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Bionomics and Importance of Two Species of Chaetocnema
in Rice Yellow Mottle Virus Transmission in Lowland Rice

in Tanzania
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Regular samplingswere done of two important vectors in farmers’ fields during the
1999/2000and2000/01rice seasons at crop stagessusceptibleto rice yellow mottle virus
(RYMV) on a traditional rice variety (‘Supa’) under rainfedlowland conditionsto provide
informationon the bionomics and importanceof thesevectorsin the diseasetransmission.
The populationof Chaetocnemasp. (nr. varicornis Jacoby) (Coleoptera:Chrysomelidae)
wassignificantlyhigherin hotspot thannon-hotspotareas.However, therewasno significant
differencein the C. pulla Chapuispopulationbetweenthesetwo areas. In general,the
Chaetocnemasp. populationwas higher than that of C. pulla, and both vectorsreached
the peakof their population at 63 daysafter planting. Early planting in the hotspotareas
is suggestedas a diseasemanagement strategy. Both vectorsare naturally infective and
Chaetocnemasp.provedmoreefficient thanC. pulla in thetransmissionof RYMV.
KEY WORDS:Bionomics;Chaetocnemasp.; Chaetocnemapulla; epidemiology; hotspot;
vectors;non-hotspot;riceyellow mottlevirus; lowlandrice.

INTRODUCTION

Rice yellow mottle sobemovirus (RYMV) is not found outsideAfrica. It was first
reported in Kenya in 1966 (4), with subsequent reports from SierraLeone(22), Cote
d’Ivoire (9), Nigeria (16), Tanzania, Zanzibar(26), Burkina Faso,Mali (17), Niger (23)
andGuinea(11). Abo (1) reportedthattheincidenceof thediseaseis gradually increasing
in othercountriesof Africa.

In Tanzania,RYMV is widely believed to bethemostimportantdiseaseon rice. Luzi-
Kihupi et al. (19) reported a yield loss of 92% on the ’Supa’ variety. Rice yellow
mottle is prevalent in major rice-growing regions like Mbeya, Morogoro and Mwanza
(3) and is spreadingrapidly betweenand within regions. Very recently, the Japan
InternationalCooperationAgency (JICA) observedthediseaseon their irrigation plots in
theKilimanjaroregion,andit hasnow beenobservedin theKilosadistrictwithin Morogoro
region (19). Severe outbreakshave beenreported mainly from irrigated and rainfed
production systemson lowland cultivars introducedfrom Asia, whereaslocal cultivars
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havebeenrelatively lessseverely affected(28). In Tanzania,riceproduction from lowland
and uplandsystemsis 80% and 20%, respectively (18). RYMV, which is transmitted
mechanically, belongs to the sobemovirus group (4). Bakker (5) reported the following
asvectors: chrysomelid beetles(Coleoptera:Chrysomelidae):OulemadunbrodiensisJac.
nr Apophyla, Monolepta flaveola Gerst.,M. haematura Fairm., Sesseliapusilla Gerst.,
Chaetocnema abyssinicaJac., C. pulla Chapuis,Dactylispa bayoni Gest., Dicladispa
paucispina (Weise), D. viridicyanea (Kraatz) and Trichispa sericeaGuerin-Meneville;
andthe long-hornedgrasshopper(Orthoptera:Tettigonidae)Conocephalusmerumontanus
Sjöstedt.In Tanzania, Banwo et al. (6) reportedRYMV vectors to include a novel andyet
to bedescribedChaetocnemasp.(nr varicornis, Jacoby), C. pulla ChapuisandDactylispa
sp. (not Dactylispabayoni Gest.).However, they reportedDactylispasp. asa potentially
importantvector eventhough it is notfoundin all theplaceswhereRYMV exists.Although
RYMV hadbeennotedin Tanzaniamuchearlier, it attractedattentionfor researchonly
lately, with the first detailedstudyon the epidemiology of the diseasepublishedin 1999
by Ali (3). The WestAfrica Rice DevelopmentAssociation(WARDA) is of the opinion
that,asin otherRYMV-prevalent countries,theepidemiology of thediseaseis still poorly
understoodanda mainmode of transmissioncapableof explaining thedynamic natureof
RYMV is yet to befully elucidated(Y. Sere,pers. commun.).

The present study was initiated to investigatethe vector bionomics in two RYMV
situations,hotspot andnon-hotspot. This informationis to be usedfor an understanding
of thedynamicsof RYMV onriceandtheimportanceof vectorsin thetransmissionof the
diseasein Tanzania.Effectivecontrol measuresdependonathoroughunderstandingof the
virusepidemiology andvector bionomicsandecology.

MATERIALS AND METHODS

Theexperimentwasconductedat Ifakara in theMorogoro region of Tanzaniaduring
the 1999/2000 and 2000/01 rice seasons. Four fields (replicates)were used for the
two treatments(RYMV normally infected/hotspotand no recorded history of RYMV
infection/non-hotspot).Thehotspotareaswerechosenwithin placesbelievedtobeRYMV-
infectedareas/fields,whichhaveahighrateof spreadoccurring consistentlyovertheyears.
Thenon-hotspot areas/fieldswerechosenwithin thosebelievedto havenorecordedhistory
of RYMV. Thetwo typesof fields(hotspotandnon-hotspot)werewithin an � 1 km radius
of oneanother. The traditional lowland rice variety ’Supa’ (susceptibleto the disease),
requiring 135to 150daysof growth andwidely cultivatedby farmers,wasused.Thecrop
wassown by broadcastingin Januaryof 2000and2001under rainfedlowlandconditions.
Quadratsmeasuring15m 
 15m wereusedin eachselectedfield.

Thepopulationof insectvectors (Chaetocnemasp. andC. pulla) wasdetermined by
taking20 sweeps(with a net)perquadrat on a bi-weeklybasisasfrom 21 to 91 daysafter
planting(DAP). It is believedthatafterthis stage,thereis lesschanceof RYMV infection
to thecrop(author, unpublished). Insectvector populationsof thesetwo treatments were
comparedover time by meansof a paired’ t’-test. To test the efficiency of both vectors,
transmissiontestswerecarriedout in ascreenhouse(meantemperature= 23

�
C) usingvar.

Supa.Thevectors Chaetocnemasp.andC. pulla werecollectedfrom rice fields(in which
var. Supawasgrown) by theuseof aspirators andsweep-nets.During transportationfrom
thefield, theinsectswerekeptin closedbottleswith a perforatedcover. An electronically
operatedaspiratorandcamelhairbrushwereusedto collectandtransferinsectsfrom plant
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to plantandfrom cageto plant. Theinsectswerekeptin woodencages,measuring70 cm

 80cm 
 70cm,beforebeingusedfor thetransmissiontests.

Acquisition feedingby adult insectswas conductedfor 3 dayson cagedrice plants
(6), which had beentransplanted to pots 2 days previously; one insectwas placedon
one infectedplant. For the transmissiontests(inoculation feeding), seedlingsat the 2-
to 3-leafstagewereused,becauserice plantsaremostsusceptibleto RYMV at this stage
(5). Tubesmeasuring 2.5 cm andcoveredwith a netting,retainedtheviruliferousinsects
on plantsfor the transmissiontest. Ten pottedplantswereusedfor eachtreatment. The
treatments consistedof differentnumbers of theadultbeetlevectors (viz. 0, 1, 2, 3 and4).
Thetreatments(vector numbers)werereplicated five timesusinga randomizedcomplete
block design. The plants with no insect(0) servedascontrol. Theplantsexposedto the
insectswerekept in thescreenhousefor 3 weeksfor symptom observations. To verify the
presenceor absenceof RYMV, plantswereevaluated by enzyme-linked immunosorbent
assay(ELISA). The transmissionpercentage for the treatments(vector numbers) was
calculatedon the basisof the presence or absenceof RYMV in eachof the ten plants
of eachreplicate.

An infectivity testwascarriedout to determinewhetheror not thevectors arenaturally
infective. Var. Supaseedlings grown in smallcage-like containersweretakento thefield.
The Chaetocnema sp. andC. pulla collectedlive from freshgrowth of Suparatoonrice
whichwasinfectedwith RYMV, wereimmediatelyplacedonthericeseedlings.Oneinsect
wasplacedon eachrice plant; therewereten testplantsandtencontrols (with no insect)
for eachof thethreeexperimentalruns/replicates.Theplants,with theinsects,weretaken
to thescreenhouseandkeptfor 3 daysof inoculationaccessfeeding. After this, theinsects
wereremovedand,asin theabove-describedexperiment,theplantsincluding thecontrol
weretestedfor thepresenceof RYMV.

RESULTS

Fig. 1. Vectorpopulations (Chaetocnemasp., left; Chaetocnemapulla, right) in hotspotandnon-
hotspotareasof rice yellow mottle sobemovirus, at variousdaysafter planting,1999/2000 season.
BarsindicateS.E.
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The trendof the population of vectors (Chaetocnemasp. andC. pulla) with DAP in
two RYMV areasis shown in Figures1 and3. Figure1 (left) showsstatisticallysignificant
differences(P � 0.05) betweenChaetocnema sp. population in hotspotandnon-hotspot
areas/fieldsat 35 and49 DAP, with a higher vectorpopulation in hotspotareas. Also,
highly significantdifferences(P � 0.001) wererecordedat 63,77 and91 DAP, whereasC.
pullashowedahighlysignificantdifference(P � 0.001)in vector populationonlyat63DAP
(Fig. 1, right), with thepopulationhigher in non-hotspot areas.No significantdifferences
(P � 0.05) in vector populationwereobserved at otherDAP betweenthetwo RYMV areas.
Thefindings(Fig. 1) canbesummarizedasin Figure2, in which theDAP aregroupedas
a singleentitywithin thetreatments(hotspot andnon-hotspotareas).Figure3 (left) shows
a statisticallysignificantdifference(P � 0.05)betweentheChaetocnemasp. population in
hotspot andnon-hotspotareas/fieldsat 35 and77 DAP, with a higher vector population in
hotspot areas.Statisticallysignificantdifferences(P � 0.01) wereobtained alsoat 63 and
91 DAP, whereasC. pulla shows a highly statisticallysignificant difference(P � 0.05) in
vectorpopulationonly at 63 DAP, with thevector populationhigherin non-hotspotareas
(Fig. 3, right). No significantdifferences(P � 0.05) in vectorpopulation wereobserved
at otherDAP betweenthe two RYMV areas.Thefindingspresented in Figure3 canalso
be summarized as in Figure4, in which the DAP aregroupedas a singleentity within
the treatments (hotspot and non-hotspotareas). Table 1 shows a significantdifference
(P � 0.001)betweenChaetocnemasp. andC. pulla in theefficiency of transmission,with
Chaetocnemasp.capableof infectingmoreplantsthanC. pulla. Theresultson infectivity
of thetwo vectorsunderfield conditionsarepresentedin Table2; therewasnostatistically
significantdifference(P � 0.05) in virus transmissionbetweenthevectors whennaturally
infective.

Fig. 2. Populationsof Chaetocnemasp. (left) andChaetocnemapulla (right) in hotspotandnon-
hotspotareasof riceyellow mottlesobemovirus,1999/2000season.BarsindicateS.E.
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Fig. 3. Vectorpopulations (Chaetocnemasp., left; Chaetocnemapulla, right) in hotspotandnon-
hotspotareasof rice yellow mottle sobemovirus, at variousdaysafter planting,2000/2001 season.
BarsindicateS.E.

Fig. 4. Populationsof Chaetocnemasp. (left) andChaetocnemapulla (right) in hotspotandnon-
hotspotareasof riceyellow mottlesobemovirus,2000/2001season.BarsindicateS.E.
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TABLE 1. Efficiency of Chaetocnemasp.andC.pulla in thetransmissionof riceyellow mottlevirus
(R

	
= 0.919;C.V. = 22.17%)

Numberof insects Mean% of plants infected P
Chaetocnemasp. Chaetocnemapulla

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. Transmissionof rice yellow mottle virus by naturallyinfectedChaetocnemasp. andC.
pulla

Exp. No. Numberof infectedplants (out of ten)
Control Chaectocnemasp. 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 understandtheimportanceof vectorsin RYMV transmission,it is necessary
to know the relationshipbetweenvectorpopulation andRYMV infection. The resultsof
theregular samplingof theRYMV vectors in two RYMV areas(hotspot andnon-hotspot)
(Fig. 1) showed clearly that thereweremore Chaetocnema sp. in hotspotthan in non-
hotspot areas,a differencewhich increasedwith DAP. WARDA (29) reported thatsevere
RYMV infections in rice varietyBouaḱe 189at Sakassou,Coted’Ivoire, wereassociated
with high Trichispasericeapopulations. However, Heinrichs et al. (14) in Mbe (alsoin
Coted’Ivoire) found no correlation betweenvector abundanceandRYMV incidence. It
is known that virus-infectedplantsdiffer from healthyplantsashostsof insectsandthis
influencesvirusspread.Ajayi (2) reportedthatvirusvectors (especiallyaphids)weremore
common on infectedhosts,in partbecausemore alightedon diseasedplantsthanhealthy
onesandin partbecausethoseon diseasedplantsmultiplied more quickly. It remains to
beknown if this might help to explain why this Chaetocnemasp. wasobserved in larger
numbersin hotspot thanin non-hotspotareas,sincetransmissionof beetle-vectoredviruses
is notclearlyunderstood(12).

The Chaetocnemasp. populations in the two areasreached their peaksat 63 DAP.
Ecological factors,especiallymeteorologicalconditions(e.g. temperatureandhumidity),
are widely believed to influence insect population. It seemspossiblethat beneficial
environmental factors were present at this time which favored the population buildup.
For C. pulla, an obvious differencein population was observed only at 63 DAP and,
surprisingly, thevectorpopulationwashigher in non-hotspotthanin hotspotareas.This
might indicate thatthereis nostrongandpositiverelationshipbetweenC. pulla population
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andRYMV infectionin theareasstudied.
Although transmissionresults in the screenhouse indicateda positive relationship

betweenC. pulla population andRYMV infection (Table1), it shouldbe notedthat the
vectors wereconfinedto theplant for 3 dayseach(for virus acquisitionandfor feeding),
reducing the chance of vector movementaway from the plant. However, this would not
be the caseunderfield conditions. Also, Bakker (5) reported C. pulla to be ‘restless’; it
falls off easily, doesnot stay for long periods on the sameplant and moves over short
distances;hecollectedlargenumbersof C. pulla onplantsunderhumid conditions. TheC.
pulla populationat 63 DAP in our studywasobviously higherin thenon-hotspot thanin
thehotspot. It is possiblethatat 63 DAP, conditionsencouraginga humid condition were
experiencedin thenon-hotspotareas.In anattemptto rearC. pulla, F.M. Kimmins (pers.
comm.) noticedthatC. pulla feedsandsurvivesonrice,but doesnot reproduceon it.

As observed in the presentstudy, C. pulla populations were lower than thoseof
Chaetocnemasp.atall DAP studied(Fig. 1). Thelowestpopulationsof 3 and5 individuals
at 21 DAP andthehighest of 38 and66 individualsat 63 DAP, wereobtainedfor C. pulla
andChaetocnemasp., respectively. In general, increasingnumbersof Chaectocnemasp.
and C. pulla (Table 1) gave rise to a statisticallysignificant increase(P � 0.001) in the
number of plantsinfected. The results(Table1) showed Chaetocnema sp. to be more
efficient than C. pulla (P � 0.001) in the transmissionof RYMV at all vector numbers.
The resultson infectivity of the two vectors under naturalconditions (Table2) confirm
thatbothcanbenaturally infective, andalthough thenumberof Chaetocnemasp. (5/10)
observedto betransmittingthevirus wasin general higherthanfor C. pulla (2/10), there
wasno significant difference(P � 0.05). Theresultstherefore suggestthat the importance
of Chaetocnemasp. in hotspotareasmight be dueto their highernumbers andto their
effectivenessin transmittingthevirus. GamezandMoreno(13)andHeyland (15)reported
thata correlationexistsamong beetlepopulation,damage,andvirus spread.

Thepresenceof a host-plant effect suchasantibiosison C. pulla cannot beexcluded.
BehleandMichels(7) reportedthatthis typeof host-planteffecton insectsoccurs in some
wheatand rye cultivars. Informationon the biology and life cycle of thesevectors is
essentialbut is, unfortunately, not available. Bakker (5) reported that it is possiblethat
certainstagesin thedevelopment of theseinsectstakeplacein thesoil.

Fomba (10), Taylor (27) and Reckhausand Andriamasintseheno(25) reported that
yield lossesdueto RYMV aregenerally lower wheninfectionoccurs at advancedstages
of the crop. As notedabove, the Supavariety, which is widely grown by the farmers,
hasa growth duration of 135–150 days. The high Chaetocnemasp. population in this
studythereforeoccurredat stageswhich arestill susceptible(particularly at 63 DAP and
possiblyat77DAP). Thus,making thesowing date2–3threeweeksearlier, or, in practice,
plantingat the‘earliestsafe-sowing date’in thehotspot areas,wouldbenecessaryin order
to avoid infection. With this practice,plantsshouldhave passedtheir vulnerablegrowth
stagesat the time theChaetocnemasp. population is expectedto behigh. Manipulations
of sowing dateshave beenreported in the managementof RYMV in other countries.
Coulibaly (8) suggestedearly plantingbefore the outbreakof Trichispasericeain Mali.
Reckhaus andAndriamasintseheno(24) suggesteddelayingplantinguntil the declineof
theDicladispagestroi populationin Madagascar. Alternatively, chemicalshave beenused
to reduce the vector population in Mali (8) and Madagascar(24). However, alongside
otherdisadvantagesof theiruse,thesechemicalsarebeyond thereachof thepoor resource
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farmers in Tanzania. Plumb(21) is of theopinion that theuseof chemicalsagainst virus
vectorsseemsunlikely to preventprimaryinfectionandtheireffectonthesecondaryspread
could be swampedby a continuous influx of infective vectors. This may explain why
little successhasbeenachieved in countries wherechemicalshave beenappliedfor this
purpose. The farmersin Ifakara (where this studywasconducted)employ the ’slashand
burn’ systemduring land preparation. It therefore seemshighly unlikely that infection
from stubble(from a preceding crop) and transmittedby soil or water canoccur, since
thesematerialsaregathered together andburnt (andnot plowed back into the soil) (3).
Matthews (20) reported that although mechanical transmissionis possible,it appears not
to beof any significancein thefield andhencevery doubtful if it canexplain thedynamic
natureof this disease.

The virus is not seedtransmissibleandcanbe found in wild hosts,from whereit is
transmittedby vectorsontogrowing crops(1,5). Survival of virus in vectorsbetweencrops
andtransovarial transmissiondo not occur(5). Dactylispasp., reported asa potentially
importantvectorin Tanzania(6), wasnot encounteredin this study. In Tanzania, farmers
have a high preferencefor the Supavariety mainly because of the characteristic grain
quality andaroma.Interviews with farmers indicatedthatuntil a resistant/tolerantvariety
to RYMV possessingsuchqualities canbe found, the recommendation andadoption of
another lowlandvarietyseemimpossible.

It is thusconcludedthatvector transmissionis importantin theepidemiologyof RYMV
in Tanzania, since differencesin the population of the novel and yet to be described
Chaetocnemasp. could explain the diseaseinfection in two RYMV areas(hotspotand
non-hotspot). Nevertheless,the actualmechanism governing the phenomenon of more
Chaetocnemasp. in hotspot thanin non-hotspot areasneeds to bestudiedfurtherin future
research.In hotspotareas,plantingat the earliestsafesowing dateis recommendedasa
vector-avoidancemeasure. IntegratedPestManagement measuresareadvocated for the
managementof RYMV, while thesearchcontinuesfor varietieswhichareresistant/tolerant
to thediseaseandalsoacceptedby thefarmers.
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