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Bionomics and I mportance of Two Species of Chaetocnema
in Rice Yellow Mottle Virus Transmission in Lowland Rice
in Tanzania

0.0.Banwo,*! R.H. Makundi;
R.S.Abdallah? J.C.Mbapila® andF.M. Kimmins!

Regular samplingswere done of two important vectors in farmers’ fields during the

19992000 and 2000/01rice season at crop stagessusceptibleo rice yellow mottle virus

(RYMV) on atraditionalrice variety (‘Supa’) unde rainfedlowland conditionsto provide

information on the bionomics andimportanceof thesevectorsin the diseaseransmission.
The populationof Chaetocnemap. (nr. varicornis Jacoby (Coleoptera:Chrysomelidae)
wassignificantlyhigherin hotspd thannon-totspotareas However, therewasno significant
differencein the C. pulla Chapuispopulationbetweenthesetwo areas. In general,the

Chaetocemasp. populationwas higher than that of C. pulla, and both vectorsreached
the peakof their population at 63 daysafter planting. Early plantingin the hotspotareas
is suggestedas a diseasemanagenent stratgly. Both vectorsare naturally infective and

Chaetocemasp. proved moreefficientthanC. pullain thetransmissiorof RYMV.

KEY WORDS:Bionomics;Chaetocemasp.; Chaetocemapulla; epidemiology hotspot;

vectors;non-totspot;rice yellow mottlevirus; lowlandrice.

INTRODUCTION

Rice yellow mottle sobenovirus (RYMV) is not found outsideAfrica. It was first
repoted in Kerya in 196 (4), with subsegant repats from SierralLeone (22), Cote
d’lvoire (9), Nigeria (16), Tanzata, Zanzibar(26), Burkina Faso,Mali (17), Niger (23
andGuinea(11). Abo (1) repotedthattheinciderce of thediseases gradwally increasing
in othercourtriesof Africa.

In TanzaniaRYMYV is widely believed to bethe mostimpartantdiseasenrice. Luzi-
Kihupi et al. (19) repated a yield loss of 92% on the 'Supa’ variay. Rice yellow
mottle is prevalentin major rice-gowing regions like Mbeya, Morogoro and Mwanza
(3) and is spreadingrapidy betweenand within regions. Very recently the Japan
International Coopeation Ageng (JICA) obseredthe diseaseon their irrigation plotsin
theKilimanjaroregion, andit hasnow beenobsenredin theKilosadistrictwithin Morogoro
region (19). Severe outlreakshave beenrepated mainly from irrigated and rainfed
production systemson lowland cultivars introducedfrom Asia, whereaslocal cultivars
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have beenrelatively lessseverely affected(28). In Tanzaniarice prodiction from lowland
and upland systemsis 80% and 20%, respectrely (18). RYMV, which is transmitted
mechaically, belorgs to the sobemeirus groy (4). Bakker (5) repoted the following
asvectos: chrysonelid beetleqColeopera: Chrysonelidae): OulemadurbrodiensisJac.
nr Apophyla, Mondepta flaveda Gerst.,M. haematua Fairm., Sesseligousilla Gerst.,
Chaetocema abyssinicaJac., C. pulla Chapuis, Dactylispabaymi Gest., Dicladispa
paudspina (Weise), D. viridicyanea (Kraatz) and Trichispa sericeaGuerinMeneville;
andthe long-horned grasshpper (Orthgptera: Bttigoridae) Conocepalus merumotanus
Sjostedt.In Tanzama, Banwo etal. (6) repoted RYMV vectos to include anovel andyet
to bedescribedChaet@nemasp. (nr varicornis, Jacoby, C. pulla ChapuisandDactylispa
sp. (nat Dactylispabayon Gest.).However, they repated Dactylispasp. asa poterially
importantvecta eventhoudhit is notfoundin all theplacesvhereRYMV exists. Although
RYMV hadbeennotedin Tanzaniamuch earliet it attractedattentionfor researctonly
lately, with the first detailedstudyon the epideniology of the diseasepublishedin 199
by Ali (3). The WestAfrica Rice DevelopmentAssociation(WARDA) is of the opinion
that,asin otherRYMV-prevalert courtries, the epideniology of the diseasas still pooiy
undestoodanda main moce of transmissiorcapableof explaining the dynanic natureof
RYMV is yetto befully elucidatedY. Sere pers. commur).

The presen study was initiated to investigatethe vector bionomics in two RYMV
situations,hotspa and non-otspot. This informationis to be usedfor an uncerstandig
of thedynamnicsof RYMV onrice andtheimportanceof vectorsin thetransmissiorof the
diseasén TanzaniaEffedive contiol measursdepedonathorowgh undastandingof the
virus epideniology andvecta bionomicsandecolog.

MATERIALS AND METHODS

The experimentwas corductedat Ifakaa in the Morogoro region of Tanzaniaduring
the 19992000 and 200001 rice seasons. Four fields (replicates)were usedfor the
two treatments(RYMV normally infectedhotspotand no recoded history of RYMV
infection'non-hotspot).Thehotspotareasverechoserwithin placeselievedto beRYMV -
infectedareas/fieldswhichhave a highrateof spreadccuring consistentlyovertheyears.
Thenonhotspa areas/fieldsverechoserwithin thosebelievedto have norecadedhistory
of RYMV. Thetwo typesof fields (hatspotandnon-hotspotwerewithin an~1 km radius
of oneanother The traditionallowland rice variety 'Supa’ (susceptibleto the disease),
requiing 135to 150daysof grownth andwidely cultivatedby farmes, wasused.Thecrop
wassonn by broadcastingn Januaryof 2000and2001uncer rainfedlowland conditians.
Quadatsmeasurindl5m x 15m wereusedin eachselectedield.

The population of insectvectas (Chaet@nemasp. andC. pulla) wasdetermired by
taking 20 sweepgwith a net) perquadat on a bi-weeklybasisasfrom 21to 91 daysafter
planting(DAP). It is believedthatafterthis stage thereis lesschanceof RYMV infection
to the crop (autha, unpwlished). Insectvecta populationsof thesetwo treatmeis were
comparedover time by meansof a paired’t’-test. To testthe efficiengy of both vectas,
transmissioniestswerecarriedoutin a screenhose(meantempeature= 23°C) usingvar.
Supa.Thevectas Chaetocemasp. andC. pulla werecollectedfrom rice fields (in which
var. Supawasgronn) by theuseof aspiratos andsweep-netsDuring transpetationfrom
thefield, theinsectswerekeptin closedbottleswith a perfoiatedcover. An electronially
operaedaspiratomndcamelhair brushwereusedto collectandtransferinsectsrom plant
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to plantandfrom cageto plant. Theinsectswerekeptin woodencagesmeasuring/O cm
x 80cm x 70cm, beforebeingusedfor thetransmissionests.

Acquisition feedingby adult insectswas condictedfor 3 dayson cagedrice plants
(6), which had beentransplated to pots 2 days previously; one insectwas placedon
oneinfectedplant. For the transmissiortests(inoculation feeding, seedlingsat the 2-
to 3-leafstagewereused,becaserice plantsare mostsusceptibldo RYMV at this stage
(5). Tubesmeasung 2.5 cm andcoveredwith a netting,retainecdthe viruliferousinsects
on plantsfor the transmissiortest. Ten pottedplantswere usedfor eachtreatmehn The
treatmets corsistedof differentnumbes of theadultbeetlevectas (viz. 0, 1, 2, 3 and4).
Thetreatmentgvecta nunbers)werereplicateal five timesusinga rancdbmizedcompete
block design The plarts with no insect(0) senedascontrd. The plantsexposedto the
insectswerekeptin the screenhosefor 3 weeksfor symgom obsenations. To verify the
presenceor absenceof RYMV, plantswere evaluged by enzyne-linked immurosorbat
assay(ELISA). The transmissionpercemtage for the treatments(vecta numkbers) was
calculatedon the basisof the presexe or absenceof RYMV in eachof the ten plants
of eachreplicate.

An infectivity testwascarriedoutto determinavhetheror notthevectos arenatually
infective. Var. Supaseedling grown in small cage-lile contairersweretakento thefield.
The Chaetocnmasp. andC. pulla collectedlive from freshgrowth of Suparatoonrice
whichwasinfectedwith RYMV, wereimmediatelyplacedontherice seedlingsOneinsect
was placedon eachrice plart; thereweretentestplantsandten contrds (with no insect)
for eachof thethreeexpeimentalruns/reficates. The plarts, with theinsectsweretaken
to thescreenhoseandkeptfor 3 daysof inocuation accesdeedirg. After this, theinsects
wereremovedand,asin the above-descriled experiment,the plantsincludng the contol
weretestedfor the presencef RYMV.
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Fig. 1. Vectorpopulatiors (Chaetocnemap., left; Chaetocnemaulla, right) in hotspotand non-
hotspotareasof rice yellow mottle sobemeirus, at variousdaysafter planting, 1999/2®0 season.
BarsindicateS.E.
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The trendof the population of vectas (Chaetocemasp. andC. pulla) with DAP in
two RYMV areads shavnin Figures 1 and3. Figurel (left) shavs statisticallysignificant
differences(P<0.05) betweenChaetocnma sp. population in hotspotand non-hotspot
areas/fieldsat 35 and 49 DAP, with a higher vector popuation in hotspotareas. Also,
highly significantdifferences(P<0.001) wererecorcedat 63, 77 and91 DAP, wherea<C.
pullashovedahighly significantdifferencgP<0.001)in vecta popuationonly at63DAP
(Fig. 1, right), with the population higher in non-hotspa areas.No significantdifferences
(P>0.05)in vecta populationwereobsered at otherDAP betweerthetwo RYMV areas.
Thefindings(Fig. 1) canbe summaizedasin Figure2, in which the DAP aregroupedas
asingleentity within thetreatmentghotspd andnon-hotspotareas) Figure3 (left) shavs
a statisticallysignificantdifference(P<0.05) betweerthe Chaet@nemasp. popuation in
hotspa andnon-totspotareas/fieldsit 35 and 77 DAP, with a higher vecta popuationin
hotspa areas. StatisticallysignificantdifferencegP<0.01) wereobtainel alsoat 63 and
91 DAP, whereasC. pulla shaws a highly statisticallysignifican difference(P<0.05)in
vectorpopulationonly at 63 DAP, with the vecta populationhigherin non-hotspotareas
(Fig. 3, right). No significantdifferences(P>0.() in vector population were obseved
at otherDAP betweernthetwo RYMV areas.Thefindingspresetedin Figure3 canalso
be summaized asin Figure 4, in which the DAP are groyed as a single entity within
the treatmetis (hotspa and non-hotspotareas). Table 1 shawvs a significantdifference
(P<0.001)betweenChaetocemasp. andC. pulla in the efficiency of transmissionwith
Chaetocemasp. capableof infectingmoreplantsthanC. pulla. Theresultsoninfectivity
of thetwo vectas underfield corditionsarepresetedin Table2; therewasno statistically
significantdifference(P>0.05) in virus transmissiorbetweernthe vectos whennatually
infective.
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Fig. 2. Populationsof Chaetocnemap. (left) and Chaetocemapulla (right) in hotspotand non-
hotspotareaf rice yellow mottle sobemeirus, 1999/2000seasonBarsindicateS.E.
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Fig. 3. Vectorpopulatiors (Chaetocnemap., left; Chaetocnemaulla, right) in hotspotand non-
hotspotareasof rice yellow mottle sobemeirus, at variousdaysafter planting,2000/2@1 season.
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Fig. 4. Populationsof Chaetocnemap. (left) and Chaetocemapulla (right) in hotspotand non-
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TABLE 1. Efficiency of Chaetocnemap. andC. pulla in thetransmissiorof rice yellow mottlevirus
(R? =0.919;C.V. = 22.1%%)

Numberof insecs Mean% of plantsinfected P
Chaetomemasp. Chaet@nemapulla

0 (Control) 0 0 -

1 45 28 <0.05

2 58 40 <0.05

3 68 54 <0.05

4 80 56 <0.01

LSD (P=0.05) 13.56 12.22

TABLE 2. Transmissiorof rice yellow mottle virus by naturallyinfectedChaetocnemap. andC.
pulla

Exp. No. Numberof infected plarts (out of ten)

Control Chaecbcnemasp. C.pulla
1 0 6 3
2 0 4 1
3 0 5 2
Meaninfection 0 (0%) 5 (50%) 2 (20%)
S.D. 0 +1 +1
S.E. 0 +0.58 +0.58
LSD (0.05) 7.37

DISCUSSION

In order to undestandtheimportanceof vectorsin RYMV transmissionit is necessary
to know therelationshipbetweernvectorpopuation andRYMV infection. The resultsof
theregular samplingof theRYMV vectos in two RYMV areaghotspa andnon-hotspa)
(Fig. 1) shaved clearly that therewere more Chaetocnma sp. in hotspotthanin non
hotspa areasa differencewhich increasedvith DAP. WARDA (29) repoted that severe
RYMV infectiors in rice variety Boualé 189 at SakassouCote d’lvoire, wereassociated
with high Trichispasericeapopuldions. However, Heinrichs etal. (14)in Mbe (alsoin
Coted'lvoire) found no corrdation betweenvecta abundanceandRYMV inciderce. It
is known that virus-infectedplantsdiffer from healthyplantsas hostsof insectsandthis
influenesvirus spread Ajayi (2) repatedthatvirus vectas (especiallyaphidsweremore
comma on infectedhosts,in partbecausenore alightedon diseaseglantsthanhealthy
onesandin partbecasethoseon diseaseglantsmultiplied more quickly. It remairs to
be known if this might helpto explain why this Chaetocemasp. wasobsened in larger
numtersin hotspt thanin nonhotspotareassincetransmissiornf beetle-ectoredviruses
is notclearlyunderstood(12).

The Chaetocemasp. popuationsin the two areasreacted their peaksat 63 DAP.
Ecologcal factors,especiallymeteoological corditions (e.g. tempeatureandhumidity),
are widely believed to influerce insect population. It seemspossiblethat beneficial
ervironmenal factos were presen at this time which favored the population buildup.
For C. pulla, an obvious differencein popuation was obsered only at 63 DAP and,
surprisindy, the vectorpopulationwas higher in nonhotspotthanin hotspotareas.This
mightindicae thatthereis no strongandpositive relationshipbetweerC. pulla population
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andRYMYV infectionin theareasstudied.

Although transmissionresultsin the screenhose indicateda positive relationslip
betweenC. pulla popdation andRYMV infection (Table 1), it shouldbe notedthat the
vectos wereconfinedto the plantfor 3 dayseach(for virus acquisitionandfor feedng),
redudng the charce of vectad mavementaway from the plant. However, this would not
be the caseunderfield condtions. Also, Bakker (5) repoted C. pulla to be ‘restless’;it
falls off easily doesnot stay for long periods on the sameplant and moves over short
distanceshecollectedargenumbersof C. pulla on plantsunderhumid condtions. TheC.
pulla populationat 63 DAP in our studywas obviously higherin the nonhotspa thanin
the hotspt. It is possiblethatat 63 DAP, conditilns encouaginga humid condtion were
expeliencedin the nonhotspotareas.In anattemptto rearC. pulla, FM. Kimmins (pers.
comm) noticedthatC. pulla feedsandsurvivesonrice, but doesnotrepioduceonit.

As obsered in the presentstudy C. pulla popuations were lower than those of
Chaetocemasp. atall DAP studied(Fig. 1). Thelowestpopuationsof 3 and5 individuals
at21 DAP andthehighest of 38 and66 individualsat 63 DAP, wereobtainedfor C. pulla
andChaetooemasp.,respectiely. In geneal, increasingnumkbersof Chaectocemasp.
and C. pulla (Table 1) gave rise to a statistically significantincrease(P<0.001) in the
numter of plantsinfected. The results(Table 1) shaved Chaetocnem sp. to be more
efficient than C. pulla (P<0.00)) in the transmissionof RYMV at all vector numters.
The resultson infectivity of the two vectas under naturalconditions (Table 2) confimm
thatboth canbe natually infective, andalthoudh the nunber of Chaetooemasp. (5/10
obsenredto betransmittingthe virus wasin geneal higherthanfor C. pulla (2/10), there
wasno significart difference(P>0.06). Theresultstherefoe suggesthattheimportarce
of Chaetocemasp. in hotspotareasmight be dueto their highernumbes andto their
effectivenessn transmittingthevirus. GamezandMoreno(13) andHeyland (15) reportel
thata corrdation existsamory beetlepopulation,damageandvirus spread

The presencef a host-pant effect suchasantibiosison C. pulla canna be excluded.
BehleandMichels(7) repotedthatthis typeof host-gant effectoninsectsoccusin some
wheatandrye cultivars. Informationon the biology and life cycle of thesevectas is
essentiabut is, unfortunatdy, not available. Bakker (5) repoted thatit is possiblethat
certainstagesn the developmert of thesensectstake placein thesoil.

Fomha (10), Taylor (27) and Reckhausand Andriamasintsehend25) repoted that
yield lossesdueto RYMV aregeneally lower wheninfection occus at advarcedstages
of the crop As notedabove, the Supavariety, which is widely grovn by the farmers,
hasa growth duration of 135450 days. The high Chaetooemasp. populationin this
studytherebre occured at stageswhich arestill susceptiblgparticulaty at 63 DAP and
possiblyat 77 DAP). Thus,makirg the saving date2—3threeweeksearlier, or, in practice,
plantingat the ‘earliestsafe-swing date’'in thehhotspd areaswould be necessarin order
to avoid infection. With this practice,plantsshouldhave passedheir vulnerablegrowth
stagesat the time the Chaetocemasp. populationis expectedto be high. Manipulations
of sawing dateshave beenrepated in the managmentof RYMV in other courtries.
Coulibaly (8) suggesteaarly planting befae the outbieak of Trichispasericeain Mali.
Reckhas and Andriamasintsehen@24) suggestedlelayingplantinguntil the declineof
the Dicladispagestoi populationin Madagacar Alternatively, chenicalshave beenused
to redwce the vector population in Mali (8) and Madagscar(24). However, alongside
otherdisadwantage®f their use thesechemicalsarebeyond thereachof the poa resouce
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farmes in Tanzam. Plumb(21) is of the opinion thatthe useof chemicalsagairst virus
vectos seemaunlikely to preventprimaryinfectionandtheireffectonthesecondry spread
could be swampedby a continwus influx of infective vectas. This may explain why

little succeshasbeenachieredin courtries wherechemicalshave beenappliedfor this
purpose. Thefarmersin Ifakaa (whee this studywas condicted) employ the 'slashand
burn’ systemduring land preparation. It therebre seemshighly unlikely that infection

from stubble(from a precedilg crop) and transmittedby soil or water can occut since
thesematerialsare gatheed togethe and burnt (and not plowed backinto the soil) (3).

Matthews (20) repated that although mechaical transmissioris possible,it appeas not
to beof ary significancein thefield andherce very dowtful if it canexplainthedynamic

natureof this disease.

The virus is not seedtransmissibleand canbe found in wild hosts,from whereit is
transmittecby vectos ontogrowing crops (1,5). Survival of virusin vectorsbetweercrops
and transwarial transmissiordo not occur (5). Dactylispasp., repoted as a poterially
importantvectorin Tanzania6), wasnot encounteredin this study In Tanzam, farmers
have a high prefeencefor the Supavarigy mainly becase of the charateristic grain
guality andaroma.Inteniews with farmes indicatedthat until a resistant/tolerantaiiety
to RYMV possessinguchqudities canbe found, the recommendation and adogion of
anotter lowlandvarietyseemimpossible.

It isthusconclwedthatvecta transmissioris impottantin theepideniology of RYMV
in Tanzam, since differencesin the popuation of the novel and yet to be describe
Chaetocemasp. coud explain the diseasdnfectionin two RYMV areas(hotspotand
nonhotspot) Nevertheless,the actualmechaism governirg the pheromenm of more
Chaetocemasp. in hotspa thanin nonhotspa areameed to be studiedfurtherin future
research.In hotspotareasplantingat the earliestsafesowing dateis recomnendedasa
vectoravoidancemeasure Integrated PestManagenent measuresre advocatel for the
mana@mentof RYMV, while thesearchcontiruesfor varietieswhich areresistant/tolenat
to thediseasandalsoacceptedy thefarmers.
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