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VI. ABSTRACT 

To evaluate and compare the repellency of 7 different local plants against diflcrcnt mosquitoL's. 

investigations wcrc macle by using fleld experimcnts in Koka NegeIVo village ahoul <!4kms Ilil IhL' 

road between Addis-Ababa and ;\wassa. The experiments were conducted inside hOllses hy using 

t~)tll' human volunteers in lour replicates tewelve ditlerent times in tile total or 48 days. Humin!! 

of the plants was made by placing parts on burning charcoal stoves while the thermal expulsion 

was done byplaeing the plant parts on smallmelal plates on burning st(wes. Fresh I'art "'IS leslL'ci 

by placing them on a plate and raised 35cms in rront orthe mosquito collectors. ilireet hurning Ili' 

seeds of R. challepellsis, S. lIIolle and ,II azedarach provided 78.9'1.,., 58.3% anci 54 . .>')';, 

repellency against All. arabiellsis rcspectively. Highest repcllcncy showed with the seed or II. 

cila//apellsis (1'<0.001). The seed or this plant showed similar effee( on AI/. plwmci/sis and 

Culicines. In the contrary All. araiJiellsis was more repelled by hurning thc kavcs 01'.\ /1/,,//,' 

(1'<0.05) than the leaves of R. cilallepellsis mid M azedarach. 

Direct burning J>. a/Jyssillica, 0. /alll(til!illlll showed remarkable repellency against All. 

arabiellsis (1'<0.05). However, less protection was exhibited to thc other two mosquito species. 

Less repellency against all the three mosquito species has been (,hlainL'" Iw F gl"h"/,,,\ in ,U)I 

(est methods. Burning or !lowers. leaves and seeds of L. C(fJI/(//'(/ exhihil similar bUI signiliL"lnl 

repellency (P<O.05) against the two Anopheline species. However., no remarkable repellency IVas 

exhibited against the culicines. 

Only seed of R. challepellsis showed good repellency to All. arahiellsis than the seeds of'S 1I/0/1e 

and M. azedal'ach in the application or thermal expulsion or their volatiles. In conlrast IllreL' "i' 

lile plant seeds were iound less protective to All. pilaroellsis. On the other hand Ihermal L'xpulsi'1l1 

of volatiles ii-om leaves of same plants well protected All. arahicIIsis. L.ess repellency elkct was 

obtained by tilermal expulsion of volatiles l1'om leaves P. aiJyssillica, F. g/ohll/lls and 0. 

/allli/iJ/i11ll1 against the three mosquitoes. All parts or L. ('(fJ}/(Ira signilic<lntly repelled .111. 

(J}'(J/Jiellsis only. 

Fresh leaves of R. cila/epellsis provided appreciable protection against the t\Yo }\nophclillL' 

species. ;/11. pharocIIsis also well protected by tt'esh leaves of M. azcda}'(Jch and S'. lIIolle. 0. 

/allli(iJ!iIlIll, P. aiJyssillica and E. g/obll/lls (ailed to protect well /111. arahiellsis. Ilowt'wr. thL' 

Jormer two repelled All. pharoellsis. On the other hand all tile rresh parts or r. ClIIII({m i'liled [(I 

Vll 



protect against the three mosquito species. llowever, signilieanl repellency pOlenlial has been 

obtainedli'OI11 placing the seed part of the plant, but only to All. p/wroellsis (1'<0.05). 

As the plants arc locally available they can be easily used for mosquito protection by the local 

communities, it is suggested to integrate them with other vector control options. ~·lorC()VlT. 

further investigations are required to evaluate the oils extracted Ii-om these plants. 
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I. INTRODUCTION 

i'vlalaria is prevalent in about 100 countries. AIi'ica takes the largest and the regions or southern 

Sahara appears to be the most atlCcted (WI 10, 20(0). Worldwide malaria incidence is estimated 

to be about 300-500 million cases each year, with about 90% of these occurring in J\ Ii·ica. ,,,uih 

or the Sahara. PlaslI/odiulI/ j(dciparull/ is the major calise of the discasc (WI~IO. 199:": ~II()() I. 

Worldwide 80% malaria cases and 90-95% of malaria and malaria related deaths are estimated to 

occllr in Africa. !'v[oreover, more than one million deaths each year occur in thc continent., or 

which most of them arc children under 5 years age. One out or every 20 children born in the 

continent die due to this disease and its related illness bel(Jre the age or live (Samha. 11111111. 

Halaria is bccoming more dinicllit to manage. Improvcmcnt of transportation bcilit)' highly 

increases the risk or getting malaria outbreaks by escalating population mobility ii'om non­

endemic areas to malarious areas and the vice-versa. cor instance. during thl' 1970' s and I <lXI)", 

the resurgence or imported malaria in some of the developed countries. like the I i.S./\'. l:ur"I'l' 

and the U.K. was reported (Gilles and Warrell, 1993). 

i'vlalaria has also an impact on econonllc loss especially in the developing world. It causes 

significant economic cost in some poor countries. For instance in 1997 alone. health l'C<lIhlllliSiS 

estimated that the AIi'ican region lost more than $2 billion because oi'malaria and mabria I"cbiL'd 

diseases (Samba, 2000). Liese (1998) cstimated that bmilies with malaria clear only 40";') as 

much land for crops and thc yield is 30% below normal. In addition, single bout mal:lI~ia 

estimated to cost the equivalent of more than tcn working days in the continent. 

Furlhcnnore, \videsprcad res is lance of lllalaria parasites to anli-tnalarial drugs and iIlSl'l'lil',iLit.' 

resistance of the vectors have resulted in flare-ups of malaria and complication of its control. The 

number of Allopheles species resistant to insecticides is increasing. In 1992 about 55 resistant 

Allopheles species have been recorded and 21 a I' which \wre lound to be very i mJlortilnl Vl'Cl, Irs 

of malaria (Gilles and Warrell, 1993). All members of All. gamhiae s.1. have shown \ari<lllS 

degrees of resistance to DDT and other organa-chlorine insecticides. The increasing resistance or 

vectors to the conventionally used insecticides raises concern. iiI the history or vector control., 



insecticides have been the mainstay to treat human habitations and fabrics. Although there are 

other alternative vector control tools, there is less practice to make them in USc'. 

Generally, in many countries today, malaria is still responsible for serious illnesses and numerous 

deaths. The ever growing concern for the protection of vector species and the downward trend in 

availability orthe broad spectrum pesticides Ic)r public ilcalth arc I()reint' people to look ((11' pliler 

economical means of control of malaria vectors (Gupta and RUlkdt'c'. 1<)'14). Thc c',"1 ,,[' 

pesticides is increasing from time to time and it is becoming unaftordable for most 01' the less 

developed nations like Ethiopia. The increasing insecticide resistancc of vectors to the currently 

used compounds is a growing problem. Thcrefore, thc use of inscet repellents is an allernale 

means of providing relief when othcr conventional vector control methods arc nol feasihk. 

Though there are many types of synthetic repellents so far developed .. Iheir uses arc limilL'd 

because of their cost and are not widely used. The best way nolV appears 10 develop bOlanical 

derived repellents based on traditional knowledge and practice. on which this work has 

emphasized. 

1.1. MALARIA IN ETHIOPIA 

Nearly three quarters of the land in the country is considered to be malarious and ahuuI Cl5",,, "I' 

the populations arc at risk of the disease (Tulu, 1993; i\'IOI-I, 2002). The country is situated in Ihe 

tropical zone which comprises mass of central high lands, girdled by low lying, hot and arid 

regions. Thus, the distribution and transmission dynamics of malarias is related to the diversity or 

the physical geography, variations in climate, Soeio-economie patterns or the population I '·Il IH. 

2002). 

In 1958 a serious out break of malaria in the highlands of Ethiopia occurs. This resulted in the 

case of3 million and death of 150,000 people (f'ontaine el al., 1961). In areas orhighcr altiludes 

the disease is occurring mostly from September through November aller the long rainy season. In 

contrary (GebcniUlriam, el al., 1984) noted that there is also onen out break () I' malaria !(lllmvint' 

the short rainy season of March and April. The distribution of the disease in Ethiopia is 

2 



determined by altitude, topographical and climatic factors. Unstable malaria in the highlands or 

the country is occurring predominantly. i'vlorcover, periodic malaria epidemic is Coml11<l11 in 

Ethiopia (Gebremariam, e/ a/., 1988). Tulu (1993) reviewed the climatic conditions or the' 

country and categorize as dega or cold zone (above, 2500m altitude). Ii'cc or malaria and no 

records or indigenous transmission so for obtained. This may be due to the inhabitant climatic 

factors arc inconvenient lor both the vector species and the survival of the parasites inside the 

vectors (Ghebreysus, e/ ([/ .. , 2000). The second one is the wcynadcga (temperate) 7.One. l11alal'i'l 

occurs but most onen below 2000m. Due to exposure-related communal immunity. it has 1,,\\ 

endemicity and very unstable with fj'equcnt outbreaks which r,'Sulls in high morbidily and 

mortality. On the othcr hand, places such as Setit-Humera, i'victema, lvietekel, Gambella, Gode 

and Awash valley are reprcscntative of the lowland areas of the country where the disease is 

endemic. Thus, transmission of malaria t!'om low land to high land areas by immigralion ,,[' 

different people is a common phenomenon (Tulu, 1993). In addition., this endemicity "r Ih,' 

disease in the lowland areas is one of the reasons tor the scarce popUlation in the lowlands and 

over crowded population in the highland arcas tor mallY centuries. 

Periodic malaria epidemic is common because of the unstable behavior or the disease. '\s a r,'Sltll 

li'equcnt occurrences of moderate to sever epidemics are known in I,thiopia (Fontainc ", (//.. 

1961). In somc of the lowland areas where thcre is ample environment for mosquito breeding 

perennial malaria transmission exists (Tulu, 1993). 

In Ethiopia rour P/aslllodiulII Species are known to cause malaria, such spcCles include /', 

jiticiparulll, 1'. viva.\', 1'. lIIa/arae, and 1'. ova/e. Of these 1'. viva.\' has wider distribution, but I'. 

jiAcipanlll1 takes about 60% malaria transmission followed by 1'. viva.\' (40%). 1'. ilia/am" 

comprises less than I %and is mainly reported from Arbaminch area and recently also rcported 

(i'om Nathreth. P. ova/ac is reported liOlB tell' patients in I-lumera. Ciambda. and CialmH in lei 

(Gebre-lvlariam, 1984). 

1\'losl fj'equent and hltal cases of malaria is caused by P . .f{tlciparulll in Ethiopia; about 10% case 

l~ltality rate in hospitalized adults and nearly 33%, in children less than I ~ years "kl. SCh'nl\ 

o 
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percent of malaria illncss and death especially during epidemics is also caused by P. fiilcill(fr/1111 

(Armstrong, 1978; cited in Gcbre-1vlariam, el al., 1988). 

Recently the high population increase, l1'equcnt drought, /iunine. and <ll'T<l-inciustri,1! 

developments in the highlands make people more interested to resettic in the lowlands. This 

resettlcment and agro industrial expansion undertaken in lowland areas changed the pattem or 

malaria transmission in the country especially in Gambella (Nigatu el al., 1992). 

1.2. THE VECTORS OF MALARIA IN ETHIOPIA 

Gebre-1vlariam el a/. (1988) indicated that presently there are 42 Anopheles species in Ethiopia. 

Worldwide 422 species of Iinophele.l' mosquitoes exist. ohvhich only 7() arc '" Icu' rcco~ni/c'd as 

potential vectors of malaria (Service, 1993 ).Tillnow there are only t w" members of :111. gOl/lhid,· 

complex found in Ethiopia, An ambicnsis and An.qalldrimllllllaills species B (White e{ 01., 19S0: 

Hunt el al., 1998). Anopheles qalldrialllllllaills species A is found in South Ati'ica ([[unt e{ al., 

1998), thus the totalmemhers of species in the Angalllliiae complex now increased to sevcn. The 

most important vector of malaria in Ethiopia IS An. (frahiellsis. despite the l'le[ that th,' 

Anopheline Gllllla is highly diversilied (White e{ (fl ... 19i\O; Abose <'I 01 .. 19')S I and th,' 

distribution or this species is concentrated in thc lower rain/nil zones, which represent the drier 

savannah areas, in collection sites where annual rain/all <IOOOmm (Coetzee el al., 2000). Larvae 

of this speeics prclCr small, temporary, and sunlit water bodies with cmcrgellt vegetation and Clr,' 

a very important veclor wherc malaria is unstable (Fontenilk and l."cll\luarn. I ')111) I. III "d,liti"n. 

it primary feeds outdoors and rests indoors, Anopheles qlladri({//illlla{lIs sp. 11 is not a malaria 

vector as it fecds mainly on cattle (White e{ al., 1980; Gilles and Warrell, 1993). 

Anopheles Ilharoellsis is the second most frequent and widely distributed (lulu., I ')'i3).lt hi [c', 

man or animals both indoors and outdoors; but rests predominantly indoors (Bruce-Chc\\atl. 

1985). This species prefer largc, permanent and shaded water bodies with cmergcnt vegetation 

such as irrigation canals, rice fields, and lake shores. 
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AllOpheles ./illlesflls is the third common vectors of malaria in Ethiopia and has a good ve'Ctpr;1I 

capacity (Fontelline, ef al. 1961). It bites man predominantly, but also bites domestic animals 

reeds both indoors and outdoors. The larvae of this species also occurs in J110re or less permancnt 

waters, espccially with vegetation, such as swamJls, marshes, edges 01' streams. and rivers (Ilrucc-

Chwall, 1985). 

Allopheles lIili is the list cOlllmon species, and it is more localized and conl1ned to southern .. 

western and north western parts of the country (Tulu, 1993). It breeds in the edges of rivers. and 

in somc areas of high population density, along rivers, and they exhibit good vec!oral capacitv 

(Pontenille and Lochouam, 1999). 

L 3. VECTOR CONTROL lVmTHODS 

Vector control is an essential cOJ11ponent of malaria control programs. However. there is little (lr 

no par!icipation of comnHlIlities to understand the value and relevance (WI J(). 1995)_ This kcl t<1 

poor usc or available alternative control tools, inappropriate usc of insecticides. inadequate 

rcsources and over all poor management. The problem is aggravated by changing environmental 

conditions in areas in which exploitation of natural resources and development aclivi!ics arc 

taking place (Sloot~ 1987; Tulu, 1993; WIIO, 1995; 2000). 

Though some of the methods are not practical in many cOllnties lor lllany reasons, there arc 

several vector control options. and these arc .. chemical control. biological con!rol personal 

protection methods (usc of repellents and insecticide treated mosquito nels) and environmcntal 

11lanagclnent. 

1.3.1. Chemical Control and Resistance to Chelllicallnsccticides 

Despite the growing problem of resistance of many mosquito vectors and the prcscnl concern 

with the effcct of some of the compounds to thc environment; chemical insecticides arc still the' 

mainstay or most vector control programmcs. Pyrethrum was thc I~rsl insccticide which was 

implemented in 1935 in South AlI'ica and in parts of India, but DDT and other insecticides 

replaced it aller Sccond World War (Bruce-ChwatL 19:\5). Indoor residual spra\'ill~ (lI­

e .'RfU Ml!lnie. 
,}. !li.wt "'f~,;:\-{': 
t· __ ;;'!YUlA <]1'''' '.'~;$t' , ~-
, 1I>I!I!!l""'-• , ___ , __ .;,.,"o_-~_ 
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insecticides to kill adult mosquitoes is one of the componcnts of the diCiercnt vector e"ntr,,1 

method which aims at spray the sprayable sudilee of individual houses at the right time. \lith the 

right insecticide and sufficient dosagc so that longevity of the anopheline vector will be reduced 

to the level that the mosquitoes would not to live long enough to transmit the parasite (i'vIOH. 

2002). l3asically the etIectiveness of this method depends on resting behavior of the nl<lsquit" 

vector, the toxicity and persistcnee of the residual insecticide, and the customs "I' I'C<lI'1c \I ith 

rcgard to housing and night shelters (Rruce-Chwa((, I 9X5). 1,,1 0 reo ve!'. indoor residual sl'r'lying is 

more appropriate for epidemic prone areas, areas of economic importance, in refugee camps and 

initial protcction of non immune settlers in development areas (WHO, 2000). On the other hand 

since most anopheline vectors breed in dit1erent rain pools, strcam margins. ()rest pools de.. "I' 

where source rcduetion is impossible, it is very important to use insecticides to control the' lan'lc 

of the vectors (Gratz and Jany, 1994). 

In Ethiopia, thc primary choice of insecticide [or indoor application is DOT. especially WheTe 

local mosquitoes are less resistant to the insecticide, this is because it is relatively cheap. has Inng 

residual effect and safe to humans and animals. HOWCVCl:, in places where rhe local \'Cet,)rs ,l\'C 

DDT resistant, an alternative insecticidc Ivlalathion is used UvIOII, 20(2). 

Resistance to chemical insecticidcs relers to the ability of a population or insects to tnkl''llc' 

doses of insecticide that would prove lethal to the nl<~iority of individuals in a lhlnnal 

population or the same species; and this biological phenomenon develops as a result or 

selection pressure (13ruce-Chewalt, 1985). Insecticide resistance is becoming a major problem 

in lllany arcas of the world (Hemingway, e/ al., 1988; 1990; Roberts and Andre. 1994). In 

1992,73% of DDT by weight has bcen implelllented or used flll' indoor spraying in the' ~I<lhe' 

(WHO, 1995). According to different studies level of resistance to \)DT diners 'llll()n:o' the' 

diffi;rent specics of mosquitoes and within thc same species which arc !(llllld in diflCrcnt 

places. This is duc to the fi-equency of exposure of the vectors to the chemical. Appearance of' 

resistance can he a major I~lclor in deciding whether a c.ompound continues to he llSl'd I'nr 

vector control in addition to the price and ecological filctors (Gratz and .Ian)'. 1'i'l4:. I,,,hl'l'h 

and Andre, 1994). DDT resistance is associated with metabolic or physiological changes in 

the insect /vectors/ with either increase the rate of dcgradation of insecticides to non- toxic 
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products or decreases the sensitivity of target site to inhibition (Herath, el 01 ... 1988). 

Generally resistancc to most pcsticides is very likely to develop alkr vector populations hOlv,' 

bcen exposed to thel11 for a long but varied period of time, depcnding on the gcnetie make' up 

of the target population and the cxtcnt to which genes that cause resistance are 

present(Robcrts and Andre, 1994). 

According to Prasillisuk and Curtis (1982) DDT has bccn a safc and ,,['kclil'l' inst','lici(k [ill' 

malaria control with long residual life and is one of' a lew mcthods which arc sunicil'lllh 

cheap to be usable under present conditions on a large scale in rural areas of' developing 

countries. Rcsistanee to DDT was relatively slow but is now widespread and in somc 

mosquitoes therc is evidencc that this resistance can cause cross- rcsislollll',' 10 [1dmilhrin 

(Prasittisuk and Curtis, 1982). When DDT spraying was suspcnded .. Ihe pressure of nalmal 

selection against DDT spraying resistant genes in some Anophelines seem to be weak (Curlis 

el al., 1978: cited in Parasillisuk and Cirtis, 1982). Zaim (1987) reported thc status of DDT 

resistance in Anopheline vectors of malaria in Iran: Anophele.1" slep!IC/lsi; A/loplwle.\ 

elll ici/clcies, Allopheles lI[({cIII ipennis and Anopheles sac/w/'Ovi wcrc 10 he' r,'si slanl 1(' [) [1"1 . 

In Ethiopia despite the need of evaluating the resistance status of All. araiJiensis coulltry 

wide in view of the prolonged usage of DDT, the records are only for a fCw localities 

(reviewed by Abose cl al., 1998). The WHO bioassay standard tcst kits have hecn in \IS,' l(l 

detect resistance, The records indicated low (10%) to higher (60-70%,j kwls Ill' I·csisun,·,· 

(Ameneshcwa, 1995; Abose el al., 1998; Balkew cl al., 20(3). Gambella and Arballlinch 

were the two places with higher resistance. Where there is higher resistance such as Alamata 

and Sheraro worcdas in Tigray, DDT is being replaced by ~'Ialathion (Abose ef al ... 1998: 

Ghebreyesus, cl al., 2000). In other places, DDT remains the major inseclicide ['lr indo(lr 

application, as it is relatively cheap and persistent (MOl-I, 2002), 
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1.3.2. Biological Control 

Biological control is onc or the mosquito vector control methods hy which living organisllls "r,' 

used as natural enemies in the form or predators, competitors and pathogens, \Vhich interact with 

vectors and their environmenl. Though the effective use of this method needs good knowledge or 
bionomics or the vector species and orlocal ecological conditions; in recent years, it is indicated 

as alternative to chemical pesticides (Service, 1983; llruce-Ch\Vatl.. 1985)). The great potcnti,d ,d' 

biologicalmethocls lies in their lise togcther with environmental manipulatiuns. with 'lgricLlltLlr,d 

practices and even with some pesticides. Nowadays, attention is given to two bacteria and their 

products; such bacteria are Bacillus 111l1rillgiellsis serotype 1-1-14 and /Jaci11us .Ijllwcricus. The 

tanner I-arms spores and produces toxin \Vhich is a potent gut poison when ingested hI 

mosquitoes and other aquatic insects but harmless to plants. animals. "nd man. The us,' or II. 

Ihurillgiellsis is operational program is limitcd due to its short residual erteet. Un lhe (lth,'1" il<llld 

Bacillus ,Iphaericus which also produces a toxin in its spore envelope can multiply in polluted 

habitats (Bruce-Chwatt, 1985; Gilles and Warrell, 1993; Lacey and Orr, 1994). This toxin is also 

harmless to man and animals and is more potent and more specillc to many mosquitoes. 

Some species of fungi (CoelolllOlIIyces ilieni'is) and nematodes arc capable or causing massive 

mortalities in larvac of AlI01Jheles mosquitoes. Howcver, thcre is problem of cultivation and 

practical use but far thc future this natural pathogen can be a potcntial intcrest. Scveral species or 

mosquitoes in the genus To,rorhYllchiles arc also considered as possible biological comr,,1 a:,','nls 

(Castner and Bailey, 1987), The larvae of which tCed on otber mosquito larvae. They mal h" 

ellCctive on distruction of container-brceding species but not so ell('ctivc in IIcld condition 

(13ruee-Chwatl, 1985; Castner and Bailey, 1987). 

Thc use of larvivorous fish has been the most successful biological mosquito control mellltlds and 

has been implementcd in parts of the world. This Ilsh are natural cncmies or mosquito larvae and 

have been more utilized as mosquito control in different countries of thc world. Naturally, the 

usc of larvivarous fish is limited to some spccial situations where the water and other conditions 

are suitable. Cisterns, shallow ponds. small strcams .. ornamental pools are ideal places il,,. 

mosquitoes control by fish. Field trials like in Karnataka slatc in India indicated prlllllisin:,' 



results but they wcre not utilized at operational scale (Lacey and Orr, 1994), In another lield trial 

in wild rice field in California, Ga/JIbllsia a{fillis was shown to control Aedes aegypli (Kramer el 

al., 1987). Work done in Asseb, Eritrea (when it was part of Ethiopia) by Flecher el al. (1992) 

showed an indigenous 11sh, Apliallills disJlai' to be vcry eCiectivc in controlling Illosquito !;IriCK' i,l 

including the locallllosquito vectors, All. Clllicifilcics {[d{[lIel/sis in their hreeding hahitats sueh as 

cisterns, wells and barrels, 

1.3.3. Environlllental Management 

Environmental management for vector control has been defined as the planning. organization. 

carrying out and monitoring of activities lor the modilication andlor manipulation of 

environmcntal factors on their interaction with Illan, with thc view of preventing or Illinimizing 

vector propagation and reducing man-vector contact (Bruce-Chw<ltl. I c)~:i), It is one c'ollll'()llc'nl 

of the integrated vector control which in long run is cost effective. environillentally sak and 

comnHlIlity oriented control strategy, Three approaches are comprised in this method: I) creating 

a permancnt change in a vector's habitat (environmental modilications). II) using lcillporary or 

repeatitive measures to manipulate the natural bctors that lilllit vector reproduction, survival or 

abundance (environmental manipulation); and III) reducing man vector conlaCI wi Ih in kd i\ c' 

vectors by zooprophylaxis, modification of human habitations (Ault, 1994), The usc of sail W1lle,r 

marsh drainagc, ditch clearing and other source reduction measures have successfully reduced the 

AllOplielille vectors in Haiti, Israel, and the United states (Schliessmann. el (fl .. 197.1:. Kitron and 

Spielman, 1989: cited in Ault, 1994). In areas of high veClor resistance prohlelll Ihis mcllwd "'Ill 

be used as alternative method of control; moreover environmenlal m<lnagenlcnl is cJkcliVc' in 

urban areas and where deVelopment activities are taking place, It is better to undertake Ihcse 

adivities during the transmission season as a regular sanitation progrml1. Howevcr, the quantity. 

quality and effecliveness of these program activities are difficull to measure. f(,r instancc' Ihalthc' 

size of breeding sites drained, filled, cleared and the 1l1l11lbcr or communit) panicipallls arc' 

regularly reportcd in Tigray Ii'om the concerned oflicials of the communities (Ghcbreyesus .. ('I al ... 

2000). 
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1.3.4. Insecticide Treated Mosqnito Nets (fTN) 

This methoci is lcss effective for exophilic anci exophagic mosquitoes anci whcn pcople are not 

protecteci ciuring the active biting time of the vectors, because the treatment of bed nets with 

insecticides mainly aimed at killing mosquitoes coming in contact with the net or hitin:c thrllu:ch 

the nct. TherefDre, in order to apply this method fDr mosquito eontrol. understanding llr Lilc' 

feeding and resting habits of the vectors, the cultural practices and sleeping habits of the Larget 

people is crucial as they arc determinants of the efficacy of this method (WHO, 1995). It was 

f(mnd suecesstill to control malaria morbidity and mortality in many places 0[' A[j'ica and \h'slcTn 

pacific rcgions (,WHO, 1995), Moreover, in Ati'ica south of the Sahara lise of ITN is gradualh 

increasing with a shin ti'om project based to operational implementation. 

In Ethiopia lTN is a new control method, which was introduccd as a component of other malaria 

control methods (1\'10][, 2002). It is also used singly for travelers and LemJl()rar~· residents a:cainsL 

malaria, Howcver, ciisscminating the program has got challenges such as dirticulLy ll[' rc'­

impregnation orthe nets, poor awareness, and low purchasing ability orthe local eomlllunities. In 

addition increascd tax of thc nets and the pesticides make the program to be slow to implement. 

Therd()re. to avoid this problem the government is encouraging private investnrs in Lilc' 

production or the nets and the pyretlIroid chemicals and minimi/jn:c La~ htlLh [(lr Lhc' lids and Lhc' 

chemicals (IVIOH, 2002), Despitc the program is new it has provided promising protection againsL 

malaria in diflerent regional states in the country (MOH, 2002), For instance, in Tigary this 

program exhibited good protection tDr the demobilized and returnees !i'om Eritrea (Cihcbreycsus. 

e{ ([/., 1999). Howevcr, re-impregnation of the nets failed aner two years clue to the \Var \\iLh 

Eritrea. 

1.3. 5. Insect Repellents 

Repellents prevent human mosquifo contact by making the vectors Lo [,Iii Lo lociI(c Lhc'ir h<lsLs. 

rhey arc applied directly to the skin or clothing or other fabrics, They are recollllllended [,,,' 

people standing or sleeping out side (out doors) at night tDr work or leisure and those working in 

plantations and lIIay be at work during day time (Fradin, 1998). There arc difkrcnt kinds "I' 
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repellents which arc used or applied in various Itm11S and these dilTercnt types of repellents can 

be categorized in to synthetic and natural repellents. 

1.3.5.1. Synthetic Repellents 

Synthetic repellents are those repellents, which are synthesized and manulc,clured. They c',lll pi,,, 

an important role in the interruption of transmission of insect borne diseases at individual as well 

as community level by preventing mosquitoes and other blood-sucking insecls li'OI11 biting 

(Schmidt and Schmidt2
. 1969; Wirtz el aI., 1986; Kalyanasundaram el ai.. 19<)4; I'"zendal. 1997: 

i"fittal and Subbarao, 20(3). 

Though their eflicacy is not equal, there are many types of synthetic repellents so G,r 

manuli,ctured, such as N, m-diethyl-m-toluomide (DEET), dimcthyl phthalatc (IJi'vfP). N- diethyl 

phenyl acetamide (DEPA). Of these repellents, DEET is the most effective and wi(klv distrihuted 

(Frances, 1987). DEET was discovered in 1946 by the U.S Department of Agriculture and 'I<" 
patcnted by the U.S army and it was subsequently registered for the general public usc in 1<)57 

(EPA, 1996; Ware, 1999). Thc product is relatively safe, but it can be toxic if it is misused. 

DEET can be availablc in 5% to 100% concentration in multiple IDrmulations:, howch'r. it is 

recommended only in 5% to 30'% because more concentrations of' tlte product cause prnhlcnl In 

percolating through the skin in to the blood stream especially in children (Fradin. I ')')~). 

Durrheim and Govere (2002) reported topical application of 15'% 1J1::liT to leet and ankles 

reduced the over all biting rate of All. arabiellsis by 69%. Yap el af. (1998) showed that DbET 

gavc complcte protection during the IirstlDlIl' hours against Cllfex mosquitoes. 

lvfixture of DEET with other repellents also gave good results against mosquito biting. When 

DEET based repellcnts are applied in combination with pennithrin-treatcd clothing, nearly 100% 

protection can be achieved from the bites of mosquitoes (Frances., 19R7). I jndsay <.'1 af. (I 9q~) 

reported that mixture of 01212'1' with thanaka (UIII()lIia acidissllla) gave h5 and ~5'X, prolec'lill" 

against All. lIIillillllllllS and All. lIIacllfallls, respectively. This could shOll the presence oi'l'arialilln 

in susceptibility of dirlerent sJlecies of mosquitoes to a particular or group or repellcnts. Kumar el 
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al (1992) tested three repellents (DEET, DEPA and 01,,11') against the hard tick Rhipicephallls 

s([JIgllillells and the solt tick Argas pe/'siclIs by topical application on rabbits and it was lillllld that 

a 25% concentration of DI~ET gave >90% repellency'. In the same experiment. din1l'thvl phlldak' 

(D~'IP) gave the list repellency. n~'IP has been evaluated as repellenl 'I:cainsl dinc-renl s['c'cic's (1[' 

sand nics, but did not give adequate protection as that of DEET (Schmidt and Schmidl'. 1%9:, 

Kalyanasundaram et al., 1994). Kalyanasundaram, et al. (1994) reported the comparative 

repellency effect ofOEPJ\ (N, N-diethyl phenyl acetamide) to Phlehotollll's IJilpatasi. In all(lther 

experiment made by Writz et a/. (1986) against P. I)({palasi. 011'11' gave similar pnllec'li(ln II ilh 

that or OEET. Kulkarni (1977) has tested ditlcrent synthetic repellents including O1vll' and IJ 1,:JeT 

against larvae of mites and the result was promising especially when DMP is used in combination 

with DEET. Meher et a/. (1986) showed that DlvlP were more effective against soil tick than an)' 

other commercial or experimental repellents. Curtis el a/. (19g7) reviell'ed Ihe imp(lr['"1Cc' ,,(' 

D~'I P against diftcrcnt species of mosquitoes. 

\.3.5.2. Natural Repellents 

Natural repellents are those repellents obtained /I'om plants ,md plant pr"ducts. They are uSc'd 'IS 

smokes, impregnation of clothing or nets, topical applications, and as li'csh or liVe' planls 

(Kokwaro, 1976; Curtis et al., 199 [; Fradin, 1998; Palsson and Jaenson, 1999; Seyoum et al., 

2002 a, b). 

1.3.5.2.1. Essential Oils 

Thc essential oils or volatile oils are found in many dirrerent species or plants. These oils arc 

distinguished !i'om latty oils by the lact that they evaporate or volatili;l,c in conlact wilh air '"1d 

111ay posses a pleasant and strong aromatic odor. They call be removed i,'olll plallt tissul's \\·ithnUl 

any change in composition; and they have complex chemical nature (I-[ill, 1952). Some types ,,(. 

essential oils such as basil oils are found in the international market (Nigist and llerhanu, 1989). 

Though vanous plants have been reported to possess repellent 'Iclivit" againsl nhlSquilllc's 

(Sukumar, et aI, 1991), the most studied plants include AI({(li{'({clila il/die·a. ICuc·({/l'jJlIi.\ 'I'c·c·ic·s. 
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Lalltalla C([I!/{/ra, C)'mbojJogolI spp., Melltha pipelila and Tagels mill lila (i'vlitlal and Suhbarao. 

2003). On thc other hand, plant extracts of Uppia javallica, Cimpopogoll excavallls (rose 

geranium) and Plargollillm relli/iJrme (lemon grass) have bcentcsted on humans against All. 

arabiellsis mosquitoes /i'om South Ali'iea (Govere el al ... 20(0). The resulls wherc rCIl<l\'lc'd as 

[allows: L. javallica providcd 76.7% protection after [our hours but "ncr live hours lhc' 

repellency was rcduccd to 59.3% . The other plants, rose geranium and lemon grass gave 63.3'1., 

and 66.7% protection, respectively. 

The essential oils of different species of Ocimllm were lcslcd lor their repellency againsl d i i'Ji:rClll 

species of insects (Padilha, 2003). Oil of 0. selloi showed good repellency clkel againsl 

mosquitoes (Padilha, 2003). The oil of O. saliClIlllm has been used against mosquitoes 01' 

diflerent species (J'vfi((al and Subbarao, 2003). Tawatsin and Wara((cn (2001) reported that oil of 

0. americ([Illlm (hairy bail) provided about raUl' hours protection against .ledcs ut'.'-:J!J/i si\ hnurs 

protection against All. dirlls and eight hours protection against Clllex I{lIilll{lIelilciollls. 

Essential oils extracted [i'om the seeds of 0. slIave; 0. kilimalldsc!/{/ricllm and 0. kellyense have 

also provided good protection against stored product insect pcsts (.kmbere. 1995: Ikkek ('I (II .. 

1996; 1997). 

On the other hand, lemon eucalyptus oil has also been known to have strong repellency efTcel 

against mosquitoes (Curtis el al., 1991; Trigg, 1996). The most important essential oil found in 

lemon cucalyptus is quwcnling that possesses the ingredient para mentanc diol. Its cfliCIC'\ 

increases proportionally with its conccntration and dosage (Curtis el ill .. I <)<) I I. In TanDlni,1. 'I 

repellent made from quwcnling showed comparable efticacy and duration of protection with thaI 

of DEET against All. gambiae and All. fillies/us (Trig, 1996). Similar effect was shown against 

Aedes aegypli and Aedes albopiellls (Curtis el al., 1991). 

Oil of citronella is extracted fi'Olll the grass, C),milolJOgolI l/(mills alld it contains the aclivc' 

ingredient, eitronellol. Citroncllol is comlllonly lound in natural or herhal illSCcl repdkills 

(Fradin, 1998; Fradin anel Day, 2002). In India it is a popular repellent (Curtis el al., 1991) and it 

is onc of the few natural repellents commercially available in Europe and North America. The oil 

provides acceptable protection when frequently applied to external IHunan ho(" wilh 
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recommended amount but gavc shorter protecliontimc than DEET (I'rmlin and Day. 1(11121. 1:(1r 

examplc, it was experimentally shown that 0.0 I pmol of DEET pcr liter of air was sullicicnt 10 

prevent 90% of mosquitoes Ii'om landing on their targets; a 100 fold higher concentration of 

citronella was required to achieve similar effect (rradin and Day, 2002). 

Other studies carried out in India and elsewhere have shown the rcpellent action of .1. illdi,'" 

(neem) oil. Topical application of 2% neem mixed in coconut oil produced varying degree 01' 

protection against different vector species especially the Allophelille species (~'Ii(tal and 

Subbarao, 2003) .. Sharma and Dhiman (1993) cvaluated the repellent action of neem oil against 

p. (/rgelllil}(~S under laboratory and IIdd conditions and l'lll1Ccntraliul1 ld' 1<!;1 11t..\.'1ll miv.'d \\ ilh 

coconut oil provided 100% protection. Dhiman and Sharma (1994) evaluated thc di 1'1 ,,'r"lli 

concentrations of neem oil against P. papafasi in rooms using human volullleers and a 97.6% 

protection was obtained for ten hours using 2% nccm oil. 

1.3.5.2.2. Traditional Repellents 

Traditional repellents are those plant based repellents used by local communities to reduce or 

prevent biting insects. Such rcpellent plants are used as smokes of leaves. barks. r(lois. and 

placing of li'csh parts in rOOlllS and potted plants. Use 01' traditional r,'pc'lIenls is 'I ,',lillllllin 

practice in different comillunities (Curtis, 1'1 aI., 19'1 I). Traditionally. IX'ollk in SOIll,' parts ,1\-th" 

world usc plant parts and plant derived substances to repel or killmosquitocs and other domestic 

pest insects. For instance, peoplc in the rar East were reported to cover their legs with sledges 

and barks to reciuce insect biting nuisallcc (Curtis, el aI., 199 I). Reccntly. interest Iws grlill'n III 

scientific evaluation oftraditional repellent plants. 

In Guinea-Bissau, Palsson and Jaenson (1999) have experimentally proved that f-Il'J!lis 

Sllavo/ellse and Dalliel/a oliveri arc mosquito repellents. The saille studv showcd Ihat (i,'i'llIl/lI 

C(JJIIIII/, Selllla accitiellialis provided 29.4-85.4% repellene)' against i11'lsquilu hile's, SIll\llrld",.ing 

and fl'csh Icaves of H slIavo/el!.\'e gave 85.4% and 73.2%, repellency effect respectively. On the 

other hand smoke of Fllca(11J11IS leaves gavc 72.6% and tr'esh leaves 0. Call/III/ provided 63.6";;, 
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and burning leaves or Azadil'ac/lla indim exhibited 76.0% repellency. lierbs or the basil 1'I111i" 

(Labiatae) are cOllll11only used traditionally by the Ali'ican and /\,ian 11l'OI,ie. 111 La't and WC'st 

AIi'iea they are also used as mosquito rcpellents (Kokwaro. l'i7(,). Smoi<c' produced b)· hllming 

of dried leaves of A. indica has been used for thc protection against lllosquitoes since ancient 

times (iv[ittal and Subbaroa, 2003). Smoking of leaves of H. suave/ellS, Daniel/a o/il'cl'i, mac is 

quineensis, Pm'kia Iiigloliosa, A. indica and Ruca~)l/)I/l.I· spp. are among the fell flLlI1ts 

traditionally applied. Seyoum, el al. (2002a) conducted ethno botanical survey in I\'t'slc'm i< C'n \;1 

and reported that the most commonly used plants as rcpellents arc Ocillllllil (lfnCl'iC{I{III1I1. L. 

call1a/'{{, 'j'ageles lIlilluta, A. indica, and 0. basiliclIIlI. Another ethnobotanical survey had bcen 

also conducted in Zimbabwc by Lukwa el al. (1999). Accordingly they reported that 50% or the 

people intervicwcd use fJppiajav(/nic(/ in all age groups and thc' leavc'S. barks. IlollcT' and SC'c'ds 

of thc plant arc commonly uscd as smokcs and fresh. In experimental trials. fllacin~ or rrc'sh 

leaves of E. cill'iodora was found to be effectivc against All. gallliJiac (Scyoum, el a/. 2002a). 

Ocillllllll /Jasilic/IIJ/ is traditionally used by Luo communities to drive away mosquitoes by placing 

branches in houses (Kokwaro, 1976). 

Seyoum, el al. (2002b) also evaluated polled live plants for their mosquito repellency inside a 

grecn house and reported satisfactory results from 0. all/ericiulI/; L call/a/'{! and Lippia 

ukall/bellsis which gave an average of 39.7%, 32.4% and 33.3% protection against Allopiteles 

mosquitoes, respectively. Seyoum. el {II. (2003) also conducted lidd experimellt. ()n (I. 

all/eric([JlIIlI/, L. call/al'a and /)ppia ukall/bell.l'i.l' in live and COIYII/hia cilmdo('{f. Seeds and ,,"'''c's 

of O. kilill/alldl'C!/aricu/J/ and 0. suave were testcd by thermal expulsion on traditional stoves; 

and all plant species showed significant repellency against Allopiteles gambiae s./. 

104. VECTOR CONTROL IN ETHJOPIA 

Vcctor control has bccn one of the maJor components of malaria control. In Ethiopia this 

program mainly focused on the lise of indoor residual spray oj' Df)T to control the principal 

vector because of thc understanciing of its partial enci()philic bchavi()r ((ii,h. 1 'i')2). The pnl~r"l11 

was successfully undergoing in its initial phase, however, successful control couldll't be achic'h'd 
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due to the complexity of the disease control process, the expensiveness or the control program. 

variations of disease patterns and transmission dynamics li"Om place to place. rrequent climate 

changes and environmental Illodillcations (Tulu., 1993). J\ppcarance or dmg rcsis['lIll'e' ,,[' tile' 

parasites (lvlengesha el (II. 1998; Ghebreyesus and Alamrew, 1998) and insecticidc resistalhX 

vectors (1vIOH, 2002) is also becoming a threat to malaria control clTorts. Ivlorcover. 

environmcntal conccrns and natural resource developmcnt programs have nccessitated the 

utilization of appropriate tecllllological and management techniques in an inlt'gralcd apprmch to 

bring about an errective degree of vector suppression. I-tence, the seal'eh Itlr control [O<lls th'lt 'Ire' 

cost ertective, environmental friendly and eflective in reducing man vector contact is very much 

desired, Plant based mosquito repellents arc crucial to be investigated. Therefore, this study was 

focused on traditional means of mosquito repellency by local plants. 

The other option was source reduction which releTs to in broader tcrm any mctilod <l1·I'I)\sie·,tI 

alteration or a pest or a vector production site to render it ullsatislilclory for the completion 01' lhe 

vector lik cycle (Ault, 1994). It is also the second important approach in vector ('ontrol in the 

country. The method is an important leature or environmcntal managemcnt nwinly aims al I e'c[(\)' 

suppression through the destruction or the breeding sites and resting places 01' the large'! le'Cl' Irs 

(Gubler and Clark, 1994), [( is one of the componcnts of the integrated vector control, which i" in 

the long run cost effective, more or less environmentally sale and eonlillunity orientcd control 

strategy (SlooC 1987), Its target is reduction or aquatic stages or vector mosquitoes, The method 

can be used as supplementary or even as alternative measures (II' control in areas where the']'c is 'I 

serious vector resistance problem (SlooC [987), In Ilthiopia thi,s method is aPlllil'<1 in Se'h'I',d 

regional states espccially in urban and semi-urban areas, in rerugee, development projects and 

irrigation schemes, Such method is lound eftective in Tigray, Amhara and Oromiya regional 

states (1vIO]-[, 20(0), Therefore, as it is eost-cllcctive. envi)'onmentally sail' and caS' [(I he' 

handled by conlillunitics this method remains one' ur thc hesl ,dlernali,'c 'l(1p)'o'lches 10 c<llllr<l1 

malaria. 
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2. OBJECTIVES 

2.1. GENERAL OBJECTIVE 

This study aims at evaluating the potential repellency or some selected local plants thaI may 

be suitable for use by rural comnHmities against mosquitoes. 

2.2. SPECIFIC OBJECTIVES 

a) To evaluate some local plants for their repellency against three mosquito species namely 

All. (/raiJiellsis, All. pliaroellsis and culicines by applying diff<"rcnt methods, 

b) To compare the test plants lor their repellency potential against the dii'kl'cnlnlOsquillll'S, 

c) To compare the effectiveness of dilTerent application methods (direct burning, thermal 

expulsion and placing ofl1'esh parts), 
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3. MATERIALS AND METHODS 

3.1. THE STUDY AREA 

The 11e1d experimcnts were conducted in Koka-Negewo village. The village is localed OIl " 

8°41" E 39°35" about 94 kms south li'OIn Addis Ababa to A wassa on the right sidc ur the 

Awash River Bridge. The area is one of the lowland malarious areas where irrigation tfll'lning 

is taking place and produce mostly tomatoes. 

Ovcr Gooding water (i'om the A wash River during the rainy season accumulate's in lhc' lic'lds 

creating swamps that appear lavorable I<JI' the breeding or mOStluitoes. The inhabitants helong 

to the Oromo ethnic groups who live principally on fanning. They live in huts constructed of 

mud walls and thatched roofs. They keep domestic animals, the majority being bovicl. 

The village was selected because of its proximity to Addis Ababa, availability or the maj()I'ity 

of the test plants and the presence of mosquitocs involvcd in malaria transmission as 

conl1nned in a preliminary investigation. The experiments were undertaken li'OIn mid .Iune to 

the end of the first week of August 2004. 
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3.2 SELECTION AND COLLECTION OF TEST PLANTS. 

Based on empirical, local and literature information seven plant spccies were selected to evaluate 

their mosquito repellency property. These were: ScliilllIs llIol/e, Melia med([/,ach, 1.([nl{{fJ({ 

callIara, Rilla clial/epellsis, Pycllllosiacliys ahyssinica, Ocilllllln Imni/illilllll. and ""C([II'I'I"\ 

globllies. The first three plants were collected liOln the experimental place where as I:'. gl"!>II"'s. 

0. lallli!iJlilllll, and P. abyssinica were obtaincd from Addis Ababa. R. cl!al/eIJensi.'· was 

purchascd /i'0l1l the market in ]'I'lojo. 

3.3 DESCRIPTION OF TEST PLANTS 

,11e1ia ([zet/aracll (iVleliaccac) comlllonly known as 'chinabcrry' or 'Ialse neem' is a large tree 

native to pettia. India but is now naturalized in a number of countries (I30rgcs el al .. 20(3). It 

commonly grows in many areas of Ethiopia and is used to treat malaria in 50m<.' parts \,i' Ill,' 

country (Dr. Teshome Gebre-lvlichacl Aklilu Lemma Institute of Pathobiology pel's. Comm.l. It 

also contains compounds that repel mosquitoes and different extractions based on petroleulll 

ether, chlorofortn, acetone and ethanol exhibited about 90% of repellency against Culex pilJiens 

(iVfansour el al; 1998). However, the repellent effect of its smoke or its ti'csh leaves/branches 

against All. arahiensis or other malaria vectors in Ethiopia is not yet known. Smoking kales (Ii' ,t 

related anc! well known repellent plant A. illdica showed moderate repellent action againsl .In. 

gmllbiae in Kenya (Seyoum el al., 2002a) but was highly cllcclive against unspeci lied 

mosquitoes (Palsson and Jaenson, 1999). 

Rllfa c/tallepellsis (Rutaceae) locally called Tena-Adam (j\mhariel is a shruh "r(\\Vin~ UI' 1(1 (In,' 

meter high. It occurs widely in Ethiopia and the \caves and liuits are important medically to 

t1avor milk, cottage cheese, coffee and tca. The leaves and fruits are also used in thc preparation 

or the Ethiopian condiment 'berberi' (Gilbert, 1989b). 

SclliflllS 1II01le (Anacardiceae) is an evergreen plant Cotlllllonly called true-man tree. planled in 

dry warm climates throughout the world. It is drought resistant and is also widely planted in 
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Ethiopia (Gilbert, 1989a). The plant IS used as lirewood, charcoal, spice (fruit), its leaves as 

inscct repellent (Bekele e/ af., 1991). 

Ocill/lIl11 f(flll((olillfll (Labietae) is a shrub plant and in Amharic it is c:ommonly calkd 'Ydl,,'1 

Zikakibe'. I! occurs widely in Ethiopia and its leaves are medically used at home to give remed" 

to diftercnt ailments like the common cold (fitchl and Adi, 1994). l'vlany related species of 

OcillllllIl have been shown to have repellent eftect against agricultural pests and medically 

important vectors. For example, 0. suave has been lound to be an eCkclive rC'pellcnt againsl Ih,' 

malaria vector, An. galllbiae S.S in Kenya (Seyoum el af., 2002a). The oil of U. suave is known tu 

repel and kill all active stages of the tick Rhipiceplwflls appelldiC/lfalllS (lvlwangi el af ... 1995). 

Essential oil extracts from the seeds of the samc plant and other related species (U 

kifilllalldschariclIlII 0. Kellyellse) also provided greatest prolcetion against stored produci inseci 

pests (Jembere el of., 1995; Bckcle el of .. 1996; 1997). In cast Ali"ica. (ieillllllll /Jasifi,·""1 is 

traditionally used by Luo communities to drive away mosquitoes. by laying branches in Ihluses 

(Kokwaro, 1967). 0. C([/1/I111 is also reportcd to be used extensively by the people of Guinca­

Bissau (Palssson and Jaenson, 1999). l'vloreover, 63% rcpellency to mosquitoes was exhihited 

Ii'om the Ii'esh leaves of 0. em/IIII/ tested in Guinea-Bissau (Palss(}n and .1,leI1S"I1. I')l)l)). In 

Brazil,o. se{{oi is round an cllCctive repellent against /111. /mcififi('llxix (I'adilh,1 ,Ie- 1"1111'1,'/ d/.. 

20(3). However, no published intorInation or otherwise is available on 0. fallli/iJfiulII as an 

insecticide or insect repellent It would thus be appropriate to examine the potential of this plant 

for its repellency against All. arabiellsis in Ethiopia. 

EI/ca(l'ptlls globllfl/s it is also called "Nech bahirzal) in Amharic is a long tree native to Auslralia 

but widely distributed in many countries including Ethiopia. About 100 species of Fllc{Jfl1J1lIS 

trees are recorded in east Africa (Friis, 1995). Euca(l'pills gfohllflls and E cilrodora (lemon 

eucalyptus) (lvlyrtaceae) are widcspread species and are cultivated in lethiopia /i,r th,' pUrr"lS,· "I' 

timber production and oil cxtraction, respectivcly (Friis. 1')<J5). In T'lI1zania. a repellenl m'ltie 

!i'om extraction of oil liOJn lemon eucalyptus showed comparable efficacy and duration "I' 

protection to deet against All. gml/biae and All. ./illlesllls (Trigg, 1996). Placing li'esh leaves and 

smoking the leaves of E. cilrodora were found to be ellective repellent against All. gallliJiae in 

Kenya (Seyoulll eI af., 2002a). Although li'csh branches or F. g/"huflls arc traditionall) 'Inti 

widely used to repel intruding armies of ants and lelr ·treatment" of the common cold and coughs 
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(Dr. Teshome Gebre-lv!iehacl Aklilu Lenulla Institute of Pathobiology pel's. Comlll.), its role as 

repellents to mosquitoes has not been evaluated yet. 

1~"c1I11(}St(/c/IYS abyssil/ica (lamiiaceae) is a shmb plant grows in humid margins oj' 1'II·c'st. hush 

01' coflce plantations or more oftcn plant in hedges and it is endemic to Ethiopia (Ryding. 1997). 

It is locally called 'Ton-Ton' in 'Sidamigna' around Wondogcnct. The plant is widely grown in 

southem and southwestem Ethiopia (Z. Asf'aw and T. Gebre-lvlichael pcrs. commun.). The [jeh 

leaves of' thc plant havc a pungent and offensive odor/sillell and arc uscd as rcpclknls againsl 

ants in southem and southwcstern pats oj' the country (7 .. Aslil\\' and T, Gebrc-ivlichael pel's. 

COllllllun. ). 

Lal/tal/a call1a/'{/ (Vcrbenaceae) a large shmb growing to the height of 3 111. The planl has dark 

green kavcs; flowers ycllow orange and later on become deep red. Originate'd in Suulh Alllc'rica 

and it is cultivated as ornamental hedge plant in altitudes between 1300111-2700m. The plam is 

toxic to livestock (Fichtl and Adi, ! 994) but in l11any places of Kenya and Guinea-Bissau local 

cOlllmunities use it traditionally to protect Illosquitoes (Palsson and .Iacnson, 1999; Seyouill 1'1 ill .. 

2002a). 

3.4. REPELLENCY TEST PROCEDURE 

The experiments were conducted indoors (inside tukuls) in four replicates by placing volunkcTs 

human mosquito baits/collectors in four tukuls at twelve ditferent timcs in a Iota I oj' 4X nigilis. 

All baits/collectors, l and other assistants were on antimalarial prophylaxis, has becn givcn a 

combination of Sulphadoxine Pyrimethamine (l'ansidar) and Chloroquine on weekly basis during 

the experiment as well as two weeks before and after the experiment as recommcnded and kindlv 

provided by Ato l'ekede Salcha (Aklilu Lemma Institute of'l'alhobiok1gy). Chloroquine is slill 

the lirst line of drug for the treatment of uncomplicated {,I1ciparum and vivax malaria and 

Fansidar in the second line for any resistant talciparum malaria (Ato Fckcde Balcha jlCl'S. 

COlllm.). Two houses were rentecl from the locals and the other two lVere constructed in a similar 

lVay to the rented tukuls. The experimcntal procedures 1'01' each ml'lhod arc dc:"crikd hd<l\\, I'hc' 

experiments wcre conducted by direct burning (smouldering), thermal expulsion and l,iacing <Ii' 
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Ii'esh plant parts in accordance to the methods described in (I'alsson and .Iacnson I 'Y)<): S,"<lllill 

el al., 2002a). Burning of plants was made by placing parts on burning charcoal stoves while [he 

thermal expulsion was done by placing the plant parts Oll small Illctal plates on burning sloves in 

order to expel volatiles that appear to repcimosquitoes, Fresh plants were tested by placing parts 

on a plate and raised about 35ems in n'ont of mosquito collectors. 

The parts of plants tested were i) Seed and leaves of R. chal/epclIsis, S'. 1II01/e, and M. ({2edamch. 

ii) Leaves of 1'. abyssillica, 0. lalllifalilllll and E. globllills , iii) Leavcs, seeds and flowers of L. 

call1ara, Four mosquito baits/ collectors dressed in shorts wcre involved in the experimenl: three 

of thc baits/ collectors were made to collecl mosquitoes by silting about 0, 3 meters hl'hind [h,' 

trealment stoves with one of the plant parts or ti'esh plants (expcrimental groups) while on,' ,,1' [ile 

collector who scrved as control sat in a hut without plant lrealmen!. Collection siles as well as 

treatments were allocatcd randomly among the four collectors, and each bait/collector was rotated 

every night in order lo allow a bail/collector to takc a lreatmCll[ once and tn be placl'" in a 

diflerent hu!. Thc changes of treatments and sites werc aimed al avoiding any polcn[ial 

differcnccs that could exisl among (he collectors aHrac(ivcncss, and lor any spalial dil'lcTcnces in 

mosquito abundance among (he houses. The influence of external variables such as wind and 

smoke is considered similar since (he experiments wcre carried out inside lukuls. 20 gm of each 

of the plan I paris was burned, thermally cxpelled or placed as Ii:esh a[ illlnv"l, or .;11 milllllc's. 

Landing mosquitoes wcre collec(ed ti-om 20:00 (0 22:0011 during (heir pc"k bi[illg ac[ivi[i,'s. 

Ivlosqui(oes landing on Icgs (below knecs) were caught by the human bail using lest (ubes and a 

hand torch, i'vlosquilocs wcre sorted and idcntified (0 (he spccies using keys of Gilles and Coe(zec 

( 1987), 
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The list below indicates the type and sci of tests and plant parts distributed Oil the 4X day jllTiud. 

each tcst taking tour days. 

I. Direct burning of seeds oj'S /l/o//e, M. azeda/'{{c/i and R. c/ia/lepellsis. 

2. Direct burning of leaves ofS /l/o//e, M. azedal'{[c/i and R. c/ia//epclIsis. 

3. Direct burning of leaves of P. aiJyssillim, E. g/oiJu/us and (i. /({fl/i!illillii/ 

4. Direct burning of leaves, flowers and seeds of I>. C{//Jla/'{/. 

5. Thermal cxpulsion of seeds of S. /l/o/le, M. azeda/'{{c/i and R. dla//epellsis. 

6. Thermal expulsion of leavcs ot'S lIIo/le, 111. azedaracll and R. c/ia/lepellsis. 

7. Thermal expulsion of leaves of P. aiJyssillica, R. g/o/JII/es and 0. /a/l/i/iiliulII. 

8. Thermal expulsion of leaves. flowers and seeds ort» cal/w/'{/. 

9. Fresh leaves ofS. II/o/le, M. azeda/'(/ch and R. c/ia//epcJlsis. 

lO. Fresh leaves of P. aiJyssiJlica, E. globules and 0. /alllifiJ/illlll. 

II. Fresh seeds of'S II/o/le, M. azedarach and R. c/ia//epeJisis. 

12. Fresh leaves, flowers and seeds of L. call/a/'{/. 

3.5 DATA ANALYSIS 

Percentage repellency (%R) attained l1'om each test was calculated based on the ("\'ll1ul" 

described by Sharma and Ansari (1994). 

%R=C-TIC*100 

Where C= number of mosquitoes collected in the control 

T= number of' mosquitoes collected in the treatment 

The number of mosquitoes collccted was transformcd to log (x+ 1 ) to nO\'ll1,11 ize the d"ta and Ihell 

a one way analysis of variance (i\NOVA) was clone lIsing SI'SS version 10 (Spss Inc ... I')')')). lu 

observe diCierences in plant treatments done at the same (ime. This was done (0 avoid clitlercnces 

ill the population density of mosquitoes in time. When significant ditferences were observed .. the 

meallS wcre scparated using Tukcy's test. 



4. RESULTS 

4.1 MOSQUITO COLLECTTON 

All. araiJiellsis, All. plwroellsis and a number of unidentified eulieines were collected. A lolal of 

5394 anopheline and culicilUlc mosquitoes were collecled tl"Om all lhe ex peri menIal lests. 01' 

these 72.5% were ;/11. arabiellsis 16% All. p/iarocIIsis and 11.5'X, were unidenlified culieinc' 

mosquiloes. Bolh All. arabiellsis and All. p/iarocIIsis were reporled 10 he veclors ol'lll,dari'l in (hc' 

neighboring Zeway, although the former species has prime importance (A bose ef al., 19<JX). 

4.2 REPELLENCY STATUS OF THE PLANT PARTS 

4,2, I Direct BUniing of Seeds of SCllillllS II/ol/e, Melia azedamdl and Rlltll clllll/cllclIsis 

On direct burning of seeds of S. lJlolle, M azedaf'{fe/i and R. e/ia/lepellsis provided 58.J'X,. 54 .. )'1., 

and 78.9% repellency against All. arabiellsis. respectively showing higher rc'pelle-nc" "I' II 

c/iaffepellsis than the other two plant seeds (1'< (l.000 I). Similarl),. the ci'lt'C( or (his plan( on ho(h 

All. pitaroellsis and eulicines was profound 74.5% for the fonner and 89% f(ll' the later Crable: I). 

The protection provided by both S. lJlolle and M. azedarac/i against All. arabiellsis and All. 

pharaellsis was also quill' signitlcant (%R~ 51.1 and 59.6; 1'<0.(5).lhe)' were ncvertheless. \h"lk 

against culicines(Table I). 
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Table I. Percent repellency of direct burning of seeds of different test plants against An. orabiensis, An. phoroel1sis and culicines. 

Test plant spp. Mosquito Y!ean±SEM No of %Repellency P-Value*'" 

speCIes mosquitoes 

Caught* 

S. molle An arabiensis 1.34 = 0.02 83 58.3 0.0001 

An. pharoensis 0.81 ± 0.08 23 51.1 0.03 

Culicines 0.56 ± 0.05 11 38.9 0.46 

iv!. azedarach An. arabiensis 1.36 ± 0.06 91 54.3 0.0001 

An. pharoensis 0.75 ± 0.06 19 59.6 0.008 

Culicines 0.54 = 0.04 10 44.4 0.34 

R .. challepensis An. arabiensis 1.06 ± 0.01 42 78.9 0.0001 

An. pharoensis 0.60 ± 0.05 12 74.5 0.0001 

Culicines 0.15 ± 0.09 2 88.9 0.0001 

Control An. arabiensis 1.71 ± 0.0] 199 

An. pharoensis 1.10=0.05 47 

Culicines 0.71 ± 0.09 18 

SEM= standard error of the mean, ':'= T"lai number of mosquitoes collected dLll"ing the four nights 

"":' .• ~ P-value obtained from Tukey"s stlllkntised range test al U.= 0.05 
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4.2.2. Direct BUl'lting of Leaves of S.lIIol/e, M. a7.edaJ'{/c/l and R. c/tal/<'p<'Il.\'is. 

Direct burning of the leaves of R. cila!/epellsis repelled All. a/'ahiellsi.l' (27.7%,). ,[11. jJiwmellsis 

(23.1%) and eulieines (42.9%) Crable 2). The repellency of S. /1/0111' was grcall'l' than II. 

cilallepellsis against All. arabiellsis (P<O.05). Melia azedaracil repelled morc culicincs (X5.7'1.'j 

although the difference with the control is statistically insignificant (P> 0.05). Leaves of M. 

azedaraeil rcpelled morc thanlcavcs ofS. /l/ol/e for All. phal'Oellsis. No significant difference was 

obtained among all thc trcatmcnt plant leaves when compared among themselves and the cUlllrol 

against All. pilaroellsi.l' and culicine mosquitoes (I'> 0.05) alld (I'> n.CI:;). r,'spcdin·ly. 
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Table 2 Percent repellency of direct buming of leaves of different test plants against An. arabiensis, An. pharoensis and culicine 

Test plant spp. Mosquito Mean±SEM No of %Repellency 

specIes mosquitoes 

caught 

S molZe An. arabiensis 0.81±0.16 27 75.0 

An. pharoensis 0.37±0.15 7 46.2 

Culicines 0.20 ± 0.12 3 57.1 

J\!/ azedarach An. arabiensis 1.05 ± 0.04 41 50.6 

An pharoensis 0.27 ± 0.1 4 69.2 

Culicines 0.07±0.08 85.7 

R. chaliepensis An. arabiensis 1.18 ± 0.09 60 27.7 

An. pharoensis 0.52 ± 0.09 10 23.1 

Culicines 0.23 ± 0.14 4 42.9 

Control An. arabiel1sis 1.33 ± 0.04 83 

An. pi1aroel1sis 0.62 ±0.05 13 

Cuiicincs 0.42 ± 0.07 7 

SEM= standard en'or of the mean. "'= Total J1Lll11 ber of mosquitoes col kcted during the fOLlr nights 

"'*= P-vaille obtained 1'1'0111 Tlikey' s studentized range test at a.= 0.05 
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P Value""" 

0.01 

0.35 

0.47 

0.20 

0.13 

0.156 

0.66 

0.90 

0.60 



4.2.3. DiI'cet BUl'Iling of Lcaves of P. ab.l'ssil/ica, O. 1([JI/(fo/i1/1/1 aud E. glol}ffllls 

On direct burning of thc leaves of r. ab.l'ssillica, 0. lalllifolilllll and H. globulus; equally high and 

significant repellency was recorded against All. arabiellsis fur both 1'. abyssillica (%)R~66; 

P<0.05) and 0. lallli/iJ/iul1l %R=67; P<0.05) (Table 3). The cfrcc! or E. globullls against All. 

arabiellsi,\' was moderate (50%) but not signiticant (P>0.05). Although the percenlage rcpellcnc v 

of P. abyssillica, F globllllls and 0. lalllifoliulll against All. !Jharocllsis lVas high. lhere '''IS 11< I 

signincant differcnce (/»0.05) as comparedlo the conll'Ol. The sallle resulllVas also obtaincd "'l' 
the culicine mosquitoes. 
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Table 3. Percent repellency by direct burning of leaves of different test plants against An. arabiensis. An. pharoensis and culicines 

Leaves of plant Mosquito Mean±SEM No of %Repellency 

spp speCIes mosquitoes 

caught . 

P. ab)!ssinica An arabiensis 0.98 ± 0.3 39 66 

An pharoensis 0.49=0.17 11 70 

Culicines 0.20 ± 0.12 
, 

40 :l 

E. globulus An arabiensis 1.20 ± 0.09 59 50 

An. pharoensis 0.54±0.16 13 64.9 

Culicines 0.15 ± 0.09 1 60 

0. la711ifolium A71. arabiensis 0.98=0.13 39 67 

A71. pharoensis 0.65 ± 0.14 12 54.1 

Culicines 0.15 ± 0.09 2 60 

Control An. arabiensis 1.5 = 0.06 118 

An. pharoensis 0.99 ± 0.08 37 

Culicines 0.30 ± 0.2 5 

S [:'v1= standard errN of the mean, ':'0' T"ta 1 number of l110sq uitoes collected cI uri 11),2 the folL!' nights 

"":'= P-value obtained fi'om Tukey's stuclemised range test at 0.= 0.05 

29 

P-Value'''' 

0.Q2 

0.11 

0.89 

0.22 

0.17 

0.75 

0.02 

0.37 

0.75 



4.2.4. Direct Bllming of Leaves of flowers, and seeds of L. C({II/({m 

Burning of the !lower of L. callIara resulted in 75.0% repellency against All. a/'aiJiclI.li.l. X 1..1':" 

against All. p/l([/'oellsis. and 75.0% or eulicine mosquitocs crable 4). The ,,','lis Jll'<lvidcd h2.')"'" 

repellency against All. araiJiellsis, 71.9% against All. p/wroclI.lis and 41.7'1., against culicin,'s. 

Similarly, burning of the leaves of the plant provided 75,8%, 75,0%, and 58,3% repellency 

against the three mosquito species, in the samc order. The results showed significant difference 

whcn cOlllpared to the negative control even though they were equally protective lilt· both .111. 

arabiellsis and All. p/wl'Oellsis (P <0,05) respectively. Howcver, all the plant parts showed Ill' 

significant diffcrence with the negative control against culicinc mosquitoes (F~(J,99. p>O.OS). 
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Table 4. Percentage repellency of direct burning of different parts of L. camara against An. arabiensis. An. pharoensis and culicines. 

Plant parts of Mosquito Mean±SEM No of %Repellency 

L. camara specIes mosquitoes 

caught 

Flowers An. arabiensis 0.94 ± 0.03 31 75 

An. pharoensis 0.39 ± 0.05 6 81 

Culicines 0.20 ± 0.12 3 75 

Seeds An. arabiensis 1.10 ± 0.06 46 62.9 

An. pharo ens is 0.44 ± 0.16 9 71.9 

Culicines 0.31±0.19 7 41.7 

leaves An. arabiensis 0.91 ± 0.08 30 75.8 

An. pharoensis 0.44 ± 0.08 8 75 

Culicines 0.20± 0.19 5 58.3 

Control An. arabiensis 1.45±0.133 124 

An. phoroensis 0.94 ± 0.07 ~7 
.)-

Culicines 0.54 O. J 4 12 

SEM~ ,lc1I1dard error of\be 111ean. ,,~ Total number ,,['mosquitoes c()llecled during the four nights 

,:,,:,~ P-vcIiue ubtained from Tllkev's studentised ranse test at r:J.~ 0.05 
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P-Value':'" 

0.006 

0.009 

0.47 

0.04 

0.01 

0.77 

0.004 

0.02 

0.47 



4.2.5 Thermal Expulsion of Seeds of S. molle, M. azedamcll and R. c//{{lIep('ffsis 

Thermal expulsion oCtile seeds ofS. lIIolle pl:ovided 53.8% .. 28.m;., andIS.9%, repellenC) againsl 

All. al"{fbiellsis .. All. pllaJ"oensis and eulicine mosquitoes, rcspectivdy. !\gaills[ [he samc' spc'c·ic's. 

ill azedal"{fc/i on [he other hand exhibited 49.4%, 35.7%, and 25% respectively. where as /I 

c/iallepensis gave 70.3%, 53.6% and 75.0% repellency respectively Crable 5). None of these 

protection were significant except for the seeds of R. c/iallepensis against AlI.amhiellsis which 

was lound to be highly protective as compareci to [he cnntrol Ihan [hc' o[hc'l" 1\\0 II) 11.11:' I. 

Similarly, with regard fo Anopheles pharoensis and culicine mosquiloes. no signilicanl 

repellency were obtained among all the treatment plants as comparecito thc control (I'> 0.05). 
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Table 5 Percent repellency ofthennal expulsion of volatiles of plant seeds against An, arabiensis. An, pharoensis and culicines 

Test plant spp. Mosquito Mean±SEM No of %Repellency 

speCIes mosquitoes 

caught'" 

S. molie An, arabiensis 1.27 ± 0,06 73 53,8 

An, pharoensis 0.75 ± 0.09 20 28,6 

Culicines 0,59 ± 0.11 13 18.8 

ivf azedarach An, arabiensis 1,31 ± 0.06 80 49.4 

An, pharoensis 0,73 ± 0.06 18 35.7 

Culicines 0,52±0.18 12 25,0 

R, chaliepensis An, arabiensis 1.07 ± 0.098 47 70,3 

An, pharoensis 0,60 ± 0.09 13 53.6 

Culicines 0,24±0.14 4 75,0 

Control A/1, arabiensis J ,59 '" 0.08 158 

A /1, pharoensis 0,89", 0.06 28 

Culicines 0,66", 0.12 16 

SIOM= standard error of the mean, ':'= Total number ofl110squitoes collected clurin~ the four nights 

"":'= P-value obtained 1'1'0111 Tukey's studentised range test at a.= 0,05 

'" j.J 

P-Value'"'' 

0,06 

0,55 

0,98 

0.10 

0.2 

0,89 

0.00 

0.07 

0,19 



4.2.6. Thermal Expulsion of the. Leaves of S. molle, M. azeda/'({cii and R. cflllepel/sis 

Thermal expulsion of the leaves or S·. lIIol/e, M. {[zedaracfl and I<. ch/i"flellsis resulted in lll(lr,' 

than 70% repellency to the three groups of mosquitoes (Table 6). Both A lIo/l/ie!es (IraiJiellsis and 

All. piw)'()etlsis significantly repelled by the leaves of' all plant species (1'<0.05) as compared 10 

the negative control. However, the protection against the eulieines was not significant {Dr both 

the leaves of kf. azedarach and R. chal/epel/sis, though the pcrcent repellency IVas high (>oO"!" 

repellcney; Table 6). Howcver, lcaves of S. lIIol/e exhibited signilic<lnl repellency eCiCcl ill 

culicine mosquitoes. 
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Table 6. Percent repellency ofthel111al expUlsion of volatiles from leaves of different test plants against An. arabiensis. An. pharoensis 

and culicines. 

Test plant spp. Mosquito Mean ±SENJ Noof %Repellency P-Value*':' 

speCIes mosquitoes 

caught" 

S. molie An. arabiensis 0.87 ± 0.07 27 80.9 0.00 

An. pharoensis 0.54 ± 0.04 10 75.0 0.06 

Cu1icines 0.15 ± 0.09 2 85.7 0.049 

lvi. azedarach An. arabiensis 1.04 ± 0.07 41 70.9 0.005 

An. pharoensis 0.40±0.16 8 80.0 0.01 

Culicines 0.23 ± 0.08 
, 

78.6 0.12 .) 

R. chaliepensis An. arC/biensis 1.11 ± 0.13 54 61.7 O.oJ 

An. phal'oensis 0.42 ± 0.07 7 82.5 0.02 

Culicines 0.25 ± 0.099 4 71.4 0.19 

Control An. arabiensis 1.55 ± 0.04 141 

An. pharoel1sis 0.99±0.13 40 

Culicines 0.58 ± 0.14 14 
. -, .. ,-- --. -

SEM= standard crror of the mean. ':'= Total number "I'mosquitoes collected during the fOllr l1i!,!hts 

':":'= P-valuc (,htained fyom Tukey's studentised ran8c test at (1.= 0.05 

~, :" 



4.2.7. Thermal Expulsion of leaves of P. abyssilliclI, E. glolJIIllIs and O. alllifiJ/illlll 

Thermal expulsion of P. abyssillica, E globules and O. 1(/IIIifolilllll gave almost morc than 50% 

repellency to All. (/I'{[biellsis, All. ph{[roellsis ancl culicincs Crable 7). However.. nOlle oflhcir 

repellency were signillcantly ellective against all the mosquitoes (1'>0.0)). 
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Table 7. Percent repellency of thermal expulsion of volatiles of leaves of different test plants against An. arabiensis, 0471. pi1aroensis 

and culicine. 

Test plant spp. 

P. abyssinica 

E. globulus 

0. lamifolium 

Control 

Mosquito 

specIes 

An. arabiensis 

A71. pharoensis 

Culicines 

An. arabiensis 

A 71. pharoensis 

C1.llicines 

A 11. arabiensis 

A 11. pharoensis 

Culicines 

AI1. arabiensis 

.111. pharoensis 

Clliicines 

Mean±SEM 

1.05 ± 0.25 

0.27±0.18 

0.33 ± 0.21 

1.02 ± 0.25 

0.30 ± 0.17 

0.30 ± 0.17 

1.12 ± 0.27 

0.42±0.14 

0.48±0.10 

1.44=0.14 

0.66 ± 0.12 

0.64 ± 0.20 

No of 

mosquitoes 

caught';' 

58 

6 

8 

55 

6 

6 

72 

8 

16 

120 

16 

18 

%Repellency 

51.7 

62.5 

60.0 

54.2 

62.5 

70.0 

40.0 

50.0 

55.0 

......... __ ..... _--

SEM= standard CIT" I' Cl/'the mean, ':'= Total number ofmosClllilOCS collected ciuring the four nights 

':":'= P-val1.le obtainc'd from T1.lkev's studcntised ran~e test at (1.= n.05 
~ -
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P-Value''':' 

.648 

.350 

.613 

.594 

.350 

.545 

.768 

.721 

.910 



4.2.8. Thermal I~xplllsion of Leaves, Flowers and Seeds of L. camara 

The (hermal expulsion of leaves. flowers and seeds of L. C{fllwra. all provided high significant 

protection against AJI. {frabicJlsis varying [['0111 58%, (0 ()9.2%, (1'<(1.0)) (Tahie ~). The I'r"kdi,"1 

against All. plwroclIsis. although (he percentage repellcncy is high fe}r all of (hcl11 (62.:i'i;, I" 75%) 

was no( statistically significant (P>0.05); similarly high bu( insignificant repellency (above 

51.9% was obtained) against culicincs except for (he seeds of L. call/{fra (22.2%1) Crahle 8). 
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Table 8. Percent repellency of thermal expulsion of volatiles of flowers. leaves and seeds of L. camara against An. arabiensis, A 11. 

pharoensis and culicines mosquitoes. 

Plant parts of Mosquito Mean±SEM No of %Repellency P-Value*':' 

L. camara specles mosquitoes 

caughe!( 

Flower An. arabiensis 1.18 ± 0.06 58 69.2 .002 

An. pharoensis 0.42 ± 0.14 8 75.0 .240 

Culicines 0.53 ± 0.19 13 51.9 .535 

Seeds An. arabiensis 1.28±0.10 79 58.0 .014 

An. pharoensis 0.51±0.19 12 62.5 .068 

Culicines 0.68 ± 0.19 21 22.2 .890 

Leaves An. arabiensis 1.20 ± 0.04 61 67.6 .004 

An. pharoensis 0.38 ± 0.22 10 68.8 .195 

Culicines 0.35 ± 0.13 6 77.8 .186 

Control An. arabiel1sis 1.66 ± 0.07 188 

An. pharoensis 0.9Jo=O.12 °7 .l_ 

Culicines 0.84 ± 0.12 27 
- ---_ .. _----

SEM= stancial'd enol' of the mean. ':'= Total number ufmosquitoes collected during the four nights 

**= P-value ublained from Tukey', ,tudentisec1 l'anse lest at U.= 0.05 

3q 



4.2.9. Effect of FI'csh Leaves of S. lIIolle, M. IIlet/lI/'{/cli and R. clllllleJlt'lIsis 

The results of the elTeet of fresh leaves of S. lIIolle, M. azedarac!t, and R. challepellsis against the 

mosquitoes arc summarized in Table 9. The repellency effect against All. ({f'{fiJiellsis varied (i'om 

36.4% (P>0.05) tor S 1II0lle to 59.1 % (11' R. challeJietlsis, but the protecti\)Il is high I Y sit'lliliclllt 

only in the laller. 

However, the repellent elleet of the Ji'esh leaves of these plants were morc ef'lectivc against All. 

pharoellsis, varying 1i'0I1l 77.3% for M. ({zedo/'{{cli, to 81.X% for S. 1110111': the protection kin" 

significantly different ti'omthe control (1'<0.05). 

Against the culicines, protections ranging Ii-mil 33. 3% by R. c/wllcpellsis to a high protection 

(89.32%) by M. azedo/'{/cli was provided, although none ofthelll were signilicant (P>0.05). 
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Table 9. Percent repellency of fresh leaves of different test plants against An. arai;iensis, An. pharoensis and culicines. 

Fresh leaves of Mosquito Mean±SEM :-Jo of % Repellency P-Value"* 

plant spp. specIes mosquitoes 

caughe:: 

S. moUe An. arabiensis 1.33 ± 0.05 84 36.4 .277 

An pharoensis 0.39±0.16 8 81.8 .005 

Culicines 0.30 ± 0.12 5 58.3 .856 

/'11. azedarctch An. arai;iensis 1.30 ± 0.05 77 41.7 .157 

An. pharoensis 0.52 ± 0.09 10 77.3 .020 

Culicines 0.15±0.09 2 83.3 .445 

R. challepensis A 11. arabiensis 1.13 ± 0.099 54 59.1 .008 

..111. pharoensis 0.51 ± 0.03 9 79.5 .018 

Culicines 0.42±0.14 S "" " .996 .).) • .J 

Control ...111. arahiensis 1.52 ± 0.06 132 

..111. phal'oensis 1.04±0.10 44 

Clllicines 0.46 = 0.2 12 

SCM= standard error ol'the mean. ':'= Totalnlll11ber ofmosquil<.'es collected during the four nights 

':":'= P-value obtained Ih'l11 Tukey's studeJ11ised range test at IJ.= 0.05 
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4.2.10. Effect of FI'esh Leaves of P. abyssillica, E. g/obu/lls and O. /all/iro/ill/II 

The effect of fresh leaves of P. ahyssilliccl, E. glohulus and 0. lallIi/illiulll against the Illosquitoes 

are shown in Table 10. The etlect against Ail. a)'ahic/Jsis resulted fi-OIl] S{)'I(, protection due to F 

globu/us to 72.5% protection due to 0. lalllijo/iwII, but none was a significant protection. The 

protection against Ai/. p/zarocIIsis resulted t!'01ll 50% duc to F,. glohules to 70.3% due to 0. 

lalJ)i(olillJII; the elTcet of both P. abyssi/licci and 0. lalJ)i(hlillJ/I was significant (P<O.OS). Against 

eulicincs, repellency ranged fl'Olll 55.3% due (0 F,. g/o/Julus to 66''';, dUe' to I'. il/J.l'.\sillic,,: 1101n,' 

was howcvcr, significant (P>0.05). 
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Table 10. Percent repellency of fresh leaves of different test plants against An. arabiensis. An. pharoensis and culicines 

Test of plant spp. Mosquito Mean±SEM No of %Repellency P-Value"":' 

specIes mosquitoes 

caught'" 
-

P. abyssinica An. arabiel1sis 1.27±0.14 82 58.2 0.21 

An. pharoensis 0.80±0.14 ?-
-) 66.2 0.04 

Culicines 0.62±0.15 16 66.0 0.17 

E. globulus An. arabiensis 1.36 = 0.12 98 50.0 0.42 

An. pharoel1sis 0.98 ± 0.09 37 50.0 0.27 

Culicines 0.70 ± 0.16 21 55.3 0.30 

!If "'. 

;Y\ 
0. la711ifoliul17 An. arabiensis 1.13 ± 0.09 54 72,5 0.06 

"'" ~ 
;fJ~ 

An. pharoel1sis 0.77 ± 0.12 22 70.3 0.03 

Culicines 0.70=0.16 19 59.6 0.26 

Control An. arabicl1sis 1.64 ± 0.14 196 

An. pharoel1sis 1.27", 0.08 74 

Culicines 1.07 ± 0.098 47 
".-, 

SEM= standard enol' of the me:,,'. ':'= Total nU!11j1cr "fmosquitoes collected during thcl'clur nights 

':":'= P-v"luc obtained from Tuke\'s s\udcntisedran!,!e test at U.= 0.05 

-I:; 



4.2. I I. Icffect of FI'csh Seeds of S. 11101/1', M. a7.edarac/1 and R. c//(/I/epeusis 

The evaluation results or li'esh seeds of S. //Iol/e, M. {/zed{//'{/c/i and R. c!wllepellsis against the 

mosquitoes are summarized in Table II. The effect against All. {//'{/i>iellsis varicd lI·omSI.'!':!" 

repellency by S //101/1' to 59. 4% by N. c/wllepCIIsis. but nonc was signillcant. ()n thc' "thc'" 

hand, the repellency against ;/11. p/iaroel/sis varied Ii'om 44.2% by R. c/iallepcl/sis (0 72.1 'y., b) 

M azedarach; the latter being the only significant (1'<0.05). Repellency against culicincs 

ranged ti'01ll26.7% by S. //Iol/e to 73.3% by R. challepel/sis, none was significant. No plant was 

consistently as being a strong or weak repellent tor all mosquito species. 
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Table 11. Percent repellency of fresh seeds of different test plants against A 11. arabiel1sis, An. pharoel1sis and culicine. 

Test plant spp. Mosquito Mean±SEM 1\:0 of %Repellency P-Value"* 

speCIes mosquitoes 

caught':' 

S. moUe AI1. arabiensis 1.25±0.13 77 51.9 0.12 

An. pharoensis 0.71 ± 0.06 17 60.5 0.26 

Culicines 0.54 ± 0.09 11 26.7 0.85 

1\1/ azedarach AI1. arabiensis 1.22 ± 0.09 67 58.1 0.08 

An. pharoensis 0.50±0.19 12 72.1 0.04 

Culicines 0.35 ± 0.13 6 60.0 0.21 

R. challepensis AI1 . arabiensis 1.22 ± 0.07 65 59.4 0.08 

An. pharoensis 0.80 ± 0.01 24 44.2 0.49 

Culicines 0.23±0.14 4 73.3 0.06 

Control An. arabiensis 1.59 ± 0.09 160 

AI1. pharoensis 1.05 ± 0.08 43 

C ulicines 0.67 ±0.04 15 

SEyl= standard error ortlle l11ean, *= Total number ofmosquitQes collected during the four nights 

:1::;'= P-yalue obtaiJ1~d I:rom Tukey's stlldentised range test at a= 0.05 

-I" 



4.2.12. Effect of Fresll Leaves Flowers and Seeds of L. call/am 

The effee(s of fresh parts of L. camara against the various Illosqui(oes arc sUlllnlari;:"ci in Tahk 

12. Agains(;/Il. arabiellsi,\', repellency varied Ii'om 38,5'% by (he leaves [0 43.4'1., by [l1e seeds 0[' 

(he plant. IIowever, (he e[leets against All. pizaroell.l'is was higher, resul(ing in 65% by (he leaves 

to 100% protection by the ti'esh seeds; but this lVas only significant both in (he flower and seeds 

(1'<0,05). Never(heless, the effee( against both species was lower in (he leaves as higher in (he 

seeds. 

On (he other hand all the parts were tound (0 be less ellcc(ive against (he culicines (I'>II.U)). 
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Table 12. Percent repellency of fresh parts of L. camara against An. arabiensis. An. pharoensis and cuiicine mosquitoes 

Fresh parts of 

L. camara 

Flowers 

Seeds 

Leaves 

Control 

Mosquito 

specIes 

An. arabiensis 

An. phal'oensis 

Culicines 

An. al'abiensis 

An. pharoensis 

Culicines 

An. arabiensis 

An. phal'oensis 

Culicines 

An. arcrbiensis 

An. phcrroensis 

Culicines 

Mean±SEM 

1.20:': 0.16 

0.27±0.18 

0.93:': 0.14 

1.16±0.17 

0.00:': 0.00 

1.02 ± 0.09 

1.30:': 0.04 

0.43 ± 0.04 

0.78:': 0.18 

1.50 ± 0.04 

0.73:': 0.12 

0.99 ±0.31 

No of %Repellency 

mosquitoes 

caught':' 

73 40.2 

6 70.0 

36 -~ ') )".-

69 43.4 

0 100 

40 48 

75 38.5 

7 65 

26 66.2 

122 

20 

77 

SEM= standard elTor oftbe l11ean. ':'= Total number ofl11osquitoes collected during the f"llr nights 

':":'= P-vaille obtained fr0111 Tllkev's studentised range test at CI.= 0.05 
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P-Value':'* 

0.34 

0.05 

0.99 

0.25 

0.003 

1.00 

0.63 

0.28 

0.87 



4.3 Comparison of Direcf Suming, Thermal Expulsion and Fresh Plant 

Parts. 

Figures 1,2 and 3 depicted the results obtained liOln comparison oCthc three methods. The direct 

burning of the sccds of R. clia//epellsis was IDund to be more eCkctiw against culicinc' 

mosquitoes fDllowed by direct burning the leaves ofM azedaracli, In addition, direct burning of' 

thc flowers and leaves of L call/ara and the seeds of R. clia//epellsis and L. call/ara provided 

greater than 70% repcllency against All. a/'abiellsis alld All. pliaroellsis. 

The thermal expUlsion of the seeds and leaves or R. c/utl/epensis leaves 01'.'1. 1110//1' and Melia 

(lzedarctcli, Ilowers andleavcs of r. call1ara provided above 65% repellency against All. 

araiJiellsis, Application of n·esh plant parts indicated that almost all thc plant parts repel <60'X. 

except fDr 0. /all/ifiJ/ilill/ which seemed to exhibit 72.5% repellency agilinsl All. awhiellsis. 

Leaves 01'.5: 1II0lle and R. clia//epellsis gave 80% repellency against All. p/wmellsis. allllos[ I [Ill",,, 

or All. p/wroclIsis were repelled by placing ti·esh seeds ofL C{ffIWrct. 
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Figure I Repcllcncy by direct burning of plant parts 

Key: 

i\= seeds ofSc1lillllS lllolle 

B~seeds of !Ilelia azedaraclz 

c= seeds of Rilla cllallepellsis 

[)= Leaves of ScllilllllllS malle 

E= Leaves ofjlleli([ azedar([clz 

F=Leavcs of Rilla c!lallepellsis 

G=Leaves of l'ycllllOslaclzys a/Jyssillic([ 

H=Leaves of r;IICa~)1)llIs globllllls 

1= Leaves of Ocimllllllam!!olilllll 

.I~ Flowers of /Jullalla camara 

K = Seeds of Lmllmla camara 

L= Leaves of f.({Illalla C({IlIa/"{/ 
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Figure 2 Repellency rate of (hennal expulsion of plant parts 

Key: 

A= seeds of ScilillllS lIIo/le 

8=sceds of Melia azedaracil 

c= seeds of RII/a cilallepellsis 

D= Leaves ofScilil/lllllS lIIo/le 

E= Leaves of Melia azedaracil 

F=Lcavcs of RII/a cila/lepellsis 

G=Leaves of Pyclmos/acilys abyssillica 

J-I=Leaves of EllcalYP/lls glo/JIIIIIs 

[= Leaves of Ocillllllli lallli(o/illlll 

J= Flowers of Lall/alla call1ara 

K = Seeds of Lall/alla call1ara 

L= Leaves of Lml/(l/la c{///wra 
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Figure 3 Repellcncy rate of fresh parts of planls 

Key: 

A= seeds of Schill/l.\' 1II0lle 

13=secds 0 f Melia azedarach 

c= seeds of Rilla challepensis 

0= Leaves ofSchilllllllS 1II0lle 

E= Leaves of Melia azedarach 

FccLcaves of Rilla cilallepellsis 

G=Leaves of Pycllllostachys abyssillica 

H=Leavcs of Ellca~J'pllls globllills 

1= Leaves of Ocilllllllllalll!/olilllll 

.1= Flowers of Lalllalla call1al'a 

K= Seeds of Lalltal/a call1aJ'{! 

L= Leaves of [ol/Iallo call1ara 
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5. DISCUSSION 

This study was concerned to evaluate the repellency of some local plants by employing 

traditional and other modified methodologies applied in other studies. The seven plants and their 

parts showed diflerent repellency effects to All. aruiJiellsis, All. pharo,,"sis 'Illd culieines. 

Some of the plants exhibit remarkable repellency effect while the others no!. Similarly most of 

the plants show differences among their parts as well as with the methods or application they 

were applied. This is to lUean that the repellency effect of the plants varies with the meth"d "I· 

application. More over, certain plants repel better l'or a particular mosquito tl1<l1l equallv rllr "II. 

This can indicate that the mode of action of diflerent repellents di ffers with the types or mosquito 

species. 

or all the treatments, burning the seed or I<. c/w//e/Jellsis was the most illl[lllrt"llt anc! 

significantly lUore protective than the other plants. Similar result was obtained Ii·OIll the' lhc'J"m,,1 

expulsion of the seeds and Icaves but the leavcs produced more smoke consistently than the 

seeds. Longer protec.tion from burning of the leaves couldn't be achieved. as the leaves tend to 

exhaust shortly. Fresh leaves of R. c/wl/qJ(,lIsis also ellcdivcly t·c[lclkd All. {[WiJiCIIS;'1 and .111. 

pharoellsis than the culicines. 

The other plant that was evaluated was S. 1II01/e. Direct burning of the seeds of the plant exhibited 

protound repellency ellect against AI/. arabiellsis and All. /J/wroclIsis. hut it provide'" lillk 

repellency effect for the culicines. Similarly, burning of the leaves exhibited good rc'pclktll"Y li)r 

All. arabiellsis only. Thermal expulsion of the seeds of S 1II0"e on the other hand showed little 

repellency tor all the mosquito species. Leaves of the plant exhibited remarkable repellellcy 

cI'iCct fcw All. arabiclIsis and the culicines. In addition All. /JharoclIsis were cl'kctively p)"()lcctcd 

by placing the ft·csh leaves, but little effect has been obtaincd by placing n·csh se'e'ds. 

In many parts of the country the li·esh leaves and seeds are used to repel house llics (Mllsco 

dOllleslica) by putting its ti·esh part on dining tables in restaurants (Pers. COill. Dr. 7cmcdc 

52 



Aslaw). The plant is also traditionally used to repel insects (l3ckele e{ 01 .. 1993). Ivlnre mer lh,' 

Essential oil of this plant tree has been used to control lor diCierent disease thal could ,'XiSl h\ 

difterent parasites. It is also provided eCiective anti-feeclant as well as repellent properly I"r 

House nies (Musca domeslica) in Ethiopia. 

Direct burning of the seed of kf. aZed{[f{[cil lound to repel An. {[r{[!liellsis and All. /,I/(//"{IclIsis htll 

it was Icss effective to the culicine mosquitoes. Thermal expulsion or the seeds as well as the' 

ti'esh parts other than the seed exhibited less repellency to All. {[f{[bieIlSis, All. pilaroellsis and 

culicinc mosquitoes. Fresh seeds gave remarkable protection. Thermal expulsion of the leaves 

showed more promising results than their direct burning and thc effect was illore pronounced to 

All. ({r({hiellsis and Allpil({roellsis. Fresh leaves repelled sufllcicnlly (Inly .111. />I}((r(/('II\;\. 

Of all the treatments of 0. lami/olium, the fresh leaves only showed effective rcpellency to All. 

ph{[roellsis suggesting the limitation of the other methods of application as well as the non­

repellcncy effect to All. arabiellsis and culieincs. 

Other studies indicated the potential repellency of a number of its relative species to malaria 

vectors elsewhere. Live potted 0. alllericium was reported to maintain repellency against All. 

gambi{[e s.s in a Kenyan trial (Seyoutll el al; 2003). However, the same application of' 0. 

kilimalldscharicllIIl and 0. suave under the samc situation were liJlllldto be less clTeclivc. 

In othcr experiments, Seyoutll ef al. (2002 band 2003) reported that burning the leavcs or thc 

two plants repelled All. gambiae s.1 awl All. fill/esll/.\'. Thermal expulsion and periodic direct 

burning of thc leavcs of the two plants and 0. (flllericallllll/ in a semi-field experimental hut in 

{,vo villages ill \\restern Kenya provided satisf~lctory results against All. g({/JI!Jiuc s.l ::!lld .II!. 

./ill/eslus (Seyoum el al., 2002a). In Guinea-. Bissau it was experimentally showll that tilc fi'csh 

leaves of O. cmUlII1 signiticantly repelled All. gall/biae s.I, All. /Jharoel/sis and other eulicinc 

mosquitoes (Palsson and Jacnson, \999). The oil or 0. suave is also known to repel and kill all 

aclive stages or the tick, Rhipihicephaills appelldiclliall/s (Mwangi e{ al .. 1995). It has als" kC'n 

showll tilat 0. selloi is an eflCetivc repellent inl3razil against Allo/Jhl'll's /)razi/ilicl/sis (I'adilha ,Ie' 

Paula el aI., 2003). 
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I,xtracls of essential oils or 0. kellyellse, 0. suave ([lid 0. kililllallc!.I'C!/{II"ic1l1ll were evaluated It)r 

their cfflcaey against stored product insccts to protect maize and sorghum and salisl'lctor\' rc'slills 

were obtained (.Iembere el al., 1995; Bekcle el al .. , 1996., 1997:, OhenC'-OtCTi and l'c'ichmlllIL 

1997; Obeng-OlCri el al., 1997). 

Direct burning or the leaves, flowers and seeds of L. call1ara produced effeclive repellency lelr 

both All. ar([biellsis and All. piJaroellsis but were less effeclive to repel cu[icinc mosquitoes. 

Thermal expulsion of the plant parts provided satisl'lctory cneet only [or All. (//'{{/JiCIISis, The 

rrcsh parts were ellcctive repellents only to All. p/wroellsis. 

Other studies revealed that methanol extracts or the Ilowers provided 94.5%, [lrotection "~,,insl 

Ae. albopiclllS tor two hours (Oua, el al., 20(1). In western Kcny". [lcople Cllllllllonl, "1'1'1\ 

direct burning of the plant parts to repel mosquitoes (Seyoulll e{ 01., 2002a). and experimcnta[ 

trials showed that thermal expulsion and direct burning of the seeds and leaves were lound to be 

effective repellents for All. galllbiae s.l (Seyaulll el al., 2002a; 2002b). Similarly Oua el al. 

(2001) reportcdthat difterent fraction of the plant flower by using chrom"tugraphic melhods 

provided about 75.8% repellency for Aedes mosquitoes when evaluated on human volecnlcrs. 

Of all the plants tested, F. globllills maintained the least repellency (or All. arabieJlsis, AJI. 

piJaroellsis and culicine mosquitoes in all the three applications. suggesting its uselessness 1l1l' 

practical application. Contrary to this, similar experiments conduckd e1l1 the rl'csh k,lIc'S "nel 

burning the leaves or F. cilro<iora in Kenya and Guinea-Bissau appear to be enective rcpdiL'nt 10 

All. galllbiae (Seyoum el al., 2002a; Palsson and .laenson, 1999). 

Eucalyptus-based products have been tound elkctive as mosquito repellents in various sludies 

(Trigg, 1996; lvloore el al., 1996 and Sc\u'cck el al., 1991). Extracts or the lemon eucalyptus. 

quwenling was tound to be eftcctive against Ae.albopicills and All. qlla<iri/l/(/clilaills (Scherek 

and Leonhandt, 1991). However, it showed less eftcctiveness to Ae.agypli in its duration or 

protection than dcet. As a topical mosquito repellent, quwcnling had a shorter dUl'1ltion (lr 
repellency than deet. On the other hand, quwenling is more repellent to .. III. c/({rlillgi Ih"n ekd 
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(i'vloore ci al., 2002). It provides complete protection lor 6-7 hours against A II. galllbiae and 

Alljilllesilis (Trigg, 1996). 

Direct burning of the leaves of 1'. abyssillica provided signilican! rCI,ellellC) a;cains! .111. 

araiJicllsis On the other hand it provided less repellency effect for All. plwroellsis and culicincs. 

Only All. pharoellsis has been found to be elfectiveiy repelled by placing jj'esh leaves. I-Iowever. 

thermal cxpulsion of the plant leaves resulted in low protection of all the Illosquitoes. People in 

the southern and southwestern Ethiopia use the plant's fresh leaves {or repelling ants (L ;\s{il\\ 

and T. Gebre-lvlichael, pel's. COIllIll.). lvloreover, in Wando-Genet the fresh leaves me pLic"d un 

l'ICes lor the purpose of repelling housetlies (pel's. Obs.). 
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G. CONCLUSlONS AND RECOMMENDATIONS 

I) Though many studies on traditional mosquito repellent plants arc conducted 111 diflerent 

countries there are limitations of such invcstigations in Ethiopia. 

2) Of thc threc mosquito species collected from the human volunteers All. arabiclIsis were found 

dominant followed by All. p/iaroclIsis and culicines respectively. 

3) Some or the plants exhibit remarkable repellency clfcct while othcrs nol and ill<,sl oj' lhe' 

plants showed differences among their parts as well as with the methods of application they were 

subiccted. This indicates that mode of action of the diflerent plants diner with type of mosquito 

speCles. 

4) Of all the plant treatments tested burning as well as thermal eXJlulsion or seeds ()f fl. 

c/iallepellsis was tound highly repellent. 

5) Leaves of H. glohllllls showed little or no repellency in all applicalions of till' llm'c lllt'lll<lcb. 

6) Thermal eXJlulsion of leaves were found better than the others, because the leaves smoke 

slowly, and the smoke remain longer than direct burning. 

8) Traditional methods or using local plants lor mosquito control is accessibk. "Ci()I'(labk and 

casy to handle by local comlllunities. Thcretore, it is important to incorporate wilh the otiler 

available vector control options. 

9) Conducting further study is required to evaluate the repellency of oils or tile plants and the (lUI 

door status orrepcllency of same plants. 
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I APPENDICES 

Appendix l. Sununary (able lor analysis of variance (ANOVA) I"l' repellency of Illosqui(oes 11) 

plant seeds of (S. lIIolle, M. azedarach, and R. challapellsis) using direct burning 

IV[osqui(o spp. Sum of squares I'dean square F-value P-valuc 
--------- _ ... _- --------- --- ------ -----

All. al'aiJiellsis .84 3 .28 60.13 0.000 

All. plwroeJlsi,v .53 3 .19 11.6 0.001 

culucincs .69 3 .23 11.7 0.00 I 

Appendix 2. SUlllmary (ablc lor analysis of variance (ANOV A) lor repellency of Illosqui (oes by 

plant seeds of (8. lIIolle, ,II. azedarach, and R. c//(/llapellsis) using (ilermal 

cxpulsion. 

---.->-.-"---~---- -~.--.-~--- - .-"- ~---- - '" ---_._----
Iv[osqui(o spp. Sum of squares ctr lv[ean square F-valuc 

._---,,------------------ --- .--------,,-------- -------- --- -

All. {/I'a/Jiellsis .54 3 .18 7.5 0.004 

All. p/wroell,<iis .17 3 .06 2.6 0.102 

culucines Al 3 .14 I .8 0.21 
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Appendix 3. Summary table lor analysis ofvariancc (ANOVA) !()r repellency 01" mosqui!ocs by 

plan! leaves of(S'. //Iol/e, M. azedal'{{c1l, and R. cilallopellSis) using c1irec! burning. 

r."'~' "_'_' ___ "_r_'_~ ___ ,"~"O~~_'O~_' __ ~~~~_=~'" __ '_~~ __ ~ __ ~"~·~~ ___ m_.~=oo __ _ ,,_ 7~ __ "0 _ "~'-' 

j\,'[osquito spp. Sum of squares clf rvlean square F-value P-valuc 

All. al'abiellsis .60 3 .20 5.4 0.014 

All. p/wl"oellsis .30 3 .10 2.3 0.13 

culucines .25 3 .09 1.8 0.2 

Appendix 4. Summary table for analysis of variance (ANOVA) ('or repellency 01" mosquitoes by 

plant leaves 01" (8. //Iolle, M. azedal'{{ch. and R. c/w//apellsi.l') using thermal expulsioJl 

l'v[osquito spp. Sum of squares df Mean square F-valuc P-valuc 
----------~--------- - ~ ~ 

All. al'ahiellsis 1.02 3 .34 11. 76 0.001 

All. p/wl'oellsis .90 3 .30 6.2 0.009 

culucincs .44 3 .15 3.5 O.OSI 
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Appendix 13: Test plants 

Lantana camara Pychnostachys abyssinica Ruta challepensis Schinus molle 

Ocimum lamifolium Eucalyptus globulus Melia azedarach 
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Appendix 14: Experimental test tukuls 

,. 



Appendix 15 : Human baits 

Direct burning Thermal Expulsion 

Fresh parts 


