile at EIOAC extracts of TVu 946 slem. The 
colu

m n i n )
prollewasobtliedy usingMC-Sreversephase (Vara and 
abinary sobent elutlon programme Involving 30 to 10%acilonltrlle In 
water. IJV detector at240 nm; pump pessure max 3 50psl; temperature, 
211C; flow rate, I ml/min; cttrt speed,0.25/cm/mln. 
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Absorbance 
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oiblaind u hr columnSIr-1
, 

r '4)e,.. Oarian AndilA 10114r 
w4IIelnt fhutimi ptr ammldlie imlv'f|ingl 30 111 "N0t acefrltrifrilr fIn ", r, 

tleleclord'S t 240 tiu; pitmp prsiirueriet,.1541 psi; IZuiji.raitrr.21 
ftIiw ire I In,1. lnll; lit ll ,',| 0.. unii n. 

Ihe iii IiiiTth l lMtI 1111 1 llrc (a lgl .tts',pt' t lkillJ)lt)%tlC 

pflt)le lli~lct,- I lhtll)v'fI I hc atk, IIIIIIIIIII " 
dlt' IICtc, Itic :11101I:"III)CIRo ll l , c l i cti I th,p llre,.- 1- ll l t l () llitc l 0- I t lilt,r Xilli iN 

1W 111(111"111 %1)1I1tif I \11' %I (i 

, , cll las i, eslliItlst l heit , diiih e.htr' ii tl 1) h lisI tlll . 

In li t , i itl.ir IIt h t.. pilI, i ltClilt d lil tile 
pre lC t 2, t 1I)ith, nttc 2, 0, .d et-('l)a if) aduh 
stl e ?l i'f-dlcI, olat i'a beenlct,[mlt eil tdo 1/If of nh h11C,1 , hih I t 'k I,., Cdl d Ili 111P ICCdlojI'' 

IFlcclro phyilogjtal cchl[thlaJ %Ill ,iduh lti olactory,cell% ha'., pic',wu,,F, Nfiom, thatextracts, froml lkktl IR. 

fei lale extracts and Ithenttic 2. x tht1,-I)l hinoracto 
larvalr stage , R. m il been bymassn sp sc imilat it) t. he pes cc t2 (.1ad(l'l
capillire gas chr410115 graph.i'. li lecirin captiot 
detection i(cll 2. I1 ltl iii ra d _ tOandinVachh(-I P is t hmxass ipe.ctrhnietry ((i('-,%,I ). I tIe picstence ofl 2, 6,-lDC'l 
in larvalI extracts of R?. tiqw+ml.ulatmv has rim, beeni 
confirmned. 

I'igure 14 ,h ,.1 L,11pillar?,' yap chrom alt.vioo ( "1D) 
of' ; l:or-,al extract C'mnponc+'t I (ligm , ~lI) lit,.'l 
retentlionll ime o)1 2, 6l-l)UP a% demonsl,,trated hby 

comparison ald col-Ilrctlli .vith in aillcllic sample of 
the compound. (apillary (iC-MNS was performed to. i 
12.5 fit siliciic phase columnll ll th(he spectrollcle 
operated in tie electr on impact mode at 70 eV electron 
cncrgy. Componcit I gave a spect rumnclosely rescmibling 
that of authentic as is %ihin Iligure 152.6-)('P i% 
Conpiinent 2 (Fig, IW)thas also been Identified frot its 

0 10 

Iigurr 14. ( pillar) gA%dmimtl4tgrAph 4,f II .i'irn icuhlilu larsme,l m nrl eci . "1 I+ Ivh'l 'mtr11,[l)t ...... 

( ,liin: Sqin 0.22 in I. I' si, ilttALd. 'il 'm 
hnjrclltifi iI Je splilh ,l is, II1i ( is,'," t 11141 

116 

'(.I 

j I')I1II, 
11. 

.10 981 

10 1 8 

,19 , 
til G(f ,0hO (t . I ) 16A hr0 

lt lben1h, bxatned ii l d3ias pcril.siwiiitp~ ~.(llilc 2gv
Ih 

il .lt tii ;,- c n rm ed 1,b , studgi e 
nat, vlCctIItI. shovrn fi ligure It,. (Compo~lnent 2 gave 

tile spectrum of)I-bcnhii/oi (miol .%tI. 135). A third 
Lornpo)nt_'t (hill tIt ham .,Mch is labelled .3 fit figure 14) 

a',, th' .,pectrtun'ol 2-undccanone. s.hownl titlligtre 17 
(toni m,. 170)). [lie Iltlel ofl component 2 as 
hct~t' hial/tlfe \%,as confirm~ed by co-inicetlion situdics 

,%ith the authentic CtnpiiLund. ('oronent 3 had a 
4.cention time approxinately 10 seconds longer than 2
tlindecanone. Ihe LC) is not senilive to 2-undecanoic 

alt li w co ncentrations, however, flame ionization 
dutection sims tihe 2-uidee-anoie component clearly. 
Only very small peaks were detected by the 111) at the 
retention tinie OfLOillponent 3, ind .icatingthatthe .CI)is 
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[-I-DliN L I). -t.'lRAFIA AUREAI RiNI S I ROM C 

1OO 135 iai , G 8([7+i. ( ,(ak/jr., Il tIEEI " lkll~'lht 

In the ourse ol0our screeniing for l~rirrallv ocumll'ilg 

{t(J anti-insect cromipouinds front platirs, we found th;it the 

nmeihanol extract o Iresh leaves from (u!;paurnea
10 -crude 

ed ant aclivii y against 
Afticarn arnss o ra ,xenpt. (WIk) 
mr,,/ po.,sesses i stiron g ar ift the 

rr in Npd' 
0le cride r ii-h rtcinli was dispersed into water
 

W 8B and the" rquctirus suspenslotn sraaXractd ssith hexane,
 

410 ti') ether ai;d cti) I wet;it. Ile ether extract slowed activity
 

at 251) pplianlits,taractionaltld ising silica gel colunin
63f (< ll~lh (0,51 t 'l tolltwed byMllal plh I M11-('I1IC1,) 

cI liitl chroliraiolahN a Craig-Postctirctil using 
appitratus f2R)stagos, 10:If)ml, tipper and lower phase) 

1i i P MO Major,ifrcomponenlltisiti oss"hich showed 
rrrtilmcliii rciNi ai 125 ppnr. lienon-active 

,t) jI() J 1() 0 18(0 %%a as crystals1,10 )I cofnliporient obtained colourless In.p. 
205 ( (I i()llh ,'I11 21 <(C io7('l('l,) and hida 

,1I , anlid
 illolcctlliiliim)i C1.t 1 whrI-NMS 358 NIlI 
I IZurr1lb. AIN Ei EEliril lisrulhe elc ir rill ll JlerliriEHl ol 

<100 0 

90 - 5 

3 4 

.1 ('/ 

400 
J ..

20 E0o 

410 60) 80 00 120 140 1617) n80 
0 

()in tr hasts of phsical and spectl rocirpic data, this 

srivs,,rlllvitielcort poiliili 1. 1tic .tllcirlllcift ir d compoiipri d wai identified as IJ-(2-pyrrolylcarbonyl)
rother compociiit- ol tih c\t[.ELt ire still .11tdetr vilgilitic the South African C.I previously isolated fron 
11%esl llli ajr'ra mnid radea ,emb/ranace' (Ruhiaceac).il 

thus bthf I;ar%,anld idultstages Co'oiiirund 11isthedchydroderivaticl'of 1. Altlioughthethe I mf R 

appen,idi, tlr,n pn --s s.2,n-I)(T It appear% likely that struclur% of I aid II are very similar, the magnitude of 

syrlttclINol tile crtip,iinr begins inthe larval stagc and thiir artiflidng activity is dramatically different. The 

,'ollnii rc,throir gh the If',fliph;il l-agc (aithough this ag, dchrv r-d'rle;mavi tit) activity eeI hatsi en at a concentra
his not yet heci esarinied) hi tire adult tick. min Err 510))JillIn. 
1Ele:itrrphysiological assays will he carried out on file 

olher cotrunds (hen/oilih/oile MSI)0A 1iiI AItVICII)tiOi I'l t11):M/4Gidcrlntifl-d rand 2- 1/L)'ANICA 

undecanirire) to deierrrline if ihcy hle allyeffects (Eit 
rrale olffactorry cells. )II(hapEE 

A celcarcr view of the rolatile chemicals preseiit in R. 
apprendiculatus is beginning to cmerge, although their We previiusly identified plumbagin (5-hydroxy-2

overall rolc in behaviour still requires elucidation. methyl-I, 4-naphoquinone), I, as the antimicrobial and 
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insect antifeedant agent from an ornamental shrub,
Plunmbaigo calpni.is (Plum bagaceae) found growing as a
hedge near the Univcrsity of Nairobi. Yhe strong
larvicidal activity of extracts of the roots of I e'lihnca
found growing wilidin Niani, Nachalkos area, led tsto 
examine the consittuenlsiOf this species, 

Ihbe hexane extract of the crude nethatiol extract of
the rootswas chrointgraphed on silica gel using hexane 
with increasing amounts of ethyl acetate as the elitt. 
[he active component was found to he pluinbagin, which
simeil 10(y; loft t'tiN a'aint tlhird-intstar lirvac of 
..,det a~',ipti after 24 h1 exposure ,it001 pgnillconcettration and ,itiIICtItified bV LomIIparison ' ith aniISI
athetici sample. 

0 


0 

CH 3 

O 1O 
" 

pltiri ti nji 

I lie %dc octit.cc ce iiiphthotqiinotics in tropical
plants as vteIl as the ilatic high yielhs of the extract 
(plui hagit s as obtained in ).I05,(; os.crall vield)f sglgcst 
a potential ftt siit.ihh naphhtltlio tonte derivatives ill 
nloqttiiclnt rol piigr iiinc. Wt,are currently cairying 
Out I sit ti ltr -;t(ti it .,s tIl V til . loil ;t ilaIblcnapht 

fI~ IsII , nli l llN 
la 
.It1II,11 iolder to)Idenilli t Ih c f["inloe.
 
actj, c IniiIo!00%h
 

,\",H M 'RII I f, MItJ, J,, Pu Mt ARP'AN ,\NIllI I,,
I 

I HiM ll //P()tl r 11Hi1%///ltllII s 

If I-jt,, I II, .s, P I / J,,J,,-01,4 , V I. t) ,,,h 

A reia (.-hvdrixlatcd ptctocalpan was isolated front
 
the heallhy rtts Of the hcrhaccois plant ilphrotia

hili'/trainmt t lie 
 tarrtilv I egttninosac. It was named
 
hildccalpit 
 n a nr att theisstg ti e structure an iil.bsolute 

Tatie 49. the feeding inhilitot,actii t) of hildecarlpfn against

larvae of i. Itfulaiv
 

[I iig it'c HAich NO tetcrice4 
IN) I1,| 


2 929 85 
t As-rage 

.1 11I1O 
4 51.8 Asirage 
5 520 52 

'or each hatch. 20 larvae of the test Inect were utsd. Two larvae 
were allowed to feed oila pair of treated disc and control dhc. Theresult of each hatch h based on a summanlhof 10 such feedinga say . 

Deterrence defined as (I.WT) IDO, where WT : weight oftretteddisc consumed and WC = weight of control disc consumed. 

spectroscopic data, optical rotation and chemical lrans
formation. Ifhiecarpin shws¢d antifeedan, activity
against the legune pod borer Jf. liuhi/iT, (Fable,19) and 
antilungal activity against CuidoVwwnun I tcuiterimun. 

liildecarpin bears itclose structural resemblance to 
phytoalexins of tilecowpea plant. Since (ie novo
synthesis of the phy'toalex insmay be stimulated by
artificially infecting (ile cowpea plant with non
pathogenic minicrobes, this may provide a method for 
inducing some tmeasure of resistance in the plant against
both .1f. iltIalj, and pathogenic microbes. 

It
A I ION NND I)ItItCATtION l- MIoSQLUI tO 
I.ARVItIDI S I OtUNt INAt ItAl. PAR t (It- SI'IL-.,V'IES 

SI(I JHIj.1NI 

IJ 0 J"Ilhik 

]he methanol[ extract of wet stem and leaves of .-l
mnoatriiiatacollected front Kv.ii District was found to 
elicit 100o'i mortality it0.003 g alter 7 hfill of appli
cation against third-itistar hJrvac ol .-I. aegiypti. When tite 
aqueous methanol extract was partitioned into chloro
form, the resultaInt oranic extract was found to be ten 
times inre acti, cthan the whole nelhatln extract, while 
the aqueous phase showed tto larvicidal activity. Further 
chronmatogiaphic purification of tie chloroform extract 
Absorhartce at 254 not, alit 0 2AU 

3 

5 
6 

- 7 

0 10 20 30 

Minutes 
Fligure Ia. lltt.C profile for fractiom 5and 6. 
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using silica gel and 30% ethyl acetate in hexane as solvent 

gave twelve fractions eliciting larvicidal activity. The 

most active fractions were subjected to high pressure 

liquid chromatographic purification, using MCIIIO 
column (250 mm x 8 mm) and acetonitrile as the solvent. 

Figure 18 shows the profile obtained. The larvicidal 

activity of each fraction is given in table 50. Fractions 1, 2 

and 3 have so far been purified to IIPLC homogeneity. 

identify potentially useful naturally occurring limonoids 
or readily accessible derivatives, and to synthesize and 

evaluate simple analLgues of active linonoids. 

In the present report more complete data on 

antifecdant activities of 6 limonuids (I-VI) against S.
 

exeenpta, M. testuiali.s and E. saccharinaarc presented
 

(Table 51).
 
Tab 51. Feeding detient activities of limonoids against S.
 

Table 50. Mosqalto larvicidal activity of ItPIC fractions exem ta, E. saccharl_ and tL.testulais 

obtained from column fractions 5and 6. Feeding inhibition ("j) 

E.raccha-
It z tahs

Fractions' I 2 3 4 5 6 7 IC%1 ID)otc 
Compound (ap'drsc) S. IPJti' rii . l. 

time of 
ibscrvation (r. 24 17 1.75 1.75 I,0 1.0 17 I 100 a 62 75 

W) 100 10 IX) I) 10 it 42 39Mortality percent 70 ( I II 1 1 a 83 58 
---------------------------------------............. 


() a XI 563 
' Dose for each fraction: 0.0Olpq/ml. I0 i 81 56 

l it 66 a 
Work i now in progress to obtain the tiece:sary III 100 is 55 67 

%pectrocopic data ('!armr. C nr, tIV) for structural 10 it 48 b 

clucidation. lire mass specrometric 
76

data shows that IV 100 48 94 82 

sa me mass nu mher 229 which 10 it 65 
fraciotis I and 2 hasc ti 69 
probably fits tie molecular firm ula C 'll,, ON while 07(I 

73 6I a 
unher 247 correspuonding to the

fraction 3 has mass 
furmula (' ,I..ON. VI 100 a li 

10 a b h 

Inhjibition calculated as
 
FVAIlA I ION il- IIMONt)II)S I-O AN II.INSl('I
 

0-- . _X 100, viliere WI -ivlght test disc eaten, WC,
ACt IVII iFS 

WC silght control control disc eaten. 
a No significant activitiesA IIirranah. fdrzhhi. I'L vj ,"'K.' ie.Sie ioHa t) Results not vet available 

The longer term goals of thi" litnooid project at ICIPE c Thia isthe first cam- we have observed where adepresslonof 
antifeedant activity Isobserved at the high dosage. Dose 

are to carry out detailed structure-activity studies oi res nse data, we have so far, snggess a maximum actlvity 

limonirids on a number of ICIPE target insects, to at rpg/dIsc. 

0 
0---

0 a0 0 
PO io-.. 

0 0N 

Limonin (I) Deoxylimonin (1) Cilrolin (111) 

Ac-

== __0 0 0 

O 0U'O- 'OCH 3 u 'Y- ' OCH 

Obacunone ( IV) Harrisonin (,V) Aceloxyharrisonin (,Vi) 
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From structure-activity relation point of Iew, tills
data is puI.'litg. I the moderate actiItle:s of Inbacunone 
(IV) and harrislnn (V against the African artltyssOf(in 
arc attributed 1t the prcecLc Of A-ring uohsittuated 
lactoe groups it is surprising to find that 
acetoxyharrisonmn (VI) %,,ithan IcCIOxy grOUp teMutle 
from theI.lacl itt ring is itdlisC een it Cl't[Itraliol|ts
higher than 11) pg d, c ()nithe other hattd, the activiics 
of the linloinotld agaIitst /.. I hartma a id 3l. Itll olahl 
suggest thlt thcrc la h scctal rlions oi:e Il'teacttolii It 
tite lut.nolid skeletoln v, itI tile l~lpt.tte actl'c site. of 
else tt11 l 1'h he dltd crcltt ICeele )f M1111h.11 kilhit IcIthe dilict.'tl Itltullllt~li tellos Ill tile Illlid tnolhttie 

It is hioped S., ,Ithat b11 5 otI tilet cl ely'+ tcated 
Id thellit s.11 Sl~tllep '.tllgics etttetitl.• 

ttt.lel ,I , IAssIi S llts SCIIllO[ ,OVt lItO SL'CIItllI oll[fie coillp[,,tilikk;+,ltlld olllnt_
help lt,k lilit (,11tlec 
striftllfil Utrtls ispolni:tIt IIcht ItetLellt.s Illt these 
coull lI, 

lite U -7 kctl 11r11 lit hc .t. Inltnl riIS i)ro'desa 
conellicn ihllC lot nllattpttlal Ito(. tie IltlarilY IIl tite 
tli)lectles h%5Iliri)plate t tllti it nttnber o)
such cooundll s dclij.cd rom ,ciilltull ni and its 7-I 
OfII alalgliuc ae c ttlyk Ieing IItSligated io 
Systellic acl, 

I%I It I st(ll 110",I tt t l ',li)t I ' , 
It1\ 1 'I 1 II( I N I I \1RIN I I",1I litl tJ III S tI',ttlS ' \N tI 

'-I (( 111 %1 1 \% 

S.1 ..../ I it , (1,/. 

Ifie Itltialtlial \tomic I rlcrg, .\goelc (IA.A) has 
pr, tiiCd Ithlic.io *l5.,Ill, tO I"1'l I establish 
fIctiltiCs Il th1C('LIiC l laittsditltpcd 5511, I. lteaitlts 

tile pIroc I ,Irc thltcc-holi 
 I "It to eqtip tie (entre with 
lihllatlh' ,;It!llCS ",ntiblc fl tit" sale handling andIncai"lctlictll -11 li, litichlhs and 14) pi CSideexpert
asSisltnktc Ill Nt utp ld clahlih propel fltlinllnt g of 
the c(ftl[plclt 1 It Ilnstlllttsi slites.lirking practices.
Second, t oi tpIdc cixit-Il Ias.stalice h 111111WI'I stall 
in tw use Iit iaditlihilpcs through apllicatioI of 
tCCnkitlc, t, their n .%1tcseli %olk. thereby huilding 

up a Kim: of Cpciliclltccd peoiple I ilirdti 
 tsC titts cone Iil

knowledige mitirol , tdc Irainingi lIt llliolo 
 ltech ni ttiles 

it) cntulrtiologial 
 rcscl ict o)n ;I regional biass. 

Much of tite liost obiclic has been achited carly this 

year during tite ,isit I )r.
, AlanItR. McCaltery tie lirst 

If tIhree 
 Slil1lg CSxpcrIs pis'+tdcd by IAIFA. A sntlll 

laboratory ",as mtlified if) 
 meet ssilh Class II
specificatlons fril ;I radilisItlpe laboiratory and 
equipped kilth an iso)tlpe grade [little hlol,
dec(ntaminatitn 'ink,. w'ork bench and Storage facilities
for radilchcnlcals, I ie majIr cquipment flr dcctletiii 
and asa ' installed i as it IPackard mlodel 4530 Iiq uid
scintillation conlteI cri Iccd "fit II hihp '20 I 

micro)c(mputer for oin-
 and off-line data manipulation. 
Other equipment installed wcrc i manual 61t,1 cIunter 
(Tcnclec, UISA).autllradiographic equiptnlent and high
sensilivity film and i ratliolisoltope camera (bcla imager)
and print projcctoriIlirchover Instruments, lK) for non-
destructive detection of radioactivity in thin layer
chromatograms and] gels. 
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A short course was also given to 12 members of staff
covering such topics as properties rf radionuclides,
detection and assay of radioactivity, radionuclide 
haltdling, safety, protection and disposal, use of tracers,
riidiochromatography and radioirninunoassay. 
Instruction in the practical use of the available equipment 
was provided. I'ICPI F scientists were advised on ways of
incorporating radioisotope techniques into their own 
Aork. Yo deolnnstrate the type of study which can be 
undertaken, a oshort esearch project was carried out to 
in'estigate tile itclabolistn of a tritiated anti-allatal 
agent, prcoe nc 11,it S. e'itx nplo., itnon-sensitive insect, 

M etabolism iofthe pro--,llalor-.4 procecene II in a 
lepidopteran 

t lif,(a/htr 

[he prit-allatocidlin precocelc beII is presmned to 
metabolizecd by the corpora allata tCA) of sensitive 
Inllsect sIch) as ()riltolirato I reactive epoxide which 
hllds covalemttly to cellular macrotnolecules. This causes 
cell death and leads to tite niorpholtgical and 
phyiiological symptoms of a cessatioln of juvenile
horitlonne (.111) production by the CA : precocious 
ltanorphosis and adult sterility. 

ile compound has been shown to hat'Se i singular lackof eficet in Lepidoptera. [his is particularly unfortunate 
since compounds of this type are clearly potential control 
agents and I.epidoptera represent one of the largest 
grlups of pest insect species. 

I ie recent conImmrcial availability of tritiatedprecocen cgives the opportunity to study it detail thefate 
of tie colllltound in insects. I fie metabolism of precocene
1t tite lepidtlpteran, S. e'vemnfa wits studiedII 

so its to 
Indictate possible reastns for its inability to disrupt .III
contro)lled metamorpholsis. 

Unlabelled precocene II was tipically applied in 
acetone to penultirnate larval instar (V) S. exumlra 
within 24 h of the previtous moult showed that precocious
metal(rphosis did not occur in the treated insects. At 
high doses tie compound was toxic with death following
2 to 5 dayslatcr. )oicss ioi5(lpg produccd 12.5f ,rt.)rlallty
by titetie that the in,,ccts pupated. doses of2( uggave

50; iortality by the time the insects pupated and doses
 
iii 4(X) pg were rapidly fatal to all the test insects. Control
 
insects toipically treated 
with acetone alone showed no

mortality whatsocr. Surviving test insects reproduced

nollnally. Prccocene 
 II appears therefore to have no 
direct anti-allatal or antti-+II ion inthis insect. A series

il autlhentic reference 
 precocene ;nctabolites wa<
 
plepared ()r. 
 I.(i. 1c%)I well). These were assembled 
intoI a standard cocklail for use in tlie IIF'I.C analysis of

tie product%ol triiated 
precticene II metabolism. The
 
mixture swas prepared at 
 frequent intervals and wits
composed of the following: cis I, trans prcocene 11-3,4
dils, precicene I1-4-o1, precocene 11-3-nI and precocenc
II. lie retention times of 6-(O)-desnmethylprecocene I1
and 7-(())-desrnethylptecocene II wce detcittined using
limited atnounts of authentic reference materials.
Sepiaration of the cotupfmeints was achieved using the 
11hase-Sep C-8 column with a gradientelution ofO-5 min,
25%iacetlonitrile in water atid frorn 5 to 25 min it linear 
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gradient from 25% to 75% aceton'trilc in water. UV 
detection was performed at 254 nm. 

Doses of IpCi of precocene 11in acetone with 50 pg of 

non-labellkd carrier precocene were topically applied it 

fifth-instar SpIdopterawithin 24 h ofthe previous moult. 

I he larvae were analyzcd in various ways as ftollows. 

After varying lengths of time the larvae %%ere surface 

washed with acetonitrile, the washings reduced in hulk 

anl it known portion analyzed by RIII III .(' a ab ove. 

I he radioactive content of a similar known poftioniAas 

directly determined using liquid scintillation counting 

-I.SC Ih ielueit from tile III' %its collected ili 0.5 

ti1l fractions i, scitttillatiort vials containitg scintillation 

cocktail, the samples counted by I.S( and a 

rdmlichronialigrami obtained. It has been assuMed thalt 

co-chrotnatography ot radiolabelled products with 
authentic relerence standards gives a reisortably reliable. 

though not delifnti ,e, indication of their ideatity. Alter 

2.5 I toly 501,; of the iriginal applied dose of radioactise 

precccene was recoered by solent wAashing. fly 6 h, less 

thant 51f of the original Mtaterial remained oi the sufilace 

of the insect, ip to -1I alter treatment at least 75";,of the 

applied tatltoact1l,.ty :eliltined ait unchanged pecene 

II but by 6 I this ws reduced toIaround 5)r;. I he on l 
oit r significant cmnponent isolated by radiochri, .:, to-

graphy appeared to be it tin-pttlar nmatetial eluting by 
I, I'IllI.TC iter than precoccne II I is accounted for 

4 I. 1iv (i It afterf101 tti the radioactivity recovemlti at 

treatmlent 7"'' i the rectisered conts coeloeiit with the 

t,.t-ilgtls. 
I h,, hacitetil lvmph "ias rcrtosetl IroIl test Insects anid 

eCctcd ntto ice-col accttonitrilc. Ilie samples steie 
thfortughly ektlacttd thel leduced in bulk and a ktmitts, 

ptltot taktii flt RI'IL'.(U antia.sis and I.C its bose. 

I lie ptcctputat contained negligible radioactivity. 

I ir (00 tl preccf)ccn II reached a peak oif aound 

0, ttnNi at thout 2hialter treatment. Hfv4 It thissas belhs, 

wI rn. and decreasing rapidly. In all stamples, prectocene 

I1 atctntetl ftr less than 70' of the radiloactivilt 

rec,e red and apart froun t oe sample was always helowi 

50; of the recove red counts. I iree other significant 

radiolabellcd Compoents ,et e c't itsently ound in 

haeynlvii ph satiples: precoccre 11-3,4-diols accounting 

lii' tft; the acitiolymph radioactivity 4 Ii after 

ticaitreulit, an unidentilied polar material eluting before 

the diois itid at iknov, i fraction cluting between 

ptcccene 11-4-ol antl 6-(())-demethylprecocene II and 

accounting ftir 1,"(.of the radioactivity ill 4 I. 

[he inidguts of tite treated insects were also exaniined. 
SaiipICs wete analyzed using the RPIP1 PI.C method 

described above. A variety of labelled components was 

always rect.vered: 'olar materials 1(1-151., precocene If-
-

3,4-diols - 5l' unknown (eluting between precocene 

11-4-ol and 6-(O)-desrncthylprecocene I) 5-1 0%. 
precocene 11.3-ol IoW and precocene 11 20-00%. 

Ihese preliminary observations indicate that: 
" 	 Precocere II is without direct anti-CA action in 

,pmloptera and that high 'loses are toxic. 
" 	 Fifty percent of topically P;,l!ied precocene dsappears 

from the surface of the insect within 2. I/ 2 I. After 6 h 

less than 5% remains. 
* 	 A component less polar than precocerte 1I and a 

material eluting with tile diols both appear in increasing 
amounts on the cuticle surface after treatment. 

e I he maximum haeitolymph titre of precocene Il 

observed was 03him at about 2 Ii after treatment. 

This is a title which in sensitive insects would be 

effective at producing anti-CA actions, The titre falls 

rapidly thereafter. 
* 	 Significant quantities of tile diols appear iii both 

haeniolymph and midgut samples as do fast cluting 

polar materials (conjugates?) and n:t unknown 

metabolite ritting between the 4-ol and 6-(0)

destrethyl metabolites. 
* 	 A matcrial co--duting with the 4-ol and (-O)- desmethyl 

mntabolites. 
* 	 A material co-clting with the 3-ol appears iii tile midgut. 

Itis cottcltded thit whiilst procctie II is sithotitobvi
tousacttoi on the Ca. topical application o tie compound 

results in haeniolytnph titres which would be effective in 

sensitiwe species. Nevertheless, the titre of authentic 

preceltecne decreases rapidly. Ieripheral detoxication 

processes probably reduce the effective titre of the 

compound still further by mietabolizing the compound to a 

variety of more polar coilponents. These factors, together 

with possible unknown aspects of CA biochemistry 

probably render tile compound ineffective. 

I.EA SPECIA. t'RO(Jt' I tiN I ll- ttt0 O(iY IttOCtFMISTS.RY 

o1 tulTOOR(iANIS.,S BIOASSItOl IMRoVI[)
IDEG(RADA IION 

Biochemical section 
H Own 

Quantification of the rates of Iignin degradation by 

microorganisms requires utilization of substrates of 

known structure%. Accordingly, we cmhrarkd on the 

synthesis of several lignin substructure model 

ctmlpoutnds in 1984. ()ur attention was drawn mainly on 

models ofi tie /1-0-4 aii f-I type, which represent the 

major structural linkages in native lignin. Biphenyl 

linkage type todels were also syntiesized and of these 

dehydrodivanillin has been emp!oyed extensively in the 

search for novel enzyme activities. 
Ile mtdels were used to assay the following enzyme 

activities in cultures t,I I.osariun .senit'terium, 

Trthth,rinlaharZianui,. .!,*rgills niger, As prgillus 

flavts , ,.Ictinom)ces spp. and hrroitni ices: 

0 Cellobiose oxidase 
a Polyphenol oxidase 
0 Protocatechuic acid oxidase (protocatechuate 3, 4 

oxygenase) 
0 Cellobiose quinone oxidoreductase 
An interesting finding was tile detection of cellobiose 

oxidase in cultures of F. semitetuin and Actinomyces 
spp. The extracellular enzyme utilizes molecular oxygen 

to oxidise ceilodestrins to the corresponding aldonic 

acids. Degradation products were inaIyzed by GC and 

IlPIoC. Protocatechuate oxygenase was found in the 

fruiting bodies of Ternio-n'yes and in the mycotetes. 

[he last quarter of 1984 saw the beginning of 

radioisotopic studies using I'C-labellcd model compounds 
and lignin polymers. This work was conducted during a 

study fellowship from IAIEA to )r. Osore in the USA. 
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A terious obstacle to the study (f lignin
biodegradatiot has beei tilelack of senisitks ass.as fr 

rneasiuring lignin decomosittion ever, witilthe 

astrent ill
sensiti e specific radiiusotopic fnethods., rapid

tidsarcc l

iht nade.
been I lie .isayv is,ed on 

incuhatioin tilie i-rganr,.s if 
 tightly closed 125 ill 
lrlennesier Ilaks iii the resence of a Klls)nt,iiln of 

tile' irl lluhing out ithhhlriItCd "(.0) at
"( ',liblsr 
suitable inters,,ls, Ii.ipping it In a scrltill'itin cocktail 

intcorporarting ethanolaiiliirc, and eVctiiuallv counting tie 

vials ir a li1Uud cunitiltatronr speCtliphotonleter. ilonl 

tilecoull'Niuhliunuteu, the p rctalLige of tiltioiii l 

liboatICd a,s('().tc.aII be klcl IctlI 


()rganisms sclected tiir thucse%tudies %sere: 
li soliri Jiar.iu,,iuuci /iiujriiuiu 'ntilitris arid tso i 

Specics id t ti +t'uuc' Ilie',hlte-rloot lngus 
iiiatii,, h z iuIts-frwtz otiIlK M 1967 %sak isl as 

rclcr,' n c if;u it It k tiow itIhIf,: lf"is
t * 1m I '-1s 

leuIhc 1li t i-'
l,, iit, i liriii _iii ilin hiii 
tru~iul%! nlii ,oltl'l I 1I l gi .gIout 'ol 

lh'.rr;,,rn ,.littrlni{,ic"A2 ari -utiI~tr, iesIMAl oxitled 

te('clllh,cldto 'aryingdevrees. Figure 195 owsthfrat 

Ft4srritti tiltuurce itusi4itul rti.wcirf by tip to 63;
within 6 us. 

/33 (N 

OC I: 

x ctUMA C 0 KMH 

oH,t.

II013 C15 

12 92 


iFigcrr 1).I(iilo t ( 121- frrulicacid Its ( iz by culfurn (if 
f~utariujicccicfr,i f ieri um r c 5 5 soit IiOjio li-if %tIA1 

tiiiflt- h~ro iphrrsi I (.II) %I%iitirt~ Tdieloot' thc.i It 't,.n i'), i'te ll;)S 


rIs~l,lllt its I t ' Iit"tiItirflt t 9.txtt It ) ,,rt';e1 l s0is 

crrcuztuiii11i I kiwsi liiinui Owtuisr r st0%kr-vise iof 
('1), ii hbir'.1 it . t it Ik 0 2.' titer I-I (iiss

iiict'h,rntin IIhlS2i 

rabIr 52. )islitatol it 14( ring)-tliP hy culturs of luarium 
irrm'rifhtnum ( iItal I)PNI 

ln~urhaiturmi ifi ai 

ii 
Ii 
12 
14 

479 104) 

'CI FecisrCIt( is t4O2 

The results obtained with I4C-(Ring)-DltP clearly

indicate that ring-labelled polymeric compounds 
 are 
relativelv harder to decompose nuicrobially than side-

Chain monomeric ciOtrpuLutrS. ReSults obtained with
 
'('-(Ring) vanillin and vitilic acid hase shoilin that the
 

degradability of such colnpoitnds falls intermediate
 
hetseen 
 those of side-chain lakiled nioionmeric
 
Coipioulnds ant riny-lalelled polvmeric collpounds.
 

A tiUrhe- of substrates were Used to assay ft
 
llgrninolytiz enyume activities. A If ",O - dependent
 
ligninase that converts veratryl alcohol to verataldihnde
 
%assdetected ill
cultures of Ilrtmririnand Trholoerni'I.
 
V-ratryl alcitol is cotmcrted h' the It(1. dependent

lig11iase to elatialdelhlde sslich has a Ailass alie if
 

l ) rifr,Itnakilg It as tit) tolls tilereactioll 
,pt ,))Iitllhiletrull\ at this \%aClciugthi.
 

2-lethdIi, -.-Iphenl Ihe/'ic acid 
 as ti 

ot-1 Nthlrhla act l%itv. I his Ciomirpiutd stas
 

is IrCd assay 
ell l " e 

leiIct iteledhi.Cultures ofi Itoorl uittoi2-iydr xy-3
pfucrl crlie acid, which has, Ati of
ic a lls 310 I I, 

lehreas the patrent coimputrd absoibls nuaxinnally at 290 
nuM. In ligninase asa s cinploing dehydrodivanillin,
 
chanlges i tIheI '
%isible absuiptiin spectra of tile 
cnlpourd scue mnitored beissecir 400 arnd 200 niM. 
Signilicaint cthargcs %kcre ut\lohser"ed after 1(0-20 miii 
inctbation aut 20 ii tilectuvette.
 

(pillary gas chiointigraphy 
 W s .sed it 
hCorjiunctiorn i th tie ahue stIudies to elucidate 

degradartion paIrv~s tr,l(-Icltulic acid. I-igirrc 20 is,ani
 
illrstratioin ofi the mhetahlic roducls obtained alter 
iirlc timI)l 15 tJ;iSi Ith cuttulrt s Of 1" liloI it . tt .llin. 

Fuair S0Mile 
0/04tC. lecovered ats14 C02 

a, F~uFrJSium smlcu 

30
 

25 Aclinomycos A2A 

20 

15# 

ct /tr..---A irnomyces MAti
 

0 2 4 6 8 10 12 14 16 18 20 22 24 

tll)It0 Figure 20.(apllary (.(, trace of meiabolic prcducof from0(00 
 I-( ferulair by Trichodecrma harzianum 

0.11M, 
13I0 Microbiology section 

0.144 31 04rhr 
. 157 Since our last report, complete identification of the four 

01221 fungi associated with the fungus combs of Alacroternes 
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mlchaedenihas been done. They are now as follows: F. 

semliecturn, T harzianumn. A. niger and A. flavus. The 
work on protozoans and anacrobes was shelved 

following the decision to narrow the work plan that was 

originally proposed. 
In earlier reports, it was indicated that attempts to 

grow "'ermitomyces spp. from the mycotcles, spores and 
tissue cultures was unsuccessful and alternative methods 
were being explored. Since then, Trrnitopnc'i 
mycotetes have been successfully grown on potato 
dextrose agar. Ihe mycotetes were collected from the 
fungus comb of Af. ,tchaelsent and surface sterilized as 
follow's: 

Washed in 0.5% sodium hypochlorite for 2 minutes, 

then warhcd in tcerilc distilled water for 5 minutes, then 
rinsed in 0.85% sterile saline and inoculated on to potato 

dextrose agar. 
Within a ,eek mycciia started to germinate from the 

mycotctes and in about three to four weeks mycotetcs 

appeared on the rn,'celia. 
The at; ility for the 'rtoitomrresmycotete to produce 

cellulase was demonstrated according to standard 
methods. A positise result was obtained within II days. 
Their ability to produce 'ligninase' is currently being 
tested. 
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Histology and Fine Structure 
Research Unit 
It /98I ivrA f ther liAsologr ant ine Strocture R'esearch I Init /ocus'd on 
ltrastrutural ldit of neurotemllocrne orga,it reproildut'v' organ.s, .atui'ar', 

iflandi lst' t't t anidlltsory organ. of crop borers. 7he ojectivte itas to provide 
v(r0tom sort' irokroie.t fi e r 2/ noetledhe tral inTfirmlio ! in 
tindhr tanltlaq,atd int'rpreting cell wui.o,ction-. e. antalple f tle activities 
havt' /'t'n t' /etl'tl 10 i/lli.rate reearch at/iemt'in't',le'ilI iaiil (it t/;e saint' litne 
tntit tnl wihori-on%which /i% v" be'n opeire'e. 

it/Ih t * lhe / the corps iartlia'tio - corpus allatol aorta ((C-('-CA-A) 
tc lt/lie ol(,Iossint Inc11talls, a.1pttai:'lorgan wtichprothicesneuro
.seref' 'l. nt r jt vn'th' /oriontl' have shown that the comtplex it Q, 

mori',ldi' tta,'ltaim if /mptrgI t-a'nic. 'tor that iitt('l.us a consilerable 
insI trllI' ie Io11 ttlcotolitn'pl carohidrat,. 

* l etarta"/,no 't't ent k//ott, 1ei't'hool t te.t1.I /Iation itas atother 
sigif!icant obsetrvation. Iis .trlttural atal|'isof le.stes dt'velopmnent has 
ilts, .iet a iiottnerof importantfactors whith .ouldtit'd lfe consie'red 

litr %IiitmI tilitirt' tts ling hormonal involvtement in tsetstly spterna

* pr' vlit . igaionBla.It' tt ve.viill on I/it'pr't'oe ' - mll lic'tl'.Itl'ril.t' in FI 
generaitt o/ 6i. Zfltr,,il.lns, the pret'nt rt'port gives an it/trasitructural 
tCcount 0//t' lrutIlturalfral sf ornialion td)igone himilk glandsfroin' 

F", genwratiui /0l /I i ltirt'a, t o'of thefemaletparent. 
" 7t' enss lsint t imtioni ofI/' the t' i.rter winciude te iporari' storage of 

rttiniatuphrei reetvid huritg intatng anid etturinig egg ie ve/opineni 
into a naturet hrva. lin performing theftuction ofegg evelopment. the 
uter. s it moitfits' to remove the 'chorionfron tie newly ihatlchedfirst-in
star larva an t'e e.xuvitol ]rton the neI'l'-inoiteId seconil-instar larva. 
Tle tvork rt'porit'd hert' .uggei.1. that the pro ein-intcopolysaccharide 

p'rohut t hi(/it/i is 'crtitthi- the c/ltiotiheteoftthe wleru.s acts a. a cement 

to inis) t lit' i /sorit andt wht'txtvitn (hring their removal. 
* A tllu/ar .tt1 ti t/itransii.I io t eh,ctron microscopehvel it-as un(er

taken on tultrea embr'vonic tick eel/s i ortltr to ehcidtle ant1' morpho
logit al t/fi'/ rt'nt'4'.%bete ''n the obherved ep.t/liialaiidfirohlastI'ypecells. 
Pik cantt e u5el to speualte on I/iefuntciinalbasis of thesece//s In relation 
to /ie sv'tt/u to (flt aiiligt'i fogr t'.pcrim'ntalin nizatioi against lick 
infi-.tation tth Rhipicephalus appendiculatus. 

* In conjunction it ith the e'trophsiologitaltechnique., the el'ctronmicro
scope' hat re eahl'd tylpes of tensillafinnd on larvalanul atlult attennae of 
Chilo parIcll us. 7it nosl significant observationto t'mergefronthis study 
is the rot' of ,ensilla itvioconicto and hasiconica in the biology of C. 
partcllus larvae. 

* Th inorplhologi o1 t/i trichoi'e' on cerlain resistant and susceptible 
rnaize genoltpeiv i''rLe stlied hi' scanning elt'tron microscop.y in ordter to 
tl'terntine the inftlut'te of such plant characteristicson oliposition by 
C. partellui6 
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ftYP'iR(LY('AIRl(" -t'VIl IN' IN f l (ORI', morsitarry. Ihere was a slight and insigni.icant change in 
(A IIIIIA( IMI i4l'1 %t R I ( (A II ()CI 'he 11 in control 1'.mirt-ican treated with 3etsc'(	,%1 1I 

S Vl I %I, brain extract. Isetse treated a ith their own species CC

/ % I -,, /RIt ,,If.,,,,,t .,,, 	 CA-A extract shulcd an increase of osel I(0 ';in 1tlCC 
compared tll tle controls. A signiitant change in I11CC 

lltrastructuril s itrttc% hi.ic hti ithat the corps ti s\isaloliseicdnthoselics tlcated withI. ,nigratoria 

cirdiactiini ((() flmlrLe graniulil liocer, tilecells 111Iitttinsic e'tsirat. relilise inclease InIIICC in) the 
secretion sshich i% ransiiit'dc,1.t ,liti-like ccli proccss s Npeimiental tifes treated with tsetse ('C-CA-A extract 
to the aiortitc all fortelease I ti tiroecretot' itiatetial \sa luch higher thamn illife experimental ilies receiving 
froim the hrilli irispoitcd sit the licr.us corpins locust (V et'xit I here "tas no signilicant change of 
carciai~illi (N(( arc lsto rcieasetd Io lie alortic stall, IM ('in the Iics rece%,'ivig brain extracts itin either 
\,hicI is,ApltaICiItlv 11 ttiilhcit,1 i rtid itclsts tsetsethc ie11, iil ll ttile ir 

etlicelhit llssic ol (t.)1 t6.oli Wheniagroupol flies %ki ,agilaelti f- it icage, there 
[Ilie oitictlltc \;,as to tctether ta,sislight decrease in ti'."t llsstu( /Cstlustgatii I Il'Calter 30trin of flight as 

the iieiirotri' rCl-', In thle C0il1ii Cfsahictiti - trrliuL coi arlled to the resling contiol Ilies. Iloeser, within6O 
ill.ition-aitomi (Wit( .A-A i 6ilipie nulfmn. I ti1C s obsesdtillhe higher than ft U iri'itr i:i.e flight the t 
hispergIca.'rais ,tlicit "orthat obtained resting control tsel c. I lie difference in 

[.tracts ll th ihlantil.r i.h "s il tiltt I I1(I Iliori tint and Iho e Itcorportacrfiac,i bctc'ri Ilies Itr30 fllosfor 
ht| I ,. itia mii:j,,rai id tilte I'(-( 'A- t rple¢ (4) Itl .%S,,igllcill a t IfP 0.01 and rilepeseiled a 
trrim . mohitram viC c pr cparcd hs disitit ltiusing .I challnle Il 123' fI II(C tit30 nut-i. 
15( W ullUltIdSM1i1li~sic dilsiegraitr. mid diltteil %%fill It is %tell klsnoi frti lerature that :inincrease in 
Silitie s1otIt 111.0 0111 ; V.H1rai akcrc 0Liitililtl ilIll ii (1 blood suigitl Iretaloc) cincentiatioii is measure of 
salittifir ti1eCLitlli Ill it fir'i, tohm i'rip.mitw hsperglcyaetiic atctis tI intisects. I lie observations 
unli'll, I titt. I t ll Cti G tire here that ctniplex G.-lthl " ir:I( ,,rillthlt reported stta tie (C-CA-A oif 

d ilurirt ais 0i lift i ilhil-. c'rit.i11tl it) I Ill.Ihstllt. I Ili')r.1i I ctl tl:coiainsa i)p'rgiscaettiic factor that causes 
,wriwi niIiP a -rin, a eti considerahle increase iii total hlacrimolynph carbohydrate%c iti ecrcid hit'cii air, 
iss% j l 11.lr1iI %%tiil,*V.,tut, Iii jrl (nlice sci¢ it' I onlyin (G. trorsilan.SICii.I. 6 YerC ed trehli coticetltriitiort, 

' 

limiIth rite oth r-l ii lttl llviim t it (ite rel Iklie hitll:11%0In P uinwricaniii. 

hacijlw k m pl~ ;Ill'lc it lit tll mlilh \s.i, h% p i ilvlific" I+ir 

.ItO it" i ls I 	 t111Iititt e th .l Ii0"- lit Ic ili II 1( 1 ittll liii4 I st 11 () i 1 K (itANI)OF V", 

mttirjntitt toiliP hill I liw N t , itcins-tiatih. tie t'k (,IIR-\110% I iItfo'II"iISIWI%/IWOOt)) 

irrirrbini lmi I, ,,r.irmuiamt 

Il l hliillrr ,iitphi cartliWi ,ltv im ilhriic-potiliilse I 1?% ,tiism. If II ( lialitl" 

ti,1tcliil) .as b Il it t iiciheterlititicd s 111Ciitet 

iltlhisheli Io Ilgit sil til feriale pareits preccene II has beenrejltriys dclellle tlte effect if I rtieti %%,fith 

. ,


totii hi!;erln l'ilphti btsdr.ilcuirtcci.'rriit les sirots t to cased sterilfv iii te Imgcietatloir i fiiale (+. 
where placed il iO 111,mositutiito cages mp. Ifi itv-irhes inr ti'ting inl noriirtn. sterility abntoralities 
s!irlilllitcl rtlatiig the 1i tih lit, : i .1i tlevchltpieii retardlation oncytehi 11 hi ciigcs " ft licle aiid in 
eyci epefr[ r t ii (jilcItli liptio laslillitir I it.,i tit til teiht'lopul 
Retsillstos il11 i-thlc 51 iticll thai'lic (U C.A A lite present stidy swas carried iut to investigate the 
exlraclt Iroi 0, mt,'irttui esiked a i5(; irncrease iii total el'ect illprecircene II on the tltrastiicttiril morphology 
haerntrtitpir ci'bthl~~rare ,iiiicet'tiratiitlr (I Iwhen h le treated parents and their sterilet("'C) of milk glands of hol 
assaei tilt 1 ititti'r, titt I lie responrise Iotie ('(eV tract artd nortilal I., fspriigs. 
frmI i.. itkiir ria "itcri siriiiir i assaed ats sighit Motlher ere treated with proioceie II soon arfter 
Ies than that ibserstcd r ti( ( -(A-A extract fr(otn I'. eitergetice, rfd oii 2,9. aind siit after larviposition,illas 


.

ablele 1Effe t off coiirritix i, ts till 1its1 -a1nliii i it iithi deal1c altilt in adult female 1I americanaandit teiie Cil r l el1itfire ii 


4-thintitht I m
ftnriiln 

I h t'i titIsts,I. 

ptt ite ttu Nt Iii it ltt121i1 N 

rest ttcnje tion 

6 'roo'ts A--	 i f65I1 12Ci 3531.1 

I me ,,rj U('( c'ii.i 5 ! 1 42.5
,'s j Cl 22I-t 3 12
 
6i t11trlaii himtts tisis 2311 21 25 7 1. 1, 11 7 12
 

I tlitrtltati iictedl 7 2'
 

G, ittritiitlit (1 i .-:1A 	 15 51 2.2 115.2 10 

I..it 'rattl (c e(.Iriti 11.0, 3.0 52.8* 21
 
i mti,rvtt hratr VXirii h. i 1.7 15.2 11
 

I.. tmtintrtt,rut hr,iii exr rict 6,.51t29 9,7* 12
 

*1ercentage hased in uitreatedl resting cintronls 
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three larvipositions. Iheir appeared 
allowAed to inate and Iced routinely. I he inilk enlarged reservoir-like opening in the cyteplasm (Fig. 

for the first -1females %4crr hodies to disintegrate. This gave rise to 
gland of IU 

fenales that managed to deelop a lara i1the uterus 22), I )i'tegratiin was als, irbserve'l in tie ntcI'gs, 
wr.re dissected out during ditlerr:i stages itilarf.il d.c- with the chrottmatin and iucleolus falling apart. 
lopitent. aind prrcressed roiUtincNl,ot liainstiiisinti Iiollhiwing treatnitt of the sterile erntiales %kiththe Jl 
electron rtircroscopy inl htgl irlds t ro unti.ited analogue, signs of recoety of the protein synthetic
%teile tialcs as %cll is those horll tllllrs,teated in thetelIle apparatus secrtry cells were observed. [his 
tirprcaill, itth /R{ wer IInSflllserinlehirnoiaaloruiieinluded the recovery ol tre (iolgi rnetrbranes, the 
procesed Ior.lec:rrnoi ilic i)scojrp reappearance oistacksoi ER in the t)loplasir, and the 

IIle irilk glands of sterilc I, otlsprIll ',cic disappearance of lysosoinal bodic,. I he nuclei became 
characteri/ed by a cytiplatri consisting predornltllantly osal in shape and there was no sign of disintegration in 
of Iree rihisoiics, Slacks of rough rltidoplasnic tie iticleop,.. 
retictlunr (1IREII) that chatactCri,c art ,ctisel, ,eLIetiig [ii tmi I, feinirle otll'piig, aind tin tite tiothers, the 
cell, ,ere completely lacking. Instead, ringed arrays oil sccrcto y cellsolfthe irilk gland %,erc active. The RER 
R IR, S ic of MuInch rt-,niihlcd "ereIiiger-prints, surriounldedl aigntied Into well develhoped stacks anti abounded in 
the lipid glihnule,, i the cttniplasi Nuclear ,nr( [hc ctnnllastn iIFg 23). I ipil globutles were also well 
.ytoplasnrric sirinkagc ere commirrioni iilsuch gla:ids )rrricd 
I le latter huntnit shrinkage was ohselsed alog th, hasal I his study has rccaled that following precocene II , 

as%kellas lateral plasuiia tre,-inbi-ar s. I li lcral plaistia treatmrrenit of the herrales, the synthetic activity of the milk 
ictr ibrati,:' , lowe.er. rettuirired attatched ta ecitlt at gltnds ,1 the I-, gerrtatinit ere alctced to a aried 
the pojni.s where the vtic rightl,hcl h, sepatate degree. It the tr.n ted mothers and fertile ohffspring, the 
t!tesi orirl II i 21 riilk glands wec not affected at all, and appeared to 

Lyosnirral bdies, lotrd il the c3,toplasrn ai untid supporrt and provide tie necessary nulirishment to the 
tile (uilgi ,aIuiOlcs ani accucesI, aid their trenbranes la a. Ii steicile V heiales, lioeser, the milk glands 
becah e inisti.nct Ihe cetoplasin itiounld the (iolgi S,,re tendered inactive due to nuclear and cytoplasmic 

44.~ 

2I. 
pbmna membranes are held together only bywyeate desmosomirs(arrilwf). Note so the array 
Flgure Mik Stand of terifenale F1of G.fL mornlmahrowinglhuinkate of the boa (BL) and h-tera(LL) plana memfrnn. Notethatthlatedra 

of frngerpdnt-Uike rough endop hmik retkuhmi (RER)
N, moueem I.y 1swme 
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I Kurt 22. the di'inlegraillng c Iplatn in the milk gland (ifa sterileF female. Note the collecliun if cell debri (()) inton rc.er%mir-like opening's 
I C. Gdgi appirslu%; R:R. rou gh endoplaml reIculum. 

Filgure2 1.In a notmil I-:femnletire sciJvrlyercreling• gland cr11i o)fwell de welo:ped rough crudoplasmic rellculum I(ItER)I andhave numerout%.lack% 
Ilpd lloiblri
I I G,
 

70
 



shrinkagc and disintegration. Although steiijity itself was around tilecytoplasn (l'ig. 24). Often tilecells clump 
irre ersihle it ska ,, to rC Clse tills o together into a Mtr nolayer.poSSihle inlicti its, 
milk gliils hb tiratmclnt sith a ii .eniilc hoimri e I he cytiplasiu of hotl cell types is characteri,,td, b the
 
ailla!
li)te oif hpile enc ollug tildopplasI ic rclicllhm .I liesh e occu as 

- single short strand s scattered +ctinly thitughout tlt:
I I I l l 1 it is t ollsi I lie c a n icii li oltile R II[ai c jir l \kide a nd 

se ll i contailI 1 ecretliln, I lie% resembhle tile 
I ' " it if ' .. I ih1t0iU.iltci.111M.i t t R IR of Ilrophiic.lic l tat ,t Isoimecells o 


ioIIled tkks I lie (olg Mdtitthe stopllli, is made tp
 
lick Cm I iMIc ha n lef hor tlatt:nc d saccIctl s %ttll
,IN Le ls ,Chc eItlti lie fit in elcctliou-lIicent core, and 
prtductiioilllllllll.+.lhoof ati .iis to he tustd for C\Y0lhliil .sIclesivsM lch.Ill:"lt, llNtai.t'lll are electrtn triit sliie t. Contdensingb tiil'lo lJ\+l 'HIII%\.i '.+Lt~' |1uch r l~ )'.1 ~ ,r,
 

R aptI4/4ldih/ 1I4tit1eat ticl' titilt t Ilhoi ihulisiiiiie that siltl the . freeR IlR 

'T'ipit is lt ,bo iit Cs 1ii ,o,\SS ( CCitiIn the c .tioplas 

re |c+ i l ic l i , : it i%t a d lih i tel l t ti i i i i c lei is ii .t t ent ritp i i t ti l i ro la ti n in t h e 

I I l MI liCr o .ih cn, l M itf the cl l II cI ui e ' il iOL' l11.Ihe 
,tie ,"c % r i ,1cs +ccti e 1) , tl l hc 

Cpith llil t p" -tit tind o i tits, iispeiseif, ct+l di .kll' hc tic |ll .aI n1s "hipc ;lit.i it is e t"il " hill il scS chlroi atin 
p redo iii i -,nti ,ia cells h ,It tclh le 
e lti attu le A ei t lhlul 

t si hlc lc pt I i h i fi- lls illo ng th e iteit atc t f the rtttclcoi irj a . 
Ifoc el iim 1 iitrac ilihiis SiiSoccur inb th cell 
r , ihit tII rd sl - t s p,e s . iIIc l i Ittic 'u Cid o h eI t , itL+'1tI'f: c it' U,, tuL ctiittn , I I ipIlu tI,IS h ee ni ihs insO ti hI 

t ,I cl( , \shi1lihhAd lLcn11 l tilllhk l i . ce lls ,lM Iln oth ciellt peICsthe t ,o t c' I s ,clispICIItU i is the presence 
(1).int 9t i. %ti Wll'tt Ii d t11diM cid+Ci)cll1 ini ihritc-hiifmll. clectr t-du nse glanllls. Iltese 
gl-ii.til l.slt 5 I ti )( t hiiic ,Sid i d ifferett sics.. lthe sniallei otnts ha e electron \, hi,tliit ie t ideC thi tr atppcar 
i)rel t l ,in!ii, 1i p ,hlo illglslil , tidf pi tc ir tes detisc gilas rcsemiibllng gl ctigen particles. I lie larger 

I ]i'Xti tt ittl/lJ i io lisC',t.'titlh li ie pi Ill i es appcari t)he laile tip if sinilar grains cem entedc ,11SCic 
[%1it(.la d cl p " I li pc I cells tigethrl b telectron-denise ,lheyis,,:rI is 'c t cellt e I an nllatri resem ble 

1t' t tie ch act c d , plasm a eclel ,tICI 
' it t ii ifllt' t1h ithli ,itc 

prcd ,mli i tint ri/ a t , ' 
and ilk graniules observed in 

1 s thitia n I tt l , gli g it til"e llig e ic otm 'es f lill tick s, L y sisi lmalactiv ity 
Si l.tl,net 1 iiclli ticll. 2tni 1aic iss cll1 hillh hiridtli, the c hlli -t s lti i s toiIis. first irmif this%o [lie 

, tt te.l t p , Ii the pe tell, plasna l ct oli +i sniall
t II the acti oiisists till titis incinbrane-bound 

;!JtctcPiliI t.is fi Olufl , but tLke a smolottlhit.1tlttii cttrs: eCsicles withim i laiger inienbrailie-hotund enclosure. 

"4' !,4' 4 
A, , 

1 7 

I,lFiguie 24. ,A II icltured lick embrpinic cell. 
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I'les: arc referred to as irultivesicular bod e . Ili other trichonites i C. parte!lu oviposition. The lower surfaces 
forn of lysosoina] actirit5 cl ts[tlargely ofr '.%horled wheretlhere areniotriciornesor whereIhcy had hcen shcd 
rings and otitherkinds of elI dehis. All the intracellular were itore prelerred for oviposilion. Onithe other hand, 
inclulsions ohsreved iII the'+ eIIIhiyoniic cells are typical ol where theic waisa fitxturc ol tlichonis and spines (Fig. 
those ohleted h.%udIro k M III lLk OOCte tdtrtig 25), s.iiposition tsas hilidtled. 

Sit citpu~,griesi I liese observations Indicate that apart Iron insect 
ilie obsciatior , ie[,,ied liitii,iiC tl1t tire ti&l seCiise, organs plant texture plays part ill guiding C. 

eilnhtlbl c rill 1wri'llt toovc cell%are ,t-tl IIIproi SNulieis, ald Also. stitable oripositioiial sites. 
pio+sshl synthrSr/e u to that obscied Illrlt lliti 

tick 6IliogeruIC ooc,tes II t I(I l-\ ti, tiONON'i i tlI(AlNt SIS IN 

G WORSl+ : Iss+
 

LI, tf-j.s,-. s.r+'
%",-.()' (M (t,\%,(Il ,/;iltl 'jflll/lS 

r %-
1)N ). 

0 jt -. S .. ,I,-. w- We hate previously repoted (nll,,,, It , tire celllar organilation 
of tile
ptipal testes oltie tsetse G.,,iornitaw.s and recorded 

S.itirrirlg CeLtIoh i irlclrce thil utdrastluctulra Changes wich charactclile the transfor.o_, tiiUd le tarsal and 
milcl during tieadult ,tnlillitt, c cOnlui'tel. It was obsered that ilatlofui iu cells process ol sperrnatrigenesis 

li i ii ha a ucliuiistl ,lcorrIlcuirn (/( lt'ualRtport. 1983). lie objective ofatelnlat illlIt I' ll'l'ithventh 
tpcs It ha.siollica, dala tile present study has been ioexamine tile effect tifligascnrrultl IILL ttilhyvsiologitail 

Iroin ,sllu,inri ,ilotoiutwjitl sh ed thu the sersilhlur tion on testicular developrernt and sperrnioleriesis. 
icspondiul to reiiiptluie chiigcs .hlne thcre oh tie (itos% rrrturphological studies slhmused thi'- ligation 
,n.sulli halcolllc.l weic .crusutise todour stinin.i. iiclayed pupariatiin, retarded testicular development 
I r~ilnsiturs,+,loft elltri'+HIto these setla is it iid caiiserl ailterations ill cellular colpllnients. The testesiint_'l on11 
pllt:',% Ilwl uolC hl% ur,: tests to odour are Iront ligated pupae failed to elongate, to coiland finally 
hercig contlited in esih tie relalllsllp degenerated. Ihe histolgical features tilist noticeable inoitlet to hli 
ht'tCeij Ih1Viinr.uij es arid elerphrrilogucal mairily a reduction in theICS[1L," tile pupal testicnilar cells were 
ditl numher of cysts and spernatids, development of thick 

1, ol (ill. ihios.log" tiii tissucwoklr I oI li't iirtlllral stisllt intercystrial arnd tire appearance of vacuoles of 

ila cititruuric It is nowk kok IIthat tile gloitd sclnsilla ,alllls Sle/s IIlictling that there nmay hi tbreakdown of 
tirI .Iliten:a tr trialh s nttrratied bly two cell contents. Future studies will ain at elucidating theHit ruth ic 

these t:cl, lo ineThanisnxcells,()ro it i.s s ,tiint odours troll re ie hrmintal controul lilt sperrnattogernesJ in G. 
,uhdlortirr ,il gi;tiir oI %.rin ( lt/,he-lilc s" II;lllllts oll t iof llitis
 

electitln Illr+'iopl%,rJstudics on tre rest If tie adIllr
 
itcliti ',eltisi tlic ii ttNii Mtt- I ('1( l 101itlt-l tttt ISEI.SI:
, I rogress iN ll IN 

iI 1.1 Alt.i- XA .n 

I I i llr i I iN St1 Ii \I 1 It \€ 1/ A+,; .',,
 l Nl' SI/I Si Si 

....... ,, 
characterited by tie presence (if a glandular structure 

I ... / ire venlral part of tire ulerus of glossinids is 

ha,.ll oi h l dt.die wtich shtt'etl thitr trichronies known as tire chioriothetc. e structure %%asso named by 
otil rilacce illluenhe tile lectiIon its discoverer, Jackson, in 1948, whosuggested that it wasIlli leal appeared to 
of itvlpositiot sites oil rcsitant atd sir eplihie tnai/e respoinsible for the reroval if the chorion from the 
genotpes,. tile scilnrig elect ron icroscope wias used to newly-hatchedlii rst-instar larva and the exuvium from 
study variuts leaf surfaces itnorder to explain the role (if tire newly-niolt secuond-instar larva. Subsequent to 

Jackson's observations, however, there has been some 
controversy regarding the function of the organ, some 
authors suggesting that the choriothete is merely an 
organ for support of tire developing embryo or larva.. 
The aim of tIe present study is to elucidate the function 

of the choriotiete and to investigate tire nature of its 
involvement in the removal of the chorion and exuvium. 

Our observations onrthe secretory nature of the 
choriothcte conlirm those of other workers. It has been 
suggested by other authors that the secretion, which 
consists of at least proteins and mucopolysaccharides, 
acts as a cement to bind tire chorion and the first larval 
exurvium in turn, during their removal. The choriothete 
cells are probably also involved in ionic exchange by 
virtue of their extensive plasmalemnial invaginations, 
which are associated with mitochondria (Fig. 26). 

tjlgure 25. Scanning electron micrograph otrthe upper leaft ir 1983 we reported the presence of cuticular spine-likeurface li 
matie. X 725T - Nolte structures and of depressions onichomes; slomata (S) In the backglrund rows the choriothete. 
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o g rlI ~l e 1 1 M 1 r ~ n m i - .i , l r l- t r i i r og ra p~hO - ,i p~Aof f h, r sa ! r u t i c o l or rt i a i , , (i rr o %t, i nc h)o.ra w i, . ¢J a t i n " i h t h e x Ipi c a l r l o f fi l e
,i I , h , h f - u t i c u 'l ~r l i i i lg. 4 t h, d I j'~h , l fte P i . j l A%J l A t or mAl in fl d,hio g % o f f il e mp ica l cr~rn nl t ruri r e ; N ,ril hmil r i s ; i, c y lo lila s m 

I lw : 'e Ica t ttlic s t : prob a h k ' Lr ' * i ll O le lc l o, ,d o fJ s tag _of p rcg n~arcy a n d a t %Ou n ge r sta ge s , it a p pea rs thilt 
O w e 'ho l ll; [ a lld c K 1 l% ,I u rII the c h o rio tlit e t p a b ly c h a n g e s its , l i r a t d iffe~re n tro~b C O n

Iig ht a nrd c -i~wron w :i,,t- pic (oh cr .atio n s ,,,mvth 'it stag e %,o f d e v elo p m e n t. Ih se ob se rv a tio ns su p p o rt the 
) lf t Ip" -,J;1t Chof)it In it1,1 eXtl oui[I]are clo ,,cklassociated su !gcestion that the choriotheic is invo~lved in [tic rem oval 

%k0 1 ti1. t ,r. [ " I, .!g
, 

2 7 . 2 . ) 1 l r(ill o b cl' . 1l ll sl ' o f' th c c h o rio nI 110~C ( I a n d fi rs t-in s ta r la rv a l e x uiviu m. 
"]:adc"on: the ch,onothicic o)f flit,, bcth ial ail ,adarnccd 
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Sensory Physiology
___W JResearch Unit 

."ineti' Sensoryv Ph rstoo i' Researc/ 'sOt (.I'iRU) was .itt i) over ten .cars 
ago, there has bs n tiicreaw in the /0/i/ ir stns. v/tafiit t/h,:qiiip/i5flet. 
/n orihsrto creael a bett working sn viroinniet it was nece',.isiar Ito r'iovat, Ihe'slr 

lo/sorathtir, and Improve ons t'0/i'/l/slc''t ofcs'strolp/t.hiolog ical.set t)s as is 'll 
as epth't iti il II/Iltahortltor. li 'xercise wa.s.tarts' and ear/i,vosp/stsd
this rear. i htacontrihute'dio a reduction tn the inechaniialanotelectrical 
nt/erirn.es swhich used to alleet e rperitents. 
SPR ;hat c'ntinse'd to collaborate iviththe 'ropests trod tctitee re.iicarch 

progranmes ati collahorative efforts with the .%Ater units ('heni.itr'v and 
uimassa s ani fine .structure)have cotirini S1i.'s'tdh,.s on the Iset .li, have leen 

foi't0ivsId on bhaviour, e.ipeciallri,the ante'nnal reaction to certain stitntili 
assumnel ioal/ et t/c flr'.Abehaviour.Some of thes'tinuli tested are 'ssouondsh 
of Alnosin compositiot in ii eonc't tration. Other tintili are of tinkniown 
csofilwsition but a'r,nItui/ extractfs of the ho.tt animal /i'-prohi ts sueh as 
hu/lao tirite si/r/i i .AtsupIoedto be stgood t.setse altractait.1i.siswok will 
.iooiti
lie siqilorted li eh'ctrophy.s iohigical test et'p''ialli, .%ingh. el/ rt.v)tmses
frost the amts'nnal s nwillts. WI'ith r-garil t)iir., psist.s, tit, helial .timli 
relatt'sI to ho.st It/w retistance oir .s.scs'iti/thtv to .t 'niborers art, noiiell 
iler.tooil. ' have tisrefoeenp.lor iii'h,c'trophi.sooisal uilale/hasinotral 
/ioasvas on C. partell-. t) investigate the ef/f'ets of naterial. o/itatinedfrom 
ii5st'eptili/,ani/ resi it hot plantg'noti 'ps's. Siti'e he/iaviomri tt iniportant 
aipset of the tiork, .stt,ps are heing taken to ilevelop antadi'qtuate f(''dini
/sioas.r fijr Chilo larvae. So 'irno).stof til s',s'trils/r.iologisal sttties on 
olfastion have heen dsone on the inoti and ver' little on I/h' larvae. Olfactory" 
todise on tIhelarvae have therefore be't initiatd and are ieginuning to i'iehl 

resuhs. 

ilt 161!S II%ION l% IKi [H €5* I'] RiLt I N 	 week-ild mai,' plants, (susceptible Inbred A and 
resistant CM i 324). The stimuli from the above maize 

. f iisf.hti. ,..ItsI K.jh 	 genotypes %',,'re as follows: the leaf exudate collected 
from the tapper Surfaces of tie maize leaves, the other 

[During the periss:l "c inscstigated electrophysioogical exudate was that which oozed fromt maize stems whet: the 
responses from tIhe gusta,ory receptors especially sensilla leaf-bearing part ws cut off and the other stimuli were 
stylocoinica on the larval mouthparts and the trichoid aqueous extracts ohtained by passive extraction ofimaize 
sensilla on C. lirtelh oiviposit(or and tarsi. Some stem tissues. Since there is no adequate feeding bioassay 
functional morphology studies were done to verify the for Chilo larvae, we are developing a method suitable for 
funi tion ,f soent of th scnsilla studied. NaCI (0.01 to such a bioassay. 
0. IN1) and D)sucrose (0.01-0.1 M) dissolved in 0.1 NI NaCI 
were used :istandard stimuli on the taste hairs. The other Electrophysiology 
.timuli of unknown composition were obtained from 4- Moth os'iposior tarsalanid sensilla. Four sensilla on 

77 
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the Chllo ovipositor are contact chemoreceptors. They tion on Chilo suggests that the tarsal and ovipositor 
are more sensitive to NaCl than sucrose. ihe preser.ce of contact chemorccepto ' scnsilla are likely to play a crucial 
sucrose in the stimulating solution inhibits the effect of role when moths ire selecting oviposition sites. 
NaCI. It was observed that the leaf exudates from both Larval mouthparts sensilla. Although the external 
susceptible and resistant plants were as good a stimulant features of the medial and lateral sensilla styloconica arc 
:ts NaC I iolution. ['his does not necessarily imply that similar, the lateral styloconicuni sensillum respond with 
the stimulating component in the leaf exudate is NaCI It increasing spike frequency to increasing concentrations 
is however apparet that tile presence of the leaf exudate of sucrose but the medial styloconicun sensiflum does 
can be detected by the ovipositor and the intensity of not, (Fig. 29). As shown in figure 30, stimulation with 
response to the abooe exudate is stronger than that aqueous extracts from tle susceptible and resistant 
recorded frot the tarsal sensilla. It is also interesting to cultivars evoked rapidly adapting responses from the 
tte that when the leaf exudate is forming on the upper lateral styloconicum sensillum, whereas responses from 

surlace of tile leaves, tile moths are activ-ly looking for the medial styloconictin sensilluni adapted less rapidly. 
ovilpositiot sites on tile undei-surlace ol the !eaves. It will [Ihe reverse was true when the two sensilla were 
be worthwshilc ti cstahlish the chemical cotmpo netls in stinulated with exudates collected from the stems. [he 
the leaf exudate and to find out whether the presence of effect of the tested stimuli oil tie styloconicum is shown 
the eXudate on the tipper surfac,,jt the leaves is one of the in table 54 in terms of average impulses frequencies 
factors whichInibit oviposition on that surface. It has generated in the first 200 ins of stimul; application. 
been reported, hos e ,cr, that moths supplied with leaf Adding sucrose to NaCI almost quadrupled the spike 
exudate from any of the cultivar, had i shorter longevity frequency from the lateral styltconicuoi but had almost 
than those supplied with distilled walt . This implies that no effect on the medial one. Response in the medial 
female noths which imbibe le,'f exudate are affected sensillum was mainly cau:ied by NaCI and among the 
pbyiolgicalIy in teriis of survival and igg-prod tctio. stim110i tested the leaf cxc'date had the least effect on the 
As rcporitd in our earlier studies on tie tarsal sensilIa of two sensilla. 
Pyralidae rnothIs, each tarsotiere In thte first pair of legs ImVce Ptp, sncxid 

has three pairs of trichtoil snsilla. I ht nldial artd 
mcli-liateral sen Y= 207 11.-73 3x-29 9x 2illa (formerly pairs number I atd 2)are Lateral
bittitdal in that the, are innervat,, by ntechantci.'imorece- 300 3(F20 144) 

ptive cells. ()n the tother hand tie lateral sensilla (ftormerly p< 1 

pair number 3; i sensitive to niechanostinulation only. 
Rercctily. transii s otn ehcciron microscopv shtosved that 
the medial and niedio-latcral sensilla shafts contain four 200 0 
dendrites and a filth dendrite terminates at the base of 
each ,ettsilltm. Ott the tther hatlt] the lateral sensilla are 0 
each intervated by two cells. Tle dendrite of one of the 
cells extends into the sensilluti lumen while tile tither 100 

base, Electrophysioltgical Medtalterin atc,,at the sensillti Y=14 7-48.3 0 
tests sh4mscl that more thanone cell in the miedio-laterai IFp<*14=27.11010.01 

I .1 I I
sensilla are sensitive o stcrose whereas in the medial 0 I 

sensilla ornly I cell is sensitive. Other workers have t " 13 1 1 

reported that ott tie white butterfly. l'ieris hra.rsicae,the Sucrose cor ent raton(Iog scale) 
tarsal conlact cheioreccptrirs nave been implicated in Figur, 29. Graph showing Ith relatiomhtp betwem sucrose 
the selectiotn of oviposition sites. The available informa- coaeirotlon and impule. 

Lateral styloconicum Medial styloconicum 

b 

Figure .10. Response froamthe laterat and medial mallary sensilla styloconilca of C. pw flelus. 
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Table 54. Average lnipihes ter tecond in tie first 2f0tio, (if 
fnlultu
application. 

I .terdl tcdta 
Stimulus tN'ruloIIUit ,-uIcuut, 

lnr M II 
N.iC I 
tI2M N.i(I
2 4 - ti~\, 51 r,.,C
2 4i 10'2Mtsw cInbred A dc". 

Is') 
lIIpercentageis 

I I 

-10 
M 124tdc 12 I 

Ihi :cd\ sit id.lc It0 .4S 
CNII .IIoicn , xti.udatc 171 i4? 
fuihrcd A .iwm,u tNtract '9X t 12 
('Mt 2I."' r.I u 1)i~~'i 5 ; 1 

It is knlusIls thill n Important part if tle sclisc of iao,tc 
inlclitdouptcrti, la.+c islocai/cd li the mixillac ilterc 
each mxtilla heiars a pair of snsilla stslocoiiicali. l.eec 
'lie nced to get more Intortatiu about the stcisitiity of 
those sci.sll, to kmisll Loll'utittIts Mid plaint CXtIacIs 
I lie Same 'tight t) e tone ot the utiixillar, palfpi seisilla 

but it , relis cl!, difficult to oblain ilcanittgtil 
elccnruolhi',tlohgtcil data 1t011 tlhc,: RC-ult,, reported 

her,- anduf t',' it l , Iter" klcrs slh % tha teilesu.ar 
5etsItl\tt cells Ilil th Litril tiu.'tulo mcal it ( ll/i' are more 

ittlsVse Ihili thili ctitltterp.tIt s ill tile IteuI 
st'icutnw.i I hit,,islsi tie case tor other lepudoprtou, 
lll,.e itUlted I'ither irm tsltt[ices rhtltuudv l ,-rct n fioutrth-

or tilthutts i litusie tuscdIlttits sttt !,',iould rtitcile int 

c toict I Stllh the Icalc'tti;iate as ieh tldd ilreaiy h 
tburotrtin InttiresictI Ii tIheiclorte tl siurprising that the 

lcalexuunh haul tile least ruillnulithntg effect ilboth the 

ntaxtllii sI .nh,illa ()tt lie other the. crnica iand 
stein extilda. .littl extract, ire itmiportanit cornponerts of 
the It.dilltll \%hich trd develop.Itt suich Ittsac glow I tic 
stitnilti in those Coiliprtctis ct havc tar-reaching 
ctirtosetqerlni Iolan l hehli thtlliid it is interesting to 
note thal ilt IV.u st% lcintici scin,illa scrc affected 
diterentlo hb.b IIh: %its ttllitrtr It is csential to 
CStahith tlte cL1tic:L stlinih rcsponsible for tite 

,obscr,.t.d illcictc
 

Feeding hifa,,a) 


For the hca.lri, hlt,,tssS'. Li csecntial tit use a porotis 
stibsir:ite s hicti culid ab,ohrb lie phagostimulant 
silutitonts andi ,As iittiunablc to ('/llo larvae feeding 
beha .iiir N1it'tire pih trout tiai/c aid papyris stetis 
were'c lecttd Warer suii ble and itrgarilic corpinuds in 
the Il,i pllis V,ec c.tracted by Soaking 'ire piths in twit 
changes osilihllol ltit ,illeast twi days I he piths were 
then ,ashcd itnrUittng ,,atcr for another two days. 
iree'/e-dricd andoweighed. Pithis so prepared readily 
absorbed the tcs Soluttioti. A pair of pittis wcre soiaked itt 
each oft tie test silitits,(I)-stlcrosc diluted aliquots of 
the aqueous antd organic Ina/c extracts). Since the 
organic cxtracts %%ere diisiolvedin acetone, the solventwas 
allo-.rcd evaporate front the pilIs before ticy 'Aercito 

made dunp by suuaking itt limited amounts of water. All 
tle treated piths were then dropped irtlabelled vials 
conltaining t,,i~fitrth to fitth-irwtar larvae which fed on 
the pith, for seen days. At the end of the feeding period 
the larvae vcrc retoved anrd tie iritact pitli together ,ith 
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the saw dust (feacal material pilus pith crumbs) were dried 
inthe oven at 0" C. After drying, the sa%;dust debris oin 

tie pith was shaken off and tileweight ofthe sassidust arid 
trass pruducc'l by larval activity as well as that of tie 

Intact pith taken. 
wshich was convcted it) or Ilass %,,as Isa 

i I he amount of tile original pith weight 
sawdust taken 

itteincasure ol larval Ieeding activity. I his wkas c-,pres sed as a 

of the initial piti .,eight. 

le tmaize and papyrus piths served as suitable 
sulstrates for fceding Cilo hlrvae.As shown in table 55, 
tire larvae displayed nlorcactivity ontithen ai/c piths than 
til tile papyrlis pithis. Th is is possibly due to tite fact that 

tilentaii: pith has a firm texture and d(es not soa!: up is 
tnuch nloist ure as the papyrus pith Most of the larvae 
rise(] %'t-rc recoscred alie a tire cnd o the experiment. 
I hose larvat rccosetcd fro lithe itni/c piths which had 
hcti Ift'eatle rilhfite orpanic extracts showd a marked 
dIgce I grrt ,II andi a Ic\%pupated. I his suggests that 
the orginc extract hlilmoc nlitricrit, than thcaUlfucus 

C(trIact. 

lh, 5 te'rcenhige of pitlh iriith con'initri to ,atluit I)la,alacliRil(fredhng) 

PVlcCi CiO .Itcd 

Ntell tit iU'o pltll1 .\tiI/ t t tC:'P pyrtls Steil 

pith 
1 S2 2.16 
inbri A ;;qui us estri.t 5. 3.3 
t I 12.1 ,iiucoil1 ixtlacl I0 3.9 

htul(it'1
M',I 

A (Ixotl'i cxltrd 
1.1offiranliccXtriact 

I0 
I 

.t.M 
7.9 

it 1 .1 S. 1 , ',,, ~ll M14 I1 1.41.4 

lceding bioassay reafirned the fact that sucrose is a 
good phagostiniulant for the larvae. The piths treated 
with Sucrose induced far ruch better feeding activity 
than the controls (table 55). More tests have to be done 
betore any conclusive stientent carn be made on the 
effects ot other stimuli currently under investigation. 
I-ceding bioassay for (hilo are a necessity because they 
provide ar oppittunity to observe what happens when 
larvae are presented with one or more stimulants under 
specified conditions. Furthermore the observed 
behaviour reflects the interaction of different sensory 
cells nanicly tIhose on the maxillary galea, the 
epipliryngeal surface of the labrum and possibly ihe 
manrtdibles. Feeding is oie of tIe factors whichietermine 
establisltrtment offinsLcts on different plants. It has been 
suggested that insect feeding activity on plants has two 
main aspects: the acceptance of a diet for feeding and the 
degree if food ingestion from the accepted diet. During 
the initiation and continuation of feeding the observed 
behaviour results from the message gathered by the 
sensory cell. This message comes from the combined 
effect of several chemical stimuli in plant tissues. 
Observations by other workers experimenting on other 
lepidopterous larvae showed that insects prefer certain 
combinations of phagostimulants. Tis implies that 
plants with the right combinations may be susceptible 
whereas those lacking the combinations may be resistant. 
In order to identify such difference in various cultivars 
elect rophysiological and behavioural methods will be 



l~lsocktswherthey Cij e cri , 1 ,pletl'rt td hu 

l here is ser litlel eleetIrophyimilogica.l data~ on te electrophysiologrea.l resporoec has lirijiltd.plcto 
o)lfactory sensilla o)f lepido)pterous larvae. Ihis is hecause the antenna I structure Iras 'telnderctoeed 

lrure i1. Scanning #teclr n ml rr laph t)Ihe hra I caps te fr I. ijratllu.s larva. 
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while the electrode is being implanted at the bases of the 
sensilla. Therefore, in our electrophysiological studies ise 
used the cut-tip recording method, which proved to be 
much more applicable, and it was possible to obtain 
reproducible results. 

Scanning electron mictoscopy showed that the (Chto 
antenna has three different sen-silla types; the bi,,; tipped 
sensilla basiconica, the sensilla styloconica anti a lone 
sensillurn basiconicum with itsharp pointed tip WFig. 31). 
No clectrophysiological data has been obtained fromi the 
latter seasillutr. Data obtained front sensillum 
styloconicum shows that it is a cold receptor "htle tile 
blunt tipped scnsilla hasiconca are ollactoly receptors. 

It is interesting to note that the styloconica sensilla on 
the Chilo larsae has a co a which marks the horders tif 
the platform from which the cnrsillum shalt project%like 
a missile. Ihe same Is true ti : sensilla st)locorica ott the 
adult (hll antenna hut the significant dillerence is that 
the larval styloconica sensillt are three times longer than 
those of the adult. urthe nlve hiith larval and adult 
anrennal stlocotica are cild receptors responding to 
low temperatures Aitlh spike frequenc., andincreasmi 
are inhibited hy light antd rising temperature (Fig 12). 

So far, suehase more electropLysiilogical data frorm 
the olfactorv hair (A)situated cho.e to the tlocnicu 
sensilluin, this sensillutin has at least three active cells 
producing high nediun and losw amplituide spike, Wig. 
33). Analysis of tire spike frequencices frtiom those cells 
shitled that sorghum and mat/e i(udhirs alfect those cell% 
differently (]ig. 34). [tits suggests that (il/u larae are 
capable of diiringui hing hctmeen sorgliim and naie 
odtlour. 

tlhese kinds of electrophysilgical idata front tile 
lar,a altenna are encouitraging in that we nmay he able to 
use elect rophysiological bioassays it)find mit whether 
susceptible antd resistant genotypes differ in their odour 
comptnents. [or this work to be meaningful it will have 
to be done in close collaboration with tile chemists who 
have to isolate 'he pertinent chemical comp)und s frtom 
these plants. 

US M 

CIIIMOCOMMUNICA rION IN ISI StI:FLrts 

HA sam 

Experiments to screen laijous synthetic and natunral 
chemicals i order to ide:ntify attractie and repelling 
chemicals are in progress. fie perception of the cuticular 
female sex piheromne (15, I9,23-trinethyllheptatria
contane) was also studied elect tophysiologically and 
hehaviourally. 

Llectrophysiological tcctrdii:gs t responses front 
tarsal, tibial and een teio ral chemireccptis e hairs on 
any oh the legs ofl G. m0.tnir.itl gic it'i Indication of' 
tilestimulatory eflect of morsilu. ilowever, 
elect roanmerii grains I[A(i's) itcrc recorded during 
stinulatiotn %ithtie odoiur if mt ,silure itndicating that 
the pheromone was perceised by tie insect sia ollactor 
receptors o tileaniillac (1ig. 35). I lie amplitudes of 
tie I:A(iAs ranged frot about 0. 1nmVtit sintiulatiotn with 
5 jilof rr.iie to ahout I.1) niV t sItiziilaitoi isitlh 
pl. IlIIcomtparisotn, alcohols and ketinties eoked nuch 
higher [Ais. II fact Oi stiutlationi %kiththe ,dour of 
oily 511lof asubstantce like 2 bUitallte. ,11 \(i tif0ihntit 
I firV Ila.occur. 

I lie hct that the flies %%cre able to smell tie phlittintile 
A;is further ctnftirmed b.,helias iral experinients in 
hilchantcnnal Iirertienis ot stimulation %ith the: 

odutt of srithetic pheromonte 'tie studictid. I h e: 
Cepcrilnents alis) indicated that nale resptrnses to 
morsilure increased with increasing starvation I Fig. 30). 
I lie o)serd ic reI a if)nitIc responsieriess ti 
Ilirsilitre %%ith incrcasiing slaraitit isIII agreencllent with 
other behavioutral actisitiesNstich as :,ponilaneous flight 
act iity, %is uaI rcsponlisi%cness,, arid probing 
respotisis ess hch also increase wih increasing 
starvattin. 

Experiments to screen saiotis chemicals for 
attractancy tir repellenc, indicate firmaldehyde, 
pentanal, acetone, met hylvin ylketine, inethylethyl ketone 

Kl l , r, 

....... 'A
 

Fguee 32. Scanning electron micirograph of the aniennal alt iontcum %,rntitum(SS) and the adjaceni itnila. 
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P< 

CONTROL 

MAIZE STEM ODOUR 

SORGHUM STEM ODOUR 

tie I I nli1rlg rlrjI...1, r ' I€he .atrlr.irl distal nid ir (.)1rm~ parhIllus Iria. 
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Impulses per second (ips) 

80 MAIZE ST EM ODOUR SORGHUM STEM ODOUR 
e- * Medium spikes.-.100liv 

60 
0 0 Small spikes

A_ l_arge spikes 
- 50 pv
-150pv 

40 
200 0 00 -- 0_... 

20 	 .40 60 80 0 20 40 60 80 
Time in MS after stimulus application 

Flgure .l,4.,laph %howingthe reTrcl ufmzit and vieghurn plant odoun on Ihe cell Innervalng intntal aset lum A of C. p/) lht lata 

R~ercent trc"rjl r 

I m V70 	 4---
I l~i ''~ ~iiclean filter per 
:.L.inxxsilure 

filter paper 60 	 56 

50
" '- - 10lPI morsilure 

40
 
~ 15 ul morsilure 

30
55

20 ,u morsilure 

20- 56 

5 ul]2-lIutanone 

::::...
 ... 
 .. 
 .
 

1 2 3 4Days of starvation 

FlHVu .15. FAG recordinp from I1-day-old 	 FIgure 16. Bhavhural lantennal) reipomn 7-day-old(;.m n ififtas or 4 group% (Jf 
;.rm.nsrorgteam 

and I-octen-3-ol to he attractant%. Overall respunses of from about 3 mV on stimulation with octenol and 
males to thee ccwrnical were significantly more than methylethylketonc to about I mV on stimulation with 
those of lemales. I tie amplitude of the LAG's on pcnianal. Studies are also in progress to determine the 
stimulation with 10 plof the Tbove chemicals ranged attractive substances in buffalo trine. 
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ifescliped for thle 
104<. aind similarpije s later this 

i'ilpr tle, Ise at a 
11hC dti (:fill) and 
p ) [il llt r F
li ltfdelles
were 
t 	 aitid 

t iilt ,e it. We lillisfiel analv ng six largedata 
s lt i S)shI R ( lv. Ili , llhoatiio w-ilt Dr.' 

¢tl, lti01C will be 

Iril lichl, ,isiN ei at of data for%%(t ttt.pletcd l)sis )r. 
tcre te' n lsc o efoI '111111hut CIteC .,'tianysllteh.r attal,ses dotie for 

utter IC('lI. s,tli o) a limited scale. 
ra i ing 

A onie sek i.ourse In coimriputer program-natg was, given 
It,AP I'IS studetis altfdsoIC I('IllC ,taff it May 1984. 

.ittithter one ont biostatistics was g vent by Dr. 
Dhtzsli il t itole +teek. A one-houtr lecture on data 
itjllvis antd ciumputers was giscn if) tile ICIIF/ UNEP 
Primp Irillting culirse partieipatnls. 

A tectlr-delfnliistratlflon (0 h) in comltptters arid word 
pO,:',ssintl sts cit tnductedhtr pa rtic'ip;arns (ofitworkshup 
11 i I cchnical Editing, sponsored byM Scitlifie 
Itertationai I )esloptment Research ('entre(11)114on 

tilpil 27, 1984. 
rhe Data Systems Mantiger alttnded the workshop on 

Micrtocotmputer Applications in Agricultural Research 
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and the lraining on Database Software for Micro- Preventive maintenance on the system helped a lot to 

computers, held at the International Rice Research stabilie the operators of the printers. The 01; at 

Institute, ILus laro., Philippines, on 24 Septcrither to 5 Chironio had frequent breakdowns early this year and 

October 1984. lie presented t o papers entitled: the repairs had to be supervised closely. 11he operations 

"Microcomputer applications in analyziig experimental of both the VS 80 and the OIS arc now in stable 

data', and ( 'omputig experience of I(IPF '. lie MS IA I, condition. The VS 80 30 Mi hard disk was found 

a statistical package, was given to him at tie cnd of tie insufficient for the storage space requirement of the 

workshop. systern. 
Iilo lr prote.sumg. I(I('J staff extend training ald A maintenance agreement between ICII'E and 

assistance reguiarly to secretarial staff j)I Word Computer Applicatiom, limited (CAL) was finalized. 
Processing using the 0IS l0S, VS 80 and the PC. [he titaintenance capability of CAl+was studied carefully 

A cimputrried mailing list for our library and arid found adequate. For atwhile, the word processing 

publications department and a list of the 1983 staff doctinicnts of the VS 80 cannot be read at tire OIS in 
priblicatiin and research are now in our mainramtoe. (Cirorno. It was discosered later to be a hardware 

IAcciuntiig rcrcords, purchases and sa s report hot the problett, i.e. Improper disk alignment. Another 'ork 
I)tirtrd lie International (iircst 'citr, are being prepared station arid a new, printer were installed in Chiromo in 
iII tl inraifraite using word processing. I9)1. 

Ai (OIS %lpervisor was hired iii (ctofber 1984. Sire I lrece WA NG personal computers (IC) %ere ordered; 

takes o cr the re.posisbilit i tiiraiinig and suiper\isinig 2 for Mbita research station and I for the administration' 

lie scnli.irral stall oin \stid processitig. She ssill diisioniat ICIPI louse. 

supcrs c thlie opcratlolls of tire MS 105 ss+iell :lrid tire Ihe fiollwing upgrading of the VS 80 were carried out 

IC , at ( +ir ni ii 1I) 4. 
S,,Wiprter iiarthare. Ilie VI' 2200 systen %%as 0 Disk drive fron 30 NIf to 90 M1 in January 1984. 

,ircititiue hor Ir,iii sitlific appilicatins. Iltmever, 0 One wrork station front 32 KB to 64 KBI -October 

becaise it tie hrillitcd rlireiorry (32K I) and til liited 1984. 

niiniiher of comin piter prrigra inlires in this systel, Iless * 96 character print-band wa . installed to include 

pjmoir;%iUirr, lre heitg Initiated and writteirirt irhe VS 80 small letter capability tin tie hand printer - October 

I,r 1984. 
It %%.Itouni dlticit ti s\ritc and i;tintati .ASIC-2 0 Purchase oflhigh-density matrix printer 5577V. 

piumnmci toi the 22M1 Vi' hlie 22011 :,rein I his will give the VS 80 graphics capability and high 

pi *rprilirr, .eCr' also fourirr to be criiirimbersu.le and spxnl quality 'draft letter print. The 40 CPS Daisy 

ulriruult it, llriiaili Mole thin 80(; oI SCeitific Printer rof the VS 8( was installed to the OIS 105 

;iphmniirsl ,ire ilo iII ti e \S M( and lls usige %%ill (Noreihet 1984) tri upgrade the printing speed of tire 

rircic.rst, *s inure prnig'itiires rititeii for tie VS 8) MS and tile 20 ('PS Printer 

s i'Ill icillolled abuse. 

are 80 )aisy was connected to the 

ssslii I lie 2200 VI' be pihased okut in 1985 and will 80.he1 V.S 

he relilaLcd hs the P . I hete %kcrefreqieti breakdowns Iwo ICs, inc for the use ol the Chirono scientificstaff 

iII tire jirritrs (dlars wheel ind bild)of the VS80.iliese aind one for ie administration division were acquiried towa-4_ 

aelr rueliusr tnotmrecihanical aild heating (inadet'itale the end of the year. 

aur-c liilloilrig ) ptrmhleins. 
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Outreach and
Training Unit 
Ihe crittoito/ I httre /'I t Progratm ilnItal evela.-i. I'M4 (t/i/I/a new
tltlnnitnll I, IIi. anl/( /'1A tit lu / prjvitl ol/lel io lUilluina re. aurch 
v.l ns Por ittorm'ntalti, ioa 'l/io/ioh . e. antl It' bi v /t''vlope/ it" the 
'nire tit/f ir I rtn iti,' ' imvili,bl r i t at illh I /itii'rt'Itvl , ttpenl. I his

striilgthe 't/ I( "I/ U to eIo l riit ini res 
att (e t'hqnttii an1d i)(at-d Ith i t, V or v.tabilhi t 'it liuk ige.il/.with morentlional rew'ari /I anl 

i tu tmt ltita/t trt, 	 linkAtt'. 'ch 

e'hl. ionl w rv'l ev itntionatl a kc it,'.%an(I l ( elllt 

reitaut I hla/iratort'i/,r i/' tir/it.i ' / .%h/iirit loIt irmalltitiollt (lt it't'/tno/og,.. 
"P' /irli'ralmtln , it is r o tied i/i, ing i it' , lt'uiart ri otto iI iunititot imuost'l of 

Iittitio wI/It tt tu ./ nauilrnt t /t 	itt'rI ini, ng'ta ti.%' it atih "l i',ithtnut 

/i/rt lt rnt onali tt' %. uitial/ r'tt irki itt rve/opi nnt aiiut al (up/ liti.s it 
or t ar /ir /itra ai .titt a n hem tint/ aniii ii't'rt ob/jt'i tive./ d/t Me 
(pih't tai It Ion t tsl nrahitlgi, ali n nmea ient i l ont.rttntl, 'retitgaci 
/1r i ltorAtlai/,eirttllt a rh ' ep initrogramme. wiiiiorsi wrogrlni t I iv 
inran!to)a mttt hin i l Im t t eil i' Iti ti- etol ctgicaa ,itic troical 
in vKenya gi prni ttiitnni Il e.Ain,itatic. it hill a Inn sol oftngt/it imires. 
national rewsea It piih v Iorhmtrem tt in ivid mairqin ra/ir aruntskr oapes1n111l1frge'mewll Ie1l1)ol oA,'l%' 

larea-t aa% rcingtit 
r i et t : i(t 'ollia it, ie tk. eanttnis i iteroftnum a srv-rtih oilt(/ ttion Whtrh" 
n 'IPhIamitt, ilirotiidntollabiratit v it 

"i ia hit/ theise oirvIte i Ini iate nggei Il andiities toi 

ork,ha i utua l benefit re.Ourchm li 

sItAIOiiRAIVIl ' partils intpcetm eent etra oinigA t rynll, a 
rgt l tE p da ie in istry oAI .i n ii' n 'niiest-' 	 s aC%,isisignedh otin t ITn ia Me 

Atclore ardth Ie Somaii emocra ic Republic for
"ollaohrat krelt I(ic,,withon in~c',ligalnons (d1ri',tancin it) tick• oiupmietdli 	 wr Somaliin Keny:a 	 aher tlIre de shll IoNtt maki iti Agriulturali~ h11tittl in investigating the bio)l(gy and ecolo gyResearchof steinlind goats (Keny~atta Illmcr~ity Colleec), rc,,IC~i h (11 borcr% oft ,orghmln} ,anld .i/ ratinfcd ;Is 	 wellma il itsIci'dirnalii,,is (Mil,,t am l () c 

So rghwil holelantc to thc %teml boicr 

of IIfealh) it 111an 1 rrigated arcii% of Somatlia. tit Uga;nda , (lie ICI('1I: teamn 
, anld in Ao,(y ( 'oai',, idlcnilied aI numbl~er- ofl areas.'n in which co}llaboratio)n withoin rewarch atnd ti aintlog 1tilt iso wnso{ry, ph) sioflogyanld natlional intiltotions cold result iln nlmlal benlefit. 01'line tlucllrc. particular interest were research on African trypano-

A[ [lie invilation of national agtincs, I(.'I IT sorniis and on in;,egratcd pe.%,tmanagement ofso)rghutmexphoratory nmions visitetd Somlalia and Ugant~da to stein borers and the training of 0gandans in these areas.a'ssess what ro)le IC'IPF! mighlt play in tile development Co~ntacts made with Tanzania regarding researchwoe 
and strengthening of national researchi aind extcnsitn and training oin tsetsc; with Zambia, researchon and 
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training on tsetse and ticks; and with Sudan, oi research 
and training on livestock ticks. I)uring 19H4, in addition 
to thc on-going collabration with the International Rice 
Research Institutt: (IR RI), ICI Iconsolidated its hlng-
standing linkage with the International Institute of 
lropicaii Agriculture (ILI A. New areas where IIVE 
an idIrlA might uder:akc cooperat isc recarchi ani 
traiting were identified..lso, IRANI1 maintained actise 
interactin with tilt :ntcrnatioral Crops Research 
Inslitutelfor trc S:rii-Aiid Ilopics (IC'RISAlI, th 
lInernatotial ( 'ertie for NIaiie anld \Vheat Ihprovement 
(CIMlMY I) and the Initetiaional Laboratory lior 
Research on Airnal I iseases OIlRAI)). Contact itas 
established bct's,:ti forthe ('Chie and tie (ommtiission 
Scieltific iid Iiliistiol Research Organi/atiin 
(CSIR()), Austialia, aund the International Lisestock 
(ent.e hloAfrica (11CN) ini A.ddis Anaha, Ethiopia. 

Ilie ('critic iruIunrucId to hue iisclul LolhaborIitise 
links ksiih Itlitcd Nation% ;inuttit;ors and isitlh other 
cc ofres ,cellencc such is the lnisrity ol NeuchateloIc 
(SAit,/crland) and Kusin ('cntry hir tire Study t 

Infcctios iotl I loI)isca lsr;hl.1 niversityl n s(l lie 
ifKiattuur ,ls,c'prcssed intIrt ii collaborating 

.kith I( I II'Ircscarch anl training )i Icishii;niasis 
llA'l vas prcuuelitcd a1t inriihcl i intelnalroial 

hra d,'hfiv'ratiaiccrs of iultilateralkil bilateral (ir 
citrpelatiltn ssf;rcl ahf jell The ( lltleipptItiiti lcs toi 

ussess Ilrhal it ll,)hI( ill the applicatiiti of rrn'ect1ii4hi 
aNI l n 

\. ( \IttIIItI tilt . lil , l 1,'( ti , Ilt iiiA't-,tl 

it ' ,,,,,!hl 

i Ri rgi Isigdiiua ric 
hC .\ICiri lCvdgtId,h" ielfX (AR,'P,,Sma torC,,_Irah 

a,.n iupriatitoil eecti tandirtb i itieli198.cs
tIntingh% 1 4 t t,-o1,111111p ill A,riha Itie morplinetric analysis and the application of isoenzymeil itaItlwnd t:li.'Cts
b,,hI( Il'. ti lhe irinlrtiru of, tsct scrllsi s iniA!rucau. Ilie 
analysis to terriite t trxoomy. waslie funded by the 

aiind rairii i, ic , s;ituir htisei 1('I1I"a llii nri tuv British Council. 
intl A I i uuiir,,ritrs '.Ich hogan in1983 Studcnts 
tgister isitli a partiCipiLhng niiicrsil liii the Il'l 1). ilIe ARIl'IS Acadenic Board met twice doting 1984, 

dcgrc,"it,that unrt.rersil. hit cair , ill: their rc inch Ni lutie aind I)ecember, both times in Nairobi. The 

kork tildn'r the LI*'"5 (i (11 eIru scni. t,nlitied to guide the programn eby re:.,)IvingIsit V IIIIiIcLnieeigs 

using tlhe tacilities and expeltSc of IC I'-, 

Ilie I1.1 AR l'I'IS clis startedthir studies ii Niarch 

IN-.il eight studtets,, alto carie froi 5 African 

citunric , %Nlc Itis, I) -\laiabe.(iana; 'Ir. I I ahana 

iNrdMr I ) , (Igl |its Hlneii ;, 

stalfl, 


( ';rnI a-llg . da; l. 
';uilan Mi I Kartiki, Malawi arld Mi C. MIr:'g, 
'Ir J. Nilcrit i ind Mt .1. ()moflli trom Kenva. 

Ihe cl.s ;peIt th0wir fist twi vceks visiting relevant 

ies-carch inslittiles in anid mouil Nairbi. thereby 

hecolilig, !;uniln silththe local sci,.ttific Lilirnlunily. 
Ihey then negan a six-month period if courstwork 

designed to hring ;ii tile .tudents to Ire( saite higl level of 
ulcrlstantdin I',itlii ;uaeas o f insect science considered 
essential. Where .-ssible. thccourses were taught by staff 
seeirided Irimua participatg uniiyersity so as to increase 
the cxpotirc inAR Pl stuilents toias wide ;air caderiric 
background ;Iispossible. I le six courses. all compulsury. 
,cre: Inwect Iaxoriomy ind insect Functional 
Mlorpholiogy hoth taught by Professor R Kutiar of the 
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Rivers State University of Science and Technology, 
Nilteria; Insect Ecology, presented by Professor D. 
Griffiths of the University of I)ar es Salaam, lai ania; 

and Insect Pathology, Insect Physiology and 

Biochiemistrv; and Biost.itistics and Computer Science, 
taught by IWIPE i"ientists. 

Following their coursewoi k. the 19K4 class began their 
rescair , projects. logether with the 1983 class this 
resulted in 16 postgiaduate students from AR PIIS, 
woKiig alongside ICII'lscicntis.s. I he l6studentswere 
attat hed to ICIIP - resea rch programmes as follows: 3 
in the "lsetse Research Progranmme. I in tie Medical 
Vectors Programme,6 withi tilePlant Roesislance to Insect 
Attack atnd Iliinorics and Applied Fcology 
sections of the Crop Pests Programme. 2 in the Insect 
l'athology and Pest Managenment Progranitie and I 
student working on a termite project jointly supervised 
by the ICIl'- and tire National Museums of Kenya. 

I )Uring the yeai the first ARPI'IS :cminar was held. 
I his wis a,highly sticccsshul meeting organized by the 

ARIPIS students themselves at which the discussion of 
c;,clstudent's tescarch was bioth robust and valdable. 

lie seilinal, twice vLt rly meetings of all ARPPIS staff 
and students, and regular infortnil contiacts made 
pitssible by having all student, working in and around 

('IPN facilities have produce(] a sense of conntunityand 
cmInnttu lrpiurpose shich is a valuale feature of the 

Ai(PlIS. 

r.RichidIagit, a member of tIre 1983 class, spent 
six months working in the UJnited Kingdom at the 
I riupical Dc ehipinent and Research Institute, tire 
lritish Museum (Nalural Ilistory), the Chemical 

a)oratlory Uinit, University of Southampton and the 

Ihperial College,DIepartment iI App!ied Biology, 
London Unisersity. His sisit was to study collections of 

larst Alrican ()donlterme.and to learn techniques of 

the concerts and problems inevitable itt such it new and 

unique postgraduate training venture as ARIPPIS. The 

December meeting also slectctd tile eight new students 
for tlre 1985 class. 

l)uring 1984, three more universities signed the 
Memorandum of Agreement %sith the ICIPE thus 

recogni/ing the rationale and objectives of ARPPIS, and 
so becoming Participating Universities. They were the 

iniversities of Malawi, Zambia and Sierra ILeone. There 

are now eleven participating universities within 
ARIII'IS. 

At the end ofSeptember, professor J. Okedi left the 
IC[ Pi1: and tiirned to his post as lead of l)epartment of 
Zoology, Makerere University, Uganda. Professor Okedi 
had been otnleave of absence from his University sine-c 
Deccmber 1982, when he became the first iAcademic 
Coordinator of ARPPIS. On I October 1984, Dr. M.E. 
Smalley joined as Academic Coordinator. 



I'OStit( (IORAI. RlLSLARCl l-t oli)W.IIlS 

The piostdoictoral rescarch fclo',,hip m.ic1ha- againr
drawn to IC I , iungciemit its, anit, g todcvelop their 
rcsceich iskils and work ti a tropical environment. 
During 1984, eight postdoictoral felows w'ere working
with J('lI11 research pr,,og r inmles and units; three with 
Crop Pests,. ,o withIseisaind one with Livcstoc Iick 
Rescar:h 'rogranimc, ainid io ,itl the (henistry and 
lniassay Rcscilch t lllit Ihe eight carime 1tii (Oliana,

"la/alnia, IUganda, K'iri, India aid the I +,SA. 

,ll { it i1 i, ii !~t iN I1N i , %D1 ( IIII 

s ,,,, ,. 

ilie Nsceriih hllie itriional (Iro ) litming ('iiiSle tn 
('o0iplinefits I sc'iliil I I coliicalll Sioiild Pest arid 
Vecilr .lii'ellrierl %55Seiri Ihich 5\as p)ospi.iried III 
I981 ,as ltin.lh coundilccd it 198.-1, rim 22 July to I)
Augtist I %kcitll ,ight Iiuicus troim II counitries 
parrLuIfp)ilId hi igs r ilist iiiihlber o particilant 
ti 187 limn Ii, ulitri, fromii the tit the Louise s!;atltl
i 19 1 ICI litilbiiul ol iuallliirnts y huniry is as 
hlliii tl,,T 

[he Food and Agriculture Organi.-ation of the United 
Nations (FAO) sponsored two Ethiopian Pe., 
management speriali.;ts to the 7th International GroupI tiing Course ol I'rst and Vector Managerrcet
Systems followed by ;I t<wo-wcek training incourse 

terite biology. ecology and 
 coitrol. orgaveizcd hy
WIPE. J'our mtemhrs of ICIP staff of the former 
ICrite Prograinnme conducted the course wh ich 
in'.'olved extelsi'e iheld excursions to semi-arid parts of 
south .rn and northern Kenya. 

S1\1-I iIVIIuI'MINI IRAININGi 

J /i iS uig,

Mtaf dcheloprocnt scheme 
 is intended to provide staffiti ppottLiniti s for upgrading tliit skills oracqitiring 
job aids that k%ould enable thetn to becorne lior ° effective 
ill carrying oilt their iuties and resliiul,ibilities at the
I(IPI. Sccsral institutiois outside the host country,

Kenya, prosided 
 at tie posidoctoral, postgradlitse,
techniicalaid maigluierial levels. Iesides 1C'JIV, iajor 
sponsors of the stall uindcr the ,chetni wer,:: The 
ilternaliiinal Develiptneiit Rcsairclh Ceitre (II)RC), 
the Wolld icalth Orgatiation (WI1O), the Food and 
Agriculture Organiiotiorn of the Hinited Nations (FAO), 

.. Inteiatiotnal Atoric Fnergy Agentcy (IAFA), the 

iu:rf) 
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Kianda Collegi and an accountant was part-sponor:d atJniteL Nations )e:velopmn, lt Programme (JNI)') and 

tile Johi Pringle FelhmWhip Scheme. Strathmore College to complete some course! for an 

L.ocally. five ICIPF tcchnical stall were spon ored for ACCA certificate. Within the ccr-'_', secretarial staff 

tiailing in horatory technology at the Ke nia wetc' tra ined in the use tt the word processor. 

P'ol technic, oie ,ecretag w,,"+i rred for training at 
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Manageniew:
 
Amenitics and social %wllaic units, 97
 

IRelaion "i. the ho%t meornncni 98
 
Capital development 98
 

tiIh 




Management
 
fihe nti:,-agcnrct :( idmirisratrlli of core research 

pt,).igriiicS rled t, of the ('enlre as ;a wshole %a 
signiIhcairil', tireng Ithecmtl dtitrig the car thrnugh 
recrotllltril m ,ill t k+' pit',tiolls pies loosly s;Icant a 
l llli 

l)cpult, Di ,etl 1I)l \lthcss l'itol 


(n iriyi it 

Mapi ir or ( ihetnioiul-

callots 5,+SIerriS Mt Mr knxo
I .n l 


Airiris .cirse Ni
\firnrgcr cu.err'\Vo 
Programnir Lcaders 
Mdctical 'c,., ir uttikloh[il .lutinga 
I setse lir Ieonard Ilarrisoi ()tieo 
Unit Ilfeu-ds 
'hcootr andi lfrihasiisi fIr Ahmed Ilassanrali 


Ilist h
rg, and I r1C. 

Strticltrt I)r I'ljheth rlhy 


Ko.,% ar,, 
Acting U nit Ileid 

Sefsoris Plhsi log', I r SaUmuel Niikasa Waladde 
StCps to stre'irilriieinJiliirstritivt proccruies ini 

strengthen iiariagemeni rcrc Io,yslclls iiperlcrile(f 

r,rnmote greater cliciency, ellectivenss and ecrinoroics 

lntInathrriral2 jrofrtsiia\ staff 

The international professional staff lcvcl Ii:s been 
irrirtariifv sithlin the hiunl .o40-nan Years decided 
upon by the (imennig B.rd 

lhe full mtall list appears at the col of this rcport. 

,MI NllI it ,\ND YA Ir I I I All 1 Nll%1 

Gene'ral.Supervison by the Adifrinistratiic Manager rf 
the ,pcratirns If th Inlernatiorial Gilest ( 'cntre System. 
tire Mbita Point International School, and the Mbita 
IPoint 'ield Station Clnic was lrmalr/ed during tire year 
with a siew f) refining clear lines of integration and 
comnn:unicatirn t: ith the Centre's management. 

304fita jo.int Interiatinal. 'h ol. xlensinon tihe 
SchmIrl Aere 9W; corpleted ard tte new Standard 8class 

established. A Deputy P'riacipal v%s appoinled, bringing 
the total establr shment of teachers to 9 against a total 
Cnrolmnt of 64 pupils. 

,hlla l'oint Fhl S ammo Chic. Over 90,!C of 
extn.rsin work tt construct a mraternity wing was 
completd, lh clinictreated air ,'rageo3)T00casesper 
Inoth if'ring the year. 

/I/rftiarIOe1 (i 'e.i (ter 'nin, 'snr'tn. Contstrizztiont 
,ork onItile (tiuc, Centtre at NII-Pita loint Field Station 
coinifnciccd dinti. the last quaiter of the year. It will 
have i :.rpacit y of l0 stlly-hedrtootns and i conference 

ortfon)lr 150f people. Meanwhile the 4-bedroom 
temporary Guest IHouse at the Starlon was intensively 
utifi,:fd by tire I(.'llC staff travelling to t ie Station on 
duly and by the centre's visitors. 

Averago: occupancy at the Iuduville International 
(suest (Centte was 60(1'; fr tie year. Its expansion 
proyrainine is incornorraleij in the f)uduville Phase II 
Capital I veluhpioent. 

('I , 1.\ IA lVflN0.titn NI 

Ahh I'oint Field ,Siotn. Priority work on the 
laboratoiries, senior staff hoitsing and office cow ,lexcs 
icrc crmp eted anrid becane operational during the year.
Worrk carried forward fir 19)(5 within the I984 budget 

cr.cerns the guest centre complex and 'ompletion of 
fi'tings rnfurrishiug of the school arnd clinic extensions. 

.'uduvilh, Phi II /I eveloPmnt. Efforts to raise 
fit ids for this project continued tlhro-tgho.w the year. Ir 
vii w ol the acute space prrblems at Chiirno, tlie Board 
decided to allocate modest fids annually from core 
fiods for this dfevelopment. I owards tire end of the year,
tire Wuorrl flank signified its support of the programme 
by some USS 2.5 millionr aind the Kenya (-ivernmen 
contribuited US, 0.280 million, leaving a balance of U!SS 
3,714 million yet to be raised. 

WI tIItI (NS W111 6i(I iVRNMIN1*V 

lihe (elltre's relations with Ite G(ivernment of the 
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Republic of Kenya continued ,n an excellent basis. In discussions on a new headquarter agreem-int wcre 
sicw ol the gtf th if tme RA'I research, scientific, initiated with the host government. Trhese cordial 
training and outreach activities, and the decision to discussions were carried forward to 1985. 
con truct ani expanded headquarters complex, tormal 
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Communication and 
Information Division 
le Communication an ,fIforration Divi.sion provie. riticalprofessional
.ipport to the I(l'IE as a whoh, in the area of publications, graphics, 
photograp; ..,hbrary and documentation, public relationsattd conference and 
liaison vervicesv. 

Duiring the t ear under review the Division took firin steps to strengthen its 
!,'atiabil, in all thesie area.,. hn particu.r, the Divi.vion began to introduce a 
wider ran,,'e ofpublicatior., anid to improve the qi.alit' ol existing ones. New 
rotethods ofinformation dissemination are being exploredand to wards the ead of 
the iear a well-known filto n-aker was catomissionedto make thefirst video
ta/l- ulcumentary 4 n introductor), historyiof the* on the tiork of the Centre. 
ICII'E va.ai also coni,'.,sionedand will be publi.shedshortlv. 

The Open 0a)v held at the Mlbita Point liehl Station oil31 Vay' 1984 was a 
tmaior challenge to the staff of the i)tvision, but one that was net with great 
vtu ces .. Other tew venture. includedthe estal. lishnent ofthe ICIPE A rchives. 
Tie )ivisiton 1. also pushing ahead with the gradual change of ICIPEs 
corporate image. shi,'htarted during the year with the introduction of a new 
logo. 

I.IIIRARY ANtD )(XIJMIN A I I(N 

their indexing for quick retrieval and :ffective utilization. 
V tl ,,',,,~ r1hrough purchases from the British Lending Library 

Acquisitions (BI.I.) and cooperation with other libraries and 
institations around Nairobi and beyond, photocopies of 

The L.ibrary accessioned 203 tmoks and monogr.. ., publications and where necessary originals were acquired. 
during 1984. Current jouroals were 130 titiL.s oul of wHih for the users throughout the year. 
94 were subscription and the rest from donations at:&t A mailing list is maintained for the distribution of 
exchange. ICIPE pubi :ations through donations and exchange 

arrangemaents. The publications include Insect Science 
Strvlces ,n,''ItsApplications (for exchange) Dudu. ICIPE 

lntnal Report, and occasional publications. The
Du.: to staff shortages, some of the services did not reach mailing list, still growing, with about 500 addresses at the 
expected levels. Ilowever, they were all maintained, end (f 1984, was comp: terized for easy manipulation.
Current awareness service continued on a moderate pace Through the assistance of the Commonwealth 
relying much on published and other outside tools. [he Agricultural Bureau and the Commonwealth Institute of 
full staff establishment achieved towards the end of the Entomology, the library was able on behalf of its users to 
year helped to lay ground work. for a more %:gorous do nine retiospective computer searches during the year.
service during 1985. Profiles will -ien be fully developed Hecausc of its limited budget, charges for computer time 
so th-t selective dissemination (SDI) starts in earnest. and postage of results have always been passed on to the 

The library continued to procure reprints of ICIPE requester programmes. Other services included loans of 
staff publications and work was started to improve on books and reader enquiry service. 
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Nibilh Point Field Stallion Library 

New shelves and other luriitLire "crc rCqui0red ftor the 
lihrary uhsch is iick lulls c pclritiolsll. h) extend the 
aboe listed sciices it (lite i-eld Stationi stil. 

11illi ii s It \', 

0.. ccc,.......i ..... If
,a n, 

I he departicni Ixeeti tcotil. ,r.iplc ii10titllltlntl 
phtoigraplit . s lct III tice ('enire A.'\list il stalst 
p'iblicatiions aippC,. at rice hi, c, tlhe reporrt I (i the 
first ine Ini mncilso sal , lit \iirncial Repili %,,i, 
producedcleitiiL',) :I lnio 11uhlidhtid fitiic forhIIu p-
lile \1ii1i.sl RO"e'.l, 11 ( 0iII id l1iirrics ot theMuile 


(ccn.crillill Ihiitrd 

-,(A)lter pUblii.iiic ciccictlcd Iec c iilccicla llt i lt 

iosc ,ti rkllicpps lhl hmic It- ',t.ir. I liie cintiiii i l 
Stidc \W'ciksll ccc l I It Ii(C'i,iilite iit.III, -
Sit itllit 1i i_ IPC"iN,1ici.1 ' icciiL ,iicl li le nrs.i ltiir icctil 
stutl \\, ci .ic ccit I 'tnsiiuliaiss III nidczricclcc, 

,l<(.ccniinnciccfitiicr 'i, lllthr1.iiing ccl(iiIfor I(N'l 
itIIiil ( clilicci (itCiclh ',Cit ,uS'i) ilililhd \ 

hicht:tii t- l i NlIirhl lcc fiili ltil tlN icticli %%,i%ills., 
,cilWiNlliecl , c't i t \ I'tlt (ltiict.i ini l .\innii,lI 


I/t'lp ti tnl Ihii ',in, 


Ihcv i 111itl ' l l',i~r l, 11 1, tt l111,hi, "' 11/h 

ecclllllicics ic Jiitihlli ii1l:l ICcicics o:ic 1:i Icail' 

iatis hccck Ic%"it %kN, iIIIici ii ii rft.Il ;i.iil iclih'il 
to n tlsc,I cnrltr l adt ct iii.iitc, it Iorlill cill Irisect 
s'lilisis Its ii it.lIni IIt filth ic;lirice, nc~it¢ ci-
iu icilh Ilio ilre tcyleiinciig ct t lic.u f'li triii nnd ill ,
ict+si1" sIcicslt"tlisct cct'tii ccii sclit'ill)' tild ',tr< ec'icnuptehetl 

this.tl i IcI, sc cil , od Vs toiiC 51, sicre Issued 
dlringi ti c;ear I hit.los, t il ilct th r re lT'crc¢Irtlui all( 
\Iii.iiii l Pests 'Iril lN¢'esiclcs , hicd oi) tihe 
inturiitiintl ,tericng oli I otltc anciii ltiritcili 

,of VLests cud l'c,,[iccces. i,it. suipcrrc is' VI) 
I;N I.S l.i.t() act tie Ill cii Iih.re I NIA.If )Ir[ r;rati11c 
I NFI', rtl' tic I nllcIl Staitti '\gcxl' lti Init:nirir iccnal 

I )eselprirt-t. illied ( ',inicltiiiiii flr Iriernainal 

Clop V foit' llt I 'I(*I') I lie ,sccciild, oiii i ie th'iltic, 

I setce |ellicllccii aid 1lcpulillori I.hCechc ind bISet 


, 
co 	 Ite Iltris,:icii, l , icl WcIcrkslccp oit I eie 
IHth.iiciUi Tih Icliliti Iccchcg'1 cccn I t the 

I1' llI 

I lie io il p hili ill 11 tilte .c inc %kits5.14. clcse it) 
thlie *lsic:ip tel paginitiicii cl 001)0fcr IX. h.lcrtct are 
cicir inyiilg ti diersil ' ht. l criteri l the jouiriil, aiid It) 
learchi ) s wider readclilip A cciipiiruer S iclic" Suir.e_, 
Sectioni,urlerisV'i 'clumieyfr 6 (1985), 

I h Iccicik sitnes, ( tirrc',u/ h'm" c irclccII/.( it-t'#c c'. 
with its thi'd %01l11iC eititlcd, ( ct/ I)iil'rc';p'tjtolti Ill 
Social Ili.ie't owith cuip/)ic. ii c/m tcrtictt'e). edited hy 
J % Watscn, II.M. ()kcct-Kctbr and C. Ntiirict, %hich 
is ccded to appear sir hiccckshrcrps early in 1985, 

i% contiuised( ic reCelt aSsistanCe frcrn guest editors. 
I lie vluni s hac ecen hasically proceecdigs of 
international workships cotsentel by ICII-. although 
the rnanuscripis are now rmade more coimprehensive foir 

the book readership. Ifio eser, future plans will highlight
 
specilic publications fin selected topics.
 

l)udu. Ihc I tnd, nc.sslcttei has takeni a new direction
 
tromi lbeing ili l)nteSial organ to af iiore international
 
itiLitioii I lie eiplhasis is iios ii r.piirts oiff research
 

alll related acti itie All stall neois arid aninoutncemi ents
 
,Ill he CoCeCd hr tlte internal iswslcItCe lCI_'l News.
 

Staff Activities. Mrs Wiisnic ()ysko, the graphic 
designer, cocipleted ia (-iioistls training course at the 
linterniational Rice Rescaichihlistitutc(1ilRI), Los ianos, 
Philippines, icer iliti]i.g all aspects of graphic'noo[d 

desigii aid hook production. licr nessle%acquired skills 
ill lie ; gicat hoitct Itcthe puhicationsi progiantnicat te 

('uriice 
N is. S til l ,sarsoiclk,, A,,sscl ilc [dillor, aiid M iss 

JIl,In \e ls.vili -c', (ccitiiriisllicasticil, ()ficer I toditrr), 
litiillipatc l iitfllcllatilii gan d ccccidiliatinsli iI 2-week 
ssrksfiicp oil 'Ilichriucsl S intific Editing'. I lie work-
S . itri i l I siciilt i f Eastern,ic rllt.lllpailis Iroi) 
(eiril aind Scciithiesn ,\?rici. ssns irganiiid withiri tile 
tiiii¢ .ccrk ol IIrstc i tioniil I)esluopmieirt Research 

,( )e'iie t Ili}RCI prolct to strenigtlhei publishingcapa

bilitic i, \iliii tile region. 

I itirt' l'Ihiis 

WVithililthe Ccriirrg Nesi the departtriti t intends to 
i.lwifC acquret imiachine and to imirport highlhtovterilig 
ilil liti g p pilii is i ii ei ti imprive lie general 
stdilfiid ccl our puhlications. 

ci 1 1 (" ", ' \tIlNitR I ASiJ 

IL IclliAa, 

Ilnternatiionil S uid) oe'lnksirlli 

IitIcicrA i/5holn i 
utm ItS ,1:11ifianc.' its , alii igc'ut.This was held 
atl I idu tille Intieriatiosal iiest Centre (l)IGC). The 
nccrkslhtp attracted approxinately 0 participants and 
cihsersers, frii various nationatl arid internaticnnal crop 

Mierncii 'sn crl iflot Pl'nsRv.iO' 

research and pliit prtectlion iristititi:s, lie themes 
dicued included: 

p Ictullmeciiiims ofl hIst plait resistancc 

(ifI1 R I. 
e lacltic irnflienicilig the expressiorn anridstability of 

hist piril.resistance. 

• 	 Screeiig techniques and metlihcodlogi s for Ilost 
Plant Resistance, aiid 

0 lst Plntit Resistance iii Pest Marageinet. 
It;.ul reccmrmendationris erimanatitig fromn this work

op kcl c published afrid circuiated tou all relevant 
fiusstituc%. Proccedirigs of tie workshop are being 
published irs a special issue tl tirnuirral. rcct Scienc. 

curd Its/1 'l c c/'ciaticl vclc. c (I). 
International Stiltsl Ierk./ihol on I.c'ishmaniasis 

I:h'ie'situogi.°lis workshop took place at Duduvill-
International (juest Centre fron it0-I3 September 1984 
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aird aI Ira c t d ai1)1)oroikIIniI tlIy 26 p i ri Ici p)aillts , t en a IdI 
%arillus naiiolulI arid illiciiali'll reseaich u4sttuie peCIoml %ith tile role 

fromill ~ lcrs eax Ii o:r 11 o~ n orli ;r i Ii II resea rch 
Ali anl onierrationitl researelh 

t he broa cj scusb'd Incluided, C42lire'. Slld ASi'i.irt'a Il'.i' I . fit p ioi4 aviicuitural arid
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1ep1iillf. I ~ It ) 1. ii1 
ReorV. '0,, 14. ~ 1411i44I,. 

44, 4c l''nPii i.si'l 4 . ** ,, l tiile Ncal .4 fiiilliie ol dihligllihed persons 

h /P/n il. I . I I 14 Ii, IkI 4. i,'4 I I i\ ~ I,414 kkil illa Cli liles li a e sli eof[i

Ioiiu .111di\ 1 4.4 .4 414 lil 114
'i.I I)CI)IIII h~lt'ii ti ( il-fl ll .4 1'l Cjl of011airobIifile l~e~ 

,11( I w . p i '1444. .1 l'JIL" 'i'. o'H I l e ofiie111C ( s IcitliehhBo dll fi~ilell li lllli1Sl 

j' '1'.! ,liHILAI ( rlftll 1 t iINIS1' \t'IRl , mion4 l isi cie Nilfi a cliel d tral
0*(11I1. I,4I . h .i T ' .4 a , I C'til l %Jill iiiof *\ilbl.l r liCtii~i. . 44ile 1.1411C rat eo 

*'H i 1 0114 1;1 1" '.ii RC 14m, i e 4lpeii lA.4 n mh issi n ill Klia IfoS t ile orkiopl tina 

RiceililtrI ~~1w %4,44 Nati444414 lAI iliileili cseicSNA) tfie 

111l~O ftl IIe Silicli %fie -rC lg li (Iernatioal
14th~~~ ll4'5ltil'I 0illlt If\%ilIeuloeS1,111'il4 I 151 sC~e ue l licks, Crpfeis-'an 

14,1 I 11!' \p %'1 111111. ... In I'. . R4*.Cdl(m,I q, 1111r 1 o iet le i'ogr lllul Nilllg[. SibSiiwi 
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Re.. '.i 441' lilt 11 11( (III..n.4 l~ i4, Inte nati n;1 St444 W o1.4444 oI il'\i 

144.',) in'.41.44 
1 

.4411 '.4,4. 14151111,11 1)1. i. W. Koiiils Ditecor ofelfeast Aflrica~ni 
tlti 5444. 1,'' I.. h Ind444,, J444.4'i4.ii44i. RlOINIIt V141 I ~l01C I )Clrilllfl SCI Vice% fi cedli 

Itill .44,, f . l~ IIL'.i\%,I 
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4441~f441IndI~sII~i.' I, 1.lll" ti'm )r. I .449.44 Na rte S aicon, ~ i I.. YII ( ilal[ ;(h d lPlitid F unernc 

Ilisc(If I . c~krd\ of , is.10Ri1har fll giaI, lienA f tnh ad ro tidlrI'Ie Dr. II nll: 
fcilun l)1 1 movitio 

hma"c'.hil,'ll, Ild h Nlhyand DI Il. amnamte in 

m 1- 1'.ll, q I k kIpwhIlI .111o l i er IeKknya. ofN to 
!li, loii Vena, t aioa 
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Siiiiii iiI CII Mi Il. lt* "'. .44h1, 4i ii lli i mid l rrloic June liC~i~t it tai198l'R11 c ree 
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Professor Abdus Salam, 1979 Nobel Laureate for Dr. Nyle C. Brady, Senior Assistant Administrator for 
Physics and Director of the International Centre for Science and Technology, Agency for International 

Theoretical Physics, Trieste, Italy - March 1984. Development. Washington, D.C. 
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Recent progress in ciiltisation i)fthe Africat trypa ,,itolcin-vilro 
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itii. 1, R Itlr,,liii,iull ,I OWe ani~icr~id 
, ci In Is01"11. iiim mn A".i 'd),si~ Ili,"eilItsP, of,i~~ 'v 

flre Ililt)i *\iaul ,rilreile AI the *\lIriigi Ais'" liol nt h,- I 
'sti~lil(a, I I.i'n I I,,,iIsI ., In N-1IsilI A 

Ii.. I G M Iais FIIs m,, Aii~mdi Vrii.~ii~ "M. 
fromihh i' I ,iij~iiilii di ie.i- InI

1 

t -iii, i t& .ni .i RiI , Ia I Ii I .,,i \Ito, ii ,sildn ,,,r 

(~ iif..is Iidh,lmi. II I; I,k 

l lsidhmii . %I I it .iid k,(.iirtrriri \1NI I Iit,i 
sic (ihrs lit l.1iin,-Ii itsn.rii, t-rau, toi-dIs 
1'rlecImImii of iii e situ ursissii iicicuMich 

.1! 1uiiuitrei. -, crni.iiie Auiguis 2l .. 's%%ns ( 

of ~Iii C~ iI'lureari,it[,I icc, 

ii- cot 'lN I iisl 
1 

ictiii hu hll

tcII.i.iiicui iifho '14,11 
1r'iul Niiinmiii I *'c.mniiim I1idli.kiri IF, [lie t.sbl.iloiii 

I (ren. I 'll, ( iiiilh.itic elli,LI, of li.usi nuil 
i,4iuuu 

I -it,,Iil 
imioin ofi 1snI I,swinii,i. I \A1SIS) ( mil, g,,plI iln-Ieiri( 10. 11i) 

1)linignuiii. 1 1i 1 . \ niciliuuil tot sru1phirig thnepouptduhliiiii iMh,1c 
tei[IIItC 11,71is Ili,, ap;'( Mi1 10l4, .12' -lt 

Iito I-rdiiig, ., lIr \iiI ( lIIlellnC ofi fie -IIII.i111iA ,o-

1 
fsrII . ii,ioti. I V' I I I, io I% I of fm iu i m,ill( h%fill- [i, re- is.iidili,mc 

n-t .. lI i. SI -I(p 1,4i-) 45191uiiiiulrmi mItkciiij 
lluiihinItr, 1) 1 . I ,Ius~kc,,. II I lidiliuiii %I I indAmiuc.- If ilil 

I crid, R) 11 I luimitor Ili 1-Hi of Wxi, id od (,if'I 

luring jirc.iiic5l 11111i eiipiiri, oril nilc'INCIIhi 1,/ooskt.ne 
nIsinimiini iii (sum'wo 77( (2i. :1.2 ii,, ((hjii 

1),-n f ite. ( I miii,'i ioii K I i iciiii l' iiniiini itiuiI rtc 

I .. Vi1r-uiiie lhe "W-,CcIiiu l1RITIAicuiiirui1l I iii ofs I 11ituiiiulog,,Ofi (m 

lidn Iii I I'miitnucrg. I Ccl.rl11tpuchlic I G;mril.liu. Akioigu )i(-2ir 
urgilcRl1Iii ,li,- liigu' Ift .11irlotiii of lie licninia l.I trilt 

(rjnua;uallii 1q- nis,(iiiaw N(mri/sl/t hi., I Ati 1',Il 451 
li0 ita 

Gld~cr. I K , (Mieiiri 1 11. lirrI. N Y1 irul Olnixirgii, 11. Inaicisil 
seliieieii.t mitiira rlirri ij~k sm ilioldni nimrrruir 

(aomini,-riuiamnt 1,1,iiiin' 41,1lI. 77.21) 
AIi'.i~l.. eeiiiici eiuii m priisp. is, Siri1gil *iiiclopgies ,ciir 

li \tinigri nds( 1 1, Aocnoii cull lrori-igs;abg irril cii 
of Oir \%muliliipr ,ii tir 1 llu,ii stili ( rmol tit ig I( I lire,. 
115-1 Q 

KiaN-a, . anil Alenrir. oni slureo mIidrilert-G1 11. I- ririlr oiisi,niurri 
Ili Ifi i,Irr ..11Wniiiii iriar iiiiiiii.1iidlii 4. iiiiTtiniiitei 

raili b. So A. 5 IS) .11416IIn'i i-Igj 

Kdi, Jni1 a.mndNlnliiga, NkiJ , I s'iehiim in Keri1.mn rihoilnin 
s'mrilnirs 11 Nil iii l infri i tIhe irrlpigii thiii e, ii of) 

St'gClima5'ifiliinii.1niiiiii unr'tiuii IiSiintminmhimi rir' 
.4pjld S 141239.24 1 

Kairu. 1,11. Nirilinga, NI I anid Nimiri. NI P . I criolian ti Klly. 
samriiliirm a scarch il ,ulori I'iiie inigo ifutIic I I h Iirlernam-
lurinmI ( iniurres fir I uiul Noilunc andu IIIri lelmI in 
I..lgai u, (Canadai. Scpieni hcr 111,-22 
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hari, / ' t slr ig 
%,li-in crcfli;h cilyin I lvloI (~1iilclliiiacl andl pLint. 

Kir.liiii R .ItoiId oiciH If I cl m ieiorlit 'I, I~ir plhItwill or 
In iriiipici Iv 

hoii.i i (ii 1i~,1diiicii ICIeili.Ii.Ai.li Ini lice pjiil J. r( on. 

IiijinI 77 t2) 'iSi5W 
Kh l,,siiiiiiiii .~IIl I rilwg.. ,~lQii.iiilital:%C loak~55isalilt %Cx 

rhct'joi.4iiirii .ru1l i III AIin i Iuiniqiii 'iolk I(I epilriplcra. 

thi cc yvicc Ii.e. Ia I,1 11 /i (4F 125>lris 

i Im J~iii7ii lihscf,,tiriiie 

i tislimi R Sithiii prcin(lii termites in Keir5 ,. I Nat. 
I cI: ,, c. .0 sill ptn :1 1C . in) tie ant 

Umlrit, 21 il10 
IIC A ani . Ptinmisi./ itidici o m olv~pa 

ivsustaic toi -is t rt Imi Koclh (im .uApiuliuacl. Amimujrri 
frim aiiieiuandlou btiiomouliii 97, 112, S, 202-209, 

.Nl,Irae, A WoR ,I h Ijumsl ion I', Afiir ii miim ilccliii1 (,iishinesc 
Ilic i pu .iiiianciii Innltro 

icli, I o,,, 'chirimmi 

pt I 1 He sui Ii,ii It mA t iic mu). 

Iful lir,uti, til 111 .107-318 

kNi,simrm, V' il Sisctil. RH I Ifc (of ixusrc. 

ii and ticutr ii (ii tirmii.d of \i 171111111-111ICtirl 
iit, l d lite %ist r diioni singsifrs i a 

liur'I77 i2) SSO-55? 

iii cuiid~rr-appic 
iii Iluin~oicta 

lis ll J. IeirtI. 

Niiit RS ,I 'iremliIii. 
sitil tot leriil 

il A 5,NI N', Ainr J. 
I, (icni. .i !14i00l.. 1- W 
1slueiui Il An-Irru"IuUTi 

m15il Attnriii S[ HJ . NMic.iupcdloigicai 
thiiuii sproies i ifiiiroilurirmi Ii Kenya.llreei 

48 (1) (1i 1-1)2( 
anil Srmhra,R . hulngt; iily md leling 
ir-Cur- DoI iu itiptera. (iiliiciel hiem il 

5 Ciil ils -I,iiiil itr/ Iluil /aririrl 711( 1) 43-47, 
kliirm iii Kairimui )i it eidilllhy ofNI [ I liiidsigdlmmii 

it ln~iui Keiu~.i 5 ,llfiiuithe breednlrg sitls ofi l'li1ihri,. 
frui it aii Kilre.ii hilrreccifingi ill the FithSi'anf Sdiuli Iirpti. 

*Suiriuil (m1iirelit (if lie Afticcn As.llaiiifli iihee Scictjlit
 
1AASIi ihld Ili (.iiiu I gypl. DI),rocre Il0-11.
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icldlliric hush preferenice if phichirlirnins:ia cniflic%in illigo 
D istricl, Keir)i. llriiceuinrimts i[ lire I [tit Interntionarrl (ongriss 
list I rtopicil Niscosic n dM aaI~i~rial,heldri UCalgary.Camnaida. 
Sepiciriher lW22. 
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Atarotr rtmletni ,irir Jiri'lretri i j,,i) I ferrtniI I / - t'/ 5 I , t It I,.aillii and 11111-

Iiri X:Is i. C lut.. II I Ii, ,d Iprilo.,
(4) 2159-2162 

i.itio oft ncn cakc ,.gai r fileOiorfC.11 . I Iilirrdil'se r 
rlir" iriiirrii plial rltrjrjcl, Ni/iir-r irfrrrsri hcilirgi sliolld u lalthr / oila ,.r'-r hhnnniqre.: I )elphatiic 1jiirmri)J cii~frngus-gAiidcin 77 

iiiifes ]irr..ecirrgI li r 'i 1iierrnligiiup -I hirrhrihii.ii itcrn~t theI furnirna].-.. i re 12 Sii2-5(17. ,ri I irioilr Nu W I -rI r.i ri sire ni carrie ('l l f~lhelarl igi, 1i 1iiis.. iii ,ihiacii ii 
SyripoIirrl, i-cuJil the I Ififs i' c. i alii , iiuliclot l Ill- tic iid wn,, iuiloc,Ir Si.1141, 4 (5) 141-345.iccirllhryi y, Canada. JulyI1420 ',uiri . R . ' Minu,W rlrch.i. W., cic i dorrrsictl.tcri r-I , I [
(hori, II ,Screning 
 - ioi I Al i, rhii, litn p.rnr g.-rrgrills in.iln thi e pri"puit i lnlyai.niciill i lfe mtiunriue sagc% (I) oIagentis 'Prrrtidlngv if tlr IIN 'Ni&() I Ath iI kwn tilt,'i. iul oliirpcillofr liiir"illoire (, "Ii rIfl lni ]ihleirlr d. alld Cufi'ti Xri( I hriir ii'eil. Kin-n,
NMIciIrnal l'lairlr aii1% 

rfinnrqi.rcr iriiir San i)rplcr.i ('uicaiae) Ii Kcnya .hl Irop
Augus 2U1124. mIi 

41, I17IliCrii, I II ,Ii rr- ,, rrriI i l C ic i ir; gliir IrJ'Lrul:d I I I ul mniura,I(I rnd !rir ct, I I et lrriifrirnrif preinagil.rr priprilaill s,,eu i an tmi ll l i i isatr- i Ow hr d irici Iail i ," r[,i
p . 

-hr1h-11- (Il lllVi r Ciril cc n t ire riaa 11./re ir1ss.I' n I igre I il l g-, 1.,-W k in 1.r11.1i.I .Ini a 1 ri gilrrIN larir Iria/ Irp Atin Iararrn. 71

(lIrilo,I pci .i.iui,II . p rii i uell reg.triinyg tih ,tirin it !vrjeelrmg I ilillur,n S R , Snnii , W Is a:i id flullr, I, 1 li e hi er tio iilccoiino kni nir, Pi, criig, I I .:lII un iiiIfic Xult I iillici h i II ilrihiiuii1 C i1i0e Iri),iI i atC. 111rlll n ii il rrri.srne 

l 

gspl i S 


r"lr Ilir r i,.,iSrliic ni 

jr I eri i' l Iun 

,heId Ciln,ill hila l aigaly. -allada,(ljinr 1.11 . 'st r id iLi )k oA N - Irit,, illlil ,/W , r- wX, Nepleririr.i Inli1,-22

il ri w rr, maia' r iuIalidir i.it -ru r innli ei ah
ir:iie nu uni./ Iritirio N R , rllrir . il'I-, lruiller. I . I y)j.linolwnic InfectinI%IviC Illl,1gitll friurle.i.er, /,ir I i%,I;11,/ 5i-.f) 207 112 

in 
ndrd co%, l1..irum Pl rdipe i ,Xrc c i irthe Keny iost irer Ih.giga, .I|I l, I gg rind Liir.l druleh-iniuert rt.ig- , Ia o.. r , I S, 1 1 5 (S) 41 ' 410 

lom !rr ieisrii 'ii h.r h .rI arlritu lnn rirrilu..I rlll l.lI i i Oi. , . inir'iniiliiiir) ,rh tlrlcn ofii ierii ariII ii urile Ifirrii iritig"rinri ioi, G./ilrrr~ia ;nri/ru[rfn- I iii...t'lerril
Kenuni I' , i i, iI r iri (iti
ic ria tali sipray iir e idrirlii inl(r'/iriiil, ra/inhdlrn'i,Ipp iiii IJ$ 1i 1?-17 
tAimelr) in Ihe farlnihrri VXile, Kenya rnri ll .A, pp/ 5(5)
()wna i..S|t > Ire iIrrinain irrerlirls in Ire ir . ll ,1i.100Pnn, 4"-fQ9i


dll trnn dtri cik i l o, d ir wi f hi hnI %, I 
 /ir,'-I S 12.5. n 1 n iD A I )ier, .l14r sC ll(i] iii li in fhe 
I .rniiiirre V illici, rrll riiiirrirr 

I -rr, , I i II)pill llp1i1rri l.,- J 
ia a Il iii' i i ,e.Prreccdiings oflunir U. 1) K . I iOcsclpmriril pr,.. i I phah"ni/u, r /r I' rl'a,.l Irs i lii IIIllri.rir Ingr flrint hr l ,


Neiririlririi i . .il. Irdnid-i) iI i r -

I Nrprc a ai laidll dledicrn 

liwi M w. I .%,I iN.im Ii l Ili ('lgaiily, Caiii Septeniher 16-22.p/d 5 ( u) '17 7, 
iml Il XX . Iirigcrine ctityirrc itiIhjnirir. iI)K l % 

i I fhe hrrrwn car lick,i(hlerir i/rl.rnd%-esi i.r , I i"eli.- t -I nnri)hiir1nilimcli.,i- mmtire /inr/'mrri r, Ir/li NcUil partial rtiin proil purific and iriiclnfirl, and ir rlg in.lr ,,I Ih, ricti,, ,:J. 
eding I ifl , ilA 

ii.or c 0 n,'/mhi/f I rec i cahrfhrrx. l pirlo inan Pf'c rf tiremY'jndr/r'l, tnr Nrellli.ili ual
I-Xr.lI . fmier I /',rerrrn'lu i 0070 ( 'nIinetite ir Ifi M ilianri Asciatlirn(i ii t n cl Sci iitislAM i )2.-0h25 


hcld Ili(.rnfr I gl~i, I -ceinhcr II-1I,
hinllnn.I, I) K m ri I % I . lr lripg. N. Ihiruril .rrrri kaomui,l.l dc,i NS I Kr ji o, Ir'D, ;slidChinila j, I AnIcrlr., nl iesfrnse 

I iIn rli illiilfnl in i'A,,
xIm,lacl) tittlLiw1 iht, Imllllcmu-Itl mlm Irirc,i il .r-11.¢' lh II~t h indi " ill rCllll]IfL ~C l prterlih't.I P /I ,lIfitaJrL.1, teiicir lir na llroldah lgwa lhe 1#rpyralidiiri (C/ro1' and I;[hit#1a it a, PrloLceedings
 
I airllr i lntlig leCil I irlihrir i in r Li ii ILI. h irrir I rl I hr Ne cl l cialrnirisri ( rlirgies r in l olirgy held in
.%,i -I/n/ 5i 245-4:46 

rnIrral Reprrlic i (icrlianry, -Ntgnt 20-26.
irni., ANK , I irirurini. II / N '1 I iinirnir , Ia-
- If lhim-ri .Iii Doug Iiliriri S NI . Kok rr.i, I 1) . (iliin, It ;ill] (liiiirr i,tlance. iII ,layrrll to rn i ,I i i rj 
r. I., ribialn Iorgi i.rr N , , i im- erriiil[r rirrllior i r (Dil/nr-ra ul rtlirri ,] hlo in ) ,30

I-illrrr im )ii rirledi olrirll,ri I ',-i /riinll mt,/77: -5i ni 751-755
stislra i) ki , (iuhrlh %1 1) a ifin X Xs , C.rI .iorll1 1 Illi, Yiiri 1 ifei ., i6., anL l rble%'spod/rIlr 


- h../lri/not Is i I eirlllhaii d.l niiilr.ii Iln ( 


l) fhli cs irr ewinri a (WIk.)
Iri i i) ri-rir (I eirlnid preri e). i rlUida iiiiriIaiac .i l he Kr r i ( /,inl 
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NI A R Iihal,. i iarit elecironisengmseer 
NIr II.N Ra,. refriceratio tehitlogti 
NIt 110. Nyachc(i. ICnUrti leit tan 
Mr I .10. (kholhelotnr tehnian (lsaintenance) 
Nir J N Mitci, ,nnr lt, /inil 

Mr J N ,ie,hbit, a,, 
SIr. S.O Micro, te, hnician 
Mi I 0 )gille t hm,iian 
Mr III Omailhi te-hnian 
Mr J ( Onyang,, JIflher/mas Ii 

Mr P )l01a, iut,,,riehntcian/glasi hh 
Mr I: N Nvoikr. luntir ietrhniiian/gl ivl h/',,er 
Mr J K. Gadonya. junior technician(maintenance) 
Mr. K Kinutha, teclnical asiuiant
Mr. I (Om,,lnd,, iechnical ass, slant 

SECURITY, TRANSPORT AND JANITORIAL SERVICES 

Mr. P. M. Arrmi,, cintrollerfor .eturltt. transport andjantorial 
jervicey 
Mrs. P.A. Oriwa. security efficer 
Mr. J.0. OIaiol, senior mrchanr 
Mr. F.Ombija. senior mechanic 
Mr. P.O. Ifamala, mechanicldriver 

Mr. P.N. Mahogo. senior driver 
Mr. Akhaya, assistantJanior 
Mr. J.M. Kiaric, technical asista./ldriver 
Mr. J.D. Oyondi, driver 
Mr. G.M. Kinyanjui, driver 
Mr. P.O. Owuor, driver 
Mr. S.N. Achochi. driver 
Mr. S.N. Rukungu. driver 
Mr. M.M. Zablon, driver 
Mr. S.K. .angat. driver 
Mr. G.K. Too, driver 
Mr. S.O. Araka, driver 
Mr. M.O. Ornbcch. driver 
Mr. D. .soso, driver 
Mr. P. Otiind. driver 
Mr. L.KisutiA,, leaner 
Mr. A.M. Buhusi, cleaner 
Mr. 1). Chcge. cleaner 
Mr. E. Asami. cleaner 
Mr. E. Okulo, 'leaner 
Mr. JO.Opondo, (leaner 
Mr. EF. .O,Obuya, leaner 
Mr. S Ohondo, gardening assistant 
Mr. N. Ok amb, cleaner/nesenger 
ir. II.. Ayckha. gardening assistant 

N r. J. lilgv a. gardening assistant 
Mr. W. Achiroma, security guard 
Sir. D.O. Singa, security guard 
Nir. J.D. Nya%%ao, .lecuriri guard 
NIr. R.K. Milgo, scurity guard 
Nr. A. Makola, rellit4 guard 
Mr. ..RA. l.aban. security guard 

Mr. E.I. OQieno. security guard 

NI. A.Ni. Ouma, secunit- guard 
Sir. A.A. Muyanda, security guard 

Mr. SM. Kibati, security guard 
Ncwe,It. T.SA. Ekisa. security guard 
Mr. NI.O. Yongaion,securit guard 
Mr. F.M. NIuindc ecuritliguard 
NIr. J.N. Nzioka, securitl guard 
NIr. C. NIulda, .seurt l guard 
Mr. I.M. Oti.no.ccurtti guard 

DUUVII.IE INTERNATIONAL GUEST CENTRE 

Nir. J.A. Achilla. senior buinest and caringcontroller 
s. 1. Owiath, .enior lecretar 

Mr. J.l. lwangi, head ,. 
MriJ.A. Musiga. houseAeeper 
Mh,, Oka prsi, asitant head 'o,,kNr. A.l. 


Nir A. I.weya. too,
 
Mr. I). K. Yaem, mires asistan, 
Mrs I.A. Nyamora. assistant accountant 
NIr. F. K,wach, te!ephonitt/rrceptionit 
Nr. P.O. Omollo, barnln/watlter 
NIr. A.M. Mutewoi, roon steward 
Mrs. P.A. Ochola, roorn sieard 
M r. [I. NI. K ibusu. ari sic::; launder 
M r. C. NI. lumati, asiltant launder 
Nir. U, Gich uru. kitchen assistant 
Nir. J.M.MNwakisha. kitchen assistant 
M r. R. Gahu. driver 
Mr. A.M. Mugone. driver 
Mr JO. Mukhohi, Janitorialasjistant 
Mr. M.O. Songa, jecuritvguard 
Mr. A. .hilya nda. security guard 
Mr. F. Kiprono. security guard 

Mrvites 

MBITA POINT FIELD STATION 
)r. Z.M. Nyiira, principal relearch sclentlist/SM 

Mr. S.M, Klmaita, senior administrative officer 
Mr. Z. Orwa. security trantiort officer 
Mist M.W. Mathai. librarian 
Mr. F.A. Abanga. aCcOcatant 
Mrs. G. Kwanyl secretary 
Miss E. Afandi. secretary 
Miss F.D. Fislako, secretary 
Miss S.M. Digolo, secretary 
Mrs. M.N. Okach, asslitant secretary 
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Mr. P.O. Ngugi, accountsassitant Mr. P.L Rakwach, security guard
 
Mr. M.NE. ANudi. accoum a,,irlant Mr. J.J Okach. securtit guard

Mr. J. Ongonga, clerical a ittant Mr. J.J. Okach, security guard
 
Mr. C.N. Keli, tupphe ajsistant Mr. A. Agora, jecirity guard
 
Miss D.A. Achieng', receptionijsrtelephonsit Mr. It. Aburs, jerurg) guard
 
Miss A.W. Mkoko, copy i)piji Mr. P.M. Alisa.da. plumhing and auger iorks technician 
Mr. J.O. Ohato, mecharnic/drirr 
Mr. J.N. Asnyu. mnechanic/,iriver 
Mr. P.O Mbuya. driver MBITA POINT INTtNNATIONAL SCHOOL 
Mr. A.A. Olwoku. driver Mi. PA. Ogadaprni~al
 
Mr. I.. Odongo, driver 
 Mr.F.. Omoha.geac/er 

Mr. C.O. Ndiege. teacherMr. J. Mokaya, driver 
Mr. C).. Miakchga, teacherMr. S. Ognchs, driver 
Mr. Y.M. Koko, eacher 
Mr , M . aher 

Mr. W. Jayalilcka, driser 

Mr. N. Oua, driver 

Mr. R.O, Okello, jjit t, l Mr. I.M. Mua. teaher
 

Mr. 1,.0. Ogal. te, hnI atttitant Mr. A.IIE . Okong . teather
 

Mr. J. Atiche, tathr M. 1i.S 11. une. ti/g, ateidath
 

Mr. R.R. N)aridi, trmt machitne tipera. rnetstiger
 

Mr. Z.O Nyandinre. cleaner 
Mr. EK. Osutu, ileaner MBITA POINT FIEL) STATION CLINIC 
Mr. ('.0. 0k1lo, gardewr 
Mr. .S K Mtygnga, faint c-,ltr,Ir Ir. J.11. Odhiamho, inlitsioal dot 
Mr P.O. Ourna. larm a; llig$gt, Miss. ZM Macharia. tia/ nurst 
Mr. Pr) OUat.fart alllaill Mr. C. Munafu, lahtgluorgtru /grigluogitl
 
Mr. J. Sagi ni. farin it stant Mr. F0. Kinoiwi, iuharrneutiiulgI/ ,;ohugisi
 
Mr S0 Oider arm at ntiu Mr. C.0 Ngutu, cletalagtgsga
 
Mr. J.W Achil).,irm aut ta Mr. . tongo Olienu, drisr
 
Miss P. Nyagaka. farm atlIgliant Mlrs. I..A Abuya, lamormalatugtigarg
 
Mr. FO Armg [tru ittant Mr. John ()dd. , clint,al o/lher
 
Mr. F.l: Ong'ongr,farm amtttaoi
 
Mr JO (0thggtbi, farm at.itgarii MPFS (;1LT ]lOUSE
 
Mr. TO0(hI erg. tie s guard/
gtwtl 

Mr. 1: Son)e. ictiuritgi guard Sir. (.1 ONiryo. I'WItiS (;[/ /Ihuw sipervgsr 
Mr. R.C Joiht, tiagimu ite engneer 
Sir. I1 Oyoei,,, s, NKUI.IIMAN OUTREACII STATIONstm guarud 

Muigert,,Sir Ii S nt gtl guardl 

Mr. A 0 tgaa. ir, urt i guard Mr. J. M. Kohami,i'i eurg (uard 
Mr J K (c)per te,sr, gt,.rgI 
Mr A N. M ike,t, i, gg gard MUIIAKA OITREACII STATION 
Mr IIl)e he. tci ri;ng girard/ 

Mr. iMWaitla. st, trit, guard Sir. S. Abdalla. .Setgrm'ri(uard 

Abbreviation, 

PI. Prograrnne I eader 
SII Section Ilead 
ilf Unit llesa, 

SM St;aton Ma itger 
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