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2. Table of contents 

3. EXECUTIVE SUMMARY: 

The project was designed to study in depth the fbctors governing the outbreaks of the 

whitefly Bemisia tabaci on cassava in Uganda, especially in relation to new, virus- 

resistant, varieties. It was carried out in Uganda by the co-principal investigators, 

Prof. Kyamanyawa and Dr. Legg, and two students, one within his PhD. program and 

the other, his M.Sc. program. The p r e l i  idea was that these studies would 

enable us to manipulate the firequent association of cassava with sweet potatoes and to 

exploit the fact that both these crop supprt the same species: Bemisia tabaci, but of 

different biotypes, in which the whiteflies of one crop does not attack the other which 

they both share the same species of natural enemies. Thus, our studies in Uganda 

included surveying the whitefly and natural enemies in the fields, studying their 

relationships with cassava varieties and details of their life histories and behaviors and 

examining the possibilities of inkmopping sweet potatoes and cassava for the 

p q s e  of having natural enemies of the former move on to the latter. Concurrently, 

the studies in Israel were designed to determine the technical details necessary for 

optimizing banker plant technology in our case, such as the relative a&tion of 

cassava varieties to the whitefly and its natural enemies and the distances traveled by 

the parasitoids h m  a release plant. The studies in Uganda involved both field and 

laboratory work, In the field, we surveyed the pest and natural enemy situation and 



conducted detailed sides of population dynatuics. In the lab bduwioral obmmtions 

utilizingeventncordinganditscompukrkdanalysiswaccaniedollt 

~stltdiesdtedintheconclusionthatthe~pingofcassevawithsarcet 

potatoeswoulnotbebemficial,sina: 1.thcformerbeartoodpopukionsof 

w h i t e f l i e s t o ~ r t t h e n e c e s s a r y n a t u r a l c n e m y ~ a n d 2 . ~ ~  

d t e d  in a significant reduction of the cesssva yields. The cctmsivc shdies 

rrvzaledwhichpmsitoidsandpndatorsofB. tobociexistinUga&theirmIesin 

the~~~ofthispestandpointcdtotheneedfoiaMing~mrmia@osnWy 

parasitoids) if sustainable biological control is to be ahieved. l'he shdies in lslael 

have resulted in a grcatc~ Mdestanding of some of the relationships bctancn 

whitctlies, plants and parasitoids, they also thc efficscy and wclbkss 

o f t h c n s e a r c h m a h o d s t h a t m i g h t a n d s h o d d b e ' u s c d f ~ ~ p ~ - ~  
relationsttips. F i y .  the training provided to the Ugaadan p r w d  dmx& this 

project can be seen as an important inwament in the yormg gemation, pmins at its 

disposal new methodologies and techniqws for fmthehg agriculaaal mearch in 

Uganda - 

4 . ~ c E 0 B J E C I I V E S :  

~ m O s a i c v i r u s ~ ( C M D ) i s ~ l y t h e d ~ m o J t ~  

whitC8y-bomc v h  disease in a c a .  not least since total mual p d d m  of 

~ ~ a t m a n t h a n 9 1  ~oametrictom,isgcakrtbanthatof anyaQraop 

(FAO. 2000). Contiaent-wide loss*, due to CMD have been estimated at 15-2496 of 

total pductim ( lbsh a al.. 1997). equivalent to 1629 million meaio tom bsed 

on 2000 production levels. Fwibmorq evidence obtained in KCQI ycw suggcsb 

thatthesi~onmaybedctaioratingstillfirrthcr.InUgaada.inthe~19(1~ 

repor toweremadeMthenor thcentra lpar to f thew~ofan~sevae  

form of CMD associated with large popdati01~s of B. Eabeci. During the first Wof 

the 1990sitbecawapparmtthutthezoneofhighincidcnaof~CMDeod 

abmdaut B. tabaci was 'moving' southwards at a nde of qq~~ximately i&- 
(Leggandogwal, 1998).Thispaaanofmo~scamdtobeLdcpndentof 

 logical -. 
With support M a wide range of both internatioaal and local parhem, the n a t b d  

research system imported, evaluated, multiplied and discminatsd in Ugsnda a series 

of CMD varieties. Deployment of host plant rtsistamx is now being 



extended to the countries neighboring Uganda through the movement of CMD- 

resistant germplasm into these countries using open quamutine systems (Anon, 1999). 

Although the varieties have been inshumental in addressing the initial crisis posed by 

the CMD problem, two problems with their long-term usage have become apparent. 

Firstly, their organoleptic characteristics have yet to match those of traditionally 

grown CMD-susceptible cultivars; hence, farmers continue to grow local CMD 

diseased material. Secondly, populations of whiteflies have remained high in the so- 

called 'post-epidemic' zone (now all of Uganda and large areas of western Kenya and 

north-western Tanzania). In fact, whitefly population levels are 30-100 times higher 

than those recorded prior to the CMD epidemic (Legg, unpublished data), and are 

now causing both direct physical damage to cassava plants, and indirect damage 

through encouraging sooty mould development, most notably on the CMD-resistant 

varieties Nase 4 and Nase 12. 

The primary objective of our research, as stated in the proposal for the grant, was to 

find ways to exploit the potential of natural enemies for reducing B. tabaci 

populations on cassava and through this to reduce physiological damage to cassava 

plants and the spread of cassava mosaic virus disease (CMD). 

We plaaned to achieve this goal though following specific objectives: 

1. Identify the natural enemies of B. tabaci (parasitoids and predators) in Uganda and 

determine their contribution to Feducing pest populations in different climatic and 

agricultural zones of the country. 

2. Characterize tritrophic interactions that could favor natural enemies of B. tabaci 

3. Assess the control potential and shortcomings of the natural enemies present when 

acting on speci6c cassava varieties h u g h  field observations, with the support of 

laboratory e m e n t s .  

4. Implement biological control of cassava whiteflies in target zones using the 

information gained during our study, through enhancement of the agro-ecological 

environment by intercropping and using banker plants and through deploying plant 

varieties preferred by natural enemies. The identification of varietal characteristics 

preferred by nahval enemies will also provide IITA and national program breeders 

with opportunities to incorporate these traits into new germplasm. 



5. Train both scademic and field-dvisory pasonnel in thc newly acquid 

andskills,toassuretheirquicktransferaltogrowm. 

Toourhwl~noothascien~arcconductingsimilarrcsearch,ic.d 

thatisaimedatbetkrutilizationsofnutwalavmyactivity. Howcva, otha CDR- 

supported (and possi'bly o k )  projects aim at ducing whitefly damage to cassava 

lEe CDR-supported projects arc: (C22-003) and ((23-013). thc first by Prof. CmPndr 

n w b i t e n y - ~ t k d ~ ~ A & c t i n g C a s s s v a ~ ~ i n t h c  !3outkn 

Regions of Africa & Devclopnent of Cassava Resistsat L-" and thc s e c d  by 

Prof. (&&i "Study of thc Cassava Mosaic Disesse in Ghana. Implicatiom Tor 
n 

~ i n n o v a t i v e a s p c c * i i n c ~ ~ d e t h c ~ u s c o f t h c f s c t t h a t t w o ~ .  rrrboei 

biotyps each specific to om host plant will be used in a way that one will savc la 

banker plants for nahwl e d e s  e k i n g  thc 0 t h .  Morcovcr, thc use of nahaal 

mcmies, to whiteflies of cassava, although not a novel c o w  has neva 

been attmptd before and M m  may be consided novel. 

In addition to being supported by USAIDCDR, the project was supported through 

salaries, equipment and facilities by Tcl Aviv Univasity, IlTA and Malraac 

Univasity. 1. Tcl Aviv Univasity paid for thc salary of Prof. Dan Galiog who was 

thcPIforthcprojectandspmt upto1/3ofhisraesrchtimeonit. ItdsopaidTor 

thcsa leryofDr .Mosbe~n ,aprkipa l t shn ica l  assistanttoRotGaling. 

L~*them.sadenSMs.ShirtyshaKm,whoscsalarywascodbythc  

~ w a s ~ i n n u m a w s m a t a i a l a n d e q u i p a # l t a e t d s b y t h c ~ t y .  

iaEludingthcu9cof~~~*randincubators. IlTA...lEefaarltyof@cuhrcat 

Makame University supported thc project through jrroviding supervision to thc 

sbdenf~ryfacil i t iesandequipmens offieespaccandothanec*isary 

technical aJsisEaaa during field and labaatory studies. lEe Mivasity dso 

cmhiitotheday-to-daynmaingofthcprojatand- 
. . 

'on of the 

finances. 



5. METHODS AND RESULTS: 

In order to reach our objectives, we embarked on the following series of activities: 

1. Survey of field populations of B. tabaci and its enemies on cassava and adjacent 

weeds 

2. Cataloguing predators of B. tabaci on a cassava mosaic disease resistant variety in 

Uganda 

3. L i e  table analysis of mortality factors affecting populations of B. tabaci on 

cassava in Uganda. 

4. Developmental duration and host-searching and oviposition behavior of the main 

parasitoids of B. tabaci in Uganda, Erehnocerus mundus and Encmsia sophh 

5. Biological studies (development duration, effect of leaf characteristics and prey 

consumption rate) of the coccinellid Serangfum si., a predator of B. tabaci on cassava 

and its dynamics in relationships to whitefly susceptibility of cassava varieties. 

6. The whitefly and parasitoids dynamics were examined under an intercropping 

regime of cassava and sweetpotato. 

7. Plant-whitefly-parasitoid relationship studies as a basis for effective intercropping 

and banker plant technology implementation. 

Once it has been shown that sweetpotatoes are probably not suitable to serve as 

banker plants for the natural enemies of B. tabaci on account of the low levels of the 

pest and its parasitoids occurring on these plants, we branched off and intensified 

other studies, aimed at studying the potential and shortcomings of other natural 

enemies. 

In order to assure maximal efficacy of the training obtained by local Ugandan 

pemnnel, we carried out all of the experiments d i i y  associated with cassava and 

its ecosystem in Uganda The role of research in Israel was to render support in 

solving basic scientific questions and in furnishing the training and support for the 

Ugandan students. Some of the work has been submitted in papers to scientific 

journals and others have been presented as lectures at scientific meetings. These will 

be A herein and the full publications or lecture abstracts are appended to 

this report. The still unpublished work is presented here as requested by CDR 



5.1 Survev of the natural enemies. 

'Ihe prelimhmy work done on this subject by Otim et a1 (2005) bdbFe thc pr*lcnt 

project was started, was supjdanented wiih a study of the iacidarce of B. r u k i  on 

cassava ad essociated wuds, abundance of its p a d i d s  and prrdaton. and 
iacidence of pr A msnuoaipt titled "Field popuhtions of B. takwi and iFs 

n e t u r a l e n e m i e s ~ n ~ v a , ~ v a c w r p o n m t c m p s a n d ~ ~ b s , k c n p r c p e r r d  

andthedraftisattached 'Ibemain6udingsa~c I i n t h c f o l l o w i n g ~  

Monthly visit wae made from November 2003 to Decemba 2004 to BuldsP 

(Masindi district). BusSuma (Welriso dishict) and Kyantooder (Ralrai dishict) to 

asses the level of i n f d o n  of whitefly and its natural enemies on cassara, cmps 

in~ppedwiihcassava,adweedswithinandmd~vafilesonemps.~ 

panxitoids species wuc r e c o w  E W ~ M ~ &  mundur. Encmsicrmphiaaod rm 

black headed species of Encmsicr (all Hymcaoptcra: Apbclinidk) at all 

locations. E nn& was thc most abundant, followed by E sophio and the ~htively 

rare black-kdd Errmsia in d the locations. Parasitism w& highest at Busukuma 

(41.7%)). flowed by Bulisa (37.2%) and LLyantonde (322%). Pamitoids muc also 

recorded b m  swat potatoes, Commelim SQ.. Melhanio sp.. Bidem sp, and 

E q h r b h  sp. Predasoff of B. t&xi recorded on cassava included: ents, predetory 

b e e t l e s , s p i d a s , ~ h o ~ y l a r v a e a n d i t s p r e d e t o r y b u g s .  Noarmpooent 

cmps or weeds harbored high popuhiom of whitdy and its natural enanits. 'Ibc 

papa dhases the implications of the finin%s on the mmagmmt of B taboci on 

-va 

52 
. . 

Ueaada 
A field -at was set up st Namulongc AgriculW and Animal RoduEbion 

~Institldc(NAARl)todctamintthepredatoftof&miriat&xiocanring 

o n ~ ~ . T w o f i e l d t r i a l s w a e s e t u p ~ o f s n a l l d ~ p ~ o f t h e  

virus- resistantvariayNase4.'lbcsctriels~setupduringdiffermtrainfall 

regimes, with trial one plarded during the dry season (August 2003) such that peak 

growthoannrrdduringtbcwetseasonandtr ial two~thcrainy~ 

(November 2003) such that peak growth occurred during thc dry sarsoa 'Ibc trials 

each comkted of a single 10m by 10m plot with cassnva plants spaced a! Im 



At 3 MAP (month after planting), ten plants were randomly selected h m  the 

trial plot. Each plant was then observed from the top to bottom including all leaves 

(both the top and underside), petioles and the stem. A count of every known whitefly 

predator present was made. The number of leaves on the plant was also counted to 

obtain a correlation between predator numbers and number of leaves on the plant. 

Data were collected once a week for a period of six months, i.e. from 3-8 MAP which 

is the active growth period of cassava and also the period h e n  B. tabaci populations 

are highest. Each plant was sampled once and was only sampled again when all the 

plants in a particular trial had been sampled. This gave an average of two samplings 

per plant over the 6 month trial period, with a 10 week interval for each plant between 

samplings. All suspected predators were collected, taken to the laboratory and put in a 

petri dish with a single predator specimen and a moist filter paper on which a cassava 

leaf bearing whitefly eggs and nymphs was placed. Prior to introduction into the dish, 

the leaf was examined and the numbers of eggs and nymphs upon it were noted. The 

dishes were examined daily to determine whether feeding hadoccurred. 

Results showed that six taxa of predators are found on cassava; spiders, ants, syrphid 

larvae, Serrmgium sp. larvae and adults, and syrphid larvae. The most abundant 

predators across both trials were Serangium larvae and adults. In both trials, predator 

numbers generally increased as the number of leaves on the plant increased. Highest 

predator numbers were obsened in plants with over 100 leaves followed by plants 

with 5 1-75 leaves, while the least occurred on plants with 25 leaves or less. 

5.3 Lie-table analvsis of mortality factors affecting  ovulations of B. tabaci on 

cassava in Uganda 

A manuscript entitled: "Life table analysis of mortality factors affecting populations 

of Bemisia tabaci on cassava in Uganda" was accepted for publication by a peer- 

reviewed journal (Entomologia erperimentalis et Applicata), a copy is attached. The 

following constitutes an abstract of the findings: 

A study was set up to determine the sources and rates of mortality of Bemisia 

tabaci on field grown cassava in Uganda Using a cohort based approach, daily direct 

observations were used to construct partial life tables for twelve generations of egg 

and nymph populations that were studied over a one year period. Mortality was 

categorized as due to dislodgement predation, parasitism (for nymphs only), 

unknown death and inviability (for eggs only). Highest mean rates of mortality in the 

egg population was attributed to dislodgement with predation and inviability 



following reqedvely while in the nymphs, highest mortality ndcs wac a t h i i  to 

dis lodg~fo l lowedbyparaPi t i sm,prcdet ionandleastdueto~~~~dtath  

causs .Highstwanlevelsof~tyamoogtheaplphal~wacobsavcd in 

the fornth followed by f& second and third rcspaivcly. Gavrally 

high mean survival (52.5%) was observed in the egg gcnaations while in the nylnphP 

mean d v d  was low with only 5.78% making it to adulthood Kcy faaor adysis 

d e d  that the major factor wntribdng to g d o a d  mortality in the cgp wcrr 

uaknown causes while in the nymphs major mortality was dues to pmsitku. Highest 

implaceable mortality in both the egg and nymph geaaatiom was a t h i i  to 

dislodgement This was followed by predation for the eggs, while for tbc nymphs 

parasitism, predation and unknown death in declining order of importana followed 

dislodgement Direct density dependence bf mortality Eectas varied with stage of 

p w t h  with inviability, unknown death, disldislodgewnt and predation sbowiug 

relatiomtiips with eggs, secod. third and fellah &tars xtqectivcly. M.nipllatin 

experiments nvealed high ndcs of moaality due to d i s l o d p k t  and and levels of 

naturala~myinducedmortality.Therrwashigbacggsllrvivalinthemsnipllativt 

expeximeuis but M e  -on in nymph survival, witb the opa~ 6eld study. 

5.4 Devel ommtal dund~on A host searching a d  o v i d o n  hehavim of the main 

prnasi u i&ofB.tabon'inU 

A mmusipt named r)evclopment duration, longevity and fatility of Erclnmww 

nnmriiu Mercct, and Encmsia sophia Girault and Dodd on Be& atEacLiog 

cassava'' has b c a ~  pnpared and thc draft is attached. T k  main fhdings are 

summsrizedinthcfollowingebstract- 

Eretmocer~~mundwMacctandEncmsiasophioGiraultandDodd(all 

Hymcmptaa'ApheLinidac)~~thcmostabimdsntpclrasitoidspacicsatbrlrinp 

Bemirirr tabon' (Genudus) (Homoptcrar Alqmdidae) on urrrava in U g m h  

Howzvcr,thaearrnodaofttreirfi~ryparamctas.ThisstudyWore 

aimed at providing the first infodon on the dmlopneat dudon, longevity and 

W t y  of these parasitoi& on cassava. M d h o t  unJenfa Cram I& labowory 

conditions. Thtinitialcggcolmtonemaganxavaagad35i 154(mrmiSEM)and 

3 i 0 . 2 2 e g g s p e r ~ e f b r E  mundwandE sophiu,~vely.'Ihtegg-to9duh 

dmlopment duration of E. mu& was 19.6 * 0.1 days and for E sophia was 17.4 

0.1 days. Thge was no SignX~cant d i f f m  between thc dcvelopma~I dudon  of 

females (19.7 0.1 days) and males (19.6 l 0.1 dap) of E rmmdur, whilst the 



females of E. sophia developed c a  two days earlier than their male counterparts. 

Mean longevity when provided with honey was 5.4 days for E. mundus and 6.6 days 

for E. sophia, whilst the corresponding values, when females were provided with 

hosts, averaged 5.5 days and 11.3 days, respectively. Average progeny production 

averaged 25.6 offspring for E. mundus and 16.5 for E. sophia. The net reproductive 

rate of E. mundus was 13.1 as opposed to 15.5 for E. sophia. The i n h i c  rate of 

increase was 0.1 for E. mundus and 0.105 for E. sophia. Mean generation times were 

24.9 and 26.2 days for E. mrmdus and E. sophia, respectively. The results suggest that 

E. mlndiLF is the most suitable candidate for high B. tabaci population control, whilst 

E. sophia may be effective under low B. tabaci populations. The data collected may 

be of use in the future should parasitoids be imported for control of B. tabaci on 

cassava 

5.5 5~ 
consum~tion mte) of the coccinellid SeranPium SD.. a &or of 8 .  tabaci on 

cassava. and its dvnamics in relation to cassava varieties susceotibilitv to whiteflv. 

These studies were written up as manuscript entitled: Evaluation of Serangium n. sp. 

(coleoptera: coccinellidae), a p d a t o r  of Bemisia tabaci (hornoptera: aleyrodidae) on 

cassava', and accepted pending by the Journal of Applied Entomology. A copy is 

attached. The following is the abstract of the findings: 

The potential of a new, previously unidentified Serangium species (Coleoptera: 

Coccinellidae) to control the high Bemisia tabaci (Gmnadius) (Homoptera: 

Aleyrodidae) populations on cassava was evaluated. Field and laboratory studies were 

carried out to determine the abundance and feeding capacity of this Sermgium species 

feeding on B. tabaci on cassava Sermgium nymphs and adults were most abundant in 

cassava fields late in the season, rising sharply h r n  5 months after planting (MAP) to 

a peak at 7-8 MAP. Preimaginal development averaged 21.2 days and was longest in 

eggs and shortest in the LI instar. Mean total prey consumption of immature 

Serangium increased with stage of development, with the lowest consumption in the 

LI instar and highest in the Lq instar. Mean daily consumption was lowest on the first 

day after hatching in the LI instar and rose to a peak on the 1 3 ~  day after hatching in 

the Lq instar. Each Serangium larva consumed a mean of over 1000 nymphs during its 

entire development. These results have demonstrated the potential of this Serangium 

species to control B. tabaci populations on cassava. 





inter sole inter sole inter sole inter sole inter sole 
0 0 2 2 4 4 6 6 8 8  1 

- - 

Fig I. Overall results of the intercroppihg experiment showing total organisms 

registered in each of the experimental setups. Inter= interplanted sole = sole cassava 

pz = pamitoids and pd= predators. Numbers 0-8 refer to the interval between 

planting of sweet potatoes and cassava 

5.7 Plant-whitefly-~arasitoid relations hi^ studies. 

These studies which were conducted in Israel, are reported here on a chronological 

basis since all constitute a continuous effort around the same topic. 

Fit Year 

a Setup of plant and insects cultures 

a l .  Plants: rtatio p 
culture and m l i  tests of i h f d o n .  

Plants of the varieties Ebwanateraka and SS4 (the latter beiig resistant to viral 

diseases and the former not) were imported as tissue cultures h m  Uganda in 

February 2003. They were hardened and planted in a secluded and closed greenhouse 

in Israel. Thereafter, and after having been tested and found k e  of diseases by the 

Plant Protection and Inspection Service in Israel, the plants were released and grown 

for e-ental puqoses. 

Plants were kept in a peahouse mom and populated with numerous adults of B. 

tabaci h m  our culture that was reared on cabbage. This was done repeatedly for 

several months. Initially none of the whiteflies laid eggs on the cassava and usually 

lived for a few days only. Later, some oviposition was obtained on young cassava 



foliage. Following this ~ e n c e ,  we decided to try two altcmtive approaches. 1. 

to comdrate out effoT*l on working with sweet potatoes; and 2. to d l i sh  a cul tu~~ 

of whiteflies on cassava by using cassava grown whitdlies for -011 of tbc 

same plaatr 

a.2. InstxDtvcloumenkofB. 14bOCionsvuet~~&& 

The p q m c  of thc stutties with sw&t potatoes was to determine tbc suitrbiliry of tbc 

plaatstoserveas~ppinghostsforthccassavacul~inAfrica 'IheqlGstim 

asked included Are the plants themselves attrmive to thc pamitoids? Will 

parasitoids that have developed on -infesting M*i readily leave thc 

p l a n t s s o t t s y c a n b e u s c d f o r ~ ~ ~ p l a n t s i n t h e ~ ~ w i t h a m s ~ ? ~  

tbm any steps lhet we sbwld take in orda to have the pamitoids move m a  

effoctiye1y from oae p b t  species to thc ndt? &t ~cvcls of swcctpotato iairsllnion 

doweneedtoobtaininordatomakethissyrrtem worketkctily? 

I n ~ r d a t o s t u d y t b e s c ~ ~ w e ~ d e t e r m i n c d t h c d e v c l o p m n E a l ~ o n ~ f  

t h e ~ t e f i * i o n s w c e t p o t a t o ; p l a n t s w a e g r o ~ 1 1 i n t h c ~ a n d t c p t i n a  

tempaarurrcabinetat28+2"C. Thcirdevelopmcntwasfollowd6omovi~ 

toadultt~~dwasfouodtorange~abo1lt20to27days. 

a.3. Addi t id  toDics: Imoomnn thc U h  manto~ds Enbnocmrc mw&rl 
. . 

rn 
Parasitoidswaehsnd~edtoIsraelandphxdin~onloadcabtmgc 

plents infes tedwi thB. taki  InspiteoftbclargenumbusofparsdtoilPedad 

t b t r r p e a r e d i n t r o d u c t i w o f t h a t o n t o t h c ~ w c w o r c l r m b l e t o ~ a  

~ o f s n y ~ f t h c ~ i d ~ c s u p o n t h c w h i t c t l i ~ ~  WeohCaiacdasmall 

culture after onc generation, but that also died out and m s c u d  garaation was 

~ y e s t a b l i s b c d ~ f o r c , p e n d i n g ~ i n t r o d u c t i m w l e d c c i d e d t ~ 3 t a r l  

workiagwiththel~EDnmr&randEsophicl,whi&arr~thoscinU@(if 

In% conspcific). 

Prcdataswaenotimportedsincc 1.worlronthcarishinginsstswastoo~ve 

and 2. tbe Comnrio sp. that wc intended to import became a me insect in Uganda 

A final attempt to collect &d Comvmrirr was made in thc sphg of 1996 but 

did not result in the cstablkhment of a culture. 
Second Yeu: 

a Attractionstdies 

Experimen*iimhKkd 



i. Attraction of B. tabaci to sweet potato vs. cassava (Ebwatereka [=tereka]) 

ii. Attraction of E. mundur to sweet potato vs cassava (tereka) and to sweet potato vs. 

cssava (SS4). 

Methods: A 4 arms olfactometer was used (with two arms closed). Each arm was 

connected to a vacuum pump and to three bottles. The fust held water to retain 

humidity; the second held the tested leaf (sweet potato or cassava); and the third was 

used as a trap to catch the foraging wasp or the whitefly see diagram in (Vet.. ..) 

Rcsdk. More individuals of both B. tabaci and E. mu& were found on the Tereka 

variety of cassava than on the sweet potato (Fig. 2&3), whereas no difference was 

found in the numbers of E. n n m h  individuals using SS4 and Tereka (Fig 4). 

- 
Cauava (Wreka) Sweet potsto 1 

i 

cn~sava (tereka) .met potato 
I 

plant I 
I 

, 

plant 

Figure 3: Number of E. mu& athacted to cassava (tereka) vs. sweetpotato. 

. 

I Cassava (SS4) Sweet potato 

Figure 2: Number of B. tabaci attracted to cassava (tereka) vs. sweetpotato. 

plant 

Figure 4: Number of E. mundur attracted to cassava (SS4) vs. sweetpotato. 



b. Limding preference of B. tabaci on cassava' tmka vs. S& 

Mtthods: In orda to daermine which cassava variety (taelra w SS4) h pcfand fix 

landing by B. tabmi adults, two leaves were each placed in a separate vial with water 

in a tall cylinder and ca 200 B. tabmi adults wac r t l d  into tk top of tk 

cylinder. The number of whitefly adults on each plant wxj at 10 minute intervals. 

Results As time prognsscd the number of B. tab& slowly d q p d  until it I d  

steadiedaftaanhour.FcwaB. rabodlsndcdontkSS4thanontktacLa(~5). 

F i p  5: Numba of B. tabnn' landing on S& vs. ET (tadra) leaves mry 10 minutes 

for a paid of two horn 

c. Oviposition p f a m c e  of B. tabaci on sweet potato leaves of di&rmb sges 

Methods: Leaves on a branch wac clsssified by q m follows: tk old&, bomrm 

leaf, was mrmbaed 1 while tk top, prmgeJt leaf- marlced 5 or 6 (according to tk 

number of l a m s  pa branch). All branches wac lrep in water and wac atposrd to 

whitcf ly~for48ho~attawhichthtadultswacraaovcd~maqpircltor.  

Whitcflycggsandnymphpwaccolmtedmrytwo-folrrdaysoneachlcaf. 

Raults B. tabmilaidonicav*i4and5/6hmtkbottom[i.e.tktopmostand 

second leaves born tk top, ( F i p  611. 



1 1 2 3 4 6 

leaf number 

Figure 6: Number of eggs per leaf after 4 days of exposure to B. tabaci adults. 

d. Developmental time of B. tabaci stages on sweet potato leaves of different ages. 

Methods: Developmental time of the different B..tabaci stages on sweet potato leaves 

was examined by counting the numbers of each stage every two days. We checked 

and compared leaves of different ages on two populations of sweet potato: our field 

population, and a virus f k  population obtained fiom tissue culture through the 

courtesy of Rosh Hanikra Industries, Israel. 

Reaulta: 

We found some differences in the oviposition patterns between the two sweet potato 

variants (figures 6 and 7). Differences in development duration and survival were 

found between the leaves of single branches (diierent leaf ages). However this 

difference was strongly heterogenous between branches which made their analysis 

difiicult (figures 7 and 8). 

1 2 3 4 5 

leaf age 

Figure 7: Number of eggs on virus-free leaves after 4 days of exposure to B. tabaci 

adults. 



Figure 8: Number of diffaent stages 8 days afta oviposition by B. rrrboci adults on 

sweet potatoes obtained h m  thc field 

old, with thc seme numbcn of leaves, afat used in adcr to c k k  thc rdation 

bawten oviposition of B. rrrboci and plant age. 'lbc di&rent plantP wm exposed to 

R m u h  'Ibe number of eggs laid by B. rcrbon' - h i g h  on thc oldest p b  (Fig. 



month 2 month 2 5  month 

Figure 10: Number of eggs oviposited on sweet potato of different ages 

Third Year: 

a Attraction studies 

Following the previous y&s results on attractiop studies, we now added several new 

combinations in order to determine preference by the whitefly and the wasps. 

Methods: See methodology on olfactometry described previously (second year). 

Rcsulb: The following table summarizes all the results on the olfactory tests: 

ET-tereka; s.p. = sweet potato 

b. Effectiveness of sweet potato as a banker plant for E. sophia. 

In order to assess the effectiveness of sweet potato as a banker plant, the activity of 

the emerging parasitoids was checked at different distances from the source plant and 

under different conditions. Parameters tested included dispersal of adult from the 

source plants, and parasitism on plants at different distances without interference 

(masking by the closer plants) vs. with interference. 

b.1. Dis~ersal of m i t o i d s  from banker plants. 

Mdhods: Sticky traps were located at different distances from the source plant and 

adult parasitoids were counted 3 days after their emergence. 



Figure 11: Adults of E sophia caught on sticky traps at diffaent distlnas bm a 

source plaat (average + SE, ANOVA, ns). - 

&!!as 
MetBods:Fourtargaplsnts~withinstar2-4B. labnn'oymphP@r ... .. 

age), were I d  at di&rcat distances ken a p&tized swat potato s o n  phnt 

Tbetargdplantswereldatdi&reatangl*lbmtbcplmhtoprrmttbcir 

masking each other and enabling tbc parasitoid.9 to have dirst acecss to each at tbc 

differrnt- Appron lOdaysIster,tbcwhitcfly nympbsontbctargdplmh 

were chedrcd hr signs of pmmitization 

Rgplhl: Significantly di&reat parasitisn was f d  only bctwm tbc aad 

Figure 12:Numberofwhikfly p l p a c p a d h d b y E  sophiaintargdplantsat 

different dkhmes h m  s o n  plant witbout masking interf- (average + SE, 



c. Parasitism at different distances from source plant with masking interfering plants. 

Methods Three target plants were located consecutively at different distances from 

the source plant. Parasitism was assessed and compared between the three target 

plants. The plants were arranged so that the closer plants masked the more distant 

ones from the release source. 

Results: A significant difference was found between the plants. The fitst plant in the 

target row was parasitized at a higher level than the two others (Fig. 13) indicating 

that masking the more distant plants may have an additional effect to that experienced 

by the more frequently parasitized plant seen in experiment a2. 

Figure 13: Number of whitefly pupae parasitized by En. sophia on target plants at 

different distances from source plant while experiencing interference (average + SE, 

ANOVA, FO.01) 

d. In order to assess the best c o m b i i o n  of banker-target plant we tested the effects 

of two other plant characters on parasitization: leaf hairiness and host density. As 

known from the literature, these parameters may influence the optimal application of 

the biocontrol agent for both the banker and target plants. 

d.1 Influence of leaf hairiness on ~arasitism 

Methods: Eight cabbage plants, 4 glabrous and 4 artificially haired, were exposed to 

whitefly adults for oviposition. The artificial layer of hairs was produced on glabrous 

cabbage leaves by spreading finely cut lint fiber on the surface of the leaves using a 

delicate brush. Atter reaching third instar the plants were located around a sweet 

potato plant carrying parasitized nymphs in alternated positions. Numbers of 

parasitized nymphs in the different cabbage plants were counted. 

Resulk Parasitism was significantly higher on the non-hairy plants. 



F i p  1 4 : N ~ o f w h i t c f i y p r p a e ~ t i p d b y G  sophiointtmgdplenLPwith 

diffemd lean hairin*ls (avaege + SE, t-tcsf ~ 4 . 0 1 )  

a. Relation of host dcMilv to m h s m .  
. . 

Methods: Sweet potato leaves infested &raboo'nyrmphsatdi&remdensity 

l m l s  (nymphs per leaf) wwe Qcposcd to f b d e s  of EKmsia sophia fu 24 hn. Tbc 

n w n b e r o f ~ t i p d n y m p b s ~ t k p u p r w s t a g c w a s d  FoUowing 

earlier studies by Galing and Fried (1997) and Shimmn a al 1992 we rmd low 

numbem of R toboci on the leaves in tk Imowicdgc that d y  no 1 

rcspousc is observed ad high dendies. 

Redtax n o r e l a t i ~ w a s f d b c t w e c a t k b o s t d e n s i t y v a l ~ ~ a n d t k ~ o f  

~ ~ 0 f t k r e l a t i a a P h i p s t u d i e s :  

O I l r ~ ~ t o l r p ~ a s a i e s o f L a b o ~ a n d f i c I d m c t h o d s i n a Q t o e s b M i s b  

criteria thet would help in a sc sbg  tk dability of plants m baakcr p h  

T b c l a b o r e t o r y m d b o d s w a c ~ ~ ~ t k n i s t i v c a t t r a c t i o a o f t h e  

~ e s a n d ~ ~ i t o i n f e s t a l a n d u n i n f c s t c d p ~ ( b o t h b a a k c r p l m t r  

and cassava), ~cemming that tk 6ndings wwld also indicate tk mat ocau in 

tkf ie ldSiwewaenotsucceyful inreariog~numbasoftkwhit4y 

b i ~ w b i c h o c a n s i a I s r a c l o n t k e a s s a v a , ~ ~ o p r s h d i e s o n s w a t  

potatocsasabankaphtandeabbageastk maincrop-tk latmwascboscnsincc, 

similar to cassava, it is 8 host to abmdant wbitclly popuhtions. 

Consequenty, tk rcsuhs, &which did indicate dcfimitc di&rrnccs between 

the plants, (whether infested or not by tk tested orgmkms), could not be laed in tk 

field, but did o& an appropriate tcd of tk methodology that d d  be lDsd fu 



determining plant suitability to the pest and its natural enemies, and therefore provide 

a suitable tool for plant breeders. 

The tests also included examination of the oviposition pattern of the whiteflies on 

sweet potatoes and showed that B. tabaci laid the most eggs on the topmost and 

second leaves h m  the top. Moreover, different oviposition patterns were found on 

field and tissue culture reared sweetpotatoes. Although these findings are not of use 

in themselves, they do indicate that caution must be exercised when making 

generalizations about whitefly behavior. 

Testing parasitism, we found, as expected, that the closer the plants were to the 

parasitoid source, the higher the percentage. However, it appears that two effects play 

a role here: the proximity to the source, and the masking of the more distant plants by 

the closer ones. Thus certain crop heists and planting patterns might be more 

beneficial or less so to parasitoid dispersal. 

6. IMPACT RELEVANCE AND TECHNOLOGY TRANSE"ER 

We interacted with Makerere University, undertaking the formal training of two 

students, Mr. 0th for his PhD. and Mr. Assimwe for his M.Sc. studies as well as the 

trainiqg of numerous technical workers. The studies in Uganda, all of which were 

carried out by local personnel, included learning the most upto-date technology, 

involving behavioral and ecological field and laboratory studies. These and the 

courses taught voluntarily by Prof. Gerliing at Makerere university all brought about 

an extensive transfer of knowledge and methodology pertaining to pest management 

in its most modern and sophisticated form. The results of these efforts can already be 

seen in the resent employment of Mr. 0 t h  as an entomologist for the National 

Agricultural Research Organization in Uganda, and have also enabled Mr. Assimwe 

to apply for his Ph.D. studies. As mentioned in the 'future studies' section, the 

information and technologies gained in our research may form the basis for eventual 

new directions in plant-breeding processes, pending financial investment and 

expimentation with more cassava varieties and whitefly and enemy-related traits. 
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8. PROJECT PRODUCIWITY 

The original goal of using sweet potatoes as an interc~~ps by exploiting the fact that 

this plant crop harbors B. tabaci but is not severely damaged by it on the one hand, 

while harboring natural enemies that may help reduce the pest on cassava on the 

other, did not proved to be feasible on two account: 1. the very low whitefly 

populations on the sweet potatoes do not support enough enemies to make a 

W m c e  in the cassava field; and 2. such intercropping has a negative effect on 

cassava, lowering the crop production of the latter (see results of the intercropping 

expeximents above). 

The present work nonetheless established at least two important findings: a a detailed 

knowledge of the elements and interrelationships pertaining to the cassava whitefly 

situation in Uganda; and b. the suitability of observational methods for determining 

the detailed interrelationships between the plant, whitefly and natural enemies. These 

two findings may form the basis for tinther studies, both on the field conditions 

relating to cassava culhue, and on ways of lowering their ~pulat ions through plant 

and natural enemy manipulation in the fuhue. 

9. FUTURE WORK 

Considering the findings listed under ''project productivity", a proposal for a 

continuation of the CDR-financed effort was submitted, utilizing these findings for 

fuaher development of healthy cassava plantings in East Aflica Due to the 

discontinuing of the CDR projecf these were not materialized. The plans, which call 

for establishing criteria that will enable the cassava M e n  to develop plants that an 

more suitable for natural enemy activity while being more unfavorable to whitefly 

development , can be adopted by any scientific entity. 
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Abstract 

Monthly visits were made from November 2003 to December 2004 to Bulisa 

(Masindi district), Busukuma (Wakiso district) and Lyantonde (Rakai district) to 

assess the level of infestation of whitefly and its natural enemies on cassava, crops 

intercropped with cassava, and weeds within and around cassava fields or crops. The 

results showed the occurrence of three parasitoid species; Eretmocerus m u d ,  

Encmsia sophia and an undescribed black-headed species of Encarsia (all 

Hymenoptera: Aphelinidae) at all the locations. Er. mundus was the most abundant 

followed by En sophin, and the relatively rare black-headed Encmsia in all the 

locations. Parasitism was highest at Busukuma (41.7%), followed by Bulisa (37.2 %) 

and Lyantonde (32.2 %). Parasitoids were also recorded from sweet potato, 

Commelim sp., Melhania sp., Bidem sp.. and Euphorbia sp. Predators of B. tabaci 

recorded on cassava included. ants, predatory beeties, spiders, lacewings, hoverfly 

larvae and predatory bugs. No component crops or weeds harboured high populations 

of whitefly and its natural enemies. This paper discusses the implications of the 

findings on the management of B. tabaci on cassava 

Introduction: Among the natural enemies of whiteflies, aphelinid parasitoids have, 

for a long time, been used in the biological control of whiteflies in agricultural crops. 

For instance, Erehocerus debachi Rose and Rosen has been used to control 

Pmabemisia myricae (Kuwana) on citrus in California (Rose and Debach, 1992), in 

Israel ( S w i d i  et al., 1998) and in Turkey (Sengonca et d., 1998). Similarly, 

Encmsia inaron (Walker) has been used to control Siphonimcsphillyreae (Haliday) in 

the US (Gerling et al., 2004), wide E. eremicus Rose and Zoherowich and 

Eretmocerus m& Mercet are used to control whitefly in penhouses (Rose and 

Zoherowich, 1997; Hoddle and van Driesche, 1999). 

There are numerous reported predators of B. tabaci, but these are often limited to 

laboratory observations and qualitative field data (for review see Gerlig et al. 

(2001)). Moreover, biological control potential has only been examined with 

Delphashu catdime and Serangiumparcesetosum (Coccinellidae), Macrolophus 

caliginosus (Miridae), Chrysoperla carnea and C. nrfiabris (Chrysopidae) ( M i g  

et al., 2001). 

For Afiica, there are few reports on the natural enemies of B. tabaci on cassava, most 

of which give qualitative information (Robertson, 1985; Nyirenda et d, 1993; 
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E mrmriLsendL sophi4variedbetweenlocatiom,wbils~wasrardy 

observed (0th. 2002; Otim et d., 2005). The above shuii*~ did mt cow prrdatas 

of B. tubaci end thc possible alternate hwts of B. taboci. The rcpoacd was 

tbaeforccoaductedtoasscosthc~ofB. t 4 b o c i e n d i t s l r e h w l d o n  

cassava,cropsgrowninassocidonwith&vaand~inadrmwmd~va 

crop or fidds 'Zhe specific objectives wuc: to asscos thc level of inksmion of 

cassavaby B. t u b a c i e n d i ~ l r e h w l ~ ~ i n s e l e d c d ~ c t J o f U ~ ~ ~  

times of the year end ii) to d c b m k  whctha crop grown in &xiation with cassava 

dweedsinandar01mdcassavafieldshrubourR t4bon'enditslrehwlarcmia 

M8tai.IdmctLodr 

'Zhestudywsscoodudcdinthrrc&~ofUsandqineechdi~oocsubcolmty 

wns selected for thc survey; t k c  wae Bulisa, Lyantondc end WIsuhrma sub- 

~*IinMasindiRakaiendLysntoadedishids,rcspbctively.~subcounty 

~visitcdoaccam~llthfortwc~months,ataparhen~was~pmMem 

(Tablel). In eech ~ u u l y ,  five cassava fields of thrrc to six mwrths old wac 

sampledtoaverrrthcabuodanceofRt4bociditslrehwlcPrmies~&end 

~ ) . ' Z h e ' ~ h e ~ ~ o f t h r r c t o s i x m o n t b s w a s ~ b e c a u s t h i s  

when cassava is most smqtible to wbitcfly atkk From each field, records wac 

taken on thc age of thc cassava sop, types of intgcmps, dxir t m a n - O g ~  and ratio, 

i n f d o n b y  B. rabociendthcassoeiatcd~memi*1.Forprrdetorcouuts,ten 

cassavaplantswac~scIectedendiospectcd6omtoptobotlomendthc 

numbmofeechpotentialpedetorofB. tubaciwaelecorded Spihwacsmt to  

Dr. AS. D @ p e n a m - S c h ~ ~ ~  of thc bi-cs division of Plaat -011 

Research Institute, Republic of South Afiica, while C&llids were sent to thc 

Unitcd States Department of Agriculture for identification 



For pamsitoids, the aforementioned plants were examined and six leaves per plant, 

beginning with the first red-eyed nymph-bearing leaf, were picked, put in a cool box, 

and taken to the laboratory. While in the laboratory, the leaves were kept in paper 

bags at 4 O C  until observations could be made. For each cassava leaf, a sub-sample of 

three leatlets, which comprised the middle leaflet and next but one leatlets on either 

side of the middle leaflet, was picked. Each leaflet was examined for whitefly 

presence under a stereoscopic microscope and the numbers of healthy and parasitized 

fourth instar nymphs were recorded. In total, eighteen cassava leaflets were observed 

per plant After the observations, ledets were put in emergence bottles or cages and 

kept at mom tern* to allow parasitoids to emerge. Emerged parasitoids were 

identified using identification guides (Polaszek et a(., 1992, SchauR, el al., 1996 and 

Rose and Zoherowich, 1997) and kept in 70% ethanol. Samples were sent to Tel 

Aviv University to confirm their identity, while voucher specimens were deposited at 

Namulonge Agricultural and Animal Production Research Institute. 

In order to assess infestation on crops grown in association with'cassava, and weeds 

within a d  around cassava fields, twenty of each component crop or weed were 

inspected for the presence of whitefly and associated n a n d  enemies. For infestation 

on sweetpotato and coffee, two vines per hill or two accessible branches per tree were 

randomly selected for inspestion. Infestation on bean, cotton and cowpea was 

assessed by examining all the leaves of the twenty plants. Similarly, infestation on 

weeds was performed by examining ten plants per garden, and an additional ten plants 

outside the garden. Where infestations occurred, nymphs and natural enemies were 

counted and recorded h m  all the leaves of the selected plants. Where the weed could 

not be identified, a weed plant was picked and taken to the Makerere University 

Herbaim for identification. The data on weeds were summed together for both 

within garden and outside-the-garden infestation. Data were also collected on relative 

humidity, temperature, and rainfall in the different locations and were used to 

examine the relationships between B. tabaci and its natural enemies with weather 

m e t e r s .  

Data a ~ l y s i s  

The data on numbers of nymphs and predators on cassava were subjected to square 

root transformation, while that on percent parasitism and relative abundance were 

transformed using arcsine square root and analysed using General treatment structure 

nf Cinstat Release 3.2 &awes Aericultud Trust - IACR-Rothamsted). Data were 



d o r m e d  when the assuqtions of m d t y  and homogmeity of variamx were 

not f&lled (Mead et d.. 2003). 'Ihc trw&ucnt terms aa subcwmy u d  samphig 

dates, while the depmdent vsriables were numbers of nymphs d pmdams, dative 

~ o f ~ t o i d s a n d p a n t p e r a s i h  Cropagednumbasofnyqhs 

wercusedwco~ Cropagewrr,usedwacovarieteintbeadwofnymph 

numben, whilst in tbe d y s i s  of numbem of pdatom mlatiw abrmdara of 

padtoids d pacent parasitism,bothcrop~dnumbcnofnymphswcnrrred 

asco ~~thewvarksmucsignifIcant,mcmsaadjdjlsmlfa 

c o ~ w h a e e s i n c a s e s w b u e t h e c o V a r i a t e m m t s i ~ ~ r m a d j d  

mesnsercprcscntod.Relatiwab\mdanamcalc~foreach~idspacks 

basedonthcdifferadiated@toi&darpessedaaaofthctDsal 

number of &toids of each species to the total nutuber of di&rmtieoed p m s h i i  

PamitismwasestimaSedbyapressinsthcnumkof~nympbasa 

propodon of total nymphs, which was calculated as a sum of pllrapitipd and 

~ ~ n y m p b s . T h i s ~ o f e s t i m a t i n g p e r a s i t i s m w a s ~ b c c r u r r c i t  

d o w s f o r a b i g g c r n l l m k r o f s a m p I ~ ~ t o b e ~ ~ a J b o r t t i m c , d i t w r r s  

hypo&&dthatby s s m p l i n g f o r n t h ~ m o s t o f ~ p a s i t h d n y l n p b r ~  

have sbown signs of p e r a s i t i s m . A U ~ c a l ~ e r c b a s e d m t k  

haa&od values of tbc different panmretas. Data on whitefly mi aad enany 

counIsoncompomntcro~andwads~prcsmtedas~bit i indata~ofthc 

w e ~ o f t k ~ o o b o t h m e d s , d a o p ~ i n O a c r o p p a l a r i t h c s r n n  

Ramm 
. . va 

'IbcnumbasofnymphsofB.taboeirangcd~&1581,0.3375.d0693pcr 18 

leafle at Bulisa, Busukuma d Lymtonde. respactively. 'Ibc mcgl numbas of 

nymphs varied significantly @<0.001) bctwan thc lomiom; tk bigbcst rmmbcrs 

occurred at Busukuma (187.9 * 16.4) n* per 18 leaflets), followed by Wllisl 

(106.1 i 6.7) d Lyantonde (47.4 * 3.0). 

Signifiamt (p4.001) variaiiolr~ occlnnd in tbc numbas of R. loboci nymphs 

betwaasampliagdrdoatdtheldons (Fig. 1);AtBulisqnymphnumbas 

increased &om November 2003 and peaked in Decanber 2004 a d  g d u d y  declined 



Lyantonde, there was a gradual increase in numbers of nymphs from December 2003 

to a peak in April 2004 and another peak in July 2004 (Fig. 1). 

The numbers of nymphs were highest at three, four-five and five months after 

planting at Bulisa, Busukuma and Lyantonde, respectively (Fig. 2). Numbers of 

nymphs reduced with crop age at Bulisa (P4.001; weff. = -1.99; SE = 0.2), whilst 

there was no relationship between the two at Busukuma and Lyantonde. 

Abundance & o 

Erehmcerus mu&, E. sophia and an undescribed Encmsia sp. (hereafter referred to 

as Encarsia?) were recovered from B. tabaci on cassava (Fig. 3). Erehocerus 

mundus and E. sophia were present in all the locations throughout the year, while 

Encmsia? was rate at all locations. Erehnocem rnundus was the most abundant 

parasitoid species at all the locations, followed by E. sophia and Encarsia? and lastly 

Enemsw?. Erehocerus mundus nqmsented 68.2 i 1.4 %, 61.8 i 1.3 %and 72 * 1.6 

% of the total parasitoids at Bulisa, Busukuma and Lyantonde, kspectively. The 

abundance values for E. iophia were 29.5 i 1.4 %, 32.8 i 1.2 % and 27.8 1.6 % at 

Bulisa, Busukuma and Lyantonde, respectively. Encarsia? accounted for 2.4 * 0.4 %, 

5.4 * 0.5 %and 0.2 * 0.1 % of the pamitoids at Bulisa, Busukuma and Lyantonde, 

respciively. O v d ,  E. mundus was more abundant than E. sophia, which was in 

turn more abundant than Encmsia? on most sampling dates at all locations (Fig. 3). 

There was an inverse relationship between the abundance of E. mundus and E. sophia 

in all locations. 

The relationship between the abundance of parasitoids with crop phenology was not 

consistent across locations (Fig. 4). Whereas there was no significant relationship 

between abundance of E. mundus and crop age at both Bulisa and Lyantonde, a 

positive linear relationship was observed between its abundance and crop age at 

Busukuma (P = 0.005 ; coeff. = 3.3; SE = 1.16). 

The abundance of E. mu& increased with increase in nymph numbers at Bulisa 

(PG.001; coeff. = 0.83; SE = 0.2), while the converse was observed at Lyantonde (P 

= 0.01 8; coeff. = 6.53; SE = 0.2) and there was no relationship between the 

abundance of E. mu& and numbers of nymphs at Busukuma The relationship 

between the abundance of E. sophia and crop age was significant only at Busukuma, 

where the abundance of E. sophia decreased with crop age (P = 0.005; coeff. = 3.3; 

SE = 1.2). 



PmnsitinmmugedhmO - 100Katall tklocatiom,end~signifiesntfy 

~.001)ktwanlocations;thchighcstmeanparasitismws9obsavedat~ 

(41 -7 * 1.2 %), followed by Bulisa (372 f 1.1 %) and lowest at Lyantmd~ (322 a 

1 3  %).Thcrcmsignifi~~~mparasitismbawrmssmplingdstaatall 

locations(Fig. 5).Peakp1~1occMedmMarch2004atall~locstions.and 

& i n h m e 2 0 0 4 e n d J u l y 2 0 0 4 a t L ~ d B ~ ~ ~ ~ 5 ) .  

Covariate analysis did not reveal m y  significant  lat ti ion ship bctwcco perceat 

p r a a s i t i S m e n d c r o p a g c a t ~ a n d L ~ n d c . A t B ~ ~ ~ ~  

increased with iarrease in flop age (P = 0.01 1; cod.  = 2.9; SE = 1.14) (Fii 6). A 

negative relationship was f u d  between pacem pinasitism and numben of 

at Bulisa (P < 0.001; cod.  = 4.67; SE = 0.143), brp mm at botb Buukuma end 

L*. 

Redaton of B. tab& on cassava 

The predators reauded in cassava fields included: Wes (~rra&wn sp.), duay and 

~ l a c e w i n g ~ ~ ~ . p r a f a t o r y b u g s ( - s p . ) , s P i ~ ~ d s e n d s u g r a -  

~ a b I e 2 ) . ~ s p i d a s a n d ~ s p . w c r e b y ~ t k m o s t c o a m r o n ~  

found in casava fields, whilst prrdetary bugs and Jyrphids we= rarely 

RCOrdCd 

A ~ ~ o b s a n d t o c a r r ) . w h i ~ y ~ a n d n y m p h s . T b e n u m b a s o f a n t s p a  

plantranged ktween0-29,673 endfh15at Bulisa, BusukumaendLyar&n&, 

@veIy, end varied signifidy (P43.001) bawcm 1 4 -  More amp wat 

recoded at Busuhnna (2.3 0 3  pa plant), f b b d  by Bulisa (0.6 * 0.1 pa plent) 

andl~atL~ndc(O2*0.1paplant).Tbenrrmbasof~raricd~ 

(P 43.001) betahen ssmpling debts at 1 tk locations (Fig. 7). but rrciucad 

significantly with crop agc at Bulisa (P = 0.05; d. = 4.025; SE = 0.023) and not in 

tkotherlocatioos. 

The numbers of ants was positively r c k d  to the numbas of B. labri n).lllphs at 

Bulisa (P = 0.W; auff. = 0.009; SE = 0.004). whilst no signi6cant r c l h n s h p  

cxiskd between I& nmnbcR of aah and numbas of ny~nphs at tbc otha two sites 

B o t h ~ d l a r v e c o f ~ s p . f c d o n B . t a b & n y m p h n T h e m m r b a s o f  

Serangium sp. observed at the locations renged bmvccn 0-20 p a  plant, 6 1  1 end 0-4 

at B* Busuhmra and Lyacitond5 nspctively, and avaagd 0.4 f 0.1.0.09 0.03 

and 0.01 0.01 pa plant in thc nspectin 1- The numbers of SrmrrgitPn sp. 



varied significantly between sampling dates at Bulisa (P <0.00 1) and Busukuma (P = 

0.021) and not at Lyantonde (P > 0.05) (Fig. 3.7). 

There was a negative relationship between the numbers of predatory beetles and crop 

age at Bulisa (P = 0.01 1; coeff. = -0.006; SE = 0.02), a positive one at Busukuma (P = 

0.021; coeff. = 0.018; SE = 0.001) and none at Lyantonde (P > 0.05). A covariate 

analysis on the relationship between the numbers of predatory beetles and numbers of 

nymphs revealed positive relationship at both Bulisa (P <0.001; coeff. = 0.017; SE = 

0.003) and Busukuma (P <0.001; coeff. = 0.004; SE = 0.001) and no relationship at 

Lyantonde (P > 0.05). 

Spiders observed were either web spinners or hunters belonging to twelve species in 

six families (Table 2); B. tabaci was found trapped spider webs, while in a few cases 

hunters were observed carrying B. tabaci adults and nymphs in their mouths. The 

numbers of spiders per plant ranged between 0-3,O-16 and 0-7 at Bulisa, Busukuma 

and Lyantonde, respectively. They averaged 0.3 spiddplant at each location (p= 

0.220) and their numbers varied significantly (P = 0.001) behveen sampling dates 

only in Bulisa and Lyantonde but not at Busukuma (Fig. 6). Further, the analysis did 

not reveal any significant relationship between the numbers of spiders with crop age 

or numbers of nymphs at all the locations (Fig. 7). 

T s h e  d a t i o n  

with cassava 

Ofthe crops grown in association with cassava, adult whiteflies were found on 

cowpea and cotton at Bulisa, beans and sweetpotato at Busukuma and Lyantonde 

(Table 3). Healthy and parasitized nymphs of whitefly were only recorded on sweet 

potato at Lyantonde. Ants were recorded on cowpea at Bulisa, whilst Serangium sp. 

was recorded on cotton and coffee at Bulisa and Busukuma, respectively. 

T h T h  

cassava gardens at the diierent sites 

Ageratum sp., Bi&m sp., Cornmel i~ sp., Euphorbia sp., L o n t a ~  sp., and Melhania 

sp. growing in and around cassava plots were found to be infested with whitefly adults 

(Table 3,4). The whitefly biotypes were not examined except for the one on Melhania 

sp., which belonged to the okra biotype. The parasitoid, E. mundus was reared fiom 

whiteflv nn f i m m e l i ~  sn. and Melhania sn. at Bulisa from Bidens m.. Cnmmelina 



s p . e n d E p h o r r b i o s p . ( d B ~ e n d o n t p u p a a n r p r r c a r d e d m B i & ~ s p . m  

Lyantoodc. Ettcarsia sophia anrp d from Melhnio sp. at Bulisa 

Re 'onshi ab . . 0 
m- 
W h e n t h c n u m b a s o f n p p h s ~ o f ~ t o i & a n d ~ ~ ) ~  

rtgrrsscd against avaage t=pmtmc 0. dative hutnidity (94) aod rainfirll ( m a  

the abmdawe of E m w d u  related positively with relative humidity at Bulisa (a= - 
156.6; b- 3.1 ; P= 0.023; R= 6 1). while the abundsnct of E sophio related negntively 

with and nMve humidity at the same IocaLim (taqemm: a= 227; b= 

-72, P- 0.039; R=46.1; relati~c humidity: (a; 271.4; b=-32; P 0.017; R= 65.5). 

T b e a b r m d a m r o f ~ s i o ? ~ ~ ~ , p o s i t i v e l y r t W w i t h ~ . T h c r e  

aadrahfauatBuliaaadLyantoode.AtBusuhrma,howcw,perasitisnwas 

negatively related with tcmprahne (a= 422, b= -16.7; P= 0.04, R= 29.4). 

ThisadyhasdemnmkdtbatE danrpmotceb\mdant,hUowdbyE 

s o p h i r r , d a a d a n r p t h e l o l o w * R i n n ~ . T h c r e w r r r s i ~ ~ i n  

numbaPofB.rabociaad~~esbetw#nl~onqsrrandrrop~. 

T b e m o s t c o m m o n p r c d a t o r s f o u n d i n ~ ~ ~ ~ w a c a n 4 ~ s p . ~  

spidas.No~unnpomnteropsorwadsbarbolrrcdhighpopuM~of 

whiteeyandtheirdd~TbembasofEdwacpoaitivebrdatcd 

totempaatlmatBulisn,whilst~related~vclywith~numbasofE 

sophioat Lyantonde. 

The thee parasitoi s@cs m V Q C d  from B. rclbon' had previously been reported 

~Ugsnda(Otim.2002,Otime~d..2005).EncmsiP?minoiwhichwas~found 

i s n u e d w a s d y f o ~ m d a r e ~ ~ p r r v i ~ ~ ( O t i m e t d ~ . 2 ~  

~hnoemuaarndiuiseormnontothcMeditanrnambasin(Galingard,2001)~ 

lrau (Ghahhari and Hatami, 2000). while E s o p h  has been found m lurmaorrr 

countries to be a dominaat paraJitoi of B. rcllkn' (Kqjita et d. 1992; Kapsdia and 

Purj 1990, McAuslanc er d., 1993; Stansly er d, 1997; Otim er d., 2005). 

C o n ~ t o t b c p m r i 0 1 ~ ~ ~ ( O t i m d d . , 2 ~ ~ ) ; ~ m M l i i u a n r p t h c Q m i n s n t  

pamitoid spccies in all loatioap and on most sampling dates. This probably arisa 



from the high fecundity and favourable environmental factors. However, the inverse 

relationship between the abundance of E. mu& and E. sophia may be attributable to 

some form on interspecific competition. 

The inventory of predators observed during this study differs somewhat h m  other 

reports on cassava Whereas the predators observed in this study were ants, spiders, 

predatory beetles, lacewings, predatory bugs and syrphid larvae, shldies in other 

African countries revealed other predators. For instance, Scymw sp. and Semidalis 

sp. were reported on cassava in Malawi, Scolothrips sp., coniopterygid and 

cecidomyiid larvae in Kenya, and Euseius sp., Stethorus jejunus, Holoborus 

pallidicornis, and Scolothrips latipennis in Ivory Coast (Robertson, 1985; Nyirenda et 

al. 1993; Fishpool and Burban, 1994). However, when compared to the list of 

predatom reviewed by Gerling et al. (2001), most of the families of spiders recorded 

in this study were reported, except the families of Miturgidae, Nesticidae and 

Oxyopidae. 

Variations in whitefly numbers have been attributed to seasonal fluctuations in 

parasitoid numbers, relative humidity, temperature, host abundance and host plant 

factors (Hoelmer, 1995,1996), clearly demonstrating that many factors are important 
. . in dehmmmg the population dynamics of whitefly. 

The high numbers of B. tabaci at Bus- may be attributable to the continuous 

cultivation of cassava throughout the year, coupled with presence of improved 

varieties (TME 14 and TME 204) that support heavy populations of B. tabaci. At 

Bulisa, only one cassava variety (Nase 3), which supports a relatively low B. tabaci 

population is widely grown. Unlike at Busukuma and Bulisa where cassava growing 

is continuous throughout the year, eassava growing in Lyantonde is seasonal, and 

local varieties that do not support heavy B. tabaci populations predominate. This may 

explain the low B. tabaci whitefly population there. 

The high numbers of B. tabaci nymphs between three-five months after planting 

might be attributable to a vigorous growth of cassava at this stage providing young, 

protein-rich leaves suitable for feeding and oviposition; similar results were noted by 

other workers (Legg, 1994; Sserubombwe, 1998; Egabu, 2002). Reductions following 

peak B. tabaci populations, mainly beyond five month after planting are attributed to 

the ageing of cassava when most assimilates are diverted for tuberous root formation 

than canopy development (IITA, 1990). 



Thedecrease i n n u m b u s o f a n t s a n d ~ s p . w i t h F m p ~ l o g y a t W l l i s a  

foUod a reduction in numbas of B. tobon' nymphs, whilst thc Lrcrear in nomkrs 

of predatory Wes with crop pheuology at Busukuma followd an incresJe in 

numbas of B. tobon'nymphs The implication tlnefbre is that tbac twlo predatDn 

respond positively to thc abmdmcc of their h. Howcvw, thc numbas of these 

~ I S W ~ C ~ ~ ~ O W , ~ ~ C S S ~ ~ ~ ~  0 n e p e r p ~ O n ~ S l l m d i n p  

dats and diffeRnt mop phonologies, except for ants at Busukuma ( F i i  7 & 8). 

These low numbas may demomtmk thc limited role and thc dBiculty in ascsbg 

the role of predakm in dcbmmq 
. . field pophtiolls of R mbd.  S i  prcdPtors me 

d y  mobile and may bvc alternative food sowcu, it is di5cult to than 

directly to thc numkR of B. &i available. Howper, Naraujo (2001) disamai 

di&rentmahodsthstcanbcusedtoassssttwroleofpredetoffinsuWRssiog R 

tabacipqdatioos,whichincludcamong~imm~~logicaImthodsand~ 

tabIeco~oaDwingthecurrmtsbdy,infonnatiOnwasgstbaedonthc 

pdators but not their impact, but cohort-based liik table shdi& by Asiimm ct d. 

( 2 0 0 6 ) ~ e a l c d ~ t i r m i n ~ ~ t o b c  keymodityfactoron then* 

wbrm compared with pieddon This may suggest that R tabcad is a less @bred 

bostoftbcpIdams. 

WcatheralsoaffectsB.~,withampaahrrcandrclativehumiditybeingthc~ 

importlmt k t o m  iaflucncing whitefly populntim in comra fields in Isacl (Horuwitz 

et d.. 1984). On cas3ava. higha of about 30- 33 "C wac rrporad m 

eacomge faPta development of wihdlies, but with a marLcd nduction -33 

T (Storey. 1936; L.cuschncr, 1978, Dmgcl, 1981; Gold. 1994). S i i ,  Kapadia 

andPuri(1990)andSharafandBat~s(1985 b)foundthatthcdcvdopmtmwbi~of 

EmvnhrandE soplrinwasWathighatcmpretur*l(25&28.9OC)thenat 

lowatrmpwtures(14& 19T),imp1yhgwncga~mtiompa1mittimathigba 

tcmpenmacs Dwing ttw currm study, tha uas m relatiomhip the 

abrmdsnceofd ~ a n d ~ a b r m d a n a w s 9 p o s i t i n l y  relatedwith 

relative humidity at Buliss, suggesting that humidity a&dsd tbc abumhce of E 

lnudu. 

Altbwgh Goldiag (1936) reporad nduced poplatiom of B. tahn' a h  heavy A n  

showem, L.euschoer (1978) d Dengel (1981) reported high populations chniog thc 

rainy season, while Legg (1994) did not find any r e l a t i d p  bctancar B. &abaci 

pqdatiom and rainfall. 'Ibc okrvatioa of Golding (1936) may be 8 U r i i  to thc 



direct mortality of B. tabaci when it is raining. Contrastingly, rains also i n m e  the 

growth rate of plants, thereby increasing the amount of vegetative material that favour 

B. tabaci colonization. This may lead to population build up during the rainy season 

as observed by Leuschner (1978) and Dengel (1981). This makes assessment of the 

overall effect of rain difficult. This study however found no relationship between 

parasitism and the abuudance of parasitoids with rainfall. 

The positive relationship between percent parasitism and crop age at Bulisa may have 

been due to a gradual build up of parasitism as the plants grows older. This is 

consistent with the findings of Otim et al. (2006) and attributable to the fact that B. 

tabaci and its parasitoids migrate &om neighbowing fields and build higher 

populations with time. The observed decrease in F e n t  parasitism with increase in 

nymph numbers is consistent with previous findings (Gerling et al., 1980; Gerling, 

1996; 0 t h  et aJ., 2005,2006); it indicates negative density dependence and is the 

main cause for the parasitoids' inadequacy as controlling factors at the earlier stages 

of cassava growth allowing for the build-up of high B. tabaci n&bers. Nevertheless, 

the high parasitism level; at low host densities would imply that parasitoids could 

complement other control measures that reduce B. tabaci populations, such as the use 

of B. tabaci resistant varieties. 

The present study further &ealed that neither crops nor weeds growing in association 

with cassava support high populations of whitefly. Moreover, while adult whiteflies 

were found on some crops grown together with cassava (Table 3.3), nymphs and 

parasitoids were only recorded on sweetpotato, a factor that might be due to the adult 

whiteflies' mobility rather than theiu readiness to develop on the examined plant 

species. Bemisia tabacj growing on sweetpotato belongs to the sweetpotato biotype, 

which does not reproduce and/or survive on cassava (Legg, 1995; 1996). The E. 

mundus found on sweetpotato may move and parasitize the B. tabaci growing on 

cassava and vice versa Looking fiom the perspective that cassava is heavily attacked, 

the numbers of parasitoids recorded on sweet potato may not be sufficient to impact 

on the whiteflies growing on cassava Nevertheless, intercrops may play other roles in 

determining the population dynamics of B. tabaci such as interfering with the host 

seeking behaviour of B. tabaci and its natural enemies, and provide nectar sources for 

the natulal enemies Since there was a high variability in the plot sizes, density and 

spacing of crops and date of planting of component crops, it was not possible to relate 

R tnhnri 2nd it* nah~ml enemv mnl~lntinna tn the m s m r p  n f  n nnrtic~tlnr crnn T h e  



havebemincO~dtsorrthc int l~of intacropsmB.  rabociandCMD 

(Fargctk & Fauquet, 1988; Elqr & Chiaaka, 2000). For instance, Fargcae and 
Fauquet (1988) reported inconskmt results bdwcm tk popukiom of tk vcetor and 

diseaseinci~whilcEkpeaodChinaLa(2000)notcdsimilarsvaitylcvels 

between a suscejUiblc wsava grown as an intacmp and sole. Otha Qdbas haw 

repoltedlowB. tobocipopulati~ll~andCMDincida*xincassa~intanoppedwith 

cowpea, maiP and grouodnub thsn in sole crop (Ahohurndo & Sarkar, 1995; 

Fondong et d, 2002; OoeLa et al, 2002) and hi* yields in tk intercrop th tk 

sok crop (Oncka et d-, 2002). S i y ,  the n u m b  ofAleawotrochclau d i r  

B o n d a r a n d T d ~ ~ U i r Q u a i m a n a d t h e i r e g g ~ p r l e a f  

dcgeasd in intemoppd cassava tkm in sole cmpIGold, 19W). Tbes nsults show 

the complexity in assessing and making &o about thc mle of intaaops in 

det 
. . 

g B. labaci popdatio and dkas waity. 

Assaid.alsotkd@fodinandarolmdssmpledcassavofiddsdidnot 

support hi& n u m b  of whiteny and their natural enemies (Table 3.4). Sammgi et 

crl. (2005) recorded thc Ugl strain of the cassava B. tabaci biotypc tiom five mn 

cassava plant Species, dl h the Eupkdikox  (b&dot graiovii, kr(ropk, 

~ i e l k r .  Eqhmbia kterophylla, Aspilia glCiupvl and AkImaehw esdemu), 

suggesting that Ugl is not &cad to cassava. a d  b likely to have alternate hosts 

when ausava is not available. This also puses a threat of m p i s k h  and tr . . 

of di&rrnt whitefly tnmsnittcd vinrscl 

IncwclusiosthisudybesdenNmmdthstL~~E~arethcmOQt 

a k m d s n t ~ t o i d ~ w h c r r a r , s r d s . S r r m r g n m , s p . r m d s p i d c r s e n m c ~  

common pdotom The study hss also d e d  that no crop a weed plant plays a 

m s j o r r o l e m m ~ v e b o s t o f R ~ i n m C l d ~ ~ l ~ a w e y e d A U t h e  

obsamions suggest that tbc main infestation sounx of cassava is whitctly m o m  

from 0 t h  cassava fields. 
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1 Table 1. The sampling dates at the different locations 

Location 
Visits Buliaa Busukuma Lyantonde 
1 2511 1/2003 2/12/2003 8/12/2003 

2 28/12/2003 6/1/2004 10/1/2004 

3 24/1/2004 7/2/2004 13/2/2004 

4 3/2/2004 5/3/2004 16/3/2004 

5 27/3/2004 30/3/2004 16/4/2004 

6 27/4/2004 1/5/2004 17/5/2004 

7 4/6/2004 7/6/2004 16/6/2004 

8 28/6/2004 30/612004 14/7/2004 

9 28/7/2004 3W71200 4 18/8/2004 

10 1 1/9/2004 14/9/2004 30/912004 

11 5/10/2004 7/10/2004 26/10/2004 

12 1711 1/2004 2311 1/2004 10/1 212004 

2 



1 Table 2. Predators of B. &aboci sampled &om capsava fields at the diffmnt locations 

2 (November 2003 to Decaaber 2004) 

3 

lrrrtordcn 

~ymeaopan Famieidr Am 
cau%dik .Qranghrp. RtdPDly- 

Hemipar Orim rp. Rcdmybogr 

w= s* w- 
N-w= - rp. -bgL 

sptda 

Araer 'wwf= - rp., W h  

P.Urri0 rp. W h  

W h  - W h  
rrbohmmP - -r~ W h  

U d t k  N b s k d h  w. Web dadls 

Tbsiidr -rp web dadls 
wmw- web d d k  
medim rp. web dadls 

Armddr N ~ m w  rp Webdadls 

-Pi- Web dadls 

Linypbiidrc (ktoorhr- web dadls 
4 



1 Table 3. The numbers of adults and nymphs of whitefly and their natural 

2 enemies on crops found in cassava gardens at the different sites 

3 summed over all plants and sampling dates 

TotalNo. plants No. adult No. nymphs No. E. mwdur Predators 

sampled whitefly 
I I 

pupa'= I I 

Basukuma 

&aas 110 56 0 0 0 

Coffee 60 o 0 o 6 (SE) 

swcapotaro 10 I 0 0 0 

Lyantondc 

Beans 80 15 0 0 0 

Swmpotato 20 8 7 15 0 

4 A = ants, and SE = Serangium sp. 

5 



1 Table 4. Total numberofwhitefly ~ s n d n y m p b p s n d  theirlvlhwlarrmia 

2 o n ~ f d i n d a r o r m d ~ ~ ~ ~ a t t b e d i f f g a d s i o e s s u n m w d o ~ d  

3 plantsend sampling dates i 
T d  No. of Muk w L d  E+ 

P- - PlPc 

L- 
Bic*nr sp. 400 a o 1 O 7m 

Guwlinosp. 320 5 0 0 0 0 

4 *Whiteflyandpaktoi&waedhminfcstedleavclSiaaleavowcrrmtiFcly 

5 wvned with sooty mould A = ants, and SP = spiders 



Figure 1: Mean B. tabaci nymph numbers (* SE) on cassava at Bulisa (A), 

Busukuma (B) and Lyantonde (C) from November 2003 to December 2004 

Figure 2: Mean B. tabaci nymph numbers (* SE) on cassava at Bulisa (-), 

Busukuma (m) and Lyantonde (A) at different crop phenologies 

Figure 3: Species composition and abuudance of B. labaci parasitoids on cassava 

(mean * SE) at Bulisa (A). Busukuma (B) and Lyantonde (C) from November 2003 

to December 2004 

Figure 4: Species composition and ahundance of B. tabaci parasitoids on cassava 

(mean * SE) at Bulisa (A). Busukuma (B) and Lyantonde (C) at different cmp 

phenologies 

Figure 5 :  Mean percent parasitism (* SE) of B. tabaci on cassiva at Bulisa (A), 

Busukuma (B) and Lyantonde (C) ffom November 2003 to December 2004 

Figure 6: Mean percent parasitism (* SE) of B. tabaci on cassava at Bulisa (-), 

Busukuma (m) and Lyantonde (A) at different crop phonologies 

Figure 7: Mean numbers (SE) of ants, Serangium sp. and spiders at Bulisa (A), 

Busukuma (B) and Lyantonde (C) in cassava between November 2003 and 

December 2004 

Figure 8: Variations in mean numbers (* SE) of ants, Serangium sp. and spiders at 

Bulisa (A), Busukuma (B) and Lyantonde (C) in cassava at different crop 

phenologies 
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Figruc 7. Mean numbers (SE) of ants, Srrrmgium sp. and spiders at Bulisa (A), 

Busukuma (B) and Lyantondc (C) in cassnva between Novanba 2003 

and Deaanba 2004 





Ufe-table analyds of mortallly factom affecting 
populations of BemW fabad on cassava in Uganda 



threat to the fum d f c a k b s  of CMD mnml because 
of the abiity of these whitdie to mignte and spread 
CMGs m Jusseytibk rarkcia grown nearby and the 
in& Litdhood of the appanwc of more viruknt 
virus raains thmugb new vitus-vrcm inrcncliom. 

Many of the biolcgid ChMEmi\tiCI of 5. talmci such 
as multiVOltiniun high repdlvctivc nte, brmd host 
range. ability to mignte great dkhmcs, and m3oring of 
plant virusa ham mcrcsvd thc w t y  of dcnloping 
surtliDlblc maqanad o p b m  b r  this pet (Galing h 
&)Us 19%). hlb& of large a mbon' popubti0N 
ham r a i d  the need to obtain iafomtion as to their 
p&k caum and cares Despite major a d v ~ ~ 6  h g  
bemmsdeinudemdhgtbc b i o b g y a n d M u r o f  
B. mbrui and in dndoping p m a n a g e m m t  system, 
t h m  is a n a d  to W o p  a better understanding of the 
bcmna&dagE ~ p o p ~ n ~ o n ~ a u  
One a p p h  is m denlop age-secdfidmbort-hyd life 
&Is of A fdmci under 6cld mnditionr These iaok 
rmdlriog the popuhtion dpamia  of a known number of 
i n ~ o f t h s m e d e d o p m W l s t a g c a n d u i n g t h i s  
inhmation mdctamine the d- md importance of 
the di&rmtmrmlityhrrorraEcaingthc pa Life table 
have pmvioudy bem iwd to study population dpmmii 
of rmng imeua, ~ p e s l s  and thdr n a h d  memie 
(&my, 1989. Cornell'& HawLina 1995; M a al.. 
19% Namjo & mmorrh. 2005). Tbe m t  mldythcrr- 
brc a im m ure a mmpanble a p p d  to ddmnhe the 
mortality hmn affeaing immature 5. mbmi pop&- 
tiom on CMD-mistant wrava in the field. This will 
provide esyntial kkgmund  information for developing 
active rnaMgement o@nr to annu l  rlu h c t  
sups-abundant B. talmci pop&&ms on CMD-mistant 

Y.brldradmumds 

The apetiram6 wue Ware up at Namulonge Agriculnud 
and himi  Plodnciion Rcscarch hsiW+ Kampala, 
Uganda 'Ih CMDrairtant variety, Nau 4 (S8emahrln 
n& 1997). ws planted in twa fields in August and 
No& 2003. E&h 6rld meanrrrd 14x 9m, and 
mndsad of 1% pkak p h b d  in m w  1 m a p r t  The 
r r u d y w r r a n i d o u t m 6 m n h i n o c h M d . w h i c h  
r c p m m m l h a l f o f t h n o r m a l ~ p c r i o d o f ~  

aht- 
T m p k a r r m e r a n d o d y ~ f r o m a c h f i e l d m d  
monthly cohom of both eggs and nymph were 6tab- 
luhod qua*. Cobam of wcrr dated from 
natunllyaublirbed populatiom on the undmjdr of the 

top-molt q a n d c d  plant I d  Eggr uud me freshly laid 
and t h e  me identified by their c m y  white mlour and 
location on the pungcn k a m  at the top of the plant The 
kavawcrerurnedmerandaxlOh~dlmswasuscdto 
locate the w. Using a nontodc fine mrrlcr. a drck was 
dnwn m u d  each relacd egg. M other eggr on the leaf 
were removed by gently rubbing them off the underside 
of thc leaf with the edge of a aft paper. This o l s u d  rhat 
mry lnfchoscn d y  ~maincd with a spcdhc number of 
~ d o f w h i c h h a d b e m m a r l u d A ~ e l e a f w a s u u d  - - 
per plant and 10-20 eggs were marked depending on 
the populationr on the plant at the time of marking A 
sad h b d  tag was tied amund the petiole of the& 
bearing the marked qga. 

Smlcd first-imar nymphs mrc identified and mulvd 
on sapante feam and plan@.'Ihe leava andnymphs were 
mulvd uing the same procedure as above. W e d  fim- 
iostar nymphs were idenfirid by their translucmt mlour, 
d s & ,  and characteristic ovoid shape. MarM nymphs 
wcrrmiritedaftnlhtoensurrrhatthqhadsatld~ 
nymph that bad crawled out of the circle was rep lad  by 
marking another one. A minimum of 30 nymphs w r c  
marl& per p h t  b r  10 planu, to giv~ a total of 300 
nymph per cohort. 'I~Ic precise number per plant varied 
depending on the vamn and stage of growth of the plant 
but a h p  appnujmatrd 30. M mhons in och plot were 

established on the m e  day, and were markd bmncn 
M00 and ll:00hours. 'Ihe cohorts were aahlished 
monthly for 6 months in each of the plow. 

R h d m u u d ~ h c k  
After cohorts had been stab1irh.d. arh marked egg and 
nymph was obsemd daily using a xlO hand lens. Each 
nymph was o b d  for 30 dya u n h  it died or 
disappucd Thia timc pcriod was s u G e n t  to anow for 
bothadult whitefly and pararitoidemcrgcnce. For the qgs, 
e a c h w a s o b a e d b r a ~ t a l o f 1 5 d s y S s u ~ i n  
ercar of the previously reported average egg hatching 
paiod of 11 dya for B. mbrui on casnara (Legg. 1995). 
Bawd on tbc hehb1Lhmmt of separate whom of eggsand 
nymph* momlity in the crawla stagc is missed and t h u  
is not accounted b r  in in mdy. 
Euh%,theinstarandotraohcarfinymphwcrrrrcorded 

andaepopgoriedaralin,misiidd,pmdatedorpan- 
dtivd A nymph was categorized as'llive'based on iksize 
rhap+andthesymmtrielpositionofm)hemms;prrdation 
obvrnd wr mainly due to suckin& Lsving the nymph, 
unpty and tradurcnt or, in some 6, p d y  empty. 
while parsitism was dis t iq i sbd  by the displacement of 
m p t o m n  or prscnce of plnsitoid h e  in the third or 
pupae within the fourth-instar nymph. A sample of 25 
pPnsjrizEdnymphswasmllaudandbaingonthmahodr 





Gramven (1960) war used to d&b individual s o w  
of m d t y  (k) and therefore total mortality (K) for each 
generation. where k = log number before mortality minus 
log number sftrr mortality, and rrprrme a pmportion of 
the n u m k  dying due to the observed mortality factor. 
The method of Podo1u & Rogers 11975) war then il.ed to - .  . 
auantitatinlv d u a t c  km factors b v d n  individual 

as that awciated with the lar@ regression &mt 
(slope). Ib. method of Smith (1973) war then used to 
darrmine the rrluiv. importance of all facmrs by 
sequu~w eliminating each key facmr W on tbe 
~ n a c l i i c i e n t u n t i l d b u t t h e ~ t w o h c p o r s w m  
&ad Partial life tabla were then mnsrmcted using 
the lbon values 

Sourcrr and levels of morialiy. Partial life tables were 
dweloped for all 12 geutntiona of cw and nymph 
xparatdy with mnsidnable variation in mqid mor- 
tality rate for cub factor mmr all the generadous 
(P<0.001, n =  12). The highest man nte of nurginal 
m o r t a l i t y - d s m g c s w m ~ ~ w i t h ~ m  
(0.30f 0.127) (mean f SE). followed by dislodgement 
(0.29 f 0.039). predation (0.17 f 0.020). invilble eggr 
(0.04 f 0.009). and unknown death being the last (0.03 f 
0.009). Holm-Sidak pairwiv mmparirous (Hochbcq h 
Tamhane, 1987) Rvcacd sigo&cant dBamca bchmn 
dislodgement and the other mortality factors affw 
the egg population (P<0.001, n = 3) but no signikmt 
dif6omce war o b g m d  bawm mornlity due to prcda- 
tion and that due to inviability @bk 2). 

1- 2 O n e - ~ ~ o f ~ ~ ~ o f ~ n m ~ f & m ~  
mbrxicggmd nymph mormitia .nmr 12 gmcrstioru on 
clat~inugrnd. 

- 
Egg la1 lmlat Pnd lnslar ard lneRf 4!h lnnlnr 

.Slag@ 

F @ n  1 Mnn LVCLI of momliq fpnon within mch immsm 
B r m i a i a m b r x i ~ a p d u k d u a , u m s l d g s l ~ ~ ~ t i o n r  
on acdan in Uganda. 

Pooled over all developmental stages, the highest 
mveiapl mortality rate was observed in the fourth inrm 
(0.27 f 0.101) followed ty the eggs (0.18 f 0.119). k t  
(0.16 f 0.0i9) and scmnd instar (0.14 f 0.062). with the 
least in the third inrtv (022 f 0.045). kmy generations 
the highest levelr of mortality were a s d a t e d  with para- 
sitiw dislodgement and unknown Farom ( K p  1 ). T h m  
were no significant differences (P = 0.340, n = 12) in 
nurginal rate of mortality across generations. Pooled over 
all~thcrrwarrignificantvaMdoninthenteofmar- 
ginalmortalityactingon thenymph population (P<0.001, 
n = 4) and pPimise mmparison ( H o l m - S i )  d e d  
signilicant di&cnca (P<0.001. n =4) bcMn all mor- 
tality factors a e p t  bmrrcn predation and dislodgement, 
dislodgement and parasitirm. and parasitism and preda- 
tion (Tabk 2). Basing on the methods of 0 t h  ad. 
(2005). parasitism war mainly due to En& sophi. 
( G i u l t  and Dodd) and Lrtmoceru mundur (Merat), 
which arc the most mmmonly occurring B. &ci pan- 
sitoida in Uganda (0th et al., 2005). A parallel study 
(Asiimm, 2006) showed that predation war mainly due 
to SlmlgIrn spr m. (&I- Cocdnellidre). Pooled 
ow all insran, highest l& of dislodgement wm 
obscmd on the k t  3 daya of the instar, with the numbers 
gradually rkiw until they p d e d  on the third day of a new 
inrtv (Figure 2). 

K q - f m r  amdysk. Using the mahods of Smith ( 1973) and 
~ & ~ ( ~ ~ 5 ) , ~ ~ ~ ~ w a ~ p r 6 o m u d  
to darrmine the Ley facmr for cacb stage.Tb mr carried 
out for all mortality fac~ors in cacb e e .  Raults mealed 
dislodgemmt as the major factor mnm%u!ing to ovaall 
mortality in the egg populations (P<O.Wl. R1= 0.66). 
No other factor m found to s i g n i h t l y  mnm%ute to 
generational mortality in the egg populationi. In the 
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l o b v i q  heavy ninr. S i i .  Avidov & Harpaz (1%9) 
mepled dely3 i n o ~ r n r r r ~ s  O ~ R  * p ~ p h t i o m  in the 
Jordan d k y  lollowing low &tin humidities caused by 
Khamsimt (hot and dry winds). Raulk fmm our mani- 
p h t i n  apuiments  in which the p h k  werc protected 
fmm hear/ nin, d t e d  in dislodgcmmt mta  k t  w e  
not ri@caotly difhrrnt fmm those of unprotected 
plants Considering the othemiv h u r a b k  dimatic &Id 
conditionr in our plots and gkn that the apcrimental 
~dasmarpaimcehighwin&orlugcv+ationsin 
&tin humidity, we nr*d out the e&ct of wcahcr as a 
mapr dStcEy d&dging factor. Whit& dislodgement 
b m e w i n g i n s s n s w r a l s o c o n r i ~ c ~ g t h a t  
hnngium .pc nov. l;ilh ik  host by sucking out in con- 
tmtrandLNingthecorpvonthel4onlysugarants 
wax chewing predaton capable of moving  
nymph3 Fmm the I d  o h w r t i o n r  af sugar ant activity 
on the I d  (hdimw, 2006) s h d  that tby rardy M on 
B. tabaci nymphs prrferrioe to Gcd on honeydm This 
coupLd with the facttbat t h q m  only occuionally sari 

in the Wb, yet dislcdgcmcnt nas consistently high in 
mart generatioar rules them out as a mapr cause of the 
obsemd dislodgement T h w  it appsrr that dislodge- 
ment k rchtcd to Lifc history and/or p ~ l l o g i c a l  h m .  
hr shown in F i  2, most of the dislodgement d 
on the third day of each instar, indicating a pmiiL MUR 
of the newly lormed nymph to rdnva ih Syku into the 
phbcm of the leaf lftcr moulting m shown by Walkm & 
Rrring (19%). lo addition, studis by liang etaL (2001) 
on whitefly host m h t a n v  suggested that resistance is 
condated with epidamal and/or mmphyll fcam tbat 
&%it d i tdh  fmm m d i q  phloem s i m  ekmmk 
explaining that the plant dcnhp a defeocc mechanism 
whereby on rrinsation of the mouth parh, the nymph 
fin& the plant rup d t a b k  and thus sramr and drop 
off&afew+Thismuldhanbeenthe~seinow 
rmdy. 

Our&Rvnledtiutparasitiuninthe6wthinstark 
the mart impormt factor driving nymphrl morality, 
while dislodgement is the key hctor determining egg 
mrrcility. The rrhtiveiy high implaccable mortality fmm 
padam, coupled with padtiun being the kq morta- 
liy factor points to i k  i m p o r m a  in reduciq the nymph 
populstioru This d i k s  h m  previous similar studies 
on B. wherc Horowitz et aL (1984) found morality 
duetodisappclnnceinthefiminavtobethekyhr. 
and themost rrcmt &byNmnp & lllnvorth (2005). 
which lound predation in the bunh  instar as the major 
farme ihs rmdia. b m ,  war mnduded using cotton 
asthehortplanrThedi&moobsandinthisrmdy 
could be due to the diffaat micmmvimnmmt provided 
by canan. A bushy )nar-mund xmipmnnial such m 

caaravd might provide a more h u r a b l e  environment for 
the more specialist natural memies such as paratitoids 
The d i h o  may ban also o w a d  due to aoryrtcm 
miations b m m n  Uganda and Arizona, w h m  their study 
nas carried out lo Uganda, - k gmwn on small 
ploh, which arc n m r  completely free of whitetlia and 
g k n t h a t t h e c s s s s v a ~ c y c k k  lycar,thewhiaes 
arc premt  allyca~ round although the highst populations 
arc observed at 3-4 months aftcr planting. On harvesting 
the cassava, the whitetlia m i p t e  to new cassava p h t s  as 
therc arc no good alternative horh lor the gslavawhiug: 
Ihi, ia in contrastwith the Arizona sy3ten~wha-e cotton has 
a spring and Nmma grcwtb cydc (hEbSep tcmkr ) ,  
followed by a cool fall and winter during which no 
whitefly and pamitoid denlopment occurs. On harvest- 
ing the catton. the whitellies move to other h& plants 
where t h y  develop until a new cotton crop k planted. 
Sucking predators, thou@ obsmed in relafivdy high 
numbers, conmiuted mu& lens to momlity compared to 
dislcdgamnt and parasitism in both theeggs and nymphs. 
This could have been due to the fact that t h m  nas only 
one pmminent sucking p d m r  specia, Semngiurn spec. 
nov. This contrasts with the cotton *ern d m b e d  by 
Naranjo & EUn*orth (2005) whetcup to t h e  spedawerc 
found to contribute signi6cantly to predation 

W k  of this study sem m mmbomte d k  of a 
similar sNdy by Lgg (1995). which found pararitirm in 
tbe fourth instar and dislodgement in the eggs m the kq 

study by- (1995) nas carried out in a pre- 
CMD-cpidnnic situation while this study was carried out 
in the current post-epidemic situation The similarity in 
m u l k  shows the absma of major di6ermca in major 
factorscawhgR mbmimodkyinpre- and*-epidanic 
rituntions. 

The cohort-bYed system coupled with the daily o k -  
vation of & individual in the cohon nas able to give us 
compmhenrin measurements on the n t a  of mortality 
affcctiag this pa The combination of dislodgement and 
natural m a n i a  c a w  most of the morality observed on 
casava in the field Because p&tism k the kq late stage 
r o w  of morality, enhanang the ovrrall effect of para- 
situmkrhemostetfeainwayofincrrasingdgc~- 
tiond morality. Studies by Morris (1957) meaLd that 
adding morality to a factor that k already occurring at 
high levels will ban a greater e&a in reducing genen- 
tional swival than adding it to a low iml factor. lo o w  
cax, addition of mortality to lounh instars and in parti- 
cukr to pvdJitism and dlcdgment at this srage win bring 
about adequate contml or even reduction of thk pat on 
~ p w a  Themlore, &rts aimed at conserving and/or 
mhrnchg th lmls of parasitism at this stage should be 
adopted for casavn.A good option in this case wouldbe to 
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Abstract 

Eretmocerw mundus Me- and Encarsia sophia Girault and Dodd (all Hymenopteta: 

Aphelmidae) are the most abundant parasitoid species attacking Bemisia tabaci (Gennadius) 

(Homoptera: Aleyrodidae) on cassava in Uganda. However, there are no studies of their life 

history parameters. This study therefore aimed at providing the f M  information on the 

development duration, longevity and fertility of these parasitoids on cassava, Manihot esculenta 

Crantz under laboratory conditions. The initial egg count on emergence averaged 35 * 1.54 

(mean * SEM) and 3 * 0.22 eggs per female for E. muridus and E. sophia, respectively. The egg- 

to-adult development duration of E. mundus was 19.6 * 0.1 days and for E. sophia was 17.4 * 
0.1 days. There was no significant difference between the development duration of females (19.7 

* 0.1 days) and males (19.6 * 0.1 days) of E. mundus, whilst the females of E. sophia developed 

ca. two days earlier than their male counterparts. Mean longevity when provided honey was 5.4 

days for E. m& and 6.6 days for E. sophia, whilst the corresponding values, when females 

were provided hosts, averaged 5.5 days and 1 1.3 days, respectively. Average progeny production 

averaged 25.6 offspring for E. mundw and 16.5 for E. sophia. The net reproductive rate of E. 

mu& was 13.1 as opposed to 15.5 for E. sophia. The intrinsic rate of increase was 0.1 for E. 

mundus and 0.105 for E. sophia. Mean generation times were 24.9 and 26.2 days for E. mundus 

and E. sophia, respectively. The results suggest that E. mundw is the most suitable candidate for 

high B. tabaci population control, whilst E. sophia may be effective under low B. tabaci 

populations. The data collected may be of use in future in case parasitoids are to be imported for 

control of B. tabaci on cassava. 

Key words: Aleyrodidae, Aphelmidae, Generation time, Homoptera, Hymenoptera, Intrinsic 
rate of increase, Manihot esculenta, Net reproductive rate 



Introd.ctiom 

Whiteflies &bxk vcgetabk, and qpnomk c q s  throughout the world, md hvc 

causedcnormousdamsgeto meayaopsdmiugthepestccnmry(Galiag. 1990;Gatingad 

Maya, 1996). The whitefly. B e e  foboci (Gaioadius) (Homopar: Akyrodidu) hmsmb 

cassava mosaic geminivhses (CMGs) that cause cassava mosaic disease (CMD) (Bock md 

Woods, 1983). estbtcd to cause annual losses of between 12 and 18 million ~ n c s  of 

in Africa (Jhrcsb ef d. 1997). Besides virus trwsmissi4 high whitefly popllaiom am 

associated with mould on laves, petioles and stam,,'reduetion of leaf size, dista&m of leaf 

shape, d e d  c h l d s  end gwral stunting (Lege ef d, 2003). In ada to A tab& 

and the disease, tbc four wrncrstones of integrated pest maoagancnt (IPM) (bnst p b  

&stance, biological control, cultural control and chemical eontrot) can k aaployed (Hiljc CI 

d.. 2001). To date, b o w ,  control of thc disease hsJ mainly relied on host plant rrsislace. 

without direct attempts to control thc vector. Recent d io Ugaoda has Coansd aa 

identifying the principal paraskids of B. &abaci on cassava and m u k t d h g  tbcir popdath 

dynamics (0th ef al.. 2005; Otim ef d.. 2006). Tbe apbelinid p a d t o i i  htmmxnu nwdw 

M a c e  and Enomsirr sophia Gi l t  and Dodd (Hymeaopaa: A p b c l i )  wae thc most 

abundant parasitoi of Benrisio loboci on cawam io Uganda witb E s+h behg mom 

abundant In a follow up study however. (0th. unpublished) has tha~ E slmmu 

was considerably more abundaat than E sop& in the s m ~  locatioas Maoova, tbes two 

parasibid species do not o&r &qua& control for tbeir B. &abaci hosts (0th. 2002). lhh study 

was tke forc  initiated to investigate thc life h i  pmmctcm of the two -toids, 

specifically the development -on, longevity and fertility of thcs species This would bclp I )  

to gain en umkamdhg  of thc cxtmt to which life history pclramaas influa~lc abundance of 



the parasitoids in the field, and 2) to compare the probabilities that other parasitoids, with 

different life histories might be used for improving biological control of B. tabaci in Uganda. 

Specifically, the study aimed at determining the development duration, longevity and fertility of 

E. mundus and E. sophia attacking B. tabaci on cassava 

Materials and methods 

The experiments were conducted in a laboratory at Makerere University Agricultural Research 

Institute, Kabanyolo (MUARK) (ca. 18 km Ndrth of Kampala at latitude of about O0 28' N, 

longitude 32' 37' W). The area is about 1200 metres above sea level and receives a mean annual 

rainfall of 1270 mm in a bimodal pattern, with peaks in April/May in the first season and 

October/November in the second season. The maximum temperatures rarely exceed 30°C, while 

the minimum do not fall below 15OC. 

Culture of B. tabuci and source of the pamitoids 

The B. tabaci used in the study were obtained fiom colonies raised in a screenhouse at 

WARM. Cassava plants of the variety, Nase 4 were grown in 1-litre buckets containing 

sterilized soil. When the plants reached 4-leaf stage, adults of B. tabaci were introduced to 

initiate colonies. To obtain adults used in initiating the colony, nymphs were collected from 

cassava fields at Namulonge Agricultural and Animal Production Research Institute in 2004 and 

held in emergence bottles. Emerged adults were collected daily and introduced on clean plants in 

the screenhouse. The colony was maintained on cassava under natural fluctuating conditions 

[22.8* 5.4 OC (range, 15.6- 34 OC) and 64 20.2 % r.h (range, 25.3-91.7 %'r.h). 



'Ihe pushids used fw this study were reared 6wn parasitized nymphs colkctcd 6rom the s m e  

fields as the B. taban' nymphs. The parapitoids were collected a few days beforr -ems 

and the parasitized nymphs mwe placed in emeqma b d a  

Pamitoid life h-btoly 

k d o p m c n t  duntion of E mvndvr and E scrphh 

2&30 femaks of E mudus and E mphw (&24 hrs old) wuc caged w leaves of f i ~  p h  

bearing 1W200 thirdl- instar nymphs of B. roboci eech, in a saanbouse unda fluctuating 

c l i c  conditions. The pamitoid females wsc-mnoved after 24 bouq and the whitefly wuc 

held unde-r similar conditions in the laboratory until the pushids pupatd The mm W m b r y  

conditions mwe: Temperatme 24.4 (OC) (range. 19.8-303); Relative humidity 653 96 (moge, 

24.7-87.1). Upon padtoid plrpstion. tbe leaves containing pupae mwe mnovcd 6rom the pbS 

put in &dishes and monitored daily fix subsequent emagarcc. The numbus aud se of the 

emaging pararitoids were dctcnnied daily. Developacat duretioa wa dcdatal fmm tbe 

L-ew 
Longevity was deOamined in the labor;ltory, lmda similar d i  ta the above, fw 

pamitoids maintained on two food sources, h a e y  aud B. roboci nymphs For the hooey 

urpnimaa, the inside of glass vials of size, 7.8 an in length aud 2.3 em in d i i  wuc 

sheaked with hooey and newly anergad ( a 4  hn old) W e  adults of each parmitoid species 

mweplacedindividuallyineachglassvial.Honeywas~wben-,theplussitoids' 

presence mooitored daily until d e d  aud t k i i  loopity F a  loa& wben arpascd 

to nymphs, the survival duration of pamitoids uocd in tbe fa t i l i  expahent was used. 



Initial egg load and fertility of E. mundvs and E. sophiu 

In order to determine the initial egg load on emergence, 50 females of each of the two parasitoid 

species were dissected shortly after emergence (< 24 hours old) and the number of mature eggs 

counted. 

The fertility of E. nnurdus and E. sophia was studied in the laboratory under similar conditions to 

that of the development duration. Parasitoid pupae of either species were collected from the field 

and kept under laboratory conditions in emergence bottles. A newly emerged female (0 - 24 hrs 

old) was confined with a conspecific male in e gelafine capsule for 24 hrs. Thereafter, each 

couple was transferred into an open glass tube (I5 X 5 cm) with a fine insect screen on one side 

and open on the other end. Upon release of the parasitoids, an infested cassava leaflet was 

inserted into the tube, and the tube opening was closed using a round piece of foam. The couples 

were provided with new leaflets every day until the female died. If the male died within the first 

three days, another male was introduced into the glass tube. The leaves were thereafter 

monitored until parasitoid pupation. Upon pupation, leaflets containing pupae were picked and 

placed in petri dishes and the dishes monitored for adult parasitoid emergence. The number and 

sex of the parasitoids were determined daily until no more emergences took place. Parasitoid 

pupae that failed to produce adults were included in the calculation of total fertility. Based on the 

data on development duration, longevity, survival and fertility, age-specific fertility (ma, 

intrinsic rates of increase (r,), net reproductive rates (%) and generation time (T) were 

calculated. Age-specific fertility of the adult females (mJ was expressed as the mean number of 

female progeny produced by a female of age x per day, whilst, intrinsic rates of increase, net 

reproductive rates, and generation time were calculated according to Andrewartha and Birch 

(1954) as follows. 



Data on longevity and Mlii wac s u b j d  to ANOVA, whik dcvtlopolcnt benmen 

species and sexes of w i e s  was andysed using T-smthics (Geastat Diocovay Editioah la . 
calarlaDiag pmgeny n u m b  only ovipositing females wnt conskkd. Data aa +6c 

fertility (man n u m b  of female progeny per ovipositing female) wm p l d  agahst tk of 

females and a regression analysis was p d d  to test the liclz&&ip ktwcca numbas of 

adult pmgeny and longevity for each pmasitoid mies .  

& d t s  

DePdopmut d m n h  of E nurnlYr ud E s@& 

Thac was a sipificant diffamce betweea tk dcKlopmnt dwatioa of tk two -d 

p i e s  ( t ~  = 14.7; FW.001) and bUwccn the kmales and maks of E sqpldo (tI9 = -9.17; 

PQ).001), whilst t k e  was m significant difkmce iadtxelopncnt dlntim benmen tbe xxci 

of E m w n b  (tm = 1 0 3 ,  P = 0.578) (Table I). Encmsio sophi4 dmloped two days errlia 

than E r e m  d. The males of E 90- developed two days bra thaa them farvks 

fkm hosis expad  to females for only 24 hours. Pesk numbas of E d pasitoii 

merging occumd nt 19 d and 20 d for females and males mpcctively, whik peak anwgaxc of 



Mean longevity did not vary significantly @ > 0.05) between females of both species when 

provided with honey; longevity averaged 5.5 0.45 days (mean S E N  (range, 2-13) for E. 

mundus and 6.6 0.57 days (range, 1 - 11) for E. sophia. Longevity was however significantly 

(P<0.001) higher for E. sophia (1 1.3 1.94 days; range, 1-25) than E. mundus (5.5 0.57 days; 

range, I - 12) when hosts were provided. 

Initial egg load and fertility of E. mundus and E. sophia 

Upon emergence, the initial egg count differed significantly (W0.001) between species; E. 

m& had an average of 35 1.54 (n = 50, range, 2-54) mature eggs per female, while E. 

sophia had an average of 3 0.22 (n = 50, range, 0 - 7) eggs per female. 

There were no significant differences (P > 0.432) between the total progeny across species, and 

between female and male progeny of E. mundus. Encmsia sophia however, produced 

significantly (P = 0.012) more females that males (Table 2). Age-specific fertility was higher for 

E. mundus for the first 10 days, averaging ca. 2 daughters per female and gradually declined 

thereafter (Figure 1C). For E. sophia, age-specific fertility ranged For E. sophia the m, averaged 

one female per female per day and oscillated between one and two (Figure I D). 

A regression of fertility on female longevity showed that the longer the female lived, the more 

were the eggs laid (Figure 1 E & F). On average, an ovipositing female E. mundm, lived for 7 

days (range, 2-12 days), whilst those that never laid lived for 3 days (range, 2-6 days). Encarsia 

sophia that laid lived for 13.8 days (range, 2-25), whilst those that never laid lived for 7.4 days 

(range, 2-25). 

Life table parameters of El mundus and E sophia 



n K ~ r e p d u c t i v c r a t e s ( R o ) w a c 1 3 . 1 d 1 5 . 5 d s u g h t a s p a ~ e p a ~ f o r E  

tnundus and E sopAis respaively. Gcnaation time was 24.9 days md 262 ckp for 6. nurrlkr 

a n d E ~ ~ v c I y a d i n a i a s i c r a t e s o f i n c r e s s e w a c 0 . 1  da@crspafwdepaday 

forE ~ a d 0 . 1 0 5  daughtaspafemalepaday forEsophio. 

D i d  

Tbe study showed dilkunm in development d u d o n  bdvam E mudus ad E s@a, md 

the females snd mala of E sophia, initial cgglod a anagcorc and happity when the 

parasitoids were pmvirkd hosts. The two parasbid spoeies bowcva lived for a similar d u d 0 0  

when fed on honey. Eremucew rrnmrlvr had mae eggs and lived tix sbortu pried d m  6 

sophia, whist E so+ developed two days dia than E aunrliu. It was also obrnrsd tht 

maks of E qhiu developed h m  hosts that wat expad to pardoids for a paiod of 24 brs. 

There is no published infixmation on the life histay of -bids lmrking B. fcrboci oa 

~~~Howeva,thepr*rcatrsultscsnbecomperedwiththosconthcssme~es~ 

whitefly on other plants o a b l a  3,4 & 5). 

Ibe developwot durations of the two panrsitoids reported by otba lluthors arc lid in Tabk 3. 

wae reported earlia (Kapadia & Puri, 1990). In the prrse~t study. E mpk femPks developed 

in 16.8 d, which is longa than the developncnt durstioa qnwted for the same -d species 

on sowthistk, cotton ad SWca potrto (Gaging, 1983; K q d i  and Puri. 1990; Antony ef ol, 

2003) (Table 3). A haga development d u d o n  (18.7 d) of E sophio was Rpated by Kapda 

and Puri (1990) at 21.1 OC ad 533 % RH. nK developman d u d o n  of E arm& (19.6 d) is 

withim the mge reported by De Barn, ef 01. (2000). Gsmecl (l%9) d S M a d  Basta (1985 



b) reported longer development durations of E. mundus of 30 d at 29.5 OC and, 44 d at 14 OC. 

Similarly, Qiu et al. (2004) reported longer development durations of E. mundus; 64 d at 15 OC 

and 29.1 d at 20 OC. In con- shorter durations of development were reported for E. mundus 

by other authors depending on temperature, E. mundus strain and host stage attacked (Table 3). 

The development duration of both parasitoid species are lower than the 33.3 days reported for B. 

tabaci on cassava (Jkgg, 1995), which means the parasitoids are capable of multiplying at a 

faster rate than their host. Nevertheless, longevity and fertility also affect the performance of 

parasitoids in the field. 

The observations in the present study that male-producing eggs of E. sophia developed h m  

nymphs exposed to females for only 24 hours seems to be inconsistent with the autoparasitic 

habit of that insect, which required that male-producing eggs be deposited when female larvae 

are already in the host, thus enabling the autoparasitic life mode (Gerling, 1983; Hunter and 

Kelly, 1998). Gerling and Rejouan (2004) observed that eggs laid two days after female 

producing eggs were laid produced males. The present results seem to suggest that male eggs can 

be laid the same day as their female counter parts. 

The longevities of the two pamitoids reported by other authors are listed in Table 4. Longevity 

of E. mundus when provided with nymphs was similar to those provided with honey, while E. 

sophia lived for a longer period when provided hosts than when honey was available (1 1.3 d vs. 

6.6 d). Contrary to the present observation, Qiu et al. (2004) and Ghahari et al. (2005) observed a 

shorter longevity of E. mu& in the presence than in absence of hosts. They attributed the 

21 differences in the presence and absence of hosts to the effect of transferring parasitoids to fresh 

22 hosts and loss in quality of leaf disks, respectively. In the present study, fresh and intact leaves 

23 were provided daily and so leaf quality might not have influenced parasitoid longevity. Yet again 



the e&d of tramfa might have been minimal since the parasitoii wae tapped off the kaf onto 

the glass and they vme moved with the glars. Powell ad Bellows (1992) obsavtd hmga 

longevityofE-inrrcm~hthepesenceofhbhtheirrbsenad~~it 

toabeaanldritioaalqualityoftheboneydcwsareted by thehostnympho. Thisnrgummtnuy 

betruebutdoesnot-thequestionwhyE rmPdwlivedforasimilsdudmbabmthe 

pmsemc ad absence of hmk Tkdae, the reasarr for the similarity ia the loogcvity of 6 

rmmdur in the prseact and absence of hosts, and longa longevity of E a+a wbcn pnwided 

hosts sgms to also be due to inhsmt factors thataft&! theii biology. 

' I h e m e e o l m g e v i t y o f E ~ w i t b ~ t o h ( 5 5 d ) i n t h c p r r s n t n p a i m a a  

1xmqondstothe6.1 datlOOC.butislowerhthe3.1 dat23OCfdbyTnwfilretd.  

(1978) on m. All the oQr authors, however, reported h i g h  longevity values d m  the a m  

gotiatheanrmtstudy(Table4).LmgevityofEsophioreportedmthirsDudyb~ttpathe 

42dad5.4dRportcdbyHeiazdPerrlla(19W)ontwopoiosdtLv;lrieas.ThcposiMc 

reawn cwld be due to provision of plucked leaves during theii sbudy as opposd to the pvisioa 

of intact leaves m the presmt study. It could also be due to di&rmee in tcra p h  d.- . .. 

and popukions of the p a h i &  used. There are m reports on the hmgevity of E a+a m 

cuap re  with the amnt okumatiom S i  Ionpity is positively mLtal to d k k c y  

(Godhy, 1 9 9 4 ) , i t i s i m p o r t a n t t o ~ t h e l o n ~ o f t h e ~ d s  

Mam fwtility in the present study was maratrrd as the number of progeny that anagsd plus 

those thst mn%d pupal stsgc. In most sadies however, the numbus of eggs laid wen wed to 

measure the reproQctive paential of the parasitoi&. Powell and &~-..(1992) argucd that 

~ b s p e d o a c g g u n m t S d o m , t a k c i n t o ~ t ~ i t y k f o r r . d u h a n a g e n a d  

may therefore lead to over npresentation of the reproductive potential. The meao fatility of E 



m d u s  and E. sophia in the present study were 25.6 and 16.5 progeny per female, respectively. 

The fertility of E. mundus in this study is close to the fecundity values reported by Sharaf and 

Batta (1985 b) (20 eggs per female at 14 OC; 27.4 eggs per female at 25 OC) and by Ardeh (2004) 

on gerbera (19 and 26.8 eggs per female for the thelytokous and arrhenotokous populations of E. 

mundur, respectively). Similarly, Ardeh (2004) reported a fecundity value of 28.6 eggs per 

female for the thelytokous population of E. mundus on poinsettia. The fertility of E. mundus in 

this study falls within the mean fertility range reported by Powell and Bellows (1992) for an 

unknown ErehnoceTus sp., which ranged from 20to 47 progeny per female depending on source 

of the Erehnocerus, and host plant used. Reports on the fecundity and fertility of E. sophia are 

not available, but the value got falls way below the reported fecundity of a congeneric, E. 

tricolour on cabbage (85 eggs per female). 

There are many scenarios that could explain the differences between fecundity and fertility I 
values. The numbers of eggs laid per female vary depending on host plant influence (Heinz & i 
Parella, 1994; De Barn, et al., 2000; Ardeh, 2004), experimental procedure and conditions. In 

order to oviposit, E. mundus females stand beside their host and locate a suitable position 

between the nymph and the leaf surface where they can lay their eggs (Gerling, 1990). Therefore, 

a host plant with smooth leaves like gerbera, where the margin of the nymph is flat on the leaf 
i 

surface, results in difficulties during oviposition for the females (Headrick et al., 1996 a & b; 

Ardeh, 2004), whereas hairy plants like poinsettia, tomato and melon make placement of the 

eggs under the nymph easier since the nymph does not rest flat on the leaf surface @e Barn, et 

al., 2000; Ardeh, 2004). In addition, length and density of leaf hairs can interfere with the 

movement of the parasitoids and reduce parasitism (van Lenteren et al., 1995; De Barn, et al., 

2000). While it is evident that host plant species affects fecundity and fertility of parasitoids, 



e~talprocedurrsddalsohavccwm'butcdtotbediffaenccJbawccnplbWrrsults 

and the praent shdy. For instance, De Barn er d. (2000) and GbabPri d4L zhdied tbe 

pamitoids ova a ten day p a i d  while Ardeh (2004) and the presnt o m  d tbe numbas 

of progeny pa female until the W e  died. Fuahamorc, s9 noted by Shanfcmd Baua (1985 b), 

the tkcundity of E muru6u i n d  with hcrcasc in taaperature (Table 5). Casam (a gbbous 

var ie ty )wastbedy~plantusedhtbecurrar tshdyandw~bostpkot~sumbkfa  

fecundity shdics because to rear this specific 8. robon' biitypc on conoo and meet 

potato did not succeed Since survival was positively related to proecny pmduftioq 

imprwemmt of the survival of tbe pmasitoids could cnlvma B. robon' cam01 on cussan 

lkdemo~cpaamdascalculstcdfwE mudu(Ro= 13.1;&=24.9;r,=O.l).rri.mWa 

thantbevalucsFaE9opido(Ro= 15.1;T=262.r.=O.l05).'IbemtrrproductivcrmofE 

r m r n m u i n t b e a m c n t ~ a r m p e r r s w i t h ~ r c p o r t c d f o r t b e ~ p o p l L i a a o f ~  

~ o n ~ ( A r d e b , 2 0 0 4 ~ b u t l o w a v a l u * l w a e ~ b y A r d e h ( 2 0 0 4 ) c m d G h b r i  

er d. (2005). lk higha iaeinsic rm of in- of E sopkkr armparad with that of E mrnmP 

mey partly be amibutable to tbe greater longevity cmd higbly fanrle b i d  sex mio (a 99 96 

female E wphio proecny canparrd to a 59 96 W e  E aamdus p o e e ~ y  in tbe entirr 

~t ) . ' Ibc~~~of ioaeaseofErntmmuis lowathantbeva lu* lrrportcdfatbe  

d i t fasdpopulat ionsofE~ontbe~splants (Ardeb ,2004) .~ i sarpeEtcdkc lrrs  

of difFnenes in populations of E rrnmdw used, host p b  and rue of numben of eggs laid fa 

caleulatingr,. ForcMnparisonbdwccaB. robon'and itsperasitoiioncassaythatisaaad 

to gsthcr infonnaton on the devclopmrat dumtkm, longevity and fatility of B. tab&. 

From the life history parametas, i t  is evident bat E. mudu may be a pod cdkJatc to rsdua 

higb populations of 8. t h c i  s k e  it lives for a short time (5.5 days) and produces a We more 



offspring than E. sophio. Encorsio sophio on the other hand would be good under low B. toboci 

populations because it lives for a longer period (ca. 1 I days) and produces few eggs per day. The 

data collected may be of use in future in case parasitoids are to be imported for control of B. 

tobaci on cassava 
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E Sophia 

1 Table 1. & ' i  developneat duration of E rrnodvr and E sbpbfa pam&b@ B. m&ci 

Prcimaginal dmlopmmt paid (days) 
sex N Mam SE h g e  

Ermmrliu ?? 154 19.7 * 0.1 l a 16-23 
66 131 19.6*0.14a 16-24 
df 254 
t 0.56 
P 0578 

99 59 16.8 0.10a 16-19 
66 22 18.7* 0.18 b I 7-20 
df 79 
t -9.17 
P m.001 

Gnmd mum 
E. rnvnmU 285 19.6 + 0.09 b 16-24 
E. Sophio 81 17.4*0.13 a 16-20 

df 14.7 
t 164 
P 4.001 

2 Data with a column followed by same I- case lc t tc~ me not sErdistictlly difkmt 
3 (ANOVA; P 0.05). 
4 
5 
6 
7 



I Table 2. Adult female fertility o f  E. mu& and E. sophia attacking 8. tabaci on cassava 
Adult life time fertility (adult progeny) 
Sex Mean * SE Range 

E. mwrdtls(n=21) 99  13.1 *2.9 a 1-49 

- - 

P-vaiue - 0.572 
2 Dada with a column hllowd by samc lower 8sc let(ns an not statistically diRerent (ANOVA, P 0.05) 
3 



1 Table 3. M i  development d d w  of E m d u  and E @& repatcd in 

Gameel, 1969 
Tawfik et al.. 1978 B. mgewdii 
S h m f & ~ 1 9 8 5 b  B.&bnci 

Ioms&Greeobcr& B. agewdii 
1998 
De Bur0 et al., 2000 B. mgrDtifdii 19-22 (not 

specified far 
crops) 

Antony et al, 2003 B. lobon' rwaaot.to 113-15.1 2!i-3073 
3 ma & = = Development d d w  of the tbtlytolrws and populehs of E m d u ,  
4 mpectiycly. N I. k & N3 = 1% second aud third nymphal innan, mqcurively. 



I Table 4 Longevity of E. m m d w  and E. sophia reported in literature 
Reference Host whitefly Test plant Longevity Temperature, T - .  

(days) 
E. rnwtdus 

Present sW B. tnbaci Cassava 5.5 24.4 "C 
Tawtik et ai, 1978 B. wgentifolii conon 

cotton 
Tawfik et d., 1978 B. toboci Tomato 

Tomato 
Shard& Balia, 1985 b B. tabaci Tomato 

tomato 
Qiu et d., 2004 B. wgentifdii Poinsettia 

poinsettia 
poinsettia 

Ghahari et d., 2005 B. tobaci c o n ~  

Ardeh, 2004 Gerbera 
tomato 

poinsettia 
gerbera 
tomato 

poinsettia 

E. sophia 

~ t s o u d y  B. tabaci Cassava 11.3 24.4 T 
Heinz and Parella (1994) B. tabaci Poinsettia A 4.2 
Heinz and Parella (1 994) B. tabaci Poinsettia B 5.4 

2 W B E ,  Longevity of the thelytokous and arrhenotokous populations of E. mundus, respectively. 
3 A = cultivar "Annette Hegg Brilliant Diamond, B = cultivar, "Lilo" 



1 Table 5. F e a m d i t y l ~ i o f E ~ a a d E l ~ ~ p h i o r s p o r t e d b y o t h a ~  
2 

HomtwWdy T a t p h t  FecmdilyI Ro r. Tapcntur,  
Fapnyr 'C 

R B f l m ~ c  Enuhr 
-study B. Iubaci cassava 25.6 13.1 0.1 24.47: 
Tawtik et i, 1978 B. tab& ='=-- 

B.wgen@lE s w e u p o t d ~  
Shmaf&Batta,l985b B. tab& Tatnuto 

TcQMto 
De Bwo et d, 2000 B. mgm@Ui Cottm~ 

mckdm 
lomato 
roybeM 
bihriscrs 

Ardds2004 Gabcn- 
lomato 
poimcmir 
gabaa 
lomato 
poimeah 

Qiu et al, 2004 B.mpu$dii  W i  
poimcttia 
poimctda 

Gbabrri et al, ZOOS B. tnbon' CmOn 

- 

Ammy ad, ~ 0 0 3  B. tabon' Swecap&b 25-307: 
3 * = Fecundity of the thelytoknus and anhenotoko~~ poprlatioos of E mmdu, nspcakly.  



1 Figure 1. Variations in the development duration (days) of E. m d u s  (A) and E. sophio (B), 
2 age-specific fertility (ma and survivorship of females (13 during the fertility 
3 experiment (middle panel: C, E. mundus; D, E. sophi013 and the relationship between 
4 numbers of  progeny with female longevity @onom panel: E, mundus; F, E. sophio) 
5 on B. toboci attacking cassava 

6 
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Evaluation of Serangium n. sp. (Col., Coccinellidae), a predator of 
Bemisia tabaci (Horn., Aleyrodidae) on cassava 
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Abancl The potential of a new, previously unidmtifud S e r m g h  sped= (Col., Cmzinellidae) to control the high 
b x i ~ i n  h i  (Gcanadilrs) (Horn.. Ahyrcdidac) populatiods on cassava was naluated. Field and laboratory studies 
were carried out to daerminc the abundana and fading capacity of this Sermgiwn s p i n  feeding on B. tabaci on 
casoava. Sermgivn nymphs and adults =re ma t  abundant in csssava helb late in the season, rising sharply from 
5 months aRa planting (MAP) to a paL at 7-8 MAP. Rc-imaginal ddopmcnt averagui 21.2 days and was Iongut 
in egg and shortat in the LI inscar. Mean total prey consumption of iuunatun S e r ~ g i v n  i n d  with the stag. of 
dcvclopmcnt with the lowut consumption in thc LI indar and highest in thc 4 instar. Mean daily wnsumption was 
lowst on thc k t  day after hatching in the L, irutar and rou to a peak on the 13th day a& hatching in the 4 instar. 
Each Srrwhm larva consumed a mean of ova 1000 nymphs during its entire dcvclopment. 'lbtpc mults have 
dcmonstntsd the potential of thir Sermgivn @ lo control B. (abaci populations on cassava. 

,. . . as. 
Ycy wads biological conuol. prc-imaginal Cvelopmenf prry abuklanoc, prey consumption 

.. ., 
1 Introdwfion . . 

Baisia tabaci (Gennadius) (Hom.. Akydidpe) is'a 
widely distributed pest specis c o l o ~ g  g l ~ y  as- 
cultural systems including grcenhoum in; both the 
tropics and subtropics (Oliveira et aL 2001). It is a 
major -or of viral plant diseases spe&all~.begomo- 
viruses (Brown and Bud l992), and in Africa, it 
transmits cassava mosaic gcminivi~sen, which cause 
camva mosaic disease (CMD) (Bock and Woods 
1983). This disease has d t e d  in  devastating yield 
losses throughout camva growing regions in Eastern 
and Central Africa with loss*, in Uganda estimated at 
several millions of US donars at the height of the 
epidemic during the early 1990s (Legg and O p a l  1998; 
0 th-Nape  et al. 2000). The development of virus 
mistant cassava varieties resulted in alleviation of the 
CMD-auxd damage. Howcnr, fading of B. tabaci 
also mults in dirrct damage, which is shown by leaf 
chloraris, a mottled a-, reduction in plant 
vigour, general plant stunting and induction of phyto- 
toxic disorders (Bedford et al. 1994). In addition, B. 
rabaci also causes indirect damage through production 
of honeydew that results in growth of sooty mould on 
leaves, petiolea and stems. The new virus mistant 
varictis are ohen very susaptible to both direct and 
i n d i m  whitefly damage. which may result in crop 

reduction of up to 50% (Lcgg et al. 2003). This has led 
to a need to develop and integrated approach to the 
management of this pcsf and predators are being 
explored as an option. R m t  studies ( 0 t h  2006) have 
identified a new species of Serangium (Col.. Coccin- 
cllidae) consistently occurring wherever cassava is 
grown in Uganda. 

Sermgivm spp. arc widely distributed in the world 
and are known to be useful predators of many whitefly 
species. The most commonly studied Serangivm species 
is Serangiumpurcesetosum Sicard. It has teen recorded 
feeding on B. tabaci on cotton (Kapadia and Puri 
1992) and A h o l o b v r  barodemu Mask (Shah ct al. 
1986). It has also teen successfully used against the 
citrus whitefly, Dial~rodes cirri Ashmead (Yigit 
1992a.b; Uygun et al. 1997; Yigit et al. 2003) and the 
silverleaf whitdiy, Bemisia mgentjrolii (= B. tabaco 
(Legaspi ct al. 1996, 2001; Eas  et al. 2001). Several 
studis to detennine the biology of S. parcesefoswn 
feeding on different whitefly species have b a n  con- 
ducted. Timofeycva and Nhuan (1979) determined its 
dcvclopment, mortality and fecundity when feeding on 
D. citri on citrus at 20-23°C. Kapadia and Puri (1992) 
determined its biology with B. tabaci on eggplant and 
cotton at 23.7OC and Patel ct al. (1996) studied its 
development and longevity with A. borodemb on 
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s u a m e  at  27°C. S Iud i s  on prey consumption by on the lcavu and allowed to f a d  and oviposit on the leaf for 
Legaspi et al. (1996) showed that both l a m e  and 24 h. Following ovipceition, the fcmala wcrc removed from 

adults of S. porcesetosvm an voracious feeders of dish and the to hatch. 
Each newly cmcrged first insm larva was placed in a single immature whitdies capable Of up * 

Petri dish wnfaining a fresh leaf with all nymphal stags of nymphs in a 24-h period' They 'so found the 
8. t h c i  aocpt the phmte adults, as prclimin;uy observa- 

cumulative wetime predation rate to be about tions rcvded a tmdcncy of thc larvae to avoid thene stages. 
nymphs W adult beetle. studies, therefore,  he lcaf was placed on a filter p a p  at the bottom of the 
d o c ~ ~ ~ c n t  the potenti' for use of Serrmgim sPP. for Pctri dish. which was punctured with five small holes at the 
controlling whiteIlk. top to allow ventilation. The sida w m  ualed:with parafilm 

Although it has been shown that of the known to hold the lid and bay of thc Petri dish together, and to 
mainellids belonging to the tribe Seranginii are prcvcnt escape of the predators. The number of healthy 
obligate prodaton of whitdlic~ (Gordon 1985). there nymphs prior to introducing the larva w w u n t e d .  The first 
is no documented evidence of their ability to f e d  on ,q. and sewnd larval instar predators .vcrc pmvidcd with >200 
,hi populations on cassava aid in nymphs each, while the third and fourth instars had >400 
controlling the suW-abundant populations on CMD nymphs. At 24-h intervals, the Pctri dishes were checked to 

dcIcrmine the number of nymphs m u m e d .  The stage of thc resistant varieties. Also, nothing is known about their larva was ah mrdcd, and, a nm larval was abundance =lative age the piant in cassava determined b a d  on ale prrrcnm bC an cxo-skclctm in the 
This study therefore aimed at the abun- Peui dish. Using a h e  brush, thc predator larva was moved 
dance. development duration and consumption rates to a new leaf wntnining prry and che old leaf was discarded. 
of SerrmgMn n. sp. @ere after referred to as Serrm- Glabmua lcava %re u d  to allow f m  movement of the 
gium) on cassava in Uganda. prcdatqrs as they ovipositcd and foraged for prey. A total of 

15 larvac ofboth sun -re monitod from hatching time to 
adulthwd. No adults wereused for the wnsumption studies 
baause preliminary observations indicated a tendency for 

2 Materinls and Methods the adults to walk on thc lid, probably looking for an exit 

21 F i d  slodia point, and avoid thc leaf wntaining prcy, when placed in a 
Rui dish. 

A field experiment was set up at National Cmpa Rcmuras The number of prey mnsumed daily was determined by 
Ikcarch Institute (NACRRI), Namulonge to detnminc wunting &c munber of predated nymphs, which appeared 
thc variation in Sermghrm populations with age of Ihe transluad and Rat with aU or most of the baemolymph 
c a u a n  plant. The field measud 10 m by 10 m with . sucked out. The temperature during the entire study was 
cassava plants spaccd at l-rn intervals The cxprimmt was ' monitod by using a wall thermometer and was 25 i 2'C, a 
planted in AuguPt m 0 3 ,  which wiocided with the end oP 12L.lW photoperiod and ambient rclativc humidity. Thc 
the sbon rains. Thc time of planting was choscn based" oob data obtained w m  subjected to uavr  by using n w r r  3.0. 
thc urual cawan-planting sason in Uganda. w h  @nu-molm-sidak multiple (Hahberg and Tamhanc, 1987) com- 
m take advantage of the drought resistant nature of the parisons were done to compare prey wnsumption between 
crop by planting during the short rainy W n  a+ instars. 
allowing thc mop to go through most of its growth period 
during the dry season. 

At 3 months after planting (MAP), 10 phk , ,wae  
randomlv XI& from the trial dot. Each olant w a j h  3 ~~~ 
o- from thc top to bottom'includiry h leave% (both Se,(Ugivm ,,-- 
Ihc too and uadenldeb d o h  and Ihc mm. A wuot of all 
~eranihrm larvae and.adults was made. Data m l h c d  
once a week for a priod of 6 months. i.e. fmm 3-8 MAP 
which is the active-growth period'of cassava and also the 
pcriod when B. f h c i  populations ice highest on cauava 
(Fishpml et al. 1995). Each plant was sampled o m  and was 
only sampled again whm all the plants in a particular trial 
bad b u n  sampkd. This gave an amage of two samplinp p r  
plant over thc 6month tripl period. with a IC-viuk interval 
for tacb plant betwen sampliqp. 
Tbc field muots were wmpared statistically by using 

-ion analysis (SEWASTAT 3.0) to determine relationship 
S e r a n g h  abundana and age of thc crop. 

Adult Semnghrm -re wUcclsd daily from already s t a b  
lished casvva 6cIQ at the National Crop R a c a x h  Insti- 
mtc. Namulonge by using an aspirator and me 
immediately transfencd to che Laboratory. AU w l k t i m s  
wcrc performed in the morning hours betwan 9 AN and I I 
AN. Leaves mntaining all whitefly nymph developmental 
stagw wac u c k d  from whole plants in the k i d  and 
v a r w f d  to the laboratory. Female Sernngium wcrc plaad 

Sermgim larvae were generally more abundant than 
adults although both stages ahowed the same pattern 
in population build-up throughout the sampling per- 
iod. Very low numbers (<5)  of both stages were 
observed during the h s t  three sampling months (1-5 
MAP). There was a sharp increase in numbem of 
Serrmgiwn larvae from 5 to 7 MAP, before declining a t  
8 MAP. Serangiwn adults increased from 5 MAP 
peaking a t  8 MAP (fig. I). Regrrssion analysesshowed 
a i g d c a n t  differences between SerrmgMn larvae 
(F' = 0.034, R~ = 0.71) and adults (F' = 0.01 1, 
R' = 0.83), with age of the plant. 

3 3  Development dmtioo 

Pre-imaginal development time ranged 18-27 days 
with a mean of 21.2 days from egg to adult. Mean 
within stage duration was highcst in eggs 
(4.2 * 0.09 days) (mean f SE) and lowcst in the L, 
instar (2.3 * 0.1 I days). 'There was little variation in 
mean development time among L1, Lj and Lq instars 
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thc papa took 3.8 * 0.18 &ys (6&2). lluc-rerr 
siphiant diR- in mao lmmk $dcvdbpmcD~ 
& y s r m s a t h c r p e a p  < 0.001.r=90).dhugJ1 
m 3 d i l I . r e r r 0 b s r r r s d a n ~ t h c ~  

Tbcmanlotalpw 'on by thc szprate 
Lml inrun of -m* m B. I d W a  

n y m p h r ~ W i l b a 0 g : d L r n l d m l o p m a t  
with thc laq L1 inaar wmming 51.4 4.68 
n y m p b a d t h c ~ L * i n a a r ~  
551.3 5288 nymphs (&. 3). In toul. 
Lunc conamrd a mao of 1055.1 nympk Holm- 
 multiple^^ rrvalcd - 
clnr diR- (P < 0.001, r = 60) b total nmbas 
o f B . ~ n l r m p h s ~ b a a a m h n a l ~  
crccpt baaam L, and L,, bowevu no SignifKaOt 
dilIameanrrfodintoalpyoDDnrmedwilhin 
Lrnlinstors. 
Tk mean daily w~uumption or nymphs war 
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The ability of a natural enemy to oviposit succas- 
fully and develop on the host plant on which its prey 
lives is one of the major factors in determining its 
ability to s u a s s f d y  control the p s t .  The pre- 
imaginal development period was studied and showed 
that the egg stage had the longest mean development 
period, which is similar to studies on development of 
other Serangium species. Vatancseyer et al. (2003) 
found that mean development of eggs of Serangium 
rnontazeriiFursch was 5.5 days on both cotton and egg 
plant. This hatching period was, however, slightly 
higher than the 4.2 days observed in our study and 
could have been due to differences in the predator 
species, nature of the host plant and prey species. The 
overall mean developmental period of the Serangim 
on cassava was also much shorter (21.2 days) wm- 
pared with other species carried out by using white* 
on cotton (28.8 days) and eggplant (28 days) at similar 
temperatures (Yigit 1992b; Vatanewer et al. 2003). 
The development period of Serangium on cassava is 
much shorter than that of its prey. B. taboci, in 
Uganda which was found to be 33.3 days at similar 
temperatures in the same location (Lcgg 1995). This is 
a favorable attribute of Serangium as a predator of 8. 
rabaci. However, additional factors such as fecundity. 
survival rates, adult longevity and prey consumption 
have an important bearing on tbe predator-prey 
balance and may limit its usefulness. 
Tbe mein total prey consumption by the Larvae 

increased with their developmental maturity, with 
much less numbers wnsumed by La instars compared 
with the L, instan. These results arc comparable witb 
those of Sengonca et al. (2005) on S. pmceserom 
where similar consumption t m d s  werc reported albeit 
with slightly higher numbers, with the L l  insby 
consuming up to 78.9 nymphs and the Lu inst= 
consuming 675.9 nymphs, although at 30°C. Studies 
on total prey consumption have revcaleQ.widdy 

P. Asiimw et al. I 
fully and feed on the sessile stage of its otherwise 
mobile prey, make Serangium a promising agent for 
biological control. The study also provided new 
information in understanding thc biology of this 

I 11 

j 
predator on cassava. Sucassful biological control of 
a pest depends on the ability of the natural memy to 
destroy a sufficient l ~ e l  of the pest to keep its density 
from increasing. In an agroccosystem, ,the prey 
population will never be constant and will always 
fluctuate in response to many factors, the ability of the 
predator to adapt to such fluctuations in prey avail- 
ability is important if it is to be q n s i d d  as an 
efficient natural enemy. Studies by Legg et al. (2003) 
showed that the cassava variety Nase 4 supported up 
to 100 B. toboci adults per leaf at 4-5 MAP, therefore 
Sermgium, though abundant at.relatively the same ? 
time as its prey, still docs not occur in sufficiently high 
numbers to control the ever increasing B. [abaci I 
populations on cassava. Effective use of t h m  preda- 
tors as control agents would aim at having them in 
high n h b e r s  at 2-4 MAP when their prey populations 
is still low and only beginning to build-up. Therefore, 
timing of introduction and/or augmentation should 
aim at having high numbers of the most voracious 
stage, 4 instar, at 2-4 MAP. I 
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variable rc&ts. ~ a ~ a d t a  and Puri (1992) Cound that 
S. parcuefanun larvae consumed a mean total of 89.2 
nymphs of B. taboci on mtton and 105.7 nymphs on Bedford ID, Briddon RW, Jona P. AIkdN. Markham FG, 
eggplant at 27 f 2% Also, Patel et al. (1996) repor- 1994. Differentiation of thm whitctly transmitted v i w  
ted that S. mc-et- consumed a m a  total of671 from ihc Republic of Yemen. Eur. J. Plant Pathol. 100, 
nymphs O ~ A .  &r& on sugarcane at 27 f I°C. 

However, Sengonca et at. (2005) found that S. 
parcesetosum consumed up to 1119.1 nymphs, at 
30°C. during its entire larval development on cotton. 
This is similar to results from this study which showed 
total consumption of 1055.1 nymphs, at 25 f 2'C. 
The mean daily prey consumption of nymphs also 
i n d  with number of days after ba tcbg.  The 
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