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1.0 Summary: 

TItle Sustamable Integrated Management of Whuefhes as Pests and Vectors of 
Plant V lruses m the T roplCS 

Short Tltle Whllefly IPM ProJect 

ProJect Goal 

To lmprove hvmg condlUons of rural famIl1es through the effectlve managernent of whJtefltes, 
resultmg m mcreased erop productlon and a safer env1ronrnent 

ProJect Purpose 

To reduce crop losses due to whnefly feedlllg damage and whltefly-transmmed vlruses 

Abstract 

In the pasl decade, whlteflles (Homoptera Aleyrodldae), as pests and veetors of plant 
vlruses, have heeome one of ¡he most senous erop protecuon problems m ¡he troples 
The result has heen devastatmg crop losses for small-holder producers and unprecedented 
msect1clde abuse There 15 urgent need to develop IPM systems tha! would reduce 
msectlclde use and help reestabhsh the ecologlcal equlhbnum by rneans of non-chemlcal 
approaches to whltefly control, 8uch as blolog1cal and mlcroblal control. or erop vanetles 
Wlth mcreased res1stance to whlteflles (WFs) and whltefly-transmttted vlruses (WTVs) 
One of the pnnc1ple obstacles to achlevmg IPM solutlons has been the lsolated and 
uncoordmated fashlOn m whlch researchers have been workmg The Whltefly IPM 
ProJect proposes tú orgamze a network for researchers m the troplCS who are workmg 
on whlteflles and whltefly-transmllted vlruses, promote the standardlzatIon of research 
methodologles among researchers, and faclhtate the collectmg of cntlcal, mlssmg data 
tn order to adapt, develop and tmplernent effectlve IPM packages for whltefly and ViruS 
management 



Tltle Phase 1 

Short Tdle Phase 1 

Goal Phase 1 

Network FormatlOn, DiagnosIs and Analysls for IPM of 
Whltefltes m the Troplcs 

WhItefly IPM ProJect - DiagnosIs and Analysls 

To reduce envlronmental degradatlon, due to the excesslve msectlclde use, and reduce threats to 
food secunty, resultmg from whltefly and WTV damage 

Purpose Phase 1 

To gather, generate and analyze, through SClentlfic and grower networks, baseltne data relevant 
to the dIagnosIs and charactenzanon of whltefly and WTV problems m the troplcs, In order to 
propose a sound research agenda for unproved understandmg of pest and dlsease dynanllcs, IPM 
development and IPM Implementatlon 

IntroductlOn 

The problems caused by whIteflles as pests and vet.tors of plant vlruses have been recogmzed for 
more than 100 years However, untll recently senous whltefly damage had been hmlted to a few 
crops m particular geographlc areas, e g whltefly pests of couon m the Sudan and Central 
Amenea, Afncan cassava mosalc dlsease (ACMD) In Afnca, tomato yellow leaf curl ViruS 
(TYLCV) In Israel, bean golden mosalc ViruS (BGMV) In Brazll In the past decade, thlS scenano 
has changed dramancally Whltefly pest InfestatlOns In eotton In Central Amenca have become 
so severe ¡hat cotton productlon has completely collapsed In some countnes (e g Nicaragua), and 
whneflles have become new pests m other erops (e g tomato, cabbage) The hlstoncally 
damagmg whltefly-transmltted vlruses (WTVs), such as ACMD, TYLCV and BGMV have 
extended thelr range And, other WTVs are emergmg In new erops and geographlc zones, 
globally 

The whltefly problem has become so senous worldwlde, lhat the popular press has referred lO 
whltetlles, such as BemlSla tahacl, as "the Pes! of the Century" Wlutefly pests and vectors have 
become one of ¡he maIn target of InsectIcldal sprays In many parts of the troples Excesslve 
rebanee on chemlcal peslIcldes has resulted In ¡he systematlc destructlOn of natural enemles that 
were formerly effectlve m provldmg natural control, whltefly populallons wlth hlgh levels of 
Insectlclde reslstance, and the ereatlOn of new secondary pest problems Whlteflles provlde a 
classlc example of the "pestlClde treadmIlI" The msectlclde abuse, as well as exacerbatIng the 
pest problems It was mtended to address, has become a senous threat 10 the envlromnenl, as well 
as a health hazard to producers and consumers And, as a result of both magrutude of the whltefly 
problems, and the meffectlveness of Insectlcldal spraymg, food secunty 15 at nsk In several eco
reglOns 
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The fundamental problem 15 that producers m the tropIC5 are usmg chemIcals, many of them 
banned m developed countrles, as msurance agamst the POSSlblhty of a devastatmg erop loss from 
whnetlles and WTVs Producers reason that as long as lt 15 profitable, and better alternatlve5 are 
not aVallable, spraymg IS a good mvestment As mdlcated by CIP (1995) "It IS a case of pay and 
spray and stay m busmess" 

There 15 an urgent need lO develop Integrated Pest Management (IPM) systems that would reduce 
IllsectlClde use and help reestabhsh the ecologlcal eqUlllbnum by means of non-chemleal 
approaches ro whnefly control For whItefly pests thIS unphes Idennfymg the pnnclpal erop hosts, 
estabhshmg economIC mJury levels (EILs), and developmg new approaches to rnamtam whltefltes 
below the EIL For whltefly vectors, however, the tradltlonal IPM approach wIll not suffice 
Vectors must be studIed and managed wlthm an epldemlOloglcal framework, le, study and 
analysls of the whllefly-transmltted Virus system, Wlth IPM mterventlon strategIes resulnng from 
the epldemlologlcal analysIs 

In recognlllon oí the cruCIal Importance of IPM to sustamable agrlcultural development, the 
Consultatlve Group on IntematIonal Agnculture (CGIAR or CG System), has been workmg to 
establlsh a coordlOatlOg mechamsm for IPM To thls end, the CG formed a System-wIde IPM 
Programme, gUlded by an Inter-Center Workmg Group on IPM Wlthm thIS System-wlde IPM 
Programme ¡he Internatlonal Center for TropIcal Agnculture (CIAT) m Call, ColombIa was 
deslgnated as the convenIng center to orgamze a WhItefiy IPM Task Force and to prepare a 
proposal on Sustamable Integrated Management of WhIteflIes as Pests and Veetors of Plant 
V Iruses In the TropIes 

A meetmg of the System-wlde Whllefly IPM ProJect Task Force was held al CIAT, !TI Call. 
ColombIa from February 13-15, 1996, WIth representatlves from CG Internallonal Agncultural 
Research Centers (IARCs), Natlonal Agncultural Research Systems (NARS), and Advanced 
Research InstItutlOns (ARIs) The Task Force defined a goal, purpose, outputs and aCllVltles for 
the proJect (FIgure 1 ) 

The Whltefiy IPM ProJeet 15 complex m nature and broad m scope Accordmgly, the proposal 
presented hefe 15 for a start-up phase (phase I). whlch wIll undertake the formatlon of a research 
network for whueflIes and WTVs m the troplCS. extensIve dmgnosIs and charactenzatton of lbe 
WF/WTV problem, and, several cntIcal analyses and IPM actlvltles lo prepare for Phase II of the 
Whltefiy IPM ProJect (see the shaded areas of FIgure 1 ) 

Based on the Whuefly IPM Task Force MeetIng, and wIthm the framework of an eco-regIOnal 
problem approach It IS proposed that Phase 1 of ¡he System-wlde WhItefiy IPM ProJect should 
consIst of four sub-proJeets (FIgure 2 ) 

1 WhIteflIes as pests m the tropical hlghlands of Latm Amenca, 
2 WhIteflIes as vectors of vlruses In legumes and mlxed croppmg systems m the tropical 

lowlands of Central Amenca, Mexlco and the Canbbean, 
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3 Whlteflles as vectors of vlruses m vegetable and legume mIXed croppmg systems m eastem 
Afnca and 

4 Whneflles as vectors of vlruses In cassava and sweetpotato m Afnca 

DuratlOn Phase 1 

Two year5, from January 1997 lo December 1998 

Budget Summary 

The total budget requested for Phase 1 of Wllltef1y IPM Project 15 US $1,372,376 

ProJect Partners 

Phase 1 wll! mclude sClentlsts from 5 CG lnternatlonal Agncultural Research Centers (CIAT, 
ICIPE, lITA, CIP and AVRDC) , 25 NARS msUtuUons m 22 countnes In Afnca and Latm 
Amenca, and 6 Advanced Research Instltutlons from the Umted Kmgdom, Germany and ¡he 
Umted States 

Coordmatmg sClentIsts 

Leader, CIAT Pest and DIsease Mangement Umt 
ProJect Coordmator 
Coordmator Sub-proJect 1 
Coordmator Sub-proJect 2 
Coordmator Sub-proJect 3 
Coordmator Sub-proJect 4 

Dr Anthony C Bellotu (ClAn 
to be hlred 
Dr Cesar Cardona (CIA T) 
Dr FrancISCO Morales (ClAT) 
Dr S Slthanantham (ICIPE) 
Dr James Legg (lITA) 
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2.0 Project Background: 

HIstory of Whlteflles as Pests and Vectors In the Troplcs 

Whltefltes as pests and vectors 
Although Mound and Halsey (1978) have catalogued 1156 specles of descnbed whIteflleS 
(Homoptera Aleyrodldae), only a hmlted number of whItefly specles are cornmonly found 
mfestmg plants of economlc Irnportance (Table 1, Martm, 1987, Caballero, 1992) Based on 
geographlc dIstnbutton, hos! plant range, denslty on host plants, and dlfficulty of control m 
Central Amenca and Colombia, Caballero (1992) cJasslfied 

Two (2) whltefly specles as key pests 
• Bemma tabac¡ (GennadlUs) 
• Tnaleurodes vaporarlOrum (Westwood), and 

FIve (5) specIes as Important pests 
• Aleurorrachelus socwlls Bondar 
• Tnaleurodes vanab¡f¡s (Quamtanee) 
• Bemma tuberclllata Bondar 
• Trtaleurodes abut¡{onells (Haldman), and 
• Aleurocanthus wogluml Ashby 

Three (3) whnefly specIes have also been eonfirmed as veetors of plant vIruses In four VIruS 
farnJiles (Table 2, Duffus 1987, Padldarn el al, 1995, Fauquet & Martelh, 1995) Undoubtedly, 
the most Important whnefly 15 BemlSla tabacl, as a vector of gernmlvIruses 

Although few whltefly speeIes are unportant pests and vectors, the damage that they cause to erop 
hosts IS devastatmg Wluteflles are plJioem (sap) feeders They cause dlreet damage m sorne hosts 
by extraetmg large quantltles of sap The honeydew whlch they excrete, as a result of the eoplous 
sap mtake, serves as a substrate for sooty mold fungl whlch can al so damage hosts by bloekmg 
photosynthesls Sooty rnold can also dlseolor harvestable fulltS and fiber, affectmg the quahty of 
produce e g snap beans, vegetables, cotton hnt The whllefly-transmItted vlruses (WTVs) are 
among the mos! destructlve plant VlruSeS, early VIruS mfectlon often results m total erop loss 
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Table 1 WhIlefly specles commonly found mfectmg plants of economlc lmportance 
(Martm, 1987, Caballero, 1992) 

Whllefly Spec.es 

· AcaudaleyrOOes can (Prlesner & Hosny) 

i A IcaleurOO.s co(feacola Dazler 

New World Old World 

I x 
x 
X Aleur%bus barademls (Masc."k",e"llL) --------------------+-----"'------1 
x Aleur%bas m/oflcas Pnesner & Ho"'sn""y'-_______ + ________ -+ ___ ---'-'-___ -' 
x 
x 

.. ~ 
X · Aleurocanthus COCOIS Corbell I 
X 

X 

f. Aleurocanthus delolll Coh.c .... --~-----t-
: Aleuro,anthus sp/mferu"'s.:,r.u"'an=la"'l"'nc::;;c::..... _________ +_ I ________ + ___ -"'-__ --¡ 

X Aleul'ocanthus\\'"glulIIl .. Ashb:.z.Y ___________ +-___ -"X'--___ + ___ -"'--__ ---1 

Aleur 'botas Indlcus Dav.d & Subramamam 

AleurocybolUs sel/teros Quamlaoce & Baker 

:-Aleurod¡cus cocms (Cur!.s) 

X 

X 

x 
X · Alearadlcus deslructo~<M..afk,-l""'eL) -----~----I----------_l_---~. 

I AlearOO/clls dispersas Russell 

· Al 00 d C k II eur lCllS l/Ilesll oc ere 

: Aieurodlcus lmguosus Bondar 

Aleuroglandulus malanJ!ae Russell 

Aleurorh!,xus fJoccosus (Maskell) 

Alearolrache/us cacaorum Bondar 

Aleurotrachelus soclahs Bondar 

~rotrache/us Irachotd~s (Back) 

Aleurotuberculatus neoluseae Takahashl 

Aleuroluberculatus ps/du (S'Ilghl 

.. AlevrOties lomcerae Walker 

Alevrode S vro/elel/a LlOnaeus 

,.J3.~m/Sla 

BenuslQ 

BemlsI3 

af!r Pnesn~.r & Hosnv 

8.Iffard../ (Kotmsky) 

tabac. íGennadms) 

X X 

x 
X : --..... __ . 

! X 

i X X 
! X 

i X 

! X X 

X 

! X 

X 
-----._---~~ .... 

X 
: 

X 

X 

X 

X X 

~ 
! 

I 
Bem,sla tuberc,."u"la"'t"'a"'B"'o"'n!.!d"'a".r ___________ -! ____ -'X"-___ -f _____ _ 

CeraleurOOlcus alllss/us (QuamtanceLl ---------i-----'X"------f-
Cera/eurodlcus In ae Saker) X 
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Old World [~ltefl;s~~¡eS New Wor!d I 

, Dlaleurolonga commums Bmk Moenen I . .:.x"-. __ --I 

[0ateurotonga elong<lJa=(",Do:o",zl",e,"ríc~ _________ -t______ I x 
, Dwleurolonga sImple< Takahashl X 

- - ---------------,.~ 

~leuropora decempuncta (Quamtance /i¿ Baker)._ X 

DlOleurades cun (Asirnlead) . ____ .. ___ -¡-___ -"X'--___ J-___ ~X'__ ~ 

Dwleurades cltn(olll (Morgan) .. X Xx·· ... ---."1. 
Dwlearodes l.trkaldll (Konnsky) X m , 

LecanOldeu.s..glgameas (Quamtance & Baker) X 

~JlardlUS lal¡¡llelJ.I,eonardJ) __ ~ _________ t_----"X'-----L-------__1 

Metaleuradlcus cardlm(Back). ____________ + ___ --.:.x-'-___ -t ________ , 

NeomaskelllO andro O 01115 Corbett 

i Orchamop/atas C¡¡TI .(TakahashlL.) ___ _ ___ . __ -\ __________ +-___ -"-'-___ ---, 
, NeomaskeillO baga (slgnore'"t'L)--------~ .... -.-~.t', ... 

Orchamo /atus.marnmaeJr!.ru,.,sc.("Q<eu::.:a",ln",l",an",c::.:ec.&=,B",ak=e",r)'-___ !-______ _ 

ParabemlSla mJlTlca~ (Ku"'aJ¡aL ___ . ______ -j ____ ..::!. ____ +-___ ..::!._ 

j'mhomnus ph¡lI}reae,.l.O!Hc!!a!!hd~a:!Ll ___________ t-________ + ___ -"'-. ___ __1 

Tetra/eurodes acaclae 

Teualeurades aadrapogon (Dazler) 

Tetra/eurodes mOTI uamlafice1-) -----------t----!.!...----t-----
, Tnaleurodes abullloneus (Haldman) 

Tnair!l;rodes f1ortden~~m!an"'c'"e)'__ ______ -~r-

Tna/eurades . .rtcl.n,-li\1,lsraL) ---------------¡--------
, Tnaleurodes vaporanorum (Westwood) 
I 

I Trlaleurodes vanablhs (Quantamce,,)'-_~ ______ -t ____ ~_ 

: Xenalearodes brO",~hae Martln 

Bold tvpe denotes specles of slgmfican! agncultura] Importanee 
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Table 2 Plant VIruS es transmltted by whnefhes (Duffus, 1987, Padldam et al , 1995, 
Fauquet & Martelh, 1995) 

ClosteroVlruses 
Beet pseudo yellows VIruS (BPVY) 
Cucumber yellows VIruS (Cu YV) 
DIodea vem chlorsIs ViruS (DVCV) 
Lettuce mfectlOus yellows ViruS (UYV) 

Tnaleurodes abufllonea 
Tnaleurodes vaporarlOrum 
Trtaleurodes vaporanorum 
Bemwa tabac! 

---------- -------~-_ .. __ ._-~--_. __ ._--
CarlaVIruses 
cowpea mtld mOltle VIruS (CPMMV) 

Potyvlfldae 
sweet patato mlld mottle VIruS (SPMMV) 

GemllliVlfldae, Subgroup III 
Abuulon mosalc ViruS (AbMV) 
Afnean cassava mOSaIC ViruS (ACMV) 
bean calleo mosalc VIruS (BCMV) 
bean dwarf mosaIe Virus (BDMV) 
bean golden masaje VJrus (BGMV) 
East Afnca eassava masaje VJrus (EACMV) 

pepper huasteco ViruS (PHV) 
potato yellow masaje VIruS (PYMV) 
squash leaf curl ViruS (SLCV) 
Texas pepper ViruS (TPV) 
tomato golden mosale VIruS (TGMV) 
tomato leaf crumple VIruS (TLCrV) 
tomato leaf curl ViruS (TLCV) 
tomato mottle VIruS (Tmo V) 
tomato yellow dwarf VIrus (TYDV) 
tornato yellow leaf curl ViruS (TYLCV) 
tornato yelIow mosaIe VIruS (ToYMV) 

BemlSla rabac! 

Bem¡slG tabac! 

BemlSla tabac! 
BemlSla tabacl 
Bemwa tabacl 
BemlSla tabac! 
BemlS!a tabacl 
Bemwa taban 
BemlSla taban 
BemlSla rabacl 
BemlSla tabac! 
BemlSla tabace 
BemeslQ tabac! 
Bemma tabace 
BemlSla tabaCl 
BemlSla rabace 
Bemlsta tabac! 
BemlSla tabac! 
BemlSla tabacl 
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H¡story of whlteflleS and gemlmvlruses 
In Afflca, BemlSla tabacl has been regarded as a pest and vector m cotton m the Sudan smce the 
1930s (Klrkpatnck, 1931) W Ith the advent of resIstan! conon vanetles, B tabacl was conSldered 
a manageab1e early-to-mtd-season pest However. the use of wlde-spectrum msecucldes, wlth 
accompanymg adverse effects on the mdlgenous natural enemles, elevated Bemlsla tabacl to a 
senous all-season pest, causmg leaf drop by dlrect feedmg, reduced number of bolls and stlcky 
cotton hnt from the productlOn of honeydew (Lopez-Avlla, 1986) 

BemlSia-transmltIed Afncan eassava mosale dlsease (ACMD) was first desenbed In 1894 In East 
Afnca, the dlsease was not reported to cause senous losses unnl the 1920s In West Afnca, lt was 
firsl recorded m the coastal areas of Nlgena SIerra Leone, and Ghana m 1929 and had spread 
northward by 1945 ACMD IS now reported from aH cassava-producmg countnes m Afnca 
(Fauquet & Fargette, 1990) Although an old problem, and desplte much research, ACMD 
remams prevalent m many parts of Afnca and 15 currently causmg a senous epldemlc m Uganda 

In Latm Amenca, Bem¡sla tabacl was recogmzed as a mmor Insect pest of cotton m Central 
Amenca m rhe 1950s By the 1970s the use of msectIcldes converted B tabaCI mIo a key cOlton 
pest, second m Importance to the boll weevll 

The whttefiy-transmuted bean golden mosalC VIruS (BGMV) was firsl descnbed as causmg a 
mmor dlsease (5-10% prevalence) of bean m Brazll (Costa 1965) In the early 19705, the area 
of soybeans, a prmclpal reproducuve host for BemlSla tabacI, greatly mcreased m Braztl By the 
mld-1970s, Brazll was suffermg severe outbreaks of BGMV Wlth estlmated yleld losses of 48-85 % 
(Costa & Cupertmo, 1976) BGMV carne to be consldered as the hmttmg factor for dry season 
bean productlon m certam areas of central-southern Brazll (Costa, 1975) 

Although ¡he problems caused by Bemwa tabaC!, both as pest and vector, have been recogmzed 
for more than 100 years, senous damage had been hmlted to few crops m partIcular geographlc 
areas Thls scenano has changed over the pas! decade Whltefiy pest mfestallons m colton have 
become so severe that cotton productlon has completely collapsed m sorne countnes Ce g 
NIcaragua) and whnethes have become new pests m other crops (e g tomato, cabbage) The 
known WTVs (ACMD, BGMV, TYLCV) have extended thelr geographlc range And other 
WTVs are emergmg m new crops and geographlc zones, globally 

The whllefly problem has become so senous, worldwlde, that the popular press has referred to 
BemlSla tabaCl as "the Pest of the Century" 
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CG ImtIatIve on Whltefly IPM 

In recogmtlon of the crucial Imponance of Integrated Pest Management (lPM) to sustamable 
agncultural development, the Consultatlve Group on InternatlOnal AgrIcultural Research (CGIAR 
or CG System), has been workmg to estabhsh a coordmatmg mechamsm for IPM To thls end, 
representattves of ten lmernanonal AgTlcultural Researeh Centers (IARCs) and the Chamnan of 
the WM Workmg Group, me! al The Hague m The Netherlands, on February 22·24, 1995 The 
partIClpants of Ihls meetmg recommended that the CG System form a System-wlde Programme 
on Integrated Pesl Management, gUlded by an Inter-Cemer Workmg Group on IPM to funcnon 
as the steermg eommlttee, coordmated by lITA The eoncept was approved by the CG and the 
mltlattve fonnalIy launched as the System-wlde Programme on IPM (SP-IPM) al the begmmng 
of 1996 Key lssues to be tackled by the Programme have been Identlfied and Task Forces, each 
led by a research centcr wlth spcclal expertlse m the relevant field, have been estabhshed to 
address each Issue To-date, 11 Inter-Center IPM task forces have been estabhshed as part of the 
System-wlde Programme on IPM The Internatlonal Center for TropIcal Agnculture (CIAT) m 
Cah, Colombia was deslgnated as the convemng center 10 orgamze ¡he lnter-Center Whltefly IPM 
Task Force and to formulate the Imer-Center proposal on Sustamed Integrated Management of 
Whlteflles as Pests and Vectors of Plant V lruses m the Troplcs 

A Task Force Meetmg for the Inter-Center Whnefly IPM ProJect was held at CIAT, m Cah, 
ColombIa from February 13-15, 1996 The obJectIves of the meetmg were a) to dlscuss the 
outputs and actlVltles that should be proposed for the prOJect, and b) to dlScuss a structure for the 
global Whltefly IPM Project, as well as how to lmk and coordlnate the mstltutlOUS that would be 
mvolved m the proJect 

The Task Force Meetmg mcluded 24 partlclpants representmg CG InternaUonal Agncultural 
Research Centers (lARCs), Natlonal Agncultural Research Systems (NARS), and Advanced 
Research Instltutlons (ARls) After consIderable dlscusslon on the nature of the whltefly problem, 
the Task Force agreed that It was posslble to detine three whltefly problems that should be 
pnontlzed 1) whlteflleS as pests m mlxed croppmg systerns In tropical hIghlands, 2) whlteflles 
as vectors m ffilxed croppmg systerns m low to ffild altitudes of the troplCS, and 3) whlteflles as 
vectors and pests of the seml-perenmal cassava The first problem [ocuses on whltefhes as dlrect 
pests In annual crops m the hlghlands The second problem focuses on whlteflles as vectors of 
plant vlruses m annual crops, especlally legumes and vegetables, m the tropical lowlands And, 
the thlrd problem focuses on whItefly pests and vectors In a seml-perennJaI staple erop, cassava 

There was general consensus among the Task Force on the proJect goal, purpose, and the outputS 
ProJect aetlvltles were dlscussed extenslvely, and general agreement was reached Also Based 
on the Whltefly IPM Task Force Meetmg and wlthm the ca framework for an eco-regIOnal 
problem approach (Bouma et al , 1995), It 15 prop05ed that Phase 1 of the Inter-Cemer Whltefly 
IPM ProJect should conslst of four sub-proJects (Figure 2) 
1 Whneflles as pests m the tropIcal hlghlands of Latm Amenca 
2 Whneflles as vectors of vlruses m legumes and mlxed croppmg systems m the tropIcal 

lowlands of Ccntral Amenca, Mexlco and the Canbbean, 
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3 WhlteflleS as vectors of vlruses m vegetable and legume nuxed croppmg systems m eastern 
Afnca, and 

4 Whltefhes as vectors of vlruses m cassava and sweetpotato m Afnca 

Innovahveness 

CollaboratlOll 
Informal mternatIonal and regional networks for whlteflles and WTVs already ex.lst (e g , 
[nternatlonal Bemlsta Workmg Group, GemmINET, European Chapter of the Imernatlonal 
Orgamzatlon for BlOloglCal Control, lhe U S Research and ActlOn Plan Network, Latm Amencan 
Whltefly and GemmlVlrus Network) However, ¡hese networks essentlally serve as mformanon 
ex.change Numerous calls have becn made for mcreased mternatlOnal collaboratlon and 
coordmatlon on WF and WTV research (e g Thresh el al , 1994, van Lenleren, 1994) The 
obJecllve of the CG Tropical Whltefly and WTV Network 15 to go beyond mformanon exchange 
to ach¡eve a collaboratlve research agenda on whltefltes and WTVs 

The Inter-Center ltnks al the heart of thls proJecI should ensure Ihal technology and knowledge 
generated m one Center wlll be made avallable to olher Cenlers, and thelr NARSI ARI 
collaborators 

Integratlon 
The ob)ectlve of the CG Tropical Whltefly and WTV Network IS nol only to estabhsh a 
collaboratlve research proJect, but also to mtegrate research across dlsclplmes and eco-reglOns 
Research on whllefly pests and whltefly-transmmed VlfUses has nol been truly mtegrated m the 
past Whlleflles and WTVs represent a complex problem spanmng multtple crops, geographlc 
reglOns and dlsclphnes A compartmentahzed approach that focuses on smgle crop from the 
VICWpOlUt of one dlsclphne wll! bnng nelther understandmg nor solutlons The WF/WTV 
problems demand a tran5dlsclphnary, pan-tropIcal approach Thls proJect wlll attempt 5uch an 
approach, and If successful, wIll set a precedent for whllefly /WTV research and for the System
wlde IPM Programrne 

StandardlzatlOn 
One of the mos! senous obstades to research progress on whlteflles has been the dlverslty of 
research methodologles, ro an extent that slmtlar data sets cannot be compared For that reason, 
slgmficant attentlon and funds have been devoted to standardlzmg methodologles for actIVltIes m 
Phase I An Imllal mvestrnent m standardJZatlon wlll greatly mcrcase the value of the data that IS 

gathered and generated 

AnalYS1S 
A further obstade ro research progress has been the hmlted quahtatlve and quantltatIve analysls 
that has been carned out on whltefly and WTV systems Analytlcal tools (e g GIS analysls, 
mathamattcal models) are cost-effectlVc mvestments In an ever-mcreasmg context of hmlted 

13 



resources, prehmmary quahtatlve and quanlltatlve analyses wIII acqulre mcreased lmportance as 
a J ustlfieatlOn for research programs 

Intended Beneficiarles 

The lmmedtate benefIcIarles of Phase 1 of the proJect wtll be a) IARC SClentIsts b) NARS 
sClentlsts, e) small holder farmers, and d) donor agencIes Addltlonal, mdlrect benefictanes wtll 
be the general commumty of whttefly and WTV SClenttsts and govermnent pobey makers 

CG-IARC sClentlsts 
The System-wlde IPM Programme was created morder to strengthen Inter-Cemer collaborauon, 
by faellttatmg the tnterchange of expeneneed human resourees on IPM problems of mutual, global 
concern CG-mandated crops and eco-reglOns are bemg affected, worldwlde by whnefllcs and 
WTV s The research capaclty of CG sClentIsts wIlI be strengthened through the Whttefly IPM 
ProJect m many ways For mstance, expenence m the eptdemlo10gy and management of vegetable 
and tegume vlruses and whttefly pests m Latm Amenca, exchanged w¡th eastern Afnca, may help 
prevent the tnsectIclde-mduced envlromnental problems observed m Lattn Amenca Exchange of 
WF-reslstant cassava vanetIes between Latm Amenca (CIA T) and Afnca (lIT A) should strengthen 
the Afncan breedmg programs m thelr search for reSlstant cassava vanettes The new Central 
Amencan AVRDC program, whlch wlll set up a program of breedmg agamst WTV m tomatoes 
and peppers, should benefit from thls proJect through Improved understandmg of the speclfic 
ldentlty and dlstnbutlon of ¡he tomato and pepper vlruses responslble for the on-gomg epldemlcs 
m Central Amenca Standardlzatlon of research methodologles across centers, wlll merease ¡he 
value of the research results for aH IARe SClentlsts 

NARS sClentlsts 
SClentlsts from natlonal programs m 22 Latm Amencan and Afncan eountnes are expected to 
partlclpate m thls proJect (Appendlx A) NARS sClentlsts m Latm Amenca have already 
recogmzed the need for standardlzed research methodologles and have begun workmg to 
standardlze protocols (HIlJe, 1996) ThlS proJect wlll support and extend ¡hose efforts The 
Improved understandmg of whltefly pest and WTV problems, m each of the partlClpatmg 
countnes, along Wlth the recommendanons for IPM research and mterventlOns, WhlCh wlll resutt 
from Phase 1 of thlS proJect, wlll be useful to NARS as they set up, pnontJze or re-set natlonal 
research agendas 

Small-holder producers 
The speclal phytosamtary aetlvlty te produce vIrus-free eassava plantmg matenal tS expected to 
Immedlatety and duectly benefit lhe small-holder cassava producers m the ACMD epldemlC areas 
of Uganda, and netghbonng countnes at flsk from the epldemlc In addltlon, the collecnon and 
exchange of mtormatlon on erop protectlon practlces for whlteflles 15 expected to be of Immed¡ate 
use to small holders culuvatmg legumes, vegetables, m Latm Amenca and Afnca 
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Donar agencIes 
In the present contefl of reduced and ltmlled fundmg, 1I IS crltIcal that donor agencIes have access 
(Q obJeclIve data and recommendatlons for fundmg pnontlzallon As a result of Phase 1, donor 
agencIes wIlI have a ser of recornmendatlons for pnorltlzed IPM research and mterventlons, whlch 
they wJiI be able (Q use as gUldelmes for fundmg allocatlOns 

The sClentific communlty 
The sClcnuflc cornmumly al large WIll benefit by partlclpatmg m the standardlzaUon of Cfltlcal 
research methodologlcs, by mereased mformatlon f10w and Improved access to colleagues m the 
[rOpICS, as well as the mfonnatlon that those colleagues have prevlously generated (grey hterature) 
and [he mformanon generated by the proJect 

Government pallcy makers 
Al present, httle or no attentlOn 15 bemg pald by many local authontles lo the ever mereasmg 
problem of msecnclde abuse It IS hoped as a result of the findmgs of thlS proJect, changes m 
government polIcles regardmg the sale, storage, dlStnbutlon and use of msectlcldes for whltefly 
control may occur 

Phase 1 J ushficatlOn 

Sub-proJect 1 Whlfejlies as pests In the tropIcal hlghlands oj Latm Amerlca 

Approxunately 10% of the world's populatlOn hves m the mam hlghland5 and mountamoU5 areas 
of the developmg world (the Andes of South Amenca, the Afnea hlghlands, and the HImalayas) 
The management of resources m those ecosystems affects an addltlonal 40% of the world's 
populatIOn whleh mhablts adJacent areas such as Inter-Andean valleys m the Andean Zone 
Tradltlonally, people m the hlghlands have been margmalIzed from maJor development efforts, 
wlth slgmficant repercusslOns on poverty, mlgratlon, socIal unrest as well as envlronmental 
detenoratton, In srtu and downstream (IFPRI, 1995, IDRC, 1996) 

EnVlronmental degradatIOn 
One majar Issue regardmg the welfare of those IIvmg m hlghland areas of Latm Amenca IS 
envlromnental degradatIon eaused by excesslve pestlclde use It 15 wel1 known that msectIclde 
consumptlon m tbe developmg world IS mereasmg rapldly It was Imtlally thought that mereases 
m msecttclde use m Latm Amenca were mamly due to the growth of plantatlOn erops, an 
Important souree of export revenue (Bellotu et al , ¡ 990) However, as stressed by WhIlaker 
(1993), the developmg country share oC [he world agrochemlcal usage, currently valued at US$ 
106 bllllon, 15 forecast to me from 19% m 1988, to an estImaled 35% by lhe year 2000 Much 
of lhls growth stems from a wlder and more mtenslve use of chemlcal protectton by smallholder 
farmers 
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Unfortunately up to 45 % of IOsectlclde use 10 !he developmg world IS represented by hlgWy tOXIC 
msectlcldes ExceSSlve rehance on chemlcals has resulted m !he emergence of pests !hat have bu!lt 
reslstance to the msectlCldes, rhreatemng the sustamablhty of croppmg systems Chemlcal abuse 
has al80 resulted m rhe systematlc destructlOn of natural enemles that were once effectlve m 
provldmg rehable natural control Moreover, msectlclde abuse has become a senous threat to lhe 
enVlronment as well as a health hazard to producers and consumers 

The fundamental problem 15 that farmers m hIlIslde areas of Latm Amenca are usmg chemlcals, 
many of them banned m developed countnes, as an msurance pohcy agamst the POSSlblhty of a 
devastatmg erop 1055 from mseet pest5 and dlseases Farmers reason that as long as It 15 profitable, 
and better alternatlves are nO! avallable, spraymg 15 a good mvestment As mdlcated by CIP 
(1995) "It IS a case of pay and spray and stay m busmess" 

In the early 19805 the greenhouse whltefiy. Tna/eurodes vaporarlOrum (Westwood), became a 
very senous pest of several hIlIslde-grown crops m the Andes MaJor outbreaks occurred m 1987 
1991 and 1994, tn selected areas of Colombia, northern Ecuador and the Constanza Valley m 
Domll1lcan Repubhc Recent work conducted by NARS and IARCs shows that the patterns of 
tnsectlclde use agamst the greenhouse whltefiy and the sweetpotato whltefly, BemlSla tabaCI 
(GennadlUs), m lhe Andean Zone and parts of the Canbbean, are changmg rapldly and creatmg 
new msect problems For example, tnsectlclde use by small bean farmers, whlch was neghglble 
untI11975-77 (Schoonhoven & Cardona, 1980), has steadtly mcreased and become excesslve m 
Colombia and Ecuador Surveys conducted m two reglons of Colombia and the northern pan of 
Ecuador (CIA T 1994) revealed Ihal 100 % of 893 farmers surveyed sprayed thelr crops m an 
attempt to control the greenhouse whnefiy llighest msectlclde use occurs m the Sumapaz reglOn 
of Colombia where farmers make an average of 11 1 apphcatlons per season 

Most alarmmg, 15 the fact that sorne growers are spraymg thelr crops up 10 24 tImes m a crop 
cycle tha! lasts 90-100 days Tha! 15 to say, msectlcldes are bemg used evety 3-4 days InseetlClde 
abuse on beans tn ColombIa (5 6 kg active mgredlent per ha per season) 15 such that It compares 
wlth present Insectlelde eonsumptlon for eotton (6 2 kg active mgredlcnt per ha per season), a 
crap that has tradItlonally been known as the worst offender m terms of ¡nsecuclde use To make 
matters worst, 78 % of Il1secllcldes used agalnst whnefiles are classlfied wlthm toxlcologlcal 
category [ (hlghly lOXIC) and are usually applled m mlxrure wlth other msectlCldes, broad
spectrum funglcldes, and fohar fertlhzers Farmers do not usually take precautlons when handlmg 
pesl!cldes, and up to 24 % of those surveyed admlt that they have been Il1toxlcated al least once 
m the past 10 years (CIAT, 1994) 

In summary, whltefiy pesrs have become the mam target of Insectlcldal 5prays 111 the hlghlands 
of Colombia, Ecuador and the Domlmcan Repubhc, mcludmg areas where there IS no need to 
spray agalnst these lnsects (Cardona el al , 1993) Thls 15 creatmg a very senous Imbalance thar 
has ralsed other msects (Ieafmmers, pod borers) to majar pest status In addltlon to furrher 
acceleratmg the development of reslstance (BUltrago et al 1994) and erodmg !he ecologlcal 
balance, the expanded use of pesllcldes mereases crop productIon eosts The combmatlon of hlgh 
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I 
r reslstance of vanous msect SpeCleS to msectlcldes, the mduced ecologlcal Imbalance and the 

T >-..-;;1/ -
mcreased productlon costs tcnd to undermme lhe sustamablhty of prevalhng croppmgcs~tems m 
lhe reglon There IS an urgent need to develop IPM syslems tha! would reduce pestlclde use and 
help reestabhsh Ihe ecologlcal equlhbnum by means of non-chemlcal approaches tQ _ whltefly 
control 

Sub-project 2 

Food secuflty 

, 'y 
Whtteflles as vectors of Vlruses m legumes and mlXed croppmg 
systems In the tropIcal lowlands of Central Amenca, Mexlco 
and the Canbbean 

The common bean (Phaseolus vulgans L ) 18 one of the mam staple foods m Latm Amenca, 
parncularly among (he rural and urban poor In Central Amenca, beans are lhe most Importan! 
source of protem, usuaJly bemg consumed lhnce a day Despae Its relatlvely small area (498,368 
km2), Central Amenca devotes tWlce as much of lIs geographlcal area to lhe cultlvaBOn of beans 
(735,000 ha), when compared to maJor bean producers of Somh Amenca sueh as Brazll 
(> 5,000,000 ha) Beans are also produccd m some Canbbean Islands, such as Cuba (26,000 t), 
the Dommlcan Republle (55,000 t) and Halti (56,000 t) where they, too, play an Important 
nutntional role m rhe dlet of ¡he lower SOCIO-economlc classes 

Bean productIon m Central Amenca and the Canbbean IS charactenzed by small holdmgs 
cultlvated by farmers wlth hmlted resources In El Salvador, for mstance, 85 % of the bean 
producers culUvate less than 14 ha. and 50% of these producers have holdmgs of less !han 3 5 ha 

DespIte the large area planted to beans m Central Amenca, average producnvlty IS low (495 
kg/ha) compared to lhe average yleld expected (over 1,500 kg/ha) m most bean producmg reglOns 
of lhe U S and olher temperate countnes m lhe world The mam factor Identtfied as responslble 
[or the low bean productlVlly m LatIn Amenca has been the mCldence of blOtIC constramts, 
parucularly dlseases 

Bean golden mosale gemmlVlrus (BGMV), transmJtted by Bem/Sla tabael, IS lhe most devastanng 
VIral pathogen of beans m tropIcal Latm Amenca Ir 15 esllmated that over 2.500,000 heelares are 
eurrently under attack by BGMV, and that at least one m!lhon hectares cannot be planted every 
year due to lhe hkehhood of total yleld Josses, maJlúy dunng lhe dry seasons of the year, when 
whlteny populalions reach a hlgh peak (Morales, 1992) In beans mfccted by BGMV, 100% yleld 
reduction can occur due lO hlgh mCldence of noral aborHon and pod deformanon (Morales & 
Nlessen 1988) Throughout Central Amenca and lhe Canbbean BasIn, figures for crop damage 
mdlcate lhat ¡be BGMV lOfectlon can be devastatlOg There IS consensus lha! BGMV 15 the maJor 
bIOUC factor hmltlng bean productlOn m Latm Amenca 

The urban poor are al so affected by tbe scarclty or hlgber prodUCtlon eosts of producmg food 
staples In countnes affected by whltefly problems The solutlon of these b!otlc constramts wIIl 
rnake food staples avaIlable al lower pnces, lhus, benefinng the lowcr SOClo-economlC stratum of 
the urban poor 
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Poverty allevlatlOn 
Food productlOn 15 the pnmary source of mcome for 42 % of the populanon m Central Amenca 
and the Carrbbean basm Many small-scale fanners, partlcularly m Central Amenca, plant beans 
only to meet thelr food demands, and devote the rest of thelr lumted land lO Ihe cultIvallon of cash 
crops, such as tomato, peppers or melon The epldemlcs caused by whttef1y-transmmed 
gemlmvlruses m these crops, durmg the past decade, have often becn devastatmg (Table 3 Figure 
3, Anderson, 1996) In socIal terms, the mcome of growers has been substanttally reduced and 
many growers, such as those m Zacapa (Guatemala), ZapotItan (El Salvador) and Sebaco 
(Nicaragua) have abandoned thelr plots of land 

The welfare of developmg countnes and Ihelr low-mcome populace, 15 ttghtly hnked ro the 
eXIstence of cash-earmng cornmodltles, pnnclpally agncultural products The los5 of cash crops 
ro whltefly-transmmed vlruses 15 a factor contnbutmg to the stagnatlon of SOCIal programs m 
developmg countnes 

Envlronrnental degradatlon 
The two most frequently ImpJemented tactlcs to protect crops agamst msect-transrn1lted vlruses, 
mcludmg the whltef1y-transmltted plant vlruses, have been the use of vlrus-reslstant vanetles and 
¡he use of msectlcldes to reduce the popuJaBon level of the msect vectors For bean goIden mosalc 
gemllUvlrus, despne the contmuous screemng ofrean germplasm smce 1972 no BGMV-Irnmune 
bean genotype has been found to date Nonetheless, sorne genotypes have been used as sources 
of reslstance Over the last two decades, CIAT has released more than 20 bean vanetles 
demonstraung mcreasmgly greater reslstance to BGMV The Irnproved (DOR) bean vaneUes 
currently deployed are demonstraung stable ylelds and reslstance to BGMV under medmm-Ievel 
moculatIon pressure 

However, the reslstance 15 not effectlve under hlgh moculatlon pressure Moreover, vanelles of 
tomato, melon and peppers that are reslstant lO gemmlV1ruses are not avaIlable Due to (he 
conSiderable crop losses caused by whlteflles as pests or vectors of plant vlruses, and the scarclty 
of reslstant vanelles, the use of hlghly toXIC agrochemlcals has been the whltefly control method 
of chOice 

Central Amenca IS exceptlOnal m the mtenslty of pesllclde use In the decade from 1980-1989, 
an average of 11 8 kg of pesucldes per hectare of culuvated land was apphed, the eqUlvalent of 
2 1 kg per person Correspondmg figures for developed-econorny countnes were 2 7 and O 6, 
respecuvely (FAO, 1993) 

PopulatlOns of BemlSla tabaCI have become so rcslstant that most msecucldes are no longer 
effectlve For example, m ¡he 1950s m Nicaragua, whltefly was controlled m cotton by 
appllcatlons of 036 Ilha of 48% methyl parathlon Now, due to the reslstance of Bemma tabaCI 
even 4 30 IIha of ¡he same msectlclde 15 meffectlve Thls has led to a senes of damagmg or 
potenually damagmg pracuces mcreased number of apphcatlons, use of more costiy and more 
toXIC products, and ¡he use of untested alternatlve pestlcldes 
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GEOGRAPHICAL DISTRIBUTION OF WHITEFlY BORNE VIRUSES IN CENTRAL AMERICA. MEXICO. AND THE CARIBBEAN BASIN ( ~) 

duras 
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Table 3 Recent epldenucs caused by whltel1y-transmltted vlruses In Central Amencd, Mexlco and the Canbbean (Anderson,1996) 

Affeded EconomlC 
Vear I Arca Dlsease V.eld Loss Loss 

COUNTRY - Zone Crap Scason (ha) Inc.dence (%) (m.lhons) 

DOMINICAN REPUBLlC 

i 

: 
! 

San Juan de la Maguana beans Dec !-eb h.gh 

Azua tomato 1988 ses 10 
melon 

Azua tomato 1988 35 
melon : 

eggplant , , 
peppers 

Azua North Northwest tomato 1989 1995 $US 50 

Azua tomato 1988 1989 2025 
1989 1990 4045 
1990 1991 3540 
1991 1992 2530 
1992 1993 7580 
1993 1994 9095 
1994-1995 20 , 

NOIth Northwest tomato 1988 1989 5 
1989 1990 5 10 
1990 1991 1015 
1991 1992 15 , 
1992 1993 

, 80 
1993-1994 50 
1994-1995 15 

CUBA 

Holgum beans 1989 1990 1000 100 
1990 1991 1 000 100 
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Affeeled Economlc 
Yedr I Area Dlscase YI.ld Los> Loss 

COUNTRY - Zan. Crop S.ason (ha) InCldence ('}~) (mtlhons) 

CUBA (com d) beans 1990 1991 235 
tomato 1990 1991 308 

beans 1990 1993 20-33% 
lomato 1990-1993 2535% 

MEXICO 

Northwesl beans Sept Mar 2030 
Jan Jun 5090 

South beans 50-100 

: tornato 1988 1989 70000 57 
: pepper< 

Yucalan tornato 1989 52 
peppers 

N orth Yucalan peppers 1989 55% 
South Yucatan : 30% 

Mexl.ah Valley melon 1991-1992 1500 100 $60 new pesos 
Baja Cahfom la waterme)on 150 100 
San LUIS RIO Colorado sesame 3000 100 I 
Sonora sesame 3500 partlal 

colton 23800 05 pacalha 

coUon 1992 50 $40 new pesos 

Sonora tomato 1994 10000 
squash 
potalo 
conon 
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I Affecled Economlc 
Yearl Area [}Jsease Yleld Loss Los. 

COUNTRY - Zone Crop Season (hol) Incldence ("lo) (mllloon.) 

I BELIZE tomato 75 100 % 
sweel peppers 
hOI pepper. 

GUATEMALA 

Soulh Easl beans 1989 9000 T 

HONDURAS 
I 

! La LIbertad beans 1989 10 100 

Comayagua tornalo 1992 462 100 $US46 

Olancho cotton 1991 I 750 80 100% 

El Paral.o Cortes pepper. 80100 
, 

¡ELSALVADOR 

Sao Aodre. beans Nov -Dee 100% 

NICARAGUA 

Boaco beans 1990 82 

Sebaco tomato 1990-1991 2050 
1991 1992 30 100 

peppers 1991 1992 3050 

COSTA RICA 

Central Valley beaos 1991 3SO/., 

tomato 2080 
peppers 10 90 
cucurbltaceas 4060 
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In beans m Guatemala, Dardon (1993) reported that m addltlOn to the apphcatIon of systemIc 
pestIcIdes at plantmg, the bean crop recelves 12-15 apphcatlons of pestIClde for whitefly control 
Bean producers, m NIcaragua, report that the tradlllonally recornmended pestlcIdes no longer offer 
whttefly control The msectIcldes whlch are sUI effecuve (e g Talstar, Herald) are extremely 
expenSlve, hlghly tOXIC, and thelr effectlveness does not last for more than several plantmg cycles 
Consequently, bean producers m NIcaragua are turmng to the use of botamcal msectlcldes and 
"repellents", e g chlh tobacco, hqUld 50ap, cookmg 011, cactle slurry (Anderson el al 1993) 
These botamcals, partlcularly the use of cattle slurry, have never been tested for pOlentlal msect 
reslstance or non-target effects TheIf lmpact on human health, beneflclal msects and the 
envIfonment 15 completely unknown 

For vegetables, sorne producers are applymg mIxtures of up to four tnsectlcldes on alternate days 
(Salguero, 1993) In tomaloes m NIcaragua, whltefiy control IS so dlfficult that products, such 
as Polo, whlch are on1y reglstered for use m cotton, are used on tomatoes There are even reports 
that araclcldes and wood preservatIves are also bemg apphed (Anderson et al , 1993) For melons 
¡he producers apply msectlcldes every 3 days, and almost half of the apphcatlons are agamst 
whItefhes Melons m NIcaragua recelve 5-10 apphcatlons per growmg season 

As wlth whltefly pests m the Neotroplcal hlghlands, whltefly veetors m the Neotroplcal lowlands 
have become a prmclpal target of the msectlclde appIJcattons There 18 an urgent need 10 develop 
IPM programs morder to manage whttefly vectors wlth mmlmal msectlclde use 

Sub-proJect 3 Whtteflles as vectors of Vlruses In vegetable and legume mixed 
croppmg systems In eastern Afnca 

The hlghlands of eastern and central Afnca constltute approxlmately 23 % of the tOlal land mass 
of the reglOn The area 15 densely populated and 13 eurrently home to more than 100 mlllJon 
people (half of the total populatlon) and 15 the maJor souree of water for northern, eastern and 
central Afnca The hlghland5 provlde half the food value for the reglon, makmg a maJor 
contnbutlOn toward Ihe countnes' GDPs They support dlverse land uses and economlc 
opportumues, m addlllon 10 food for domestlc consumptlOn, homcultural crops are largely grown 
m the hlghland areas and are a maJor souree of forelgn exchange for the countnes m the reglon 

The problem of whltefly-transmmed VlruseS on vegetables, found In Central Amenca, Mexlco and 
the Canbbean, 15 now begmnmg to emerge m eastern Afnca BemlSla tabacI mfests ¡he more 
cornmon vegetable crops m the subregIon tomaloes (Lycoperslcon esculentum MilI ), eggplant 
(Solanum melongena L ), okra (Abelmoschus esculentus (L) Moench) and chllhes (Capslcum 
annuum L) The legume crops WhlCh are cornmonly grown In assoClatlOn wllh vegetables m the 
subreglOn mclude bean (Phaseolus vulgam L ), cowpea (VIgna ungUlculata (L ) Walp ) and 
groundnut (Arachts hypogaea L) Untd recently whlteflles were known to be mmor or occaslOnal 
pests on legumes However, the trend m Sudan mdlcates that whneflles are becommg aUlmportant 
pest on beans 
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Tomato 15 one of the most wldely cultlvated vegetable crops m ¡he reglOn ProductlOn 15 
predommantly by small-scale fanners for fresh consumptlon, and ylelds are generally low Small 
fanners obtam ylelds of 20tlha whIle cornmerclal fanners obtam over lOOtlha These low ylelds 
are due 10 vanous productlon consrramts, partlcularly arthropod pest and dlseases (GTZ 1995) 

In October, 1995, 25 pamClpants from Kenya, Mozamblque, Tanzama, Uganda, ZambIa and 
21mbabwe met m a tomato plannmg workshop for southeastern Afnca The workshop revlewed 
the pas! 15 years of research on tomato plant protectlOn for each of ¡he countrles represented 
Workshop partlclpants defined cntena of an Important dlsease or pest as 1) hlgh yleld losses 2) 
wldespread dlsrrlbutlon, 3) hlgh Incldenee, and 4) frequent occurrence Based on these emena 
BemlSla tabaCl was IdentIfied as the thlrd most Important arthropod pest after red splder mltes 
and Afncan bollwonns (Table 4, Vare la & Pekke, 1995) 

Table 4 Pnonty rankmg for whltefly on tomato m selected countnes based on rankmg 
of Importance by natlOnal sClentlsts In eastern and southern Afnca (Varela & 
Pekke, 1995) 

Country Whltel1y Specle5 

B tabael 

Whltel1y Importance 
(1 = most Important) 

I 
I Others * 

none . Kenya 
--... _--... +--------+---------+-----~-~ 

Malawl : B tabaeI 2 I mIles 
--._-~ .. _--~ .. ... _---. ... _~----

lB Ugallda tabacl 4 i thnps Hehcoverpa Icaf 
i mmer 

.. _-_ .. 

, Tanzama _____ ~acl (as ~ector) I none 

I ZImbabwe : T vaporanorum 3 i mnes Hehcoverpa 
! 

I Mozamblque lB rabacl 4 Hehcoverpa leaf mmer 

I ! I mites , 

! RegIOnal Pnonty ! B tabacl 3 mlles Hehcoverpa ~ 
• Olher tnsect pests percelved of as more Importan! than whllefhes 

Workshop partlelpallts could not pnOntIze the tmportanee of vIral dlseases due to the laek of 
mformatlon from mos! countnes, wlth the exceptlon of Tanzama where BemlSla tabaCl, as a 
vector of tomato yellow leaf eurl VIruS (TYLCV) was conSldered the hmltmg factor for tomato 
productlon (GTZ, 1995) Subsequent survey work carned out by the AVRDC regIonal office m 
southeastern AfTlca has ascertaIned that TYLCV 18 also a senous problem m Malawl and Zambla 
PrIor work conducted by INRA (France) also found TYLCV to be a threat to tomato productlon 
In the Sudan AH eornmerclal vanetles of tomatoes grown In southeastern Afnca are susceptIble 
to TYLCV (R Nono-Worndlm, pers cornm) Control of whltetlles IS based on the use of 
InseCtlcldes 
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EnVlronmental degradatlOn m thls reglOn IS largely attnbutable to the mdlscrumnate andlor 
excesslve use of broad-spectrum msectJcldes as part of the mtenslve erop proteetIon system m 
mdustrlal erops (espec\ally eotton) The problems of msectlclde reslstance and pest resurgence 
although Hullally eXlstant on these target erops, havc extended te ¡he orher seasonal erops grown 
In rotallOn and/or combmauon WIth these erops, as In ¡he case of whltefllcs The mereasmg 
lmportance of hortIcultura] produclIon also bnngs wlth It ¡he artendant strategy of pestlclde-based 
protectlOn III an effort to harvest damage-free produce Intenslve use of msectlcldes m vegetable 
erops has become qUIte common m large arcas of Sudan, Uganda, Kenya, Tanzama and 
21mbabwe In a recent survey of vegetable farmers m Kenya It was found ¡hat the maJonty 
percelved tha! they would lose up to 90 percent of theIr harvest If they dld not use msectlcldes 
These vegetabIe farmers are currently applymg up to 19 sprays a season, wlth a slgmficant 
proportlon of farmers spraymg 9-12 times per season (KARI-GTZ, 1994) 

The mcreasmg rehanee on synthetlc pesucldes has already resulted m the destructlon of natural 
enemles, leadmg 10 'flare up' or 'resurgence' of pests Two examples of tradltlonaIly mmor pests 
takmg over as key pests are the whneflles and mues In Sudan, the transforrnatlon of whlteflles 
as key pests, has not only affected vegetable crops hke tornato (Dabrowskl, 1994), but IS more 
recently reported to also cause slgmficant damage to legume crops The ernergence of whlteflles 
and splder miles as maJor pests In several seasonal crops In ¡he reglOn IS c1early a case of 

man-made' pests, due to ¡he Indlscnmmate use of msectlcldes m sorne target crop systems It 
18 eVldent ma! the adverse consequences of the "pesuclde treadm¡J[" are loommg Iarge on the 
vegetable ecosystem In thls sub reglon of Afnca And. any longer term eros IOn of the already thm 
ecologlcal balance and blodlverslty of beneficlal msects In Ihls subregIOn, If not promptly 
remedled through sllltable altemauves to and ratlOnal use of pestlcldes, may lead to agroeeologlcaJ 
dlsasters whlch would greatly affect the economlc and food secunty of the subreglOn 

It IS cnllcal to begm work m eastem Afnca so as 10 mtervene wlth altematlve whttefly erop 
protectIon measures, before the WTVs reach lhe severtty currentIy encountered m the Neotroplcs 

Sub-proJect 4 Whlteflles as vectors of Vlruses In cassava ami sweetpotato In Afrlca 

The problem of whneflles on cassava m Afnca IS because of thelr role as pIant ViruS vectors They 
are not pests of cassava and there has been httle Insectlclde use 

Food securlty 
Cassava IS ¡he thlrd largest source of carbohydrates for human food m the world, wJth an 
estlmated annual yleld of 153 mIlhon ton5, and Afnea 18 the largest center of productlon, 73 
mllhon tons of cassava were grown on 95 mlllton hectares III Afnca m 1994 (FAO, 1995) If one 
uses the definlt!on that a staple food accounts for more lhan 200 calones per day per capIla m the 
dlet, then cassava IS lhe second most Important staple food, after malze m sub-Saharan Afnca 
Nearly 200 mllllon people or 40% of the Sub-Sabaran Afflca populatlon rehes on cassava And, 
In sorne countnes people denve approxlffiately 1000 calones a day, or 50% of dady food mtake) 
from cassava (IIT A. 1988) 
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Although Afnca IS the greatest producer of cassava, ylelds are low 7 7 tons per hectare m 1994 
(FAO, 1995), compared Wlth a potentIaI of betwcen 30 and 50 tons per hectare There have becn 
maJor research successes m combatmg exotlc pests WhlCh have devastated cassava m Afnca 
followmg thelr mtroductlon trom South Amenca Most promment amongst these has been the 
blOloglcal control of the cassava mealybug The effectlve conunent-wlde management of thls pest 
resulted m benefits to cassava farmers m Afnca, calculated at $149(US) per $1(US) mvested The 
mdlgenous Afncan cassava mosale dlsease (ACMD), however, IS arguably responslble for even 
greater reduct!ons m the contment, s cassava yleld than were attnbuted to cassava mealybug 

Responses to an mternauonal quesuonnalre, sent to al! cassava-producmg Afncan countnes 
(Fauquet & Fargette 1987) showed that ACMD 15 present wherever cassava IS grown (Figure 4) 
A survey of 20 farms m Ghana revealed an average 96 % of plants mfected S¡mIlarly, ACMD 
mCldence exceeded 80% m some dlstncts of Kenya, and nearly 100% m Ivory Coast 
Subsequently, the ESCaPP ProJect lIas Identtfied ACMD as a key problem m Ghana, Bemn, 
N Igena and Cameroon, wah overall mCldences of mfectlon of 72, 55, 82 and 66 %, respectlvely 
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Figure 4 Dlstnbutlon of Afncan cassava mosalc dlsease (ACMD) 
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Table 5 

Counrry 

Presence and relatlve lffiportanee of Afnean eassava mosale dlsease (ACMD) as 
esumated by agronomlc servlces of dlfferent Afncan countnes that produce 
eassava (Fauquet & Fargette 1990) 

Pnnclpal blOtlC constramts 
to cassava 

Crap !osses 
due to ACMD 

---------------------..... _-~- -------

Bemn 
Burkma Faso 
BurundI 

Congo 

Ghana 
Ivary Coast 
Kcnya 

Llbena 
"Ialawl 
NIgena 
Rep Cem Af 
Rwanda 
Senegal 
Slerra Leane 
Tanzama 
Togo 
Uganda 

Zaire 

mosalC green splder mIles 
mOSale 

mosaIC green spIder mlteS 
mea!ybugs 
bactena! bhght mealybugs 
grecn splder mIles 
bacIena! bligh¡ green sPlder mIles 
mosale green spIder mItes 
mesalc green splder miles 
bactena! bhghI 
mOS3!C green splder mItes 
mas",c grecn spIder mues 
mOS31C 

mosale mealybugs 
mosalc grecn splder mItes 
salC mealybugs 
masalC mealybugs 
mosale grecn splder mIles 
masaje 
mosale green splder mltes 
bactenal bhght 
bactenal bhght meatybugs 

UNKNOWN 
UNKNOWN 
40% 

UNKNOWN 

25% 
up 10 90% 
up 10 70% 

3550% 
UNKNOWN 
2090% 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
UNKNOWN 
5587% 

IIp 10 70% 

YIeld losses wlth mdlVldual cultlvars have been reported from dlfferent eountnes to range from 
1610 100% (Table 5. Fauquet & Fargene, 1990. Thresh et al, 1994) Yleld losses depend upon 
the mode and time of lllfectlon In Kenya, ACMD causes a 1055 of about 70% In tuberous root 
yleld of plants den ved from mfeeted cutnngs (Boek, 1982) 

In 1988, reports were recelved of senous damage to cassava m northem Uganda Plants were 
severely affected by ACMD and resulted In such low ylelds that local foad shortages aud 
starvatlOn occurred By 1989 asevere epldemlc was reported m the West Nlle ReglOn of 
northwestem Uganda A compreheuslve survey of cassava m the area revealed that the dlsease 
was spreadmg rapldly and causmg erop fallure By Apnl 1992, most fields were 80-90% lllfected 
and cassava praduetlon had vlrtUally ceased due to the poor ylelds of the dlseased crops In sorue 
dlstncts, the area planted to cassava decreased by 95 % because fanners were aware of the futlhty 
of plantmg mfectcd cuttmgs of the avatlable vanetles Thls epldemlc has now covered much of 
Uganda and IS extendmg southwards at arate of 10 to 20 km per year It IS estlmated tha! over 
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150,000 ha of eassava growmg land 15 abandoned, eqUlvalent to over 2 2 rrulhon metnc tons (US 
$440 m!lhon) Thls has caused food shortages and farrune m a number of dlstflets partJcularly m 
¡he eastern and northern reglons where the erop has been a maJor staple The curren! epldemlc 
In Uganda IS a threat to cassava productlon m all nelghbonng countles (Otlm-Nape et al 1996) 

Sweetpotato (Ipomea batatas L ), another Important subslstence erop, tends to be grown In the 
same farmmg system as cassava Sweetpotato 15 partleularly Important In eastern Afnca Uganda 
15 me largest produeer of sweetpotato, ea5tern Zalre, Kenya, Tanzama and Madagascar are also 
maJor produeers (FAO. 1995) 

Sweetpotato VIruS dlseases have been IdentIfied as the mam blologlcal constramt to sweetpotato 
productlon m many countnes m Sub-Saharan Afnca (Geddes, 1991) BemlSla tabaCI has been 
conflrmed as a vector of sweet po tato sunken vem VIruS (SPSVV) and sweet potato mIld mottle 
VIrus (SPMMV) SPSVV combmes as a complex wlm me aphld-borne sweet patato feathery 
mottle ViruS (SPFMV) to cause the severe dlsease known as sweetpotato VIruS dlsease (SPVD) 
InfectlOn wlth SPVD stops plant growth, and mfected cuttmgs usually result m no yleld 

Surveys of ¡he mCldence of SPSVV carned out m Uganda show that me ViruS 15 present m 
vIrtually all sweetpotatoes that show dlsease 5ymptoms Large dlfferences are present m the 
mCldence of dlsease. however, even wIlhm me Ugandan Lake Vlctona shore reglOn, over 40% 
mfectIon has been found m me south whereas almost no dlsease IS found m the reglOn bordenng 
Kenya Cunously, low mCldence of dlsease m sweetpotatoes comcldes wlth me hlgh mCldence 
of ACMD m me cassava plantmgs 

It 15 necessary 10 better-charactenze the dl5tnbutlon and lffipact of ACMD and sweetpotato vlruses 
• 

m the cassava- and sweetpotato-growmg belt of Afnca In addltlon, speclal efforts, such as 
phytosamtatlon mtroductlon of whttefly-reslstant cassava clones and dlsease momtormg, should 
be contmued to borh understand and slow down the Uganda ACMD epldemlc 

State-of-Knowledge 

ReVlew of the documented llterature 

A revlew of me eXlstmg whttefly databases confmns me behef that most of what IS known abou! 
whneflles IS based on srudles of BemlSla tabaCI and Tnaleurodes vaporanorum (Byrne & Bellows, 
1991) SpeclÍically, a reVlew of mree agncultural data bases, for pnnclpal whltefly pest and vector 
specles revealed me followmg number of pubhcal10ns from January 1990 to May 1996 
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Whltefly Specles Data Base 

CAB AGRIS AGRICOLA 
~.~~_ .. -..... _---.... 

Bemlsla ¡abacI 515 376 330 

Tnaleurodes vaporanonum 209 189 78 

Aleurotrachelus socla!Js 3 

Tnaleurodes vanabllts 3 2 

Bemlsla tubcrculata O O 

Coment analysls of the CAB references for Bem/Sla tabaCI and Tnaleurodes vaporarlOrum for 
¡he sarue penod of 1990 to 1996, showed that muy 73 (10 1 %) of the 724 documents 
referenced m the CAB database referred to whltcfly work conducted m Latm Amenca (42, 
58%) or tropIcal Afnca (31, 4 3%) Moreover, many ofthe findmgs ofthe whltefly and 
WTV research that has been carned out m Latln Amenca and tropIcal Afnca In the past 
decade are not readlly accesslble to the sClenufic comrnumty 

CharactenzatlOn and dlOgnosls of the problem 

Desplle the research that has been conducted on whlteflles m the past decade, our knowledge 
on tropIcal whltefly pests and vectors lS madequate EXlstmg and avaIlable knowledge 15 

largely a funcnon of who has been able to obtam research fundmg, and where they ha ve 
worked, rather than a reflectlon of the seventy of the problem Our curren! state-of-knowledge 
15 best descnbed as parllal and patchy 

Sub-proJect 1 
Although our understandmg of Tnaleurodes vaporanorum, as a pest of beans m ¡he Andean 
zone 15 relallveiy advanced, there 15 vlrtually no mfonnanon on the economlc Importance of 
the greenhouse whttefly as a pest of other economlcally Important crops, e g tomato, potato, 
and vegetables, m the tropical htghlands and lnterAndean valleys The status of me msect as a 
pest needs to be better ascertamed Actual yleld losses have not been measured but It 15 known 
that farmers regard the msect as a maJor threat to these crops Survey5 and observattons 
(CORPOICA, unpubhshed surveys) mdlcate that msectlclde use on potato IS very hlgh m 
Colombia and that tomato plantmgs are sprayed tWlce a week on a regular basls 

Sub-proJect 2 
The Latm Amencan regIOnal hterature 15 replete wlth reports of epldemlcs beheved to be 
caused by BemlSla-transmltted vlruses However, quantttatlve data are 5carce and vanable 
(Tabie 3) The apparent lack of quantltauve data (e g for Behze, Guatemala El Salvador) 
does not mdlcate the absence of whnefly-transmmed gemlmvlrus epldemlcs, but rather that 
data have not been colleeted The data whlch do eXI5t (Table 3) repeatedly report eplderulcs In 
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beans, tornato pepper and melon, suggestmg that these crops are the most senously affecled, 
oflen by devaslatmg epldemlcs, on a reglonallevel These data also appear lo suggest Ihat 
wllhm couulrles epldemlc "hol SpOIS" for dlfferent crops are geographlcally dlStmct ThIS may 
reflect dlfferent croppmg patterns, or may be an artlfact of partIaI data It 15 necessary to 

conduct a coordmated and systematlc survey of dlsease mCldence and Yleld los ses and 10 
estlmate economlc los ses 

The best example avaIlable of an altempt to eharactenze the behavlOur of a gemmlvlrus 
dlsease m Latm Amenca, lB the coJlectIve work on bean golde n mosale ViruS (BGMV) 
(Morales, 1994) For 11 countnes m Latm Amenca, maps are presented deplctmg !he stale
of-knowledge on spabal dlstnbutlon of BGMV Accompanymg texts pro vIde addlttonal detall 
on the temporal patteros of BGMV, le, when durmg the year the epldemlcs seem to be most 
severe Even m Ihls besl-documented case, eXlstmg descnptlve mfonnatlon 15 stlll quite 
mcomplete, and analysls 15 lackmg 

31 



Table 6 Geffilmvmdae specles ldenufied from food crops m ¡he Canbbean MexJco and 
Central Amenca 

Bean 

BcaMV 
BGMV 

BDMV 

Tomato 

TYLCV Is 

TLCV 
TPV 
tornato gernmlvlTUS 
tomato gemmlVlfUs 1 

tomato gemmlVlfUs n 
TYMV 

Peppers 

TPV 

PHV 
pepper gemmlvlrus 

Mexlco 
Dommlcan Rep 
Mexlco 
Guatemala 
El Salvador 
NIcaragua 
Nicaragua 

Dommlcan Rep 

Cuba 

Mexlco 
Guatemala 
Behze 
Guatemala 
Honduras 
NIcaragua 
Guatemala 
Costa RIca 

Mexlco 
NIcaragua 
Mexlco 
BelIze 

BCaMV heao ealteo mosale VIruS 
BGMV bean golden mosale VIruS 
BDMV bean dwarf mosale VIruS 
TYLCV tomato yellow leaf eurl VIruS 
TLCV toma!O leaf crumple VIrus 

Lomello el al 1992 
Galvez el al 1977 
Galvez el al 1977 
Galvez el al 1977 
Galvez & Castaño 1976 
ROjas el al 1994 
Zamora 1996 

Polston el al 1994 
Nakhla el al 1994 
Gonzalez & V al des 1995 
Ramos el al 1996 
Paplomatas el al 1994 
Ma"well 1995 
Polston (unpubhshed) 
Maxwell 1995 
Maxwell 1995 
Maxwell 1995 
Maxwell 1995 
Maxwell 1995 

Bravo el al 1995 
MaxweU 1995 
Torres Pacheco el al 1993 
Polslon (unpubhshed) 

TPV Texas pepper ViruS 
TYMV tomalo yellow mottle VIruS 
PHV pepper Huasteeo VIruS 
PYMV potato yellow mosale ViruS 

Table 6 presents the gemmlVlruses tdentlfied to-date, from bean, tomatoes, and peppers m 
Central Amenca, Mexlco and the Canbbean In addltlon lo BGMV, whlch has been Idenufied 
m Central Amenca smce the mld-1970's, bean calleo mosalc ViruS (BC¡u\1V) has been 
Identlfled from Mexlco (Lomello et al 1992), and bean dwarf mosaJC ViruS (BDMV) has 
recently been Idennfied from Nicaragua (Zamora, 1996) Qur knowledge of the gemlmvlruses 
mfectmg tomato and peppers m !he reglon has mcreased greatly m the past five years Tomato 
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gemmlvlruses, dlstmct from those already named and accepted by the InternatlOnal CornrnIttee 
on VIruS Taxonomy (ICTV), have been ldentIfied from tomatoes m Central Amenca These 
gemtnlVlruses have been sequenced but have not yet been named (MaxwelJ, 1995), and are 
referred to as tomato gemtnlvlrus 1 and tomato gemmlVlrus n Although gemmlvlruses have 
been deteeted m eueurblls m the Domlmean Repubhe (J K Brown, unpubhshed), Guatemala 
(Alvarado el al 1990, Moran, 1994), Honduras, El Salvador, Costa RIca (Polston 
unpubltshed Valdlvla, Pernng & Polston, clted In Caballero & Rueda, 1993), and Nicaragua 
(J K Brown & P K Anderson unpubhshed 1987), Idennficatlons appear to be lackmg 

Desplte the advances m WTV Idennficanons m the reglOn, It remams uncertam as to whlch 
WTVs are responslble for Ihe epldemlcs, sorne of whlch may be caused by mlxed mfecnons 
In Guatemala, 81 % of the lomato samples tested, were found 10 have mlxed mfecllOn5 of 
tomato gemmlVlruses 1 and II (Maxwell, 1995) WTVs must be Imked to the observed 
epldemlcs, morder to determme whleh VIruS pathosystems should be pnontlzed for 
epldemlologleal srudy 

Sub-proJect 3 
As noted prevIOusly, Ihe partlelpants of the tomato planrung workshop for southeastern Afnea, 
were unable to pnontlze whllefly-transmltted vlruses due to lack of Infonnatlon from most 
countnes However, they felt tha! there lS a need to assess the Importance of WTVs m Ihe 
reglOn (GTZ, 1995) The prehmmary results of a survey of maJor vegetables m southern 
Afnca mdlcate that tomato yellow leaf eurl VIruS (TYLCV) 15 a very Important tomato dIsease 
(Nono-Womdlm, pers cornrn) However, there IS a laek of quantltauve mformaUon on the 
dlsmbutlon and extent of yIeld 105S due to TYLCV, and other WTVs, In the reglOn across the 
target erops m vegetable and legume based croppmg systems There IS a cntlcal need for 
basehne mformauon as a prerequlsIte for pnontlzmg and planmng the strategIes fOf 
sustamable pest management mterventIons 

Sub-proJect 4 
Current knowledge suggests tha! two eassava mosaJe gemIruvlruses occur m Afnca Wlth 
parual1y-overlappmg dlstnbutlons (Hong et al , i993, Swanson & Harnson, 1994) Eas! 
Afncan cassava mosale VIruS (EACMV) has been ldenufied from eoastal East Afnca, 
Madagasear, Malawl and 21mbabwe, and Afncan cassava mosale VIrus (ACMV) from West 
and Central Afnca and from western Kenya and Tanzama Both Vlruses are transmltted by 
BemlSla tabaCI Recent eVldenee, however, suggests Ihat thls c1assltieatlOn may be an 
overslmphficatlOn New researeh suggests that the ACMD epldemlc In Uganda may be caused 
by a gemmlvlrus dlstmet Crom both EACMV and ACMV A novel blOtype oí' B laban may 
al50 be mvolved (Glbson el al , 1996) 

Although SPSVV IS beheved to be the most damagmg ViruS of sweetpotato throughout Afnea, 
oUlSlde of Uganda there 15 no mfonnatlOn on the mCldenee of SPSVV In the Lake Zone of 
Tanzama, for example, vIral dlseases were cornrnonly reported dunng farmer surveys 
(Kapmga et al ,1995) Llkewlse, the mCldence of SPMMV has onJy been 5urveyed m Kenya 
wlth a mean mfecuon rate of about 25% (Wambugu, 1991) or 10% (Carey el al, 1996), m 

33 



Uganda (Carey eT al , 1996) and to a very hml!ed extent m Tanzama Although sweetpotato 
vlruses are known 10 occur wldely m sweetpotato producmg areas of Afnca there IS vlrtually 
no detaded mformatton on ¡helr mCldences or ylcld losses 

Desplte the devastatmg pes! ou!hreaks and epldernlcs bemg caused by WFs and WTVs, our 
knowledge m the ¡rOpICS 15 qUlte mClplent W lthout first generatmg a clearer Plcture of the 
nature and extent of the whltefly problem, It wlll be lmposslble to develop ranonal IPM 
programs 
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3.0 Phase 1 Descnption: 

There was a consensus, by Ihe Whltefly IPM Task Force, on Ihe proJect goal, purpose and outputs 
for the Inter-Cemer Whltefly IPM ProJect (Figure 1, Work Breakdown Structure) The followmg 
descnpuon represents Phase 1 of the Inter-Center Whltefly IPM ProJect Accordmgly, the goal 
and purpose for Phase 1 are more restncted (Figure 5) Wlth respect to outputs, Phase 1 wllI focus 
on ¡he formallon of an mternatlonal network [or wh!tefhes and WTVs m Ihe troplcs (Output 1), 
and an extensIve charactenzatlOn and dIagnOSIs of Ihe whltefly and WTV problem m ¡he targeted 
eco-reglOns (Outputs 2, 3, and 4) In addl11on, several actlV1tles to prepare [or Phase II are 
proposed (Output 5) 

Phase 1 Goal 

To reduce envIronmental degradauon due to ¡he excesslve msecllcIde use, and reduce threats to 
food secunty WhlCh are resultmg from whltefly and WTV damage 

Phase 1 Purpose 

To gather, generate and analyze, through sClennfic and grower networks, basehne data relevant 
to the dIagnosIs and charactenzanon of whltefly and WTV problems m Ihe troplCS, morder to 
propose a sound research agenda for lmproved understandmg of pest and dlsease dynamlcs, IPM 
development and IPM lmplementatlon 

Phase 1 Outputs 

1 Internatlonal network for whlteflles and WTV s m the Iroplcs eslabhshed 

2 SoclO-econoffilc and envlronmentallmpact assessed 

3 Epldemlologlcal charactenzatlon mlt1ated 

4 Agronomlc charactenzatlon InItlated 

5 Prehmmary studles for Phase II conducted 

Outputs and ActIvlbes 

The obJecllve of Phase 1 of the proJect 15 to galher and analyze Ihe data WhlCh already eXlSI, and 
to generate a lumted, addItlonal, Cflllcal database, m a standardlZed fasl1l0n, such that qualItatlve 
and quanlltatlve analyses wl11mdlcate where further whltefly IWTV research should be camed out, 
and what research should be pnofltlZed Commurucatlon and mformatlon exchange wlll be cntIcal 
to Ihe success of the proJect 
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Figure 5 

Output 1 
Internauonal nctwQrk fur Wfs and 
WTV s m me troplCS establlshed 

1 1 Devclopment uf an electroruc 
coruerence fUf commmucatlOn 
bélWéen coUaoorntors 

1 2 Creauon of a proJe..t 
homepage 00 Ihe INTERNET 
WWW 

1 3 SundudlZatlOn uf 
metbOlJologlcs tor actlvltles m 
Outputs 2 Ihmugh 4 

1 4 Pubhcalwll of d blhllography 
of me grey hterarure on WFs and 
WTYs 

t 5 ?ubhl..tllon of J dm:t.tory ot 
wr ,md W rv rescarchers 

1 6 O¡¡,¡,clliIlutmu of proJcct 
rcsedrch rt:~tllts through the CG 
sysrem 

- - - - - - -
Work Breakdown Structure 

Phase 1 of Whltefly IPM ProJect 

ProJect Goal 

- - -

To reduce envlronrnental degradanon due lo Ihe exceSS!Ve msectlclde use and reduce threals to 
food secunty resultlng from whlletly and whltef1y transmmed VirUS damage 

ProJect Purpose 

To gather generale and analyze thourgh sClenufic and grower networks baselme data relevant to 
the dIagnOSIs and charaelenzauon of whuetly and WTV problems In Ihe troples 

Ouput 2 
SOCIO economlc and envlronmemal 
unpact assessed 

2 1 IdentlficatlOn of WF aOO 
WTV affected lunes In each target 
area 

2 2' EstlIDdUOn of dlsease ¡ru.u.ience 
and yle1d )OS5e!l due 10 WFs and 
WTV s In affected afeas 

2 3 I)erermmatton of WF related 
crup prutectlon LOSlS aOO c.rop 
productlOn costs In atfected arcas 

24 Survey of pestlclde use a!,am,,1 
WFs and WTVs lfl affeí..ted are<iS 

2 S DetemllllatlOn of mst!cULlde 

resl.'Itanc.e le vds m tarbet reglons 

26 identiflcatlOn of agnculturJ.1 
pollues and pohcy euvlromm:nt m 
tdQ,et reglon" 

Ouput3 
Epldem!ologu;al charac(eflzatlon 
Huuated 

3 1 Ident,tlcauon of WF reproductlve 
hos{s 

3 2' Idenuficauon of WF SpeCtéS and 
blotypes 

3 31denuficallOo of WTVs In 

affel:ted afeas 

3 4 IdenuhcJ:tJon of efhc¡ent wr 
natural eoerntes 

Output 4 
Agronomt~ characténzanon uuttted 

4 1 Ch,uacreruaUún of croppmg 
systeIi1s croppmg patterns and 
croppmg mtenslty 

4 2 Characrenzauon of crop 
vanctu:s and agn.nlOmlc. pracIlces 

4 3 Charactenzauon of agro 
ecology ami agro ntereorology of 
tdrgel reglOns. 

Nol. QUlpUI I rer ... IO over.nl'hase I coordmallon QUlpUIS 2 - 5 are relevant to.n sub proJeels 

- - - -

Ou1put 5 
Prdunamary stmhes tbr Phase JI 
...onducted 

5 1 De'lelopmem of GIS 

5" 2 Conducung of cnucal area 
anaJysls uSlIlg GIS 

S 3 COnductllib uf prehmu\ary 
quanmaullc analyses of k.ey WTV 
pathosy:.tems 

S 4 Proouctmn uf ACMV rrt:e 
plantmg Stock fOf Ugdnda 

S 5 Improvemeor oí ACMV resIStan! 
'lancHes 

5 6 Epldemlolo!1,lcal fnomtonng for 
ACMV 
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Output 1 Internatwnal network for whlteflleS and WTVs In the troplCS 
establlshed 

The Importance of mformatlon collectlon and exchange was c1early artlculated In a lechmcal 
plannmg workshop held al ICRAF m Na¡robl Kenya In June 1993 The workshop was attended 
by 33 NARS researchers lramers and development workers, 31 IARC SClentlsts, lrammg and 
mformatIOn specmhsts, and donor representatlves The workmg group Identlfied key pnonty arcas 
for mformatIOn, mcludmg access to local knowledge, spatlal and numencal data, up-to-date 
research mformatlon and efficlent commumcatlon mechamsms among partners The workmg 
group clrculated an mformatlOn needs assessment questlonnalre among the workshop partlclpants 
The results were used as a tool for pnonty settmg, and Icd to the pnonty ratmg presented m 
Table 7 (Afncan Hlghlands Imtlatlve, 1994) The mformatlon prIontIes defined by the ICRAF 
workshop appear to state, equally-well, the mformatlon needs for the whltefly SClentlfic 
commumty workmg m lhe troptCS 

Actlvlty 1 1 Development of an electroruc conference for comruurucatlOn between 
collaborators 

Efficlent commumcatlons among collaborators of the Whnefly IPM ProJect IS crItlcal Wh¡le many 
NARS SClentlsts do not have access to INTERNET, mosl have electromc mad capaclty An 
(ema¡!) electromc conference wlll be sct-up, and moderated by the ProJect Coordmator, as a 
vehlcJe for hnkmg sub-proJect coordmators, lARC and NARS SClentlsts In addltlon to fac¡]¡tatmg 
proJect loglstlcs, the conterence WllI be used to convey blbhographlc databases and updates 
ProJect Coordmatlon wllI aSslst those collaborators who do nOI have emad capaclty m geltmg on
lme 

ActlVlty 1 2 Creatlon of a project homepage on the INTER.l\IET WWW 

The ProJect Coordmator, m conJunctton Wlth the System-wlde IPM Programme Coordmator and 
the CIAT Commumeatlon Head, wllI develop a World Wlde Web homepage for the System-wlde 
Whltefly IPM ProJect The homepage wIll serve, generalIy, to mform the broader sClentlflC 
commumly as to the progress and mformatlon bemg generated by the proJect Speclfically, the 
proJect homepage wlll mclude hnkages to other WWW whltefly homepages 
a Umverslty of Wagemngen, European Chapter of the Internatlonal Orgamzatlon for 

B¡ologlcal Control (IOBC), 
Dr loop van Lenteren (http I/www spg wau nI/ento) 

b Whttefly Research at the Umverstty of Anzona 
(http /Igears tueson ars ag gov/wcrl/wwwghome html) 

C Uruverslty of Callforma Kearney Agncultural Center Whltefly Informatton 
(http I/www uckac edu/whltefly/mdex htm) 

d Umted States Department of Agnculture Whltefly Knowledgebase 
(http /!www ¡fas uf! nt2/wfly/mdex html) 

e GemtmNET, electromc conference Dr Claude Fauquet 
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Table 7 Pnonty ratmgs of mforrnatlon needs assessed among me partlclpants of (he 
Techmcal Plannmg Workshop, Nalrobl (Afncan Hlghlands Inmahve, 1994) 

InformallOn 

I Access to blbllOgraphlc database 
2 Regular current awareness servlce 

InformatlOn on curren! research 
3 Access to local knowledge 
4 Access to GIS 

State of the art revlews 
Access 10 photocoples loans 

5 [nformaHon on who-Is domg what 
6 Aceess 10 numencal data base 
7 Annotated blbhographles 
8 Newsleners 
9 Trarnmg m selenttfic eommumcaHon 

Trammg In mformaHon management 

PrlOrlty Ratmg • 

82% 
80% 

79% 
74% 

73% 
70% 
67% 
67% 
55% 

• These percentages refleel vlews of a dlvefSlfíed .udlence where the mam category conslsled of rescarchers (36) 
followed by program planners or proJeet deslgners (11) persons mvolved m trammg/educallon (13) pohey maleer; 
(4) and extenSlomsts (2) 

ActlVlty 1 3 StandardlzatIOn of methodologJes for actlVlbes In Outputs 2 through 4 

Prehmmary work wlll be undertaken to gamer wntten protocols for each of the actlVlttes proposed 
m Outputs 2, 3, and 4 Experts m each area Wlll be consulted A document Wtth clear InstruCttOns 
on proposed methodologles, protocols and surveys wlll be produced At the onset of the proJect, 
before actual field work begms, regIOnal workshops Wlll be held m Latm Amenca (at CIAT) and 
m Afnca (at ICIPE) wlm NARS partlclpants and ARI collaborators to dlscuss and, where 
necessary. modlfy me proposed protocols 

Fundmg allocatlons to al! partlclpatmg collaborators w¡]! be contmgent on thelr acceptance of the 
standardtzed methologles 

ActlVlty 1 4 Pubhcatlon of a btbhography oC the grey hterature on WFs and WTVs 

In addttlon to the CAB, AGRIS, and AGRICOLA databases Clted above. numerous blbhograplues 
and colleCtlve works on whneflles and WTVs have been pubhshed and are wldely avatlable (e g 
Cock 1986, Ohnesorge & Gerhng, 1986, Gerlmg 1991, Gerlmg & Mayer, 1995, Butler el al 
1995) These publtcatlons prmlanly document lhe work that has been carned out by researchers 
m me developed counlnes of North AmerIca, Europe and lhe Mlddle East 
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However, a tremendoU5 amount ofthe researeh has al50 been eondueted on whltefllCs and WTVs 
m the troples ThIS mformatlOn has not been avallable to the larger sClenufic commumty, elther 
because It has been pubhshed m local Journals, proceedmgs of regIOnal meetmgs, and m-house 
documents, or lt has been pubhshed m a language other then Enghsh 

A blbltography of the so-called "grey hterature" for whlteflles and WTVs In the troplCS WIll be 
developed and made avaIlable to the WF/WTV commumty, to complement Ihe eXIstIng 
blbhographlcs 

ActlVlty 1 S Publlcabon oC a dlrectory of whltefiy and \\'TV researchers 

To promote and fac¡(nate commumcatlon among colleagues, a dlrectory of researchers aelIvely 
workmg on whlteflles and whltefly-Iransmmed vlruses In the troples wIlI be compIled, to 
accompany the grey hterature pubhcalIon dlseussed aboye 

ActlVlty 1 6 DlSsemmatlOn oC proJect research results through the CG System 

The researeh findmgs of thls proJeet WlII be analyzed and pubhshed m book form The book w¡JI 
be a collectlve work, presentmg tbe results for each partlclpatmg eountry and for cach tople Ce g 
msectIelde use, blotypes, natural enemIes) Partlelpatmg selentlsts (NARS, lARCs and ARIs) wlll 
co-author the chapters for whlch they asslsted In collectmg or analyzmg data 

Summanes of tbe researcn findmgs wIII also be made avallable through the electromc conference 
and WWW proJect homepage 

Output 2 SocLO-economlc and envlronmentallmpact assessed 

The ongmal mtent of the proJect, Wltb respect to problem charactenzatIon and diagnosIs, was to 
selecl several whltefly pest and VIruS "hot spots", to serve as model sltes, m whleh Intenslve 
survey work for diagnOSIs and charactenzaUon would take place However, prehmmary 
dlSCUSSlOn and analysls mdlcated that our collectlve knowledge IS extremely une ven 

Cntena for tbe seleetlon of hot spots mcluded al economlc unportance of tbe WFIWTV problem, 
b) pestlClde use agamst tbe wllltefly problems, el avatlablhty of relevant databases Ce g land use, 
meteorologlcal data), d) capaclty to conduet work Ce g lnstltutlOnal support and tnfrastructure, 
accesslblhty, safety), and e) donor mterest As mdlcated m Sectlons 2 4, our knowledge of the 
areas affected by whlteflles and !be etlology of tbe problem 18 currently patehy whleh reflects tbe 
hlstory of researeh rather tban the problem, per se When we conslder addltlOnal entena, such 
as msectlcIde use eXlstence of databases, etc, our ablhty 10 select and pnontlze hot spots for 
further work beco mes even weaker 
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ActlVlty 2 1 IdentlficatIon of WF and WTV - affected zones m each target eco-reglOn 

In each of the partlclpatmg countnes, agnculrural professlOnals and producers wIll be mtervlewed 
morder to obtam a more complete plcrure of WhlCh (geo-pohucal) zones and WhlCh crops are 
bel!eved to be suffenng losses due to whlteflles and WTVs 

Actlvlty 2 2 EstImatlOn of dlsease Incldence and yleld losses due to WFs and WTVs In 
affected areas 

Once speclfIc crops wnhm speclfic zones have been ldentlfied, then dlsease meldence or yleld 
losses WIU be estunated Dlsease mCldence Of yleld 105s estunates will provlde relatlvely obJCctlve 
mdlcatlOns of !he seventy of the pes! problem, as well as relatlve Importance of the whneflles as 
productlon constramts across geographlc zones and crops 

ActlVlty 2 3 DeternllnatlOn of whltefly-related crop protectlOn costs, and crop 
productlOn costs 10 affected areas 

Addltlonal data on the costs of protectlng crops agamst whlletlles and WTVs, and crop productlOn 
costs for the crops bemg affected, wIll mdlcate the relatlve economlc unportance of whlteflles and 
WTVs 

ActlVlty 24 Survey of pestlclde use agalOst WFs and WTVs m affected areas 

InformatlOn on the pestlcldes used agamst whltefhes and WTV s (how much, whlch msectlCldes, 
when) w¡]1 mdlcate the producers' percepllon of the problem These data WIU also mdlcate whlch 
crops and zones reqUlre pnonty attentlOn, 10 order to mlOlmlze IOsectlc¡de abuse 

Actmty 2 5 DetermmatlOn of IOsectIclde reslstance levels m target reglOus 

In zones where whuefly populatlons are hlghly reSlstant to msectlCldes, the rate of the "pestlclde 
treadmJlI" can be expected to accelerate It w!ll be of cflucal ¡mportance to develop, and 
pnontlze, non-chemlcal alternauves for vector management and crop protectlon m those zones 

ActlVlty 2 6 IdentIficatlon of agrIcultural pOhCles and pohcy enVlronment m target 
reglOns 

UnderstandlOg goverrunent agncultllral poltcles wIll mdlcate the relatlve feaslblhty of IPM 
lmplementaUon, 10 whltefiy-affected zones For example, government lnseCtlClde subsidies, whlch 
make excesslve and unwarranted use of pestlCldes economlCally feaslble, often undermme IPM 
efforts, IPM success would be expected to be more dlfficult m countnes where IOsectlcldes are 
subsldlzed 
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The documentallon of dlsease mCldence and yleld losses, productlon costs, pestlclde use and 
agrlcultural pollcles, dunng Phase 1, wlll also serve as ex-ante baselme data for evaluauon of 
proJect Impact durmg the final phase of the proJect 

Output 3 EpldemlOloglcal characterlzatlOn mltwted 

Actlvlty 3 1 Identlficahon of whltefly crop reproductlve hosts 

BemlSza tabaCl (GennadlUs) 18 regarded as an extremely polyphagous specles, charactenzed by Its 

extenslve mtercrop movement (Butler et al 1986) Greathead (1986) lISIS 506 plant speCles ¡hat 
have been recorded as hos! plants for BemlSla tabaCl, worldwlde However, empmcal and 
experImental data suggest !hat BemlSla taban populatlOns do no! reproduce freely among al! 
aVaJlable euluvated hosts 

In Phase 1, ldenUficatIon of the prInCipal cultlvated reproducllve hosts, wl1l form the basls for 
further samphng of whJtef1y specles and wrutef1y blOtypes Thls mformatlOn wlll also be Important 
for subsequent stages of the proJect (IPM development and lffiplementatIon) lt wJlI not be posslble 
lo effeeuvely Implement crop protectlOn tacHes alffied at source reducnon (e g blOloglcal control 
efforts), If we do not understand whlch plant specles are the pnnClple reproductIve hosts for 
whltefly pests and vectors 

ACtlVlty 3 2 IdentIlicatIOn of whltel1y speCles and blOtypes 

Speclfic crop plants often support several specles of whlleflles (R Caballero, unpublIshed data, 
Krafka & de Mata, 1995) It IS necessary lO ascertam whlch speCleS of whlteflles are present on 
the pnnclpal hosts 

In 1986, a new blotype of BemlSla tabac!, referred to as !he pomsettla blOtype or Ihe B blotype, 
was dlscovered 1Il ¡he Umted Srates (Slmone et al 1986) The B blotype IS spreadmg m Latm 
Amenca (Brown, 1993, Brown & Blrd, 1995) Of epldemlOloglcallmportance 15 the knowledge 
that the B blOtype of BemlSla tabae! has a broader host range, hlgher fecundlty (Bethke ef al 
1994) and a greater dlspersal capaclty (Byrne, 1995) than lhe A blOtype 

And not surpnsmgly there are reports of addItlonal blotypes m Latm Amenca Dlstmct blotypes 
of Bem!slQ fabacl have also been reported from Afnca m !he 1 vory Coast (Burban ef al 1992) and 
Uganda (Legg et al , 1994, Legg, 1996) However, the maJonty of mformatlon avallable on 
blOtypes IS based on allozyme electrophoresls (Costa & Brown, 1991, Wool et al 1989 1993, 
1994), wruch does not have adequate reso!vmg and analyucal power Systemauc blotype analysls, 
usmg molecular tralts, for populatlOns of BemlSla tabacl and Tnaleurades vaparanarum IS 

needed, as rhe basls for further comparallve studles on crmea! blOloglcal and epldemlOloglcal 
parameters 
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ActlVlty 3 3 IdentlficatlOn of WTVs m affected areas 

Although many WTV s have been ldenufied as the causal agents for reglOnal epldemlcs, there are 
many zones III whlch Jt 15 no! understood WhlCh WTV s are responslble for the epldemlcs sulJ 
observed Once the epldemlc areas are tdenufied then lhe whttefly spectes and WTV s must be 
venfied If lt IS not clear what VJruses and whltefIy specles are causmg lhe outbreaks, then basJc 
(epldemlOlogtcal) studles cannot be planned rauonal1y Llkewlse, VIruS IdentlficaBon IS necessary 
for sound breedmg programs 

ACtlVlty 3 4 IdentlficatlOn of efficlcnt WF natural enernu!s 

Knowledge of whltefIy parasltOlds, predators and entomopathogens IS groWIng However, It 18 

not at al! clear WhlCh of the potentla! blOcontrol agents are mosl common m lhe field It IS now 
necessary to survey, nOlonly to Idenufy the whltefly natural enemy complexes but also, In order 
to determme WhlCh of the commonly reported natural enemles are most prevalenl m the field 

Output 4 AgronomlC charactenzatlOn mltlated 

ActlVlty 4 1 CharacterlzatlOn of croppmg systems, croppmg patterns and croppmg 
mtenslty 

Spatlal and temporal patterns, for crops related to WTV epldemlcs and WF outbreaks, \VIII be 
crltlcal mput for GIS analysls It wllI be necessary to descrIbe when and where these crops are 
planted as well as the land tenure patlerns 

Actlvlty 4 2 CharacterlZatlon crop vanetles and agronomlc practlces 

Sorne of the dlsease and peS! outbreak pauerns that are observed, may be explamed by the crop 
vanetles or speclfic agronomlc pracnces used 

AcbvIty 4 3 Charactenzatlon agro-ecology and agro-meteorology of target regmns 

Although published and unpubhshed data on populanon dynanucs eXlst, the analysls of these data 
has been quite superficial The predommant lheones m the Itterature pomt to ramfall and 
temperature as explanatory factors for populatlon fluctuatlOns More precIse and complete 
agroecologlcal and agrometerologlcal databases are necessary In order to take advantage of 
available whltefly data sets Meteorologlcal statlons as well as nanonal weather servlces and 
mternatlonal dala bases can be utlhzed lO obtam lhe key chmatologlcal data, e g preclpltatlOn, 
temperatures 
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Output 5 
/;..\ 

'" 1 Development of GIS 

Prellmenary stud¡es for Phase II conducted 

~ o-- \ 
~\ r;J::;. '\ \~nfonnatlon System (GIS) offers the opporturuty to mtegrate and analyze rnuluple 

" .). "" ~ \ wlIl be estabhshed by creatmg a base rnap, and a senes of data rnaps (e g 
~ ~ ~p ¡ve host plants, target crops of mterest, dlsease mCldence and yleld 1055, 

~_-..... .¡.. ~ \ots, agro-meteorologlcal data, etc) Development of a GIS m Phase l wIII 
~ '..... > -... \ 

" fO ~ Ji« tlcated regIOnal analyses m Phase II of the proJect 
• ~ c:!.. .s::, <.f' \ ... ,,-,- <:J C" 
.... c .. ..: ~ '", \~f crItlcal area analysls 

... ~....... ;SO \ 

'.¡11t I/If"'" \.. Jil be posslble to use overlay methodologles to conduct a cntlcal 
~ "'!lit 30... )IYSIS mvolves creatmg c1aSSlficatlons for each rnap, asslgmng 
~ .lj:. ... s c1aSSlficatlons, combmmg the values and creatmg a produet map 

""Ó ~ \ln from the mdlVIdual maps ThlS analysls WlU mdlcate and pnorltlze 
-1. not spots, where mtenslve eharaetenzaUon and diagnosIs, as well as 

• .1 fíeld studles, should be carned out m Phase II of the proJect 

¡ty 5 3 Conductmg of prehmmary quantltattve analyses of key WTV patbosystems 

MathemalIcalmodelsfortheanalyslsofwlthm-fieldspreadofmsect-transmlttedvlruses.mcludmg 
WTVs, eXlst and have been prevlOusly proposed as lmportant lools for analyzmg whltefly
transmltted gernlmvlruses m annuaI crops (Anderson, 1993, 1994) Prehmmary mathematlcaI 
analysls mdicates a) WhlCh necessary mfonnallon IS cornpletely lackmg for the pathosystems or 
reglOns of mterest, and b) WhlCh parameters are most senSIUve, 1 e WhlCh parameters WIII have 
the most Impact on pathogen spread or erop damage, and should therefore be pnormzed for 
furthcr research or mterventlOn Such an analytlcal process serves as the basls tor definmg and 
pnormzmg an experImental research agenda for further epldemlOloglcal studles 

As a result of Actlvlty 5 1,5,2 and 5 3, lt should be posslble (Q define a) WhlCh cntlcal areas, or 
hOl spots, should be pnontlZed for further study, b) WhlCh pathosystems wlthm the crmeal areas 
should be pnontlzed, e) whlch blologlcal and ecologlcal parameters need further study, and d) 
whlch erop protectlOnhntervenllon strategles appear to be most promlsmg The data whleh 18 

gathered or generated, and then analyzed m Phase 1, wllI provlde an obJectlve basls for defimng 
Phase Ir actlvmes 

However due lO the seventy and urgency of the Afncan eassava mosale VIruS epldemle m 
Uganda, It 15 proposed that several cnUcal IPM actlVltles be mltlated dunng Phase l, rather than 
wamng untll Phase II when mos! of the IPM development and unplementatlOn aetIvlt1es will take 
plaee 
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ActlVlty 5 4 ProductJon of ACMV-free plantmg stock for Uganda 

Before other ACMV control measures can he consldered, lt IS first essenttal to estabhsh vIrus-free 
stocks of plantmg matenal Such materIal was mtroduced mto northern Uganda However 
hecause of a shortage of ACMV -free stems fanners planted the new cuttmgs eaher adJacent to 
or mlxed w1th (he ongmal heavIly mfected stands Rapld mfectlOn of the new crops occurred and 
wlthm 10 months all fields were agam severely affected It 1$ necessary to select, multlply and 
dlstnbute vlrus-reslstant vanetles m ACMV-epldemlc areas of Uganda 

ActlVlty 55 Improvment oC ACMV-resIStant varletles 

In the severe ACMV epldemlc condItIons prevalent over much of Uganda, liTA ACMV-reslstant 
vanetles, such as 30572, have been shown to provlde good ylelds, whereas local vanetIes 
produced vmually nothmg 

In South Amenca (here has already becn sorne success m developmg cassava vanetles wah 
reslstance to whuefhes At CIAT more than 3000 cassava culuvars, mostly land races or 
tradltIonal farmers' vanetIes, have heen evaluated m the laboratory and field, for reslstance ro 
Aleurotrachelus SOCial/s, the maJor whnefly specles causmg yleld losses m cassava South Amenca 
(BellottI el al , 1983, Bellottl & Vargas, 1991) Moderate to hlgh levels of reSlStance have been 
Identlfied and gennplasm 18 aVaIlable for breedmg programs and for evaluatmg reslstance ro other 
whnefly specles, such as BemlSla tabac/ 

Mas! breedmg programs have emphaslZed elther lOsect pest reslstance or ViruS reslstance 
Exchange of gennplasm hetween !ITA and CIA T would allow breedmg to follow a novel strategy 
of combmmg both pest and ViruS reslstance Of partIcular mterest are recent reports that Bem/sta 
tabaCI 18 reproducmg on cassava m Cuba and Mexlco Bem/Sla tabaCl has not been known to 
reproduce on cassava m the Amencas (Costa & Russell, 1976) If a new blOtype of BemlSla IS 
movmg onto cassava m the Amencas, then the mtroducuon of ACMV reslstance mto Amencan 
cassava vanetles would be a prudent and tmportant step towards the solutIon of any problem thal 
mayanse 

Actmty 5 6 EpldemlOlog¡cal momtonng for ACMV 

In Uganda, plots of "healthy" cassava WIl! be planted at a number of locahtles along two north-
50uth transects runmng across the apparent "from" of asevere ACMV epldemlc Patterns of 
ACMV spread mto (hese plOIS and whnefly populatlons wlll be momtored, as wl11 the dlsease 
mCldence m fanners' cassava fields surroundmg ¡he experimental piots Results from Ihls 
epldemlOloglcal work, whlch wlll be repeated tWlce ayear for a penod of three years, when 
combmed wlth molecular charactenzatlon of whlteflles and ViruS Isolates, should contnbutc 
towards an explanatlOn for the severtty and apparent southwards expanslOn of the current cassava 
mosalc epldemlc m Uganda 

44 



The second group of studles w¡1I aun to examme dlfferences In ¡he rate of spread of ACMD mto 
plots of dlsease-free cassava In dlfferent countnes and agro-ecologles Jt wlll be coordmated by 
ESCARC and ESCaPP and conducted In Ghana, Bemn, NIgena, Camcroon, Uganda, Kenya and 
Tanzama A standard ser of cassava vanetJes w¡J1 be planted In each of the mam cassava
producmg agro-ecologles m each country, and rates of spread of ACMD and whltefly numbers 
wlll be compared Charactenzatlon of whltefly and VlnIS samples collected from trIal sltes, 
collecuon of meteorologlcal data and momtonng of mctdence of eassava mosaJe m surroundmg 
ftelds should faelhtate the explanatlon of dtfferences m rates of spread observed InformatJon 
obtamed fram these srudles should help ro derenmne rhe most appropnate mterventlon measures, 
both for countnes affected and threatened by the Ugandan ACMD epldemlc and elsewhere, where 
ACMD IS prevalent 
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Figure 6 Chronogram of AchvltIes 

I * Year 1 - 1997 I Year 2 - 1998 
... 

ProJect Outputs and ActlvltIes : 
PD QI I Q2 I Q3 I Q.l I QI I Q2 I Q3 I Q.l 

1 o Internatlondlnetwork roc WFs and WTVs In ¡he !roples e..tabbshed 

1 I Dcveloprnent of an eleclranlc conference 

I 2 Creauon of a proJect homepage on the INTERNET WWW 

I 3 Standardlzauon of rnethodologles for aCUVlrles 111 OUlpUlS 2 & 4 

I I 4 PublIcarlOn of a blblhography of the grey htcraturc on WFs and WTVs 

1 5 PublIcauon of WF & WTV rescarcher dlrcctory 

I 6 Dlssernmauon of pro]ect research resnlts through CG System 

2 O Socu¡-economlc and envlfonmental.mpact asscssed 

2 I Identí[¡catlon of WF and WTV aff.cled areas 
: 

2 2 Esumauon of y¡eld losse, due to WFs and WTVs on affecled arcas 

2 3 Determmauon of WF rel.ted erop proteeuon costs and erop producuon 

In affceted areas 

2 3 Survey of pestlCldc use agamst WFs and WTVs 

i 

2 5 Determmallon of msectlclde reSIStant levels 

: 2 6 Idenllfícatton oC agnculmral polie'es and pobey envlronment 

3 O EpldemlOlog.cal charactenzatlOn m.lIated 

3 I Identtficatlon of WP reporducI!ve hosts WP specles and blotypeS 

3 2 IdenuficatlOn of of WF specles and blOtypeS 

3 3 Identltlcallon of WTVs m affected areas 

3 4 Idenutlcatlon of efffielem flafUral ene mIes 
~-... 
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, 

* Year 1 - 1997 Year 2 - 1998 
PrQJect Outputs and ActlVlhes PD QI r Q2 I Q3 I Q4 Ql I Q2 I Q3 i Q4 , , 

4 O Agronomlc cbaractertzatlOn Imtlaled 

4 1 CharaclelzatlOn of croppmg syslems patterns and mtenslly 

4 2 Charactenzauoll of erop vaneues and agronomlc patterns 

4 3 Charactenzallon of agroecology and agrometeorology of targetr reglons 

S O Prebmmary sludles fur Pllase 2 conducted 

5 1 Development of GIS 

5 2 Conducllllg of cntlcal arca analysls usmg GIS 

5 3 Conducung of prehmmary quanut3uve analyses of WTV pathosystems 

5 4 ProductlOn of ACMV -free plannng stock for Uganda 

5 5 Improvement of ACMV reslStant vaneUes 

5 4 EpldemIOJoil,.cal mOOltormg fOf ACMV 
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4.0 ProJect Management: (see FIgure 7 ) 

ResponslbdItles and ActlvlÍles 

Cross-proJect sClentific support and coordmatlOn 

ThIS proJect wlll be managed wJthln the framework of the CG Inter-Center Whaefiy IPM 
ProJect, Sustamable Integrated Management of Whltefiles as Pests and Vectors of Plant 
Vlruses m the TropIes CIAT has been desIgnated as convenmg center for thIS Inter-Center 
ProJect and, as such, WIU serve as overall coordmator and executmg agency for the DANIDA 
Phase 1 ProJect, assummg respoilSIblhty for progress reportmg to DANIDA Structurally the 
Whltefiy IPM Project wIIl fal! under the umbrella of the CrA T Pest and DIsease Mangement 
Umt (Dr Anthony Bellotu, Leader) The proJeet wIlI be coordmated and overseen by a 
ProJect Coordlnator (to be hIred) 

At the Task Force Meetmg held at CIAT, Cal!, Colombia, from February 13-15, CG-sclenUst 
coordmators for caeh of the sub-proJects were also proposed, and have smce been approved by 
rhelr home mstltutlons Sub-projeet eoordmators w¡JI be responsIble for eoordmatmg and 
overseemg acllvltles wnhm thelr sub-proJect, ensunng thar agreed-upon methodologles are 
respected, aLlocatmg and admmlstenng the fundmg necessary to carry out those actlvltles and 
eoordlnatmg aCUvltles wnh the ProJee! Leader and ProJect Coordlnator 

The Work Breakdown Structure of the Phase 1 of the WhIlefly IPM ProJect 15 presented m 
Figure 7 

CoordmatlOn and structure o/ Sub-proJect 1 

CoordmatlOn of Sub-proJect 
Centro InternaCIOnal de Agncultura TropIcal (CIAT), Colombia, 
Dr Cesar Cardona (Emomologlst) 

NatlOnal Agncultural Research Svstem PartlclpatIon 
CorporaclOn ColombIana de InvesugaclOn Agropecuana (CORPOICA), Colombia, 
Dr Anstobulo Lopez-Avila 
Inslltuto NaCIOnal Autonomo de InvestigacIOnes Agropecuarias (INIAP), Ecuador, 
Ing Oswaldo Valarezo 
Inslltuto Supenor de Agneultura (ISA), Dommlcan Repubhc, 
Dr Colmar Serra 
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CoordmatLOn and structure 01 Sub-proJect 2 

CoordmatlOn oC Sub-proJect 
Centro InternaCIOnal de Agncultural TropIcal (CIAT), ColombIa, 
Dr FrancIsco Morales (VIrologIst) 

RegIOnal Coordmators 
Centro Agronomlca TropIcal de InvesugaclOn y Enseñza (CA TIE), Costa RIca, 
Dr Luko HJlJe, Central Amencan and Canbbean Whltefly Network CoordmalOr 
Centro de InvestlgaclOn y dc EstudIoS Avanzados (CINESTAV), MexIco, 
Dr Rafael Rlvera-Bustamante 
InstItuto Supenor de Agncultura (ISA), Dommlcan Repubhc, 
Dr Colmar Serra 
Programa de FrIjol Centro Amencano (PROFRIJOL), Guatemala, 
Dr Rogeho Lepls, Coordmator 

NatIanal AgrlcuItural Research System PartIcIpaban 
InstItuto de Investlgaclones de Samdad Vegetal (IlSV), Cuba, 
Dr Glona Gonzalez 
Programa de FrIjol de Haltl (PRONATHAR). Haltl. 
Ing Emanual Profete 
InstItuto de InvestigacIOnes Forestales y Agropecuanas (INIFAP), MexIco, 
Ing Ernesto Lopez 
Ing Rafael Salmas 
Instituto de CIencIa y Tecnologm Agncola (ICT A), Guatemala, 
Dr V¡ctor Salguero 
Natlonal Plant Protccuon ServIce (NPPS), Belize, 
Ing Orlando Sosa 
Escuela Panamencana (EAP), El Zamorano, Honduras, 
Dr AlIan Hruska 
Centro NaCIonal de Tecnologla Agropecuana (CENTA), El Salvador, 
Ing Joaqum Lanos 
Umversldad NaCIOnal Agrafia (UNA), NIcaragua, 
Ing Gregono Varela 

Advanced Research Instltute Partlclpatlon 
Umverslty of Anzona-Tucson (UA), USA 
Dr JUdlth Brown 
Umverslty of Flonda (UFL), USA 
Dr Jane Polston 
Umverslty of WIsconslll-Madlson (UW), USA, 
Dr Douglas Maxwell 

49 



CoordmatlOn, structure and responslbllltles wlthm Sub-proJect 3 

CoordmatlOn of Sub-proJect 
InternatlOnal Center for lnsect PhyslOlogy and Ecology (ICIPE), Kenya, 
Dr Snmvasan SJthanantham (Entomologlst) 

Other CGCenter ParttClpatlOn 
ASlan Vegetable Research and Development Center (A VRDC), Tanzama, 
Dr Reml Nomo-Wodun (VlrolOglst) 

NatlOnal Agrlcultural Research System Partlclpatlon 
Agncultural Researeh Corporauon (ARC), Sudan, 
Dr M A Ahmed (Entomologlst) 
Kenya Agrlcultural Research Insutute (KARl), Kenya, 
Mr DavIs Thou 
Horucultural Research and Trammg InstItute (HORTl), Tanzama, 
Mr Ignas S Swal 
Bvumbwe Agncultura! Research StatIon (BARS), Malawl 
Mr Patnck T KhonJe 

Advanced Research Instltute Partlclpabon 
JOM IOlles Center (HC) Umted Kmgdom, 
Dr Peter Markham 

CoordmatlOn and structure of Sub-proJect 4 

CoordmatlOn of Sub-prolect 
Internatlonal Insutute of TropIcal Agnculture (lITA), Uganda, 
Dr James Legg (Vlrologlst) 

Other CG Center Partlclpabon 
Centro InternacIOnal de la Papa (CIP), Uganda, 
Dr Nlcole SmIt 

RegIOnal coordmators 
Internatlonal Instltute of Tropical Agnculture (IITA), Bemn, 
Dr Bralma James 

NatlOnal Agrlcultural Research System PartlclpatlOn 
NatIonal Agncultural Research Orgamzatlon (NARO), Uganda, 
Dr WIlham George Oume-Nape 
Plant ProtectIon and Regulatory Servlces Dlvlslon (PPRSD), Ghana, 
Dr Anthony CudJoe 
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NatlOnal Root Crop Research Instltute (NRCRI), NIgena, 
Dr T N C Echendu 
Natlonal Agncultural Research Instltute of Benm (NARI), Bemn, 
Dr N G Maroya 
Agncultural Research Instltute (IRA) Cameroon, 
Dr J Ambe Tumanteh 
Kenya AgrIcultural Research Instltute (KARI), Kenya 
Dr Joseph Kamau 
Tanzama Agrlcultural Research OrgamzatlOn (TARO), Tanzama, 
Dr Regma Kapmga 
Lunyangwa Agrlcultural Research Statlon (LARS), Malawl, 
Dr Jonathan Mkumblra 
Centre NatIonal de la Recherche Aphquee au Developpement Rural (FOFIFA), Madagascar, 
Dr Sahondramalala Ranomenjanahary 

Advanccd Research Instltute PartlclpatlOn 
Natural Resources InsUtute (NRI), Umtcd Kmgdom, 
Dr Mlchael Thresh 
Dr John Colvm 
BIOloglsche Bundesanstalt fUf land und Forrwlrtschaft (BBA), Gennany, 
Dr J Vetten 
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FIgure 7 Project Management Orgamgram 

Leader 
ClAT Pest and I)¡sease Managetrent lirnt 

I 
ProJect Oxm:hnatoc 

CIAT 

I 
I I I I 

Coord¡nator I Coordmator Coordmator Coordmator 
Sub-prq¡ect 1 i Sub-prq¡ect 2 Sub-prq¡ect 3 Sub-proJect 4 

CIAT I CIAT lClPE UTA 
0 

~i ~ 

r-CORPOICA UW AVRDC CIP 
UFL HC NRI 

t- INIAP UA - ¡- HC -
'- ISA BBA 

I I I 1 
CATIE ISA i CINESTAV -HORTI ESARC ESCAPP 

-BARS 
-ARC 
_KARI 

, i ._-

r- 1CTA - IISV ,-INIFAP -NARO ro PPRSD 
r- NPPS -PROH -KARI -NARI 
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'- NA u - FOFIFA 
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5.0 Budget: 

The proJected cost of Phase lis estlmated al US $1,386 327 over 2 years (see Table 8 for 
budget surnmary) Funds are allocated among 5 CG Centers, 25 nallonal program mstlrutlOns 
m 22 countnes of Latm Amenca and Afnca, and 6 advanced research IllSlItutlOllS (see 
Appendlx A for a list of parnCIpatmg IllSlIruhons) 

Budgets for sub-prOJects 1 - 4 are presented m Tables 9-12, respectlvely Fleld-based actlVltles 
(Outputs 2 3 4) to be carned out by the nanonal program msllruuons wlll requlre temporary 
workers, nanonal travel, supphes and vehlcle operatlOns costs Necessary VIruS tdenuficauons 
for each sub-proJect wllI be carned out by the IARCS, m conJunctlon wlth ARls where 
necessary InternatlOnal travel allowances have been allocated lO the sub-proJect regIOnal 
coordmators morder to provIde necessary backstoppmg for field-based aCtlvllles 
VanatIons m allocallons to natlOnallllSttl1ItIOns reflect vananons m the slze of the country, m
country travel and labor costs AddluonaI fundmg has been allocated to U ganda for the 
development of ACMV-free plantmg stock and contmued Improvemem of reslstant vanelles 

Glven the collaboratlve nato re of thls proJect and the network-butldmg component (Output 1), 
a separate budget for cross-project sClennfic support IS also presented (Table 13) Thls budget 
covers settmg up and moderatmg an electromc conference for al! proJect partlclpants, creatmg 
and updatmg ¡he WWW Homepage, orgamzmg the regional and coordmators' workshops for 
methodology standardlzauon, compllmg and publlshlllg the Dlfectory of WF and WTV 
researchers, and the grey hteratore blbl!ography, and ednmg and pubhshmg the fmal 
pubhcatlon The budget covers ¡he personnel and supphes for processmg and IdentlficatlOn of 
whltefly specles and narural enemles as well as blotypmg actlvltles, for sub-projects 1 and 2 
Honorana are allocated for expert venficauon of msect speclmen Fundmg for these later 
actIVlues to be coordmated for sub-proJect 3 and 4 has been mcluded m the sub-project 3 
budget, coordmated by ICIPE 

As explamed prevlOusly m SectlOn 4 , CIAT wIll assume overall coordmatlon, le, 
cornmumcatlon, loglstlcal coordmatlon admlmstratton and reportmg, for Phase 1 A budget to 
run the coordmatlOn office 15 presented m Table 14 

The mdlrect costs are calculated at 13 % for all momes allocated to CIAT, 10% for momes 
transfered to ICIPE, and 4% for momes transfered to other CG Centers, NARS and ARls 
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Table 8 Budget Summary (US $) 
Sustamable Integrated Management of Whltefhes as Pests and Vectors of Plant Vlruses In ¡he 
TroplCS 

! Item Year 1 i Year2 
1 

Total 

Sub prOJee! 1 , 94,924 I 71 900 166824 

Sub-proJect 2 148,000 126,500 274 5~~' 
, 

Sub proJeet 3 ¡ 151000 123000 274,000 ' 

99,430 102570 202000 

111,172 74422 '~ 176827 ~ 

¡f 
I Sub proJeet 4 l' 

~i -cr-o-ss-p~r-~e-c-t-------- ~ 
-- _ .. 

CoordmatJOn i 80405 79422 . 159827 /" 

Sub-total 6111113/ 577 gIl. 1,253 978 i 
"-.. .. _.~ 

I lndlreet costs -.1.3.2 349-L 124,!JO 

Total 6' 7 I T", "1 38 ,2 
~----------~---------------------~ 
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Table 9 Budget for Sub-prOJect 1 
Sustamable Integrated Management of Whnefhes as Pests and Vectors of Plant Vlruses m tbe Troplcs 

-- .... - ._-_ .... _----------
Year 1 Ye.lr 2 

Item Total 
CIAT CORPOICA INIAP ISA CIAT ¡ CORPOICA INIAP ISA 

PERSONNEL 
, • Support Staff 23 924 

\ 

I ! 

25700 

I 

49624 
! 25,700 I : TOTAl> PERSON:'ffiL 23,924 

I 
I 

49,624 

: 

I i 

5J 

.. -

TRAVEL 
• Natlonal 14000 ¡ 14400 5700 500 5000 • 6000 ' 3500 i 49600 

• Internauonal 2400 2500 , 
500 i 

1000 ' 1500 I 7400 

TOTAL TRA VEL 16,400 16,900 • 5,700 6,000 7,500 , 3,500 ¡ 500 57,000 

OPERATIONS 1 0001-:r-:500 . 
• Supphes and servlces 2500 5000 5000 3 100 500 21 100 i 
• Vehlcle operatlons 7,500 7500 , 2000 , 500 4000 4000 2600 500 

i 

28600 ! 

• GIS servlCes 5,000 
3,000 I 

5500 10500 

TOTAL OPERATIONS 15,000 12,500 1,000 13,000 9,000 5,700 1000 ' 60,200 I ' . 

lNSTITUTION TOTALS 55,324 29,400 I 8,700 , 1,500 44,700 16,500 9,200 1,500 ! I , 
TOTAL BUDGET 
S1JB..PROJI:.CT 1 94,924 71,900 166,824 I 
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T .lble 10 Budget for Sub-proJect .=2_-. 
¡ 

Sustamable Integ_ratedManagement of WhItefhes a, Pests and VeI.tors of Plant Vlfuses m the Troplcs 

ITLM 

v, - ¡ 

P¡"RSONNIeL I 
• Support SIJff 
TOTAL PERSONNEI. 1 

CIAT 
VRU 

180(Xl 

18000 

! 

CIAT 
GIS 

: 11 5()() 
17500 

PRO 1 

: CAlle CINt:STAV ISA FRIJOL llSV 

1 

!-~_ ..... - .. -..... --.... 4----+--+----1.-

3000 1 
TRAVEL 

Ndtlonal I 500 
• Inremauonal 15000 i 5000 i 

I 000, 2 000 1: 

4000 1 

500 

! 

INIFAI' lleTA 
i 

MAG PRONAIl 

I 
1 

1000 2500 

1000 2500 1500 700 

SOO 1000 500 300 ;;;;;;~~,~,ce, :: : 7 5()()' :: I : : :': 1, :: I 
• Yduele operntloJ1s 

~~~:~-T-IO-NS---~'-:O 000 ~ I 2500¡..-__ 2_000_+-_2_5~r. J 000 'i-.,: _5_00---t ___ 5_00-+_. __ 1_000_ .. ~.+-_J_OO--j_ 
'

1 INSTlTUTIONAI '. 1, I 
DEVELOPMENT 

• Matenals dev 3 000 l' I : 
• rnfo dlssemmauon 1 500 i ! l' ,1 
TOTAl INST Die V 4,500 

Vearl 

CAP 

2 5()() 

2500 

1 5()() 

1500 

I ()()() 

I CINTA 

1000 1 

P¡"RSONNEL 
• Support Stan 

195(Xl 1 35000 1 I i 1 1 2500 

TOTAL PERSONNEL 

UNA 1 UA i uw t:FL 

I 

I 
19 500 JS 000 i 1 i 2,500 1 

----I------+----!---+---~----~--!-----r_-+_--~ 

;~(;;~ 1

1 

I SOO 3 000 l 000, 2 000 I 500 :1' I 000 2 5()() I 5(XI 7(Xl l SO(l 1', l 000 l S(Xl I i 
• Internauonal 15 000 5 500 4 000 i , ' i 

TOTAl TRA VEL 15000 7,000 3000 5000' 2000 I 500 ' 1000 2500 1500, 700 1,500 1000 1500 i 

OPERATIONS'-'rl --'--+-----r--+-~~3-000-·::1 5~ 'r' ---+--!---r--t-I-"-~ r, SM~-t---'---+--+-"--i 
• Supp!!e, arul se¡v¡ce, lO 000 !O ()()() I 25()() 2000 I 2 SOO ~ 5()() I I 0(X1 500 300 ~ 1 SIN S(Xl 3000 3000 3000 1 

• VehlClc operatlOns , , ! 

TOTAL 10000 ' 10000 1 2500 2000 1 2500 3000 i, 500 500 i I 000 500 300 I 000 l' 500 1 500 
OPERA TIONS t! . i • 

~~:;;~~~;:¡ ,- ~---". ~-¡-+-¡ -_ .. -¡----+: ---+--~--+-"--;--+----III',' 
• MJ.tcrwJdeyel;Jpment 3 tOJ I 1 

lofo dt\~nunauon 1 500 \ I \ I 1 
1 TorAl INST DEV 4500 I 1 : I 

3,000 3 ooo~ 3000: 

[TOTAL' (YR 1 & 2) 96 500 
r-
, TOTAL BIJD(,Er 

10 000 lB 000 

~ 
10000 10000 3000 I 4000 2000 4000 1000 15 000 10000 i J 000 4000 ! 6000 6000 6000 

274500 
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Table 11 Budget for Sub-proJect J Sustamablc Imcgrated Management of WhIlelltes as Pests aud Vectors of Plant V.ruses In .he Trap.c, 

lIem ICIPE AVRDC ! ARC KARI HORTI BARS JIC TOTAL 

Year I Yr 1 

PERSONNEL : I 
• Suppon Staff 32 000 \ 11 500 49 500 
• 'femporal)' 3 000 <:¡íX) 1 tKXl 1 000 1 000 1 000 ' 7 500 

i • Honorana 10 000 2000 ' r2000 
L!OTAL PERSONNEL 45000 . 2 Soo 1000 I 1000 1000 I 000 ~ 17500 69000 

I ;~~,:~ ..... ~. 3000 1 lOOO~' 2500 -~2~-5-{)(-.'I-~~-2-5~OO -l-~---14-000-""'-C! 
! • Intemafltmal 10 000 3 500 2 500 1, ! 13 500 

r-T_0_T_A_L_T_RA~V_E_L_~ ___________ +-__ 13_ooo_+--___ 4_Soo_+--___ l_SOO-...JIr-~ __ 2_S_00r-1r-_~_2_5OO __ :t--___ 2_5_oo ______ -+ ____ 2_7_5_oo--i, 

I OPERATlON~ :' 1 I 
: • Supplle$ and serv¡ces 6000 2 000 1 500 i J 500 ; 1 5üO ! SOO : 19 000 

• VehllJe operaflOru. 6 000 1 500 i 1 500 1 500 ! I 500 ¡ 1 50CI : l3 500 
5000 i 

! TOTALOPERATlONS 12000 3S00+ ___ 3_ooo_f--_ .. _3_ooo_._ .. ___ 3ooo ~:I 3000 1 ___ 5-,-,000_+ ___ 32_5_00--1 

! INSTITIJTlONAL DEVEWPMENT 1: 1 

• Workshops 13 000 1:, B 000 I 
• Document A(..qUISlt10ns 2 000 2 000 : 
TOTAL INST IlEVELOPMENT 15,000 I 15000 

. CAPITAL 

,

1, • Office 
TOTAL CAPITAL 

7000 
7000 

7 (j()() 

7000 
r---,----".---------r-----t----,-------'----t----+----+----+------j 

Total Budget Yr 1 92 000 10 500 6 500 I ' 500 6 500 6 SOO l! 500 ! 

Year 2 

PERSONNEL 
.. Support Staff 
,. Temporary 

; • Hooorana 
I TOTAL PERSONNEL 

TRAVEL 
• Natlonal 
• Internatmnal 
T01AL lRAVEL 

I OPERATION~ • Supphc!> and ~ervlCel> 
,. Veh¡ch: 0Jx:rahons 
TOTAL OPER';'TIONS 

TOTAL S¡;DGET 

I 
35000 

~:; ! 

46000 

3000 
8000 

11 000 

5000 
5000 

10000 

J 000 
35tXi 
4500 

2 ()(]() 
1500 

3500 I 

! 000 

1000 

1 500 

1500 

! 500 
1500 
3000 

! 

IS9,000_~ ___ 21_ooo _ _L ____ 12 000 I 

1000 

1000 

1500 

1500 

1500 
1500 
3000 

12000 

t 000 

1,000 

1500 

1500 

1 500 
1500 
3000 

12000 

! 
1000 

1000 

! 500 

1,500 

J 51XI 
1 500 
3000 

12 000 

! 
18 5<]() 

18500 

5000 

5000 

46000 

151 000 

Yr 1&2 

103 ()()(j 

15 ()()(j 

22000 
140 000 

24 O()() 

25 O()() 

53000 

37000 
26000 
63 000 

274000 

57 



Table 12 Budget for Sub-proJect 4 Sustamable Integrated Management of Whueflles as Pes!s and Vector, of Plan! Vlruses m the Troplcs 

lTEM 

Yeal' I 

I PERSONNEL 
• Semor St.tft 
• Support SlJ.tf 
• Temporary 
TOTAL PERSOl'il'iEL 

~VEL 
• r-;atlonal 
• Inrema.uollal 

I TOTAL TRAVEL 

OPERATlONS 
• Suppltes aud servlces 
• Vehlcle operduolls 
TOTAL OPERATlONS 

Yeolf 2 

PERSONl\'EL 
• Seruor Slaff 
• Support Staf{ 

; • Tcmporary 

; 

! 

1 

I 

ESA 
RC 

5280 

52110 

I 

3000 
3250 : 

6250 1 ...... ~~-+ 

1100 
3000 
4700 

6280 
300 

CIP : CIAT PPRSD NRCRI 

I I 
! i 

lOO 
Joo I : 300 300 

.... 

I I ! 
700 

! 

3500 ; 3500 3500 
3650 

3500 I 4350 ; 

.~ ':1 3500 .. I 

I 700 
3 (}()() 

! 

I 500 1500 
3000 4000 2200 I 2,200 

3600 1000 1600 
: 

300 J()() : 500 
i TOTALPERSONNEL 

.... ~ ,-""i '}:t . 1300 i 2 lOO 
I í;RA;~-- r-

I ! .. NaUonal I 500 700 3 ()(10 .. 2000 3500 
! • lnterrutuonal 5450 3650 • 

! 6950 4350: 3000 I : TOTAL TRA \'EL 

OPERATlONS 
Supphes ami 5erYlLes 

.. Vehtde opt:rdtlons 
TOTAL OPERATlONS 

: TOTAL BUDGET 
! ~UB PROJl!.L T 4 

1500 
3 ()(10 

4500 
1 ()(lO 
3,000 

3 (}()() 

3000 

34 260 18600: 6 500 7 000 

2000 

20 
300 
320 

3500 

30 
450 
480 

9620 1 12 OSO 

INRAB 

.... 

300 
300 

) lOO I 
3500 

700 I 
I 21lO 

! 1900 

9001 
300 

1200 

2 ()(10 

2000 

20 
300 
320 

1 

I 
I 

IRA 

j 

)IX) 
! 300 

! 
3500 

! 

3,500 

700 
2250 
2950 ; 

I 
1800 I 

450 ' 

Z 250 I 

5 ()(10 

5000 

30 
650 
680 

1 

i 

NARO ' TARO KARI 

I ()(1O ! 

3oo 

I 
1300 

6 ()(1O 

6000 

4000 
3000 
7000 

2000 
500 

2500 

i 
5 ()()Q 

1 !lOO 
6000 

?,oo ; 300 ~ I 
300 300 

l-=l 
4700 I 3500: 

4700 3500 i 
¡ 

700 ! 

1500 I 
2200 

! ()()Q 

31X) 
1300 

4500 

4500 

20 
1200 
1220 

: 

i 
! 

700 I 
1500 . 
2200 I 

! ()()Q 

300 
1,300 

2000 

2000 

20 
750 
770 

; 

1 

LARS 

3500 

3,500 

700 
750 

1,450 

I 

! 

! 

! 

; 

I 

I 

: 

¡'OtlfA 

3500 

3500 

700 
I 51lO 
2200 

I 
¡ 

; 

I 

NRI I BBA I TOTAL 

2 4oo 

2400 

I ()(lO 
5000 
6,000 

500 
1 500 
2000 

! 

2400 

2,400 
; 

I ()(1O ! 

50i..X) ¡ 
6000 

500 
1500 
2000 

Yr I 

I 
8 680 
2 100 

10780 

! 

1

I 

36400 
11900 
48 300 

6000 20400 
19950 

6000 38856 

y" 1&2 

~ ]OZoo 
5350 

.. 35,610 

73600 
27000 ; 

100 600 : 

3094ü \ 
34850 : 
65790 I 

92Z0 14,680 28300 14 22!!J _Ill 010_1 _4_950-,-_5_700_,--Z_0_800_..L_6_ooo_...L_2_0_2_000_1 
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Sustamable lntegrated Management of Wh.tefhes as Pests and Vectors of Plant V.ruses In ,he Troplcs 

Table 13 Budget for Cross-ProJect SClentdic Support 
, 

I 
Ittm Vear 1 \ear 2 roT\L 

PERSONNEL I I 
I 

I 

SUpp<lrt ~taff 39922 42716 í &1638 i 

1000 ,000 i 10000 I 

Total 44922 47716 I 92638 

~RATI0NS I ! 

~ 
, í 

Supphes and servlces 14250 14250 

TotalOperahons 14 2~0 14250 
! 

I 28500 , 

PROJECT DEVELOP'lENT 

~OOOO I 
I ! 
! 

I \\-orl-shops 40000 

'\1atenals dcvelopment 2000 n 000 15000 
! 

, I Total ProJect Deve\opment I .,,.., ~l 000 11000 '1'\000 

TOTAL I / {!/ 17'<' III 172 74966 i 
176138 I __ .. --.J 

Table 14 . Budget for ProJect CoordmatlOn 1 

I ltem i Ycar I \ear 2 TOTAL 

! PERSONNEL 

I Senior Staff .... 
1--

57140 61 ISO I 118290 

Clerical Staff 8665 9272 17937 
, 

Toral Penonnel 65805 70422 
I 

136227 

fRAVEL ! 
I 

, 

IntematlOnal 6000 6000 12000 

Total Tra\el 6000 6000 I 12000 

OPFRATIONS I 
Supp!¡CS snd s:erv¡ces i 3500 3000 6,00 

, 
TotalOperatlOns 3500 3000 6500 

I CAPITAL 

Officc 5100 5100 
e--. 

Total CapItal 5100 , 
~ 100 

TOT\l 8040S 79422 I 1'19827 ¡ 
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Appendlx A Partlclpatmg InstltutlOns and Collaboratmg SClentIsts 

InternatlOnal Agrlcultural Research Centers (lARCs) 

Centro Internacional de Agncultura TropIcal (CIA T) 
Dr Anthony BellotU (Entomologlst) 
Dr Cesar Cardona (Entomologlst) 
Dr FrancIsco Morales (V lrologlst) 
Dr Lee Calvert (V lrologlst) 

Apartado 6713 
Cah, COLOMBIA 

InternatlOnal Center for Inseet PhyslOlogy and Ecology (ICIPE) 
Dr Snmvasan Snhanantham (Entomologlst) 

P O BOJ( 30772 
Nalrobl, KENY A 

Aslan Vegetable Research and Development Center (AVRDC) 
Dr Reml Nomo-Wodlm (Vlrologlst) 

Arusha, T ANZANIA 

Internatlonal Instltute for Tropical Research (lITA) 
Dr James Legg (Vlrologlst) 

P O BOJ( 7878 
Kampala, UGANDA 

Dr Bralma James 
PB 08-0932 
Cotonou, BENIN 

Centro InternaCional de la Papa (CIP) 
Dr Nlcole Smlt 

e/o lITA 
PO Box 7878 
Kampala, UGANDA 

NatlOnal Agrlcultural Research Systems (NARS) 

In Latlil Amerlca 
Instituto SuperIor de Agricultura (ISA) 
Dr Colmar Serra 

A vemda PreSIdente Antomo Guzman, Km 55 
Apartado 166 
Santiago, REPUBLICA DOMINICANA 
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Instituto de Investigaciones de Samdad Vegetal (lISV) 
Dr Glona Gonzalez 

Calle 110 #514 e/5taB y 5taF 
Playa CP 11600 
Havana, CUBA 

Programa de Frijol de Haltt (PRONATHAR) 
Ing Ernmanuel Prophete 

Post Box 121 
Port-au-Prmce, HAITI 

Centro de InvestlgacIon y de EstudIOS Avanzados (CINVESTA V) 
Dr Rafael Rlvera-Bustamante 

P O Box 629 
Km 96 Llbr Norte Carr Irapuato-Leon 
Irapuato, GuanaJuato, MEXICO 

Instituto NaCional de InvestIgacIOnes ForestaIes y Agropecuarias (INIFAP) 
Ing Ernesto Lopez 

Programa de Frijol 
Veracruz, MEXICO 

Ing Rafael Salmas 
Campo Expenmental "Valle del Fuerte" 
Smaloa, MEXICO 

Programa de Frijol Centro Americano (PROFRIJOL) 
Dr Rogeho Lepls 

Oficma IICA 
Pnmera A vemda 8-00 
Zona 9 
Guatemala, GUATEMALA 

Instituto de Ciencia y Tecnolog-¡a Agrlcola (JCT A) 
Dr V Jetor Salguero 

Avemda de Reforma 8-60 
Zona 9 
Guatemala, GUATEMALA 

NatlOnal Plant ProtectlOn Servlce (NPPS), Mmlstry of Agnculture 
Ing Orlando Sosa 

Central Farm 
Cayo D¡stnct, BELIZE 
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Escuela Agncola Panamencana (EAP) 
Dr Allan Hruska 

Departamento de ProtecclOn Vegetal 
ZAMORANO 
Apartado 93 
TegucIgalpa, HONDURAS 

Centro NacIOnal de Tecnologl3 Agropecuana (CENTA) 
Ing Joaqum Lanos 

Apartado 773 
San Salvador, EL SALVADOR 

Umversldad NacIOnal Agrafia (UNA) 
Ing Gregono Varela 

Km 12 1/2 Carr Norte 
Apartado 453 
Managua, NICARAGUA 

Centro Agronomlca TropIcal de InvestlgaclOn y Enseñza (CATIE) 
Dr Luko HIIJe 

Apartado 7170 
Turnalba, COSTA RICA 

CorporaclOn ColombIana de InvestlgaclOn Agropecuaria (CORPOICA), 
Dr Anstobulo Lopez-Avlla (Entomologlst) 

Apartado Aereo 240142 Las Palmas 
Santafe de Bogota, COLOMBIA 

Instituto NaCIOnal Autonomo de InvestIgacIones Agropecuarias (INIAP) 
lng Oswaldo Valarezo 

Casilla Postal 100 
PortovleJo, Manabl, ECUADOR 

In Afnca 
Plant Protectlon and Regulatory Servlces Dlvlslon (PPRSD) 
Anthony CudJoe 

P O BoJ:. M37 
Acera, GHANA 

Instltut NatlOnal de Recherche Agronomlque du Bemn (INRAB) 
N G Maroya 

BP 884 
Cotonou, BENIN 
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Nahonal Root Crop Research lnstltute (NRCRI) 
T N C Echendu 

PMB 7006 
Umdlke, Umuahla 
Abla State, NIGERIA 

Instltut de Recherche Agronomlque (IRA) 
J Ambe Tumanteh 

IRA Ekona 
PMB 25, Buea, CAMEROON 

Agrlcultural Research Corporabon (ARe) 
Dr M A Ahmed (Entomologlst) 

P o Box 126 
Wad-Medam, SUDAN 

NatlOnal Agflcultural Research Orgamzabon (NARO) 
Dr Wllham George Ottme-Nape 

PO Box 7084 
Kampala, UGANDA 

Kenya Agrlcultural Research Instltute (KARI) 
Dr Joseph Kamau 

NDFRC, Katumam 
PO Box 340 
Machakos, KENYA 

Tanzarna Agncultural Research Orgamzabon (TARO) 
Dr Regma Kapmga 

Uklflguru ARI 
PO Box 1433 
Mwanza, TANZANIA 

HortIcultural Researcb and Trauung Insbtute (HORTI) 
Mr Ignas S Swal 

P o 1253 
Arusha, T ANZANIA 

Lunyangwa AgrIcultural Researcb Statlon (LARS) 
Dr Jonathan Mkumblra 

P o Box 59 
Mzuzu, MALA W1 
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Bvumbwe Agncultural Research Statlon (BARS) 
Mr Patrlck T KhonJe 

P o Box 5748 
Ltmhe, MALA WI 

Centre NatlOnal de la Recherche Aphquee au Developpement Rural (FOFIFA) 
Dr Sahondramala La RanomenJanahary 

BP 1690 
Antanananvo, MADAGASCAR 

Advanced research mstltutes (ARIs) 

BlOloglsche Bundesanstalt fur land und Fortwlrtschaft (BBA) 
Dr J Verten 

Messeweg llí12 
D - 38104 Braunschwetg, GERMANY 

John Innes Centre (JIC) 
Dr Peter Markham 

Department of VIruS Research 
Colney Lane 
Norwlch, Norfolk NR4 7UH 
Umted Kmgdom 

Natural Resources Instltute (NRI) 
Dr Mlchael Thresh 
Dr JoOO Colvm 

Central A venue 
Chatam Manume 
Chatam. Kent, ME4 4TB 
Umted Kmgdom 

Uruverslty of Anzona-Tucson (UA) 
Dr Judlth Brown 

Department of Plant SClences 
Tucson, AZ 85721 
USA 

Umverslty of FlOrIda (lJFL) 
Dr Jane Polston 
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5007 60th St E 
Bradenton, FL 34203 
USA 

Umverslty of Wlsconsm-Madlson (UW) 
Dr Douglas Maxwell 

Department of Plant Pathology 
1630 Lmden Dr 
Madlson, WI 53706-1598 
USA 
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