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PE-1: IPM for a Safer Environment: Integrated Pest Management in Major 
Agroecosystems in the Americas 

Objective: To develop and transfer improved pest and disease management components for 
majar agricultura! production systems and reduce environmental damage due to excessive 
pesticide use. 

Outputs: Improved pest and disease management components and implementation strategy 
developed on CGIAR commodity crops; improved crop management components relevant to 
IPM strategies in the Americas developed; NARS capacity to design and execute integrated crop 
management research and development projects strengthened. 

Gains: Increased crop yields and reduced environmental damage: natural enemies of majar pests 
and diseases evaluated. IPM tested and verified on farms. Knowledge on biology. ecology 
behavior and damage of pests. and diseases. Molecular characterization of majar pathogens and 
diagnostic kits available. Whitet1y biodiversity characterized. 

Milestones: 
1998 Whitetly biodiversity determined and natural enemies identified: cassava mire predators 

and entomopathogens evaluated and released in LA and Africa: CVMY yield loses 
determined. 

1999 Natural enemies of whitet1ies. mites. burrowing bug released in LA and Africa: 
Molecular markers tagging resistance to CBB and Phytophthora root rot identified: 
resistance to cassava frog skin virus identified and Elisa diagnostic kit developed. 

2000 Biological control implemented for several arthropod pests and root rot pathogens: 
Cassava geminiviruses characterized. Farmers and extensionists trained in utilization of 
diagnostic kits. 

Users: Biodiversity of agroecosystems determined and available to researchers. NARS 
scientists. extensionists and farmers trained in IPM methodologies. Crop yields for small 
producen' increased and stable production systems identified. 

Collaborators: EMBRAPA. CORPOICA. liTA. ICIPE. CATIE, NARO. NRI. Universities of 
Florida and Wisconsin. John Innes C~nter. ETH. OSTROMICIRAD: and others. NARS. 
including EMBRAPA. CORPOICA. INIAP. INIVIT. NGO's and biological control industries 
(COINBIOL). 

CG System Linkages: Increasing Productivity 30%: Biodiversity - 20%: Protect Environment -
40<k : Strengthening NARS - J09'c. Manages Whitetly and Panicipatory Methods Projects in 
Systemwide IPM Program. 

ClA T Project Linkages: Collaborates with breeding projects (IP l. IP2. IP3. IP4. IP5) in host 
plant resistance: provides biocontrol agents to proejct PE5: uses inputs from PE4. SB2. and SN3. 

Financing Plan: 20% unrestricted core. RO% special projects. 
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Highlights: 

• Phytoseüdae reference collection, held at CIAT, systematized, inventory rnade and 
database organized. 

• Taxonomic key for Phytoseüdae identified on cassava being developed. 
• Early instars of thrips and whitet1ies identified as altemative tood sources to r 

Phytoseüdae. 
• Relationship between phytophagous rnite egg density and Phytoseüdae fecundity 

determined for six species of predator mites. 
• Effect of relative humidity on survival of 6 species of Phytoseüdae determined. 
• A virus disease of cassava mites. M. tanajoa and M. caribbeanae tound to cause high 

mortality. 
• Aenasius vexans verified as specialist parasite on the mealybug Phenacoccus herreni; 

Acerophagus coccois contirmed as generalist parasitoid. 
• Project ro identify whitet1y parasitoid complex on cassava and other crops initiated. 
• Resistant cassava clones may effect the behavior and development of parasitoids of 

whitet1ies. 
• Isolates of two entomopathogens Merarhizium anisopliae and Beauveria sp. evaluated 

as pathogenic to the cassava hornworm. Erinn.vs ello. 
• Project to identify majar pests of asparagus initiated with group of asparagus growers. 
• Methodology for Electronic Monitoring Whitetly feeding behavior was established 

including: 
Technique for wiring up whitet1ies with a thin (6.5 um) go ld wire. 
EMS Calibration and establishment of proper voltage and frequency. 
Computer acquisition and display of electronic monitoring data. 
Identitication of preliminary waveforms on suscept ible cassava CMC-40 
Training ofCIAT personnel to operate the Electronic Monitoring System (EMS). 

• With the panicipation of local panners and cassava growers. an exploratory survey o f 
Phyrophrhora root rot was conducted and on-farm trials established in the Depélltments 
of Cauca and Vaupés. Colombia. 

• A simple. rapid. and accurate PCR method was developed to detect the causal agent of 
Phyrophrhora root rot in intected cassava sprouts. 

• Extremely high genetic diversity was tound among 122 Phyrophrhora isolates using 
restriction analysis of amplitied ribosomal DNA and RAPO analysis. 

• Severa! potential agents for the biocontrol of two highly pathogenic Ph.vtophrhora 
isolates were successfully tested in the greenhouse. 

• Signiticant difterences in heat sensitivity were found among difterent Phyrophrhora 
species and isolates of Xanrhomonas axonopodis pv. manihoris. the causal agents of ront 
rots and cassava bacteria! blight. respectively. A heat treatmem. tested in vitro and in the 
greenhouse. in which cassava stakes were heated for 30 min at 47 oc. eliminated the 
pathogens but did not at'tected the stakes' germination rate and vigor. 

• A cryopreservation method was developed to store the entire Phyrophrhora collection. 
• A fragment nf a viral RNA dependent RNA polymerase gene has been cloned and 

sequenced. 



• Progress towards the output of the identification of CFSD resistant cassava is being 
made. 

• P. herreni is mainly a phloemopbagous insect with piercing-sucking mouthparts. 
present in females throughout their life cycle and in males only till tbe second 
nympbal stage after wbicb they do not need to feed to complete tbeir development. 

• Cassavas in water deticit conditions induced a reduction in the duration of temale 
development. and an increase in fecundity, intrinsic natural growtb rate (Rrn) and in 
weight. 

• Leaf arninoacid composition sbowed a significant increase in tbe percentage of free 
serine, asparagine, glutamine and arginine of lea ves from water stressed plants. 

• By utilizing an artificial diet. it was sbown tbat asparagine and arginine played an 
important role during tbe develo pment of females o f P. herreni. In fact. their absence 
does not allow nympbs to reach tbe adult stage. but insect aminoacid composition 
wasn't aftected. 

• Para.sitized mealybug did not significantly change their teeding behavio r compared 
with non-parasitized mealybugs. indicating tbat they teed mainly on pbloem sap until 
the appearance of mummy. 

• E valuation and identification of varieties resistant to cassa va root rot continued 
through farmer panicipatory trials in the States of Paraiba and Babia. Six genotypes 
were selected as promising genotypes for funber testing and se lection 

• Adoption of important cultural practices for control of cassava root rot continued to be 
tested through farmer panicipatory trials in tbe S tates of Babia and Pernambuco. Tbe use 
of ridges as planting system is sbowing promising results in compa.rison with traditional 
t1at planting. 

• Molecular diversity of Sphaceloma manihoticola (Super-elongation disease-SED) wa.s 
low. tbus facilitating the task of se lecting cassava gerrnplasm resistant to SED. 

• Cassava va.rieties resistant to SED identitied. 
• To address the need critica! mass o f trained technicians botb in research and 

extension at the state le ve! in the nonbeast of Brazil. a proposal training is considered 
a priority by CNPMF. 

• Stmted during the UNDP-IPM project. 25 CIALs are functioning and many are 
running their third consecutive experiment. 

• The training master plan is composed of three modu les: diagnosis. planning and 
experimentation and evaluation. After two cycles. the trainees have the basic skills to 
facilitate collective problem solving. 

• COPALs are making thei..r own decis ions using FPR. 
• Decisions on the best varieties for the community and the use of fertilizers are 

examples of the products o f the COPALs research. 
• The farmer's criteria for selecting the best varieties are more than just yie Id. Shape of 

roots and co lor of tlour are examples of characteristic that were identified as 
imponant by farmers. 

• Evaluation and identitication of resistant varieties to cassava green mite continued 
through farmer panicipatory trials with two COP ALs in Bahía. 



• Through coordination of the research efforts especially in the standardization of 
protocols. the information that is being collected in the Americas can be directly 
compared with the data generated from Africa. 

• Significant progress has been made in determining the distlibution of whitet1y pests 
in tour countries. 

• The carboxy oxidase subunit I gene is proving useful in studies of the evolutionary 
relatedness of whitet1ies. This gene has two highly variable regions and is widely 
used in evo lutionary studies. 



OUTPUT l. IMPROVED PEST AND DISEASE MANAGEMENT COMPONENTS 
DEVELOPED 

Output 1. ldentification and Quantification of Major Arthropod Complexes: 
Development of control measures. 

Sub-output 1.1. Biological Control and Plant Interactions of Cassava Mealybugs. 

Although several species of mealybug will feed on cassava only Phenacoccus herreni and 
Phenacoccus manihoti are repon ed causing yield losses. Both species are of neotropical orígin 
but P. manihoti only causes severe crop losses in Africa. It has become a well known example 
of classical biological contro l by the introduction of natural enemies. especially the parasite 
Apoanagynus lopezi collected in Paraguay and Brazil. 

Although P. herreni is distributed throughout northem South America it has - from the 1970' s 
onward - caused serious losses. but primarily in NE Brazil. Surveys in the 1980's found few 
parasitoids in the region suggesting that P. herreni may be an exotic pest. probably coming from 
northern South America. which is geographically separated from NE Brazil by the Amazon 
basin. Surveys conducted in Colombia and Venezuela identified three encyrtid parasitoids 
[Apoanagyrus (Epidinocarsis) diversicornis, Aenasius vexans and Acerophagus coccois] as 
effectíve parasitoids of P. herreni. The three parasitoids were imponed from CIAT and released 
in NE Brazil in 1994-95. where they have become established. A. diversicornis and A. coccois 
have dispersed readily and have been recovered in high numbers hundreds of kilometers from 
their release sites. A. vexans, despite be ing consistently recaptured at its release site has not 
dispersed. 

In coordination with these field re leases. considerable research is being catTied out to determine 
the effect of plant vo latiles on parasitoid behavior. Previous studies (See Annual Reports 1995-
1997: and Bertschy. et. al. 1997) show that all three parasitoids were attracted to cassava 
mealybug infestations. 

Activity 1.1.1. Ecological cultivation of cassava: To render natural enemies of sucking 
pests more effective and reliable. 

Reduc tion of the cassava mealyb ug Phenacoccus herreni in Latín America relies on biological 
control with natural enemies as germplasm with adequate resistance is not avai lable. The two 
encyrtid parasitoids Aenasius vexans and Acerophagus coccois have been mass-reared and 
released. The quality of released parasito ids is a key factor for successful biological control. In 
mass rearing facilities natural enemies may loase their behavioral traits related with successful 
host searching and location. It has been shown that vo latile chemicals emitted by herbi vo re 
infested plants are an important source of information fo r natural enemies during host location 
and that they are capable to learn these foraging cues. Enhancement of this behavioral trait by 
expos ing parasitoids in the pre-release phase to host related cues may be one possibility to render 
biological control organis ms more effective and reliable. Ecology and behavior of natura l 
enemies varíes depending on their degree of dietary specialization. It is suggested that learning 
nf odour cues is more important in species with a broad host range (generalists) than in species 



with a narrow host range (specialists) as they deal with greater host and environmental variation. 
Generalists are expected to learn stimuli of host and environmental characteristics where they 
successfully encountered host befare. Specialists are supposed to already show high innate 
preference towards speciíic bost-derived stimuli. For them learning is expected to be of minor 
importance. At present the specificity leve! of the two parasitoids has not been investigated in 
depth. Available date suggests that A. vexans is more specialized than A. coccois. The two 
parasitoids have been shown to respond to and being attracted from mealybug induced 
synomones from cassava. A. coccois responded to non-infested plant odour while A. vexan.s 
responded more specitically to odours associated with mealybug infestation (Bertschy et al .. 
1997). Our objective was to verify the above mentioned assumption on the degree of dietary 
specialization of A. vexans and A. coccois as a basis for studying the learning capability of the 
two species. 

In a greenhouse study a comparative quantitication of the physiological host range of the two 
parasitoids was carried out. Seven different mealybug species were collected at CIAT, Colombia. 
in 1998. ti·om cassava. trop ical forage legumes and fem. 

Each mealybug species was exposed to parasitism by A. coccois and A. vexans in a no-choice 
bioassay. A first evaluarían of the results. based on emergence of the second generation of 
parasitoids is presented in the following table: 

Table 1.1.1.1. Host specificity of the two encyrtid parasitoids Aenasius vexans and 
Acerophagus coccois on seven different mealybug species. First column 
indicates successful parasitism, the second column represents a new 
parasitoid generation. 

:\lealyhu¡¡ Phenacuccns PheuactJcclls 
.;;pecies ilerreui madeirettsis 
Plant Cass .. ,,va CL'>.<.WO 

A. \'PXatlS + + 

A. r:orcois + + + + 

+ successtll l parasitism 
- parasitism failed 

Ferrisia 
virgata 
Ca.<;.'-lV:l 

+ + 

Ferrisia Ps~lldoctJccns Planococcns Pseudocucctts Ps~ndocucc11s 

virgata jackbeanlslevi citri imp11rta111s lottr;ispimts 
!kan Cas.savo Beon Bcan Fe m 

+ + 

The assumption on the specificity leve ! of the two parasitoids could be proveo. A. vexans only 
parasitized and developed successfull y in P. herreni. whereas A. coccois was able to parasitize 
and develop in P. herreni. P. madeirensis and F. virgata. A. vexam· therefore can be regarded as 
a specialist and A. coccois as a generalist parasitoid. This information will be used in the 
forthcoming studies fo r pre-re lease conditioning of both species. 

Sub-output 1.2. Biological Control and Species Diversity of Cassava Whiteflies. 

Whitetlies (Homoptera: Aleyrodidae) cause yield losses on numerous agricultura! crops 
throughout the tropical and subtropical regions of the world. They damage crops through their 
direct feeding and are vectors of numerous plant viruses. As direct-feeding pests and vectors of 
plant viruses. whitetlies constitute a majar problem in cassava production in Africa. the 
Neotropics and. to a lesser degree Asia. 
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Species Complex. The largest complex of whiteflies is in the Neotropics where, recent studies 
indicate, there are 11 species, Aleurotrachelus socialis, Trialeurodes variabilis, Bemisia 
tuberculata, Aleurothrixis aepim, B. tabaci, B. argentifolii, Trialeurodes abutileneus, 
Aleurodicus dispersus, Paraleyrodes sp .. Aleuronudus sp. and Tetraleurodes sp. A. socialis is 
the predominant species in northern South America. but is also found in Brazil and other areas. 
A. aepim is the predominant species in Brazil: B. tuberculata and T variabilis are reported in 
low populations from Brazil. Colombia and severa! otber countries. The spiraling whitet1y A. 
dispersus is reported feeding on cassava in Nigeria and Bemisia afer in Kenya and the Ivory 
Coast. B. tabaci has a pantropical distribution. feeding on cassava throughout Africa and severa! 
countries in Asia, including India. 

Since the early 1900s, a new biotype (B) of B. tabaci (The silverleaf whitetly), considered by 
sorne to be a separate species (B. argentifolii). has been reported feeding on cassava in the 
Neotropics (USA. Dominican Republic. Ecuador. Brazil. Colombia. and Puerto Rico). Africa 
Cassava Mosaic Disease (ACMD) which causes heavy crop losses in Africa is vectored by B. 
tabaci. Now that the B biotype of B. tabaci has been found feeding on cassava in the America. 
ACMD poses a serious threat to cassava production as most traditional varieties are highly 
susceptible to the disease. Thus a continued strong research e mphasis on whitetlies in cassava is 
justified. (For additional information on whitetlies. see Output IV of this report). 

Biological control agents. e.g. parasitoids. predators and entomopathogens. are increasingly 
accepted as a means of pest control which reduce contamination and other disadvantage that 
arise ti·om the excessive use of chemical pesticides. Although knowledge of whitet1y parasitoids 
is growing. many gaps exist in the successful implementation of biological contro l. lt is still not 
clear which of the potential biocontrol agents are most common in the tield. and what leve! of 
efticacy they exert. 

A project was initiated during 1998. in co llaboration with the University of Florida (USA). to 
determine the efficiency of indigenous parasitoids from the Andean Region of South America 
(Co lombia. Venezuela. and Ecuador). against whitetlies on cassava and beans. in order to select 
the best potential parasitoids for continued research. It is hoped that sorne of the general lack of 
awareness of the potential use of biocontrol agents against whitet1ies may be overcome through 
this pro ject. 

Activity 1.2.1. Exploration for whiteflies and natural enemies on cassava and other crops. 

The purpose of this activity is to determine the efficiency of indigenous South American 
parasitoids on cassava. beans and other crops. in arder to se lect the best potential parasitoids for 
continued research. and to compare efticiency of indigenous species to that of exotic whitetly 
parasitoid species being recommended for introduction into the region. 

This is a USAID funded collaborative project between CIAT and the University of Florida 
··siological Control of Whitetlies by Indigenous Natural Enemies for Major Food Crops in the 
Neotropics." This collaboration will allow training. and improved in-country capacity for 
research. production. delivery and management of biological control agents. The project wi ll 
focus principal! y on CIA rs traditional food commodity crops. beans and cassava. but will also 
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involve other crops. This project also enters into the CGIAR System Wide Whitefly IPM Project 
(see this report). 

The University of Florida will provide expertise and input on parasitoid taxonomy, biology. 
behavior. collecting, rearing, identification and data analysis. During 1998 two University of 
Florida researchers, Dr. Jorge Peña and R. Nguyen, visited CIA and collaborated in training 
CIAT personnel in the above areas. Additional future visits are planned. Whitefly parasitoids 
that are collected from field sampling are being sent to University of Florida taxonomist (G. 
Evans) for identiíication. 

Sampling methodologies have been developed and project start-up was March. 1998. A 
description of preliminary activities follows. 

Three geographic areas have been selected for exploration for whitetly species and their 
parasitoid natural enemies. These are the Department of Cauca. and the Atlantic Coast area of 
Colombia (especially the Department of Atlántico. Córdoba. Bolívar and Magdalena) and 
Manabí. Ecuador. 

Sampling will be done on severa! crop hosts. including cassava. beans. tomato. and soybeans. 
Each zone will be characterized by taking data on m.a.s. l.. rainfall. temperature range. vegetation 
type. latitude. geographic area. etc. From each co llection site or tield. 100 leaves will be random 
by collected: a one inch square will be selected to take a count of the different whitetly species. 
Numbers of whitetly nymphs and pupae will be recorded. 

To determine the rate of parasitism. 40 leaves will be collected and one inch square of leaf area 
will be removed. Only one whitetly species will be allowed to remain on each leaf square and 
the emergence of parasitoids will be recorded for each species of whitetly. In this way we will 
be able to determine the exact parasitoid species associated with each whitetly species. 
Additionally we will obtain data on the levels of parasitism related to the density of whitetlies. 

Exploration and sampling has already been initiated: the Atlantic Coast has been sampled once. 
and Cauca twice. A total of 21 samples have been collected that are in the process of being 
evaluated and analyzed. Preliminary results. from sampling on the Atlantic Coast show low ro 
moderare levels of whitetl y populations and parasitoids were found in al! sampling s ites except 
one (Table 1.2.1.1). In those sties where parasitoids were found. % parasitism ranged fro m 1.92 
% to 54.9%. Parasites are being sent to collaborating specialists at the University of Florida and 
the British Museum for identification. 
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Table 1.2.1.1. Exploration and sampling for whiteflies and their natural enemies on the 
North Coast of Colombia. 

LocaJity 
Pivijay. Magdalena 
Caracoli. Atlántico 
Polonuevo. Atlántico 
Repelón, Atlántico 
Luruaco. Atlántico 
Magdalena. Bolívar 
San Jacinto, Bolívar 
Córdoba. Bolívar 
C. de Bolívar. Bolívar 
San Pelayo. C6rúoba 
Berastegui. Córdoba 
San Carlos. Córdoba 
Cereté. Córdoba 

Whitefly Population * 
697 
334 
2 17 
441 
191 
61 
52 

592 
63 
78 
148 
11 3 
257 

Parasites Collected 
80 
39 
68 
12 
36 
9 
1 
o 
18 
42 
54 
62 
68 

% Parasitism 
11.5 
11.7 
31.8 
2.7 
18.8 
14.7 
l.9 
o 

28.6 
53.8 
36.5 
54.9 
26.5 

Nymphs. pupae and aúults of Whitetlies emerging 40 one inch square Ieaf samples. 

Activity 1.2.2. Evaluation of whitefly parasites. 

Numerous natural enemies of the whitetly co mplex associated with cassava ha ve been recorúeú. 
Recent surveys in Co lombia show that the most representative group is the microhymenopteran 
parasito iú complex. which incluúes the genera Encarsia, Eretmocerus and Amitus associateú 
with A . . wcialis, B. ruherculara anú T. variahi/is. The predominant species were Encarsia 
hispida, Amirus spin(lerus, anú Erermocerus sp. (unúescribeú). Baseú on these data a research 
effort was initiateú to stuúy the be ha vior and effectiveness of sorne of these parasito iús. 

During 1997. after considerable effort. a colon y of Encarsia hispida was establisheú. anú 
activities were initiateú to study its bio logy anú be ha vior. 

The small. yellowish parasite is very agite ami moves rapid ly walking over a leaf. using its 
antennae to guiúe. recognize anú explore a surface. Upon locating a nymph of A. socialis, the 
parasito iú circles it. examining it. anú with its forelegs. begins to remove the waxy particles 
protecting the nymph. When parasitizing it places its abdomen with ovipositor úirectly over the 
nymph: it then initiates an up anú úown movement which can least from 15 to 45 minutes. Upon 
comp let ing nviposition. the parasitoiú spenús the next lOto 15 minutes cleaning its who le boúy 
with the use of its fo re. mió anú hinú legs. Not all nymphs that are examineú are parasitizeú: the 
paras ites may feeú from the wounú it makes in the nymph with its oviposito r. 

The temale parasitoiú oviposits an egg within the nymph: the egg measures an average of 
0.0679mm wiúth x 0. 195mm length. Female E. hispida are 0.399mm in length and males are 
0.479mm. 

Stuúies to determine the white tly instar most susceptible. or attractive tn the parasitoid was done 
by placing infested cassava leaves (remaining attached to the plant) within a petri dish ( 150 x 
25mm l and re leasing 30 parasitoids into this experimental chamber. When the first aúult 
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whitet1ies began to emerge, leaves were collected and placed in a plastic box and emerging 
parasites were collected over a 20 day period. Results show that the most parasitized instar was 
the third instar with 29.7% parasitism. The 1st, 3rd and 4th instars had parasitism levels of 0.4%. 
12.6%, and 3.6% respectively. Parasitism begins soon after the nymphs are exposed to the 
parasitoids. Fon y eight hours after exposure 35.7 third instar nymphs were parasit ized; at 96 
hours 45.9% were parasitized (Figure 1.2.2.1). These studies will continue with E. hispida and 
eventually include additional parasitoid species. 
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Figure 1.2.2.1. Parasitism of whitetly nymphs (A leurotrachelus socialis) by Encarsia 
hispida 48 to 216 hours after exposure. 

Activi ty 1.2.3. Tritrophic re lationships: Determine effect of HPR on whitetly parasitism. 

[t has been obse rved that farmers will use pesticides to control high populations of cassava 
white tlies. Pesticide appl ications will reduce the effec tiveness of bio logical contro l as wel l as 
cause envir onmental contamination. Severa! years o f research at C IAT has identified cu lti vars 
with varying levels of resistance to whitetlies. especially the species A. sociafis (see Previous 
Annual Reports for Project IP3). 

Present research is in vestigating the compatibi lity between host plant resistance and biological 
control. The combination nf these two methods could reduce pest populations below ecnnomic 
injury levels or extend the usefulness of host plant resistance. In addition it is imponant to know 
the effect plant resistance. espec ially antibiosis. might have on parasito id populations. 

The cnmpatib il ity of the parasitoid. Encarsia hispida was evaluated on whitetly immatures 
feeding on white tl y resistance genotypes of cassava. The resistant varieties tested were MEcu 
72. and CG4R9--+: the susceptible che<.:k was C MC-40. Parasite development time. fentndity and 
surviva l were measured. 
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Plants, one rnonth of age, of the abo ve mentioned varieties were infested with A. socialis eggs by 
exposing the leaf undersurface to ovipositing adults for 36 hours. After 15 days, when whitet1y 
immatures were in the second instar, tbey were exposed to E. hispida parasites. E. hispida was 
obtained by collecting cassava leaves with parasitized whitetly pupae in tbe tield at CIAT, 
placing the leaves in blackened plastic traps and capturing emerging parasites. The results at this 
point are preliminary. 

Results to date indicate that the temale longevity of E. hispida was similar on varieties CMC-40 
and CG489-34 (experiments 1 and 2) with values of 17.8, 12.2 and 13.8 days respective ly 
(Figure 1.2.3.1). E. hispida longevity on MEcu 72 was greatly reduced. only 7.7 days, 
indicating that this variety has factors or characteristics that affect the longevity of the parasite. 
These factors could be the number of tricornes or a chemical component that is intertering with 
parasitoid teeding (Table 1.2.3.1). 
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Figure 1.2.3.1. Longevity of the parasitoid Encarsia hispida on the whitefly A. socialis on 3 
cassava varieties. 

Table 1.2.3.1. Whitefly, (A leurothrachelus socialis) survival, development time and 
fecundity on 4 cassava varieties. 

Percentage 
Survival of Development Number Tricomes/cm2 

Varietl: lmmatures Time/Dal:s Eggs/Female on Second Leaf 
MBra-12 75.0 A 32. 18 e 107 4.653 
eMe-40 66.0 AB 32.07 e 64 189 
eG4X9-34 65.5 AB 33. 13 B 46 15.290 
MEcu-72 21.0 e 34.45 A 15 33.048 
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E. hispida emergence from A. socialis pupae was measured on the varieties CG489-34 and MEcu 
72. Results show a very low rate of emergence of the parasitoid, 0.43 and 0.86 for CG489-34 
and MEcu 72 respectively. These preliminary results indicare that host plant resistance in 
cassava may affect the development or emergence of parasitoids. Experiments using susceptible 
varieties (CMC-40) still need to be completed. Since E. hispida is the most frequently collected 
parasitoid coUected in cassava tields a mucb higher emergence is expected. 

The survival of E. hispida when assoéiated witb A. socialis on the cultivar MEcu 72 decreased 
rapid ly. when compared to the other cultivars. One hundred percent mortality occurred within 
19 days (Figure 1.2.3.2). Longest survival was on CMC-40 with individuals living for fony 
days. Variety CG 489-34 was intermediare; in both experiments with this cultivar individuals 
survived until 34 days. These data indicare that there may be varietal intluence associated with 
E. hispida survival. Since MEcu 72 and CG 489-34 are resistant varieties. this resistance factor 
or mechanism may be affecting parasitoid survival. 
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Figure 1.2.3.2. Survival of Encarsia hispida, parasitoid of Aleurotrachelus socialis on three 
varieties of cassava. 

Acti vity 1.2.4. Feeding behavior of whitetlies on susceptible and resistant cassava clones. 

Cassava genotypes with resistance to whitetlies have been identified at CIAT. Resistant clone 
MEcu 72 shows high monality fo r both adult and immature whitetlies. wh ich may suggest less 
feeding on th is genotype under natural conditions. It is necessary to identify whitetl y feeding 
behavior nn susceptible genotypes and to make comparisons with MEcu 7'2 in arder to better 
understand the mechanisms nf resistance. 

Electrnnic monitoring of insecr feeding (EMIF) is a technique that permits the identification and 
quantification of the feeding behaviors nf hemipteran insects. By passing an electrical s igna! toa 
test plant. and tethering an insect with a fine go !d wire. moditications caused by stylet 
movements and feed ing behaviors can be observed as waveforms. EMIF has extensively been 
used fo r the study nf mechanisms of plant res istance to insects. CIAT presently owns two AC-



Electronic feeding monitors, and has access to a OC version of the system (EPG). The AC 
systems have been used with leathoppers (E. kraemeri) on beans. and the OC systems with 
cassava mealybugs. Preliminary observations with both systems suggested that an easy protocol 
could be developed for monitoring the whitet1y. In addition. CIAT technicians needed to be 
trained in wiring techniques. operation of the system. computer display and data acquisition. 

Electronic Monitoring Methodology. The methodology devised fo r electronic monitoring of 
whitet1y feeding behavior includes two majar steps: a wiring technique to attach the thin wire to 
the mesonotum of an adult whitetly, and the proper settings (ground voltages, signa! frequency) 
of the electronic monitoring system. 

The " no rmal" go ld wire used with leathoppers ( 12.7 u m) is too thick and stiff for the small 
whitetly adults. A thinner wire needed to be o bta.ined. Since purchase of a thinner wire was 
very difficult in the short period of time allowed for this project. thinning of the existing go ld 
wire was necessary. To do this a 10-20 c m piece of the thick wire is placed for 45 m in in a 
so lution of 3 mol Nitric acid and 9 mol Chlorhydric acid. Thi.s is a potent nxidizer that dissolves 
away part of the go ld leaving a thinner wire while conserving its electricity co nducting 
propenie.s. Pieces of this thin go ld wire are attached with .silver paint to a copper .stub. 

Fe male whitetlies from a greenhou.se co lo ny are placed by mouth aspirator on a vacuum stand 
and he ld in place by a very gentle vacuum. Severa! individuals can be placed .simultaneous ly. 
With the help of the copper .stub. the thin go ld wire is placed on the mesonotum of a fe mate. and 
a very small drop o f e lectrically conducting s ilver paint is used to attach the wire to the insect. 
Care needs to be take n for not getting .silver paint on the whitetly's eye.s or wings. This atfects 
the ir behavio rs even more than the tethe red condition. New insects need ro be used .should silver 
pa int get on the ir wings or eyes. 

Tethe red white tlies can be acclimated to the wire by plac ing them on a cas.sa va leaf for 1 h. 
Be fore the electro nic monito ring sessio n begins. whitetlies are starved for 30 min. The copper 
stub ho lding the tethered white tl y i.s attached to the alligator clip on one of the input e lectrodes 
of the e lectrnnic mo nitor. 

A constant signa!. 250 mV at 250 Hz was established as the best setting t'ó r Aleurorrachellus 
socialis. This sig na! is transmitted vía an e lectrode inserted in the substrate of a potted pla nt (4-X 
weeks old). Detached lea ves placed on a container filled with water and sealed with the n utput 
e lec trode of the e lectronic monitor also wo rked and showed better conductivity than the potted 
plants. However. the effects nf detached leaves vs. who le plants nn whitetly feeding be havior 
needs to be evaluated further. 

Feeding Behavior. During prnbing .stylet movements and nther feeding be havio rs induce 
changes to the co nstant signa!. These modifications. known as waveforms. are captured in a 
computer using an analog to digital converter board. displayed on the screen on a time scale . and 
sto red for post-acquisition measureme nt and anal ysis. Once wave forms have bee n corre lated 
with specific be haviors. quantitication can be made nn the freque ncy and duratio n of these 
behaviors. 
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Waveforms produced by probing A. socialis on CMC-40 are shown in Figure 1.2.4.1. Due to 
time limitations it is impossible to correlate waveforms with specific behaviors for this whitetly 
species. However, Walker (1998) reports that several species of whiteflies share very much 
stereotypical styles of feeding and that waveforms patterns are very similar among them. Since 
waveforms shown are similar in appearance to the waveforms reponed in the literature. we will 
describe these. All probes observed started with salivation waveforms corresponding to the 
intercellular path that the stylets follow in their way to the phloem. These wavetorms are shown 
in figs la and le as "intercellular stylet path". They have also been correlated with the 
deposition of a salivary sheath. In sorne instances the stylets come across treachery elements in 
the xylem and the whitetly ingests from them (Fig. le ). This particular waveform has not been 
completely correlated with. but there is evidence of ingestion. After reaching the phloem. 
normally whitet1ies go into cominued ingestion. producing a tlat waveform whose beginning is 
illustrated toward the end of the trace in Figs. 1 b and 1 c. 

A new waveform that has not previously been identified or associated with any behavior is 
shown in fig. 1 d. It would be expected that as more e lectronic monitoring of whitetly teeding 
more patterns would be identified and more correlational work would be needed. Now that a 
methodolngy exists for the study of whitetly teeding behavior at CIA T. comparisons can be 
made among resistant and susceptible genotypes. 

Training. Two research assistants spent about 1 O h per week training in electronic monitoring 
of insect teeding. They developed skills for whitet1y wi.ring and for data display and acquisition. 
They also received extensive lecturing in the principies and applications of the technique. and in 
the basics nf homopteran feeding behavior. 

....w·~~"\~.u'\\"""'YI"'•~'looA·' .. ,.··~'-·-~-..... ----~"".......;..-...--'U/ . .,.. .... ._.r'"' .... .-......_ .. __ 
B · · · Phloem --IJIP-

. 1 . . . 

Ja....~-~IÁ .. *~tJv.lr..,~~l.o..,,-/1._~·'~A~~·.;,I,._oi~~~-~-·r.,, •• ,.,,,.J,._,_v "' _ __.'Ajt¡i.._.\ 
C lnterc=Uuiar Siyle! Pa\h (Saiivatlor;,; Possm. X)1em tnqest;cn ' 

Unknown 

) pt-~.,..Jt~ri..,...~r •¡..-ll,,(·~·'v·V'r-"'·('-t-'oi.~''..-~·.,.·Vr""-;.·-~.r 
D h~ten:.e::Liíot St'(:et Patnt.Salivattcoo Phloem _.,. 

Figure 1.2.4.1. Waveforms produced by probing Aleurotrachellus socialis on Cassava cv. 
CMC-40. A. and B. Single probe (stylet penetration). B and C. Single 
probe forms a second whitetly. Note waveform identified as possible 
xylem ingestion and an unknown waveform that has yet to be correlated 
with a feeding behavior. 
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Sub-output 1.3. Biological Control of Erinnyis ello. 

Activity 1.3.1. Pathogenicity of entomopathogenic fungi on the cassava hornworm, 
Erinnyis ello. 

The cassava homworm, Erinnyis ello (Lepidoptera: Sphingidae) is a serious pest of cassava in 
the Neotropics, with a broad geographic range extending frorn southem Brazil, Argentina and 
Paraguay to the Caribbean basin and the southem US. Sporatic attacks of the homworm usually 
coincide with the rainy season and the mass migratory tlight of E. ello account for the sudden 
"invasions" and subsequent increase in oviposition in cassava tlelds. Although a large complex 
of natural enemies exits. their effectiveness is greatly reduced because of the migratory behavíor 
of the homworm. adults. Effective control has been obtained through the use of granulosis virus 
(Baculoviridae). a technology that has been developed at CIAT. 

In recent years outbreaks of homworms have occurred in the Cauca Yalley. including on the 
CIAT. Palmira station. During the course of 1997-1998 the opportunity presented itse lf to 
evaluare funga l pathogens. collected in cassava tields. on the cassava hornworrn. Two students 
frorn the Universidad Nacional de Palrnira. unden ook this research as a Ing. Agr. thesis project. 

The entomopathogens evaluated were of the genera Beauveria (isolates B.b. 9602 and 9601 ) and 
Metarhizium (iso late M.a. 9206 of M. anisopliae). Identifications were done by the Entomology 
Department of CENJCAFE. Hornwo1m larvae were obtained from a small rearing colony at 
CIA T. Third instar larvae were inoculated u.sing twn methods. spraying on the larva l surface and 
tarsal contact with a fungal infected leaf surface. Plasticified cardboard boxes were the 
experimental unit used to hold cassava leaves and hornworm larvae. 

Preliminary experiments with the three aforementioned fungal isolates determined that isolates 
B.b. 9601 and M.a. 9206 were the most pathogenic. causing higher levels of mortality than B.b. 
9602. Experiment.s were then can·ied out to evaluare these two iso lates using the above 
described methodology. A third treatment where the fu ngal pathogen was sprayed on the larvae 
as well as the leaf surface was added. Ten third instar larvae were used in four repetitions fore 
each treatment. 

Results show that both funga l pathogens isolates l. a. 920ó and B.b. 960 1 can cause high leve ls 
of hornw01m larval mortality (Table 1.3.1. 1). In the fi rst experiment M.a. 9206 caused 92.59'c 
mortality when the fungus wa.s appl ied to the leaf. App lication of B.b. 9601 to the hornworm 
larvae or to the larvae/hoja also resulted in a 92.5 9'c mottality. ln the second experiment 
mnrtality caused by both pathogens was slightly low. 809'c mortality of hornworm larvae (Table 
1.3.1. 1). 

To determine the larval instar most to the isolate B.b. 960 l . hornworm larvae of the second tu 
fifth instar were inoculated with a cnncentration of 3.75 x 1010 coniúia/ML-1 by spraying both 
larvae and leaf. The instar with the highest mortality (R7.5 %) was the third instar (Figure 3.1.1). 
MlHtality of the 2"J anú ..J.'h instar was 57.5% and the least susceptible instar was the 5'h with only 
27.5%. The difference were significantly different (P < 0.05: Duncan Multiple Range). 
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Table 1.3.1.1. Cassava hornworm (E. ello) mortality caused by two fungal pathogen 
isolates, M.a. 9206 and B.b. 9601 using three inoculation methods. 

Inoculation Method (Spraying) 
Aspersion Aspersion Aspersion 

Experiment lsolate Larvae Leaf Larvae-Leaf 
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Figure 1.3.1.1. Mortality of Erynnis ello instars caused by the isolate B.b. ~ó01 of 
Beau veria sp. 

As noted in the above experiment. larval mortality was lowest in the tifth instar (this is supported 
by similar data whe n pesticides ur baculovirus are applied to tifth instars). An experiment was 
designed to determine the long range effect of the fungal isolate B.b. 9601 when applied to tifth 
instar. Application was the larvae/leaf method. In this trial. 40% of the 51

h instar larvae died 
before population. The 60% that pupated also emerged as adu lts. showing no deformities. and 
oviposited normally. Egg viability was 97. 8%. These results indicate that the fungal pathogen 
dnes not pass from the 51

h instar to the pupa! stage and has no effect on the behavior of the 
subsequent generation. 
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These results indicare that the fungal pathogen isolates evaluated have potential to be used in a 
homworm pest management program but further research to evaluate these pathogens in the field 
is required. 

Sub-output 1.4. Arthropod Complexes in Selected Agro-ecosystems. 

Activity 1.4.1. ldentification of pests associated with the asparagus in Cajibío, Cauca, 
Colombia. 

Asparagus (A sparagus officinalis) is a member of the Liliacea. originally of the coastal zones of 
Europe and Asia. It is a perennial crop and will produce for 15 or more years once it becomes 
established. Although it is normally considered to be a crop from the Nonhem Hemisphere . in 
more recent years. production has been increas ing in tropical regions. primarily for expert. due to 
the high market value of the ero p. 

World production is estimated at about 140.000 hectares: 40% of this is in Europe. 3 1% in North 
America. 14% in Asia. and the rest in South America and Africa. Peru is the largest producer in 
SA with more than 16.00 ha. fo llowed by Chile and Argentina. It is estimated that about 95'k of 
productio n in SA is exponed to the USA and Europe. Export to the USA is almost lOO'k fresh 
product. 

In recent years . Colombia has entered into this market. Most production takes place in the 
Departments of Cauca and Antioquia. The primary advantage to production in Colombia. 
especially in these Depmtments. is that asparagus harvest is a yem·-m·ou nd activity. Asparagus 
production in these regions is. therefore. an all-year activity and being a labo r intensive crop. 
e mploys a cons iderable amount of rural labor. 

Asparagus. being a high value crop. and almost so le ly for expott. requires cons iderable ·'qualit y 
control" in production process. Upon atTival (via air cargo) in ports of entry in the USA. it is 
subjected to a rigorous inspection for anhropod pests and/or insecticide residues. A rejection n f 
the shipme nt. dueto the afo re me ntinned reasons. results in considerable loss in revenue. 

C IA T. o ver the past tew years. has been approached by asparagus producers to assists them in 
so rne of their arthropod prob lems. S ince one of the asparagus pest.s. was also a pest of ca.ssava 
(The Burrower Bug. Cyrromenu.\· bergi). we have occasionally responded to this request. and 
suggesting that a more permane nt and formed arrangement be made. Around mid 199X we 
entered into an agreement with "Compañía Agríco la de Espárragos. CAESA. to prnvide 
technical assistance. The tirst phase of this project is for 6 months and provides funding for 
per.snnne l and operating expenses. [t now appears that two additional a.sparagus companie.s wi ll 
also e nter into thi.s agreement. 

The objective n f the initial phase is to determine w hat are the principal e nto mological problems 
affecting asparagus production and to ident ify which arthropod.s cou ld be present on produce 
whe n entering into exp011 marke ts. Once this is determined a second phase to the project w ill be 
negotiated. 
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Systematic surveys on three asparagus tarms (totaling about 300 ha) have already been initiated 
and arthropod species are being collected, processed and sent for identitication (USDA and 
British Museum). Insects from 8 different Orders have been collected, with the majority 
belonging to the Order. Hemiptera ( . .... bugs). In addition a characterization of the cropping and 
harvesting cycles of each plantation is being carried out. 

This project ofticially started in August 1998, and only preliminary information is available at 
this time. 

Activity 1.4.2. Determine white grub biodiversity in selected agro-ecosystems. 

White grubs are a subterranean pest of ca.ssava. beans. tropical pastures and numerous other 
crops in temperare and tropical agriculture. They are cons idered by so rne agricultura! 
researchers. to be globally the second most important agricultura! pest. after whitetlies. As part 
n f the CGIAR. S ystemwide IPM Program. the IPM of white grubs and other so il bo rne 
arthropods is now a systemwide project and a Task Force will be convened in early 1999. C IAT 
is the lead center for this project. 

During 199R. the CIAT IPM project has been collaborating with loca l NGO's to identify existing 
white grub pro blems in the Cauca Department. The objective of this in itial research is to collect 
and identify. at least to genus the principal root teeding white grubs in the region. This is a 
co llaborative eft.ort between CIAT. FIDAR (Fundación para la Investigaci6n y Desarro llo 
Ag ríco la. a NGO) (Luis Carlos Pardo Locarno) and the Univers idad Nacional. Jorge Andrés 
Victo ria Taborda. CIAT's major contribution in this project. at this time. is to provide 
laboratory and greenhouse facilities and logistic and intellectual suppott. 

Syste matic co llecting of white grub spec imens is being done in 3 municipalities of North Cauca. 
Caldono. Bue nos Ai res and Santander de Quilichao. Co llecting is being done at night us ing light 
traps that are place din all 3 zo nes. Co llecting during the day is often done by excavating 30 x 
30 x 30cm areas in the soil rhizosphere in fields where crop plants show white grub uamage 
sympto ms. Biolngical control age nts that mig ht also appear in the samples are also co llected. 
iso lated and identi tied. 

White grub lar vae that are collecteu in the tie ld is brought into the laboratory or greenhouse. 
place<.! in plastic boxes and reareu to adult for identification. Only preliminary results are 
available at this time. 

Specime ns co llected at this time belong primaril y to 3 gene ra although about 15 diffe re nr genera 
have been ide ntitied. The three principal genera are Phyllophaga. Ciclocephala and Anomala. 
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Sub-output 1.5. Acarology: Biological Control of Cassava Green Mites in Añica and 
Latin America. 

The cassava green mite (CGM), Mononychellus tanajoa, is probably native to NE Brazil, wbere 
it was t1rst reported in 1938. The natives bad long known the damage symptoms, whicb 
provided the name "tanajoa." It attacks young lea ves and meristems of cassava in the neotropics 
but it is normally a serious problem only in regions where tbere is a prolonged dry period (3 to 6 
months). The mite t1rst appeared in Africa (Uganda) in 1971 and by 1985 it had spread across 
most of the African cassava belt, occurring in 27 countries. Toda y it is one of the principal pests 
of cassava in Africa and in certain areas of the neotropics. causing estimated root yield losses up 
to 80%. 

The principal objective of present research is to identify natural enemies of CGM. evaluate their 
potential as biological control agents. and send them to EMBRAP A in Brazil and liTA in Benin. 
Africa for release. Research to date has concentrated primarily on mite predators of the family 
phytoseiidae. 

Activity 1.5.1. Inventory of phytoseiidae reference collection presently held at CIA T. 

Althropod co llections are important for storing reterence materials that are needed to verify 
species identitication. This is most applicable for ecological research. especially in bio logical 
control programs where it is common to tind similar or the same species at different sites at 
ditferent times. 

The present predator mi te reterence ca llection being held at CIA T was initiated 12 years ago and 
conserves. prirnarily those mite predarors related to phytophagous rnites found on cassava. 
Collections were made mostly in Latin American and Caribbean countries. Collection zones 
were usually chosen because of their similitude to eco logical homo logues in Africa and Brazil. 
Eighty seven species ha ve been collected and sto red: 25 of these are new or unrecorded species. 
Seventy s ix percent of the samples were taken from cassava. 

During the past years this co llection was systematized and inventory of existing s lides was 
compared to the information available in the database. This will allow for a more rapid access 
for materials which are often requested for collaborators. 

The co llection contains nearly 10.000 microscope slides with specimens. Slides are organized 
by genus. species and sample number. There are 2362 samples in the data base ami 1874 
registrations of species co llected. The majority of the samples were made on cassava as 
expected. although specirnens from severa! other crops were collected (Figure 1.51.1). 

Explorations were made in 24 countries (Figure 1.5.1.2): sampling was done primarily in 
Colombia. Ecuado r. Venezuela. Cuba. and Brazil. Extensive exp loration and collecting was 
done in Brazil by o ur Brazilian colleagues as part of the UNDP sponsored PRORSMNESCaPP. 
Cassava IPM roject. A phytoseiid co llection and data base is held in Brazil. 
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Figure 1.5.1.1. Host sampling of Phytoseiidae (predatory mites) m ClA T Reference 
Collection (1998). 
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Figure 1.5.1.2. Samples of Phytoseiidae collected from cassava in the ClA T Reference 
Collection ( 1998). 
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Although 87 species of Phytoseüdae have been collected, 13 specíes are frequently co llected 
(Figure 1.5.1.3). Typhlodromalus manihoti is the species most freque ntly recorded, fo llo wed by 
Neoseiulus idaeus and T. aripo. The latter two species have been most important and successful 
for the control of M. tanajoa in Africa. 

This co llection is now organized into a true reterence co llection and can be readily used for 
species description or redescription. whe re types and paratypes may be fo und and species 
comparisons can be done. 
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Figure 1.5. 1.3. Phytoseiidae species frequency in CIA T Reference Collection (1998). 

Activity 1.5.2. Oevelopment of a taxonomic key for phytoseiidae found on Cassava. 

Taxono my is ofte n the stan ing po int in most all basic ami applied arthropod-plant research. Tllis 
is espec ia lly true in cont inu ing biologica l contro l programs where the correct identification of the 
pest and its natural e ne mies is usua ll y key to success. Erro rs in ide ntification often imp ly Iost 
time and money. The miside nti ficat ion of the mealyb ug attacking cassava in Africa (4 year 
de lay) and the mealyb ug attacking coffee in Ke nya ( 12 years delay) are examples. 

The phytoseiid mite most wide ly distributed in Latín America on cassava was identified as 
TYph/odroma/us limonicus: the .same .species was originally described in Cal ifo rn ia (LSA) on 
~1ther crops and feeding nn a range nf phytophagous mite specie.s. The fact that it wa.s not found 
nn the same crops in Latín A merica led to a more detailed researc h. which eventuall y resu lted in 
this being ide ntified as a separare spec ies. T. manihori. 

Based on these types nf problems it was concluded that there is a need to de ve lop a taxonomic 
key to identify those species of Phytoseiidae found nn cassava. lt wa.s decided that this key 
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should be comprised of those species most frequently found in Colombia. Ecuador and 
Venezuela. The key contains morphological description; central and dorsal characteristics. and 
important structures for identification. Drawings will accompany each species. This work is 
being done in collaboration with Dr. Gilberto J. de Moraes, a world authority Phytoseüdae 
taxonomist from the University of Piracicaba in Sao Paulo, Brazil, who has collaborated with 
CIAT and liTA for more than 10 years on cassava mite biological control projects. 

The classification system being used is dividing the Order Parasitiformes. which contains the 
Family Phytoseüdae, into 2 subfamilies: Amblyseiinae and Phytoseiinae, and including ll 
general and the 28 most important species from the region (Table 1.5.2.1). 

The publication of this key is of urmost importance for our continued research in biological 
control and demonstrates our interest in taxonomic studies of Phytoseiidae. It is hoped that in 
the future other crops besides cassava will also be included. 

Table 1.5.2.1. Taxonomic classification of most important phytoseiidae species found on 
cassava and distributed in Colombia, Venezuela and Ecuador. 

Order Subfamily Genus Species 
Parasiriformes Amblyseiinae 

Phwoseiinae 

Proprioseiopsis 

Neoseiulus 

Euseius 

Amhlyseius 

Typhlodromalus 

Typhlodromips 

Phvtoseiulus 
lphiseiodis 
Ga/endromus 

Phyroseius 
Clavidromus 

mexLcanus 
neotropicus 
cannaensLs 
neotunus 
cal~fornicus 
idaeus 
anonymus 
ala rus 
concordis 
ho 
largoensis 
herbicolus 
aerialis 
chiapensis 
tenuiscurus 
rapax 
limon icus 
manihori 
peregrinus 
dentilis 
man!{leae 
bello tri 
macropilis 
::.uluagai 
annecrens 
helveolus 
purseglovei 
transvaa/ensis 
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Activity 1.5.3. Preliminary studies of crosses between populations of the phytoseiid 
predator Typhlodromalus manihoti. 

T. manihoti is the predominant species of Phytoseüdae found in rnost cassava growing regions 
of South America. Of the 1261 cassava tields surveyed over a severa! year period, T. manihoti 
was found in 50% of these (see CIAT Cassava Program Annual Rep01t 1989 and 1991 ). The 
species is distributed frorn Mexico to Paraguay and in Colombia at temperatures from 15 to 
35°C. G iven this wide range of adaptation, it was determined to do hybridization studies to 
confirm that this is one species and to determine the presence of different races. Often these 
races. varieties or subspecies cannot be distinguished morphologicall y. but bio logically they are 
distinct. Therefore within a species you can have populations that are adapted to different host 
species or different habitats. These populations may be able to cross with others and often it L'i 
diffi.cult to determine their exact taxonomic pos ition. It is important to know that these 
populations exist and from the point of bio logical control. these populations can be as impoltant 
as distinct species. Unpredictable effects of climate or other ecological factors in the ··new 
home" or place of introduction of exotic natural enemies. can often counteract so rne 
characteristics that manage the efficiency of the species in its new habitar. 

Crosses were made by taking females from the T. manihoti colony maintained in the laboratory 
at CIAT (25°C and 70±RH). Populations co llected in Cruz das Almas. Brazil and two 
populations collected in Colombia (Cauca-Cajibío and Guajira-Villanueva) were crossed with 
the laboratory colony. Molecular studies were done on these stocks by Dr. M. Hoy of the 
University of Florida: she found molecular differences that allowed her to group the populations 
in the following manner: One fro m Brazi l (Cruz das Almas). three from Colombia (Cauca
Cajibío: Antioquia-Copacabana: Guajira-Villanueva). The colon y from Brazil was different 
from the other three populations and the one from the Guajira was different from all the other.s. 
The crossing scheme can be seen in Table 1.5.3. 1. An ANOVA analys is of variance was used 
for total oviposition data. 

Results show that crosses made between the populations from Guajira and Cruz das Almas 
always resulted in both males and fertile females. The average time fo r preovipositon was one 
day. This wa<; different for al! the crosses. being greatest in the homogamic cross nf Guajira and 
least for the backcross of the Fl female from Brazil x Guajira when crossed with males from 
Brazil. 

There were no significant differences for total oviposition with any of the crosses. not eve n the 
backcrosses. There was an average nf 25 eggs during 1 O days of ovipositon (Ta ble 1.5.3.2). Fn r 
crosses between populations from Cruz das Almas and Cajibío the average preoviposition time 
was l .ó days (Table 1.5.3.3). The homogamic crosses (controls) had the shottest preoviposition 
time: the greatest preoviposition time was with the backcross of Female progeny (CxB) x 
Male/Brazil. the shortest was Female progeny (CxB) x Male/Cajibío. Total oviposition resulted 
in an average of 1 ó eggs per cross. tewer than in the Cruz dao.; Almas (Brazil) by Guajira cross. 
and more variability. Many females did no t oviposit although they were observed copulating 
with males. The controLo.; and backcrosses had the highest oviposition while the heterogamic 
~:rosses had the tewest (Table 1.5.3.3). 
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Table 1.5.3.1. Crossing scheme of popuJations of T. manihoti. 
Populations Crosses 

Cruz das Almas (B) x Guajira Gu) B x B 

Cruz das Almas (B) x Cajibío Cj 

*f = female. m = male 

Gu x Gu 
*f (B) x m (Gu) 
f (Gu) x m (Cd) 

Female offspring (BxGu) x m B 
Female offspring (BxGu) x m Gu 

FemaJe offspring x MaJe offspring (B x Gu) 
Female offspring (Gu x B) x m B 

FemaJe offspring (Gu x B) x m Gu 
Female offspring x MaJe offspring (Gu x B) 

BxB 
Cj x Cj 

*f (B) x m (Cj) 
f (Cj) x m (B) 

Female offspring (BxCj) x m B 
Female offspring (BxCj) x m Cj 

Female otfspring x Male nffspring (BxCj) 
Female offspring (CjxB) x m B 
Female offspring (CjxB) x m B 

Female offspring x Male offspring (CjxB) 

(Crosses between the populations from Guajira and Cajibío still need to be done) 

The highest percentage of nnn-egg hatch was 1 ó% for the pro gen y of Guajira x Brazil were 
crossed (Males x Females) (Table 1.5.3.2) followed by the temales of the same cross. 
backcrossed with the Guajira male ( 15.2% non hatch). The Guajira x Brazil cross had the lowest 
hatch (only 1 'k). This same cross also had the lowest monality at only 2.1 %. In general egg 
hatch was higher in the popular ion crosses of Brazil x Guajira than it was for the Brazil x Cajibío 
crosses (Table 1.5.3.2 and 1.5.3.3). 

Progeny mortality was cnnsiderably higher tor the B x G crosses. especially for the backcrosses. 
than it was for the B x C crusses (Tables 1.5.3.2 and 1.5.3.3). 

Nnrmal sex ratio is 70:30 (fe rnales/males): in the majority nf the crosses this ratio did not vary 
ton much. Hnwever in the control from Brazil anu the Brazil x Guajira the propmtion of females 
was nn ly OA. much lower than normal (Tables 1.5.3.2 and 1.5.3.3). 



Tahlc 1.5.3.2. Effcct uf population crosses of T. manilwti (Cruz das Almas, Brazil, (B) and Guajira, Colombia (G) on 
fccundity and progeny development. 

Non Eclosion 
C ross Egg llatch Mortalit~ Preovi position Total Oviposition •Proportion of 

Femalc 1\lale 11 % % Time (Da~s) (tU Da~s) Fe males 
C'ontrul Cruz das Almas 109 ó.~ 17.4 0.8 CD* 22.4 A* 0 .4 

Cont rol Guajira 97 5.2 7.2 2.0 A 20. () A 0.7 

Brazil x Guajira 105 5.7 9.5 1.3 ABC 25.0 A 0.4 

Guajira x Brazil 96 l. O 2.1 1.7 AB 23. 1 A 0.7 

F~mak offspring (BxG) x Mak Brazil 9~ 1 3.~ 18.1 OA D 26.0 A 0.6 

r:~mak offspring (BxG) x Mak Guajira 10~ 4.X 13.5 0.9 C'D 27.0 A 0.7 

Otlspring/Female x Male (BxG) 96 lOA 16.7 0.5 D 28.1 A 0.7 

Female offspring (GxB) x Male Guajira 105 15 .2 25.7 OA D 26.3 A 0.8 

Female ortspring (GxB) x Male Brazil 102 8.8 16.7 1.1 CD 27.0 A 0.8 

Offspring/Female x Male (GXB) 94 16.0 24.5 0.7 CD 23.0 A 0.7 

* Averag~s followed by th~ same 1etter are not significantly different (Ryan Welsh Multi Range Test= 0.05). 

• Sex relationship calculated on individuals often cnmpleting development of egg to adult (Female/Female + Male) . 
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Tahle 1.5.3.3. Effcct of population crosses Typh/odromalus mauilwti (Cruz das Almas, Brazil (8) x Cajibío, Colombia (C)) 
--·--------..2" feE.!!~~~!~!..l~.!:~ge!•Y d~!.el(~J~!!.:....__, ____________________________ _ 

Non Eclosion Preoviposition 

................................................ ~E9..~~----·····-·-··· ··· ······················ ········-····-~gg__!!.~~-~-!! .............. ~~-Q!~!~!.!!.Y..... Time Total Ovipositon 
Female l\ lale n o/o % (Days) (1 O Days) 

Cuntrui Cruz uasAimas 92 1.1 3.3 0.5 CD* 2 1.3 A* 

Cont ro l Cajibío 90 3.3 -l.-l 0.6 e o 26.2 A 

Brazil x Cajibío HH 2.3 ó.X 4.3 Be 1.8 e 

eajibío x Brazi l 5 1 9.8 9.8 6. 1 AB 0.9 e 

Female otlspring (BxC) x Male Brazil X5 2. -l 5.9 1.5 CD 19.6 AB 

Female nffspring (BxC) x Male Cajibíu 90 3.3 7.8 1.7 CD 10.9 B 

Offspring Female x Male ( BxC) 96 3. 1 7.3 0.0 D 19.6 AB 

Female offspring (CxB) x Male Cajibíu 1 () 1 1.0 4.0 0.2 D 21.5 A 

Female offspring (CxB) x Male Brazil 65 7.7 7.7 ~L2 A 17 .O AB 

Offspring/Female x Male (CxB) 90 0.0 5.6 O.H ('f) 22.8 A 

* Average followeu by the sume letter are not significantly di ffe rent (Ryan Welsch Multi Range Test = 0.05). 

• Sex re lat ionship calcu lateu on inuiviuuals after completing deve lopment of egg to adult (Female/Female x Male) . 

• Proportion 
of Females 

0 .6 

0.7 

0.6 

0.6 

0.6 

0.7 

0.7 

0.7 

0.8 

0.8 

22 



i: 
C1l 
E 
o. 
o 
4i 
> 
C1l 
e 

Development time varied significantly among the different crosses. The longest development 
time was for the Guajira control and the shortest for the backcrosses of Brazil females x Guajira 
males (Figure 1.5.3.1). Differences in development time were less in the Brazil x Cajibío 
crosses than the Brazil x Guajira (Figures 1.5.3.1 and 1.5.3.2). 

Future studies will involve crosses from populations from Cajibío x Guajira as well as other 
populations suggested by M. Hoy at the University of Florida. Results at this point. indicate that 
sorne reproductive isolation exists between these populations but this is not yet defined. 

66~------------------------------------------------------------------. 

Figure 1.5.3.1. Development time for populations crosses of Typlzlodromalus manilwti 
(Cruz das Almas Brazil (h) x Guajira (gu)) - t=control. h=female. m=male. 
ho=offspring. 
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Figure 1.5.3.2. Oevelopment time for populations crosses of Typhlodromalus manihoti 
(Cruz das Almas Brazil (b) x Cajibío (cj)) - t=control, h=female. m=male. 
ho=offspring. 

Activity 1.5.4. The effect of alternative food sources on the fecundity and longevity of 
three phytoseiid populations 

The phytose iid species Typhlodromalus aripo, collected in Brazil. and introduced into Africa. 
has been successful in reducing CGM populations in 14 African co untries. This species prefers 
the growing tips of cassava plants where it can usually find populations of the CGM. During 
specific times of the year. especially during the wet season. CGM populations will decrease 
cnnsiJerab ly. This suggests that the preJator is capable nf ti nJing alternative food sources 
du ring periods of low CGM populations. 

The objective of this study was to determine the effect of alternative fooJ snurces on the 
fec undity anJ longevity of twn populations of T. aripo (one from Cruz das Almas. Bahia. Brazil. 
and the other from Pivijay. Colombia) anJ the species Neoseiulus anonymus frn m Armenia. 
Colombia. N. anon_vmus was selected for this study because it occupies a very Jifterent niche. 
princ ipa lly the lower lea ves of the cassava plant. 
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The food sources offered were of three types: cassava phytophagous mite species (M. 
caribbeanae, and Tetranychus urticae). insect species feeding on cassava (1st and 2nd instar 
nymphs of the whitetly Aleurotrachellus socialis, the mealybug P. herreni, and the thrips 
Scirtothrips manihoti), and food of vegetable origin (fresh pollen of Ricinus communis. amJ 
exudare ti·om cassava leaves). 

Yirgin females and a male of each phytoseüd species were place individually in an experimental 
arena. which contained one of the aforementioned t'ood source. Every 48 hours the predator 
species were transferred to a new arena and the number of eggs oviposited was noted daily. 
Female death was recorded to determine longevity. There were 50 repetitions of each food 
source for each predator species. 

Fecundity: Results show that the predator populations would oviposit when feeding on 
phytophagous mires. thrips. whitetly and pollen. and did not produce eggs when feeding on 
mealybug nor cassava exudare (Fig. ). T. aripo/Cruz das Almas oviposited when teeding on al! 
five aforementioned food sources. T. aripo/Pivijay oviposited when teeding on M. caribbeanae, 
thrips. whitetly and pollen. but did not oviposit when ted T. urticae. N. anonymus oviposited 
only when ted T. urricae and M. caribbeanae. but on no other food source. 

T. aripo (both populations) had highest oviposition when feeding on M. caribbeanae and thrips 
(Figure 1.5.4.1) and very low oviposition when teeding on whitetlies and pollen. T. 
aripo/Pivijay had difficulty. teeding on T. urricae because of the webbing characteristic of this 
species. T. aripo/Cruz das Almas was able to teed on T. urricae; it is known that M. tanajoa in 
Brazil can produce webbing. Therefore the T. aripo from Cruz das Almas may be more adapted 
to the webbing and able to teed on T. urricae. Although N. anon_vmus only oviposited when 
teeding on the mite species. oviposition was high and especially superior when teeding on T. 
urricae. T. urricae is most often founú nn the lower lea ves of cassava. where N. anonymus also 
predomina tes. 
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Figure 1.5.4.1. The effect of different food sources on the longevity of three populations of 
Phytoseiidae. 

Longevity: Females from all three phytoseiid populations were able to survive on the fond 
sources offered (results from the experiment on thrips on not yet complete) (Figure 1.5.4.2). 
Longevity of N. anonymus was greatest when it ted on T. urticae and comparative ly lower on 
other food sources. T. aripo/Cruz da.-; Almas showed good survival on al! food sources while T. 
aripo/Pivijay survived well on all food sources except T. urricae. 

These results indicare although not all food sources are good protein sources for ovipnsitinn. they 
are importanr t() r survival when populations of M. ranajoa are low. 
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Figure 1.5.4.2. The effect of different food sources on the fecundity of three populations of 
Phytoseiidae. 

Activity 1.5.5. The effect of Mononychellus tanajoa egg densities on oviposition efficiency 
of six species of phytoseiidae. 

Ovipositon of female phytoseiids is intluenced by the quantity of food avaiJable during the 
reproductive stage. Whereas tetranichids produce large numbers of smaller eggs. phytoseiids 
invest more biomass in producing larger eggs. A phytoseiid female. in one day. can produce a 
biomass of eggs equal to her own biomass. However we a lso know that greater consumptio n of 
prey is not directly related to increased ovipositon: there is a buffer related to transformation 
efficiency. 

The objectives of this study were: l) to quantify predator consumptio n at differe nt egg densities. 
and 2) dete1mine the eftect of egg consumption on predator ovipositon. 

The six predator species evaluated in th is study were Euseíus ho (Ecuador). Galendromus 
annecrens (Ecuador). Typh/odromalus renuiscurus (Ecuador). Neoseiulus californicus (Ecuador). 
Typhlodromalus manihori (Colombia). and Neoseíulus idaeus (Colombia). Egg dens ities offered 
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were 105 and 30 (based on previous studies: See Annual Report 1995). and additional densities 
of 15. 7. 3 and l. Females were placed on clean cassava leaf lobes. which were placed in 
McMurtry trays. Each lobe was bordered with wet kleenex so that each female ovipositon was 
concentrated in a given area. Females in their early reproductive period (2 to 3 days) were used 
as they are more voracious during tbis period. Evaluations were made every 24 hours during a 
to ur da y period. registering the number of eggs consumed and the number oviposited. The first 
days data was registered but not included in the analysis as oviposition was intluenced by the 
previous days feed ing. There were 15 repetitions per treatment. 

Results show that the M. tanajoa egg consumption by all six phytoseiid species increased as egg 
density increased (Figure 1.5.5.1). At egg densities of l to 30 consumption by the six phytoseiid 
species was nearly equal. However at the maximum density. 105 eggs. there was considerable 
variabiliry in consumption according to phytoseiid species. T. manihori can consume nearly all 
egg.s offered (S.D. ± 25.6) while C. annecrens consumed rhe lowest average but is also capable 
nf high consumption (S. D. ± 4ó.ó). 

Euseuis ho. as other species in this genus. is a generalist. and whether feeding on M. ranajoa nr 
pollen. has an ade4uate reproductive capacity (Annual Report 1997). That E. ho was second 
only to T manihori in consumption (at 105 egg density) is unexpected as both T. renuiscurus and 
N. idaeus are cons idered very voracious species. 

Figures 1.5.5.2 and 1.5.5.3 show the relationship between the number of eggs consumed and 
daily ovipositon by the phytose iid species. As can be seen ovipositon increases as the number nf 
egg.s consumed increases. It is also possib le that this study should be repeated using a higher egg 
density fo r the species. 

Fnr the species N. idaeus. N. caldórnicus and C. annecreus less than 40 M . ranajoa eggs are 
re4uire ro get maximum ovipn.sition (Figure 1.5.5.3). Higher consumption does not neces.sarily 
result in higher nverposition. They consume less eggs (N. idaeus = 33. 1. N. califo rnicus = 26.5. 
and C. annecrens = 45.4). yet oviposit the same or greater num ber of eggs. These re.sult.s 
indicare that N. idaeus. N. californicus and C. annecreus. have a greater efficiency in 
transforming prey into progeny. 
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Figure 1.5.5.1. Average cosumpiton of Mononychellus tanajoa by six phytoseiid species in 
three days in the laboratory. 

Activity 1.5.6. The effect of different levels of relative humidity on survival of 
phytoseiidae populations 

Abiotic factnrs. such as climate variations. can have an affect on predator establishment. 
Relative humidity is nne of the factors that can most intluence phyroseiid survival. Phytoseiid 
eggs are the most susceptible stage to low humidities. probably because they are immobile and 
not able to ~scape to more favorable sites. The majority nf phytoseiid species display very low 
egg hatch below 60 tn 70 9c RH. Tetranichids. nn the other hamL increase their reproductive 
rates in low humidity and high temperature conditions. 
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Figure 1.5.5.2. The effect of lvl. tanajoa egg consumption on oviposition of three 
phytoseiid predator species. 
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Figure 1.5.5.3. The effect of M. tanajoa egg consumption on oviposition of three 
phytoseiid predator species. 
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Thirteen populations of six phytoseüd species were maintained in the laboratory using the Mesa 
and Bellotti rearing method (Tabfe 1.5.6.1), on cassava leaves with M. tanajoa. 

Table 1.5.6.1. Phytoseiidae populations evalua ted for sensibility to relative humidity. 

Typhlodromalus tenuiscutus Portoviejo, Ecuador 
, " Puerto Cayo, Ecuador 

Typhlodromalus aripo CIAT, Palmira. Colombia 
" Pivijay. Colombia 

" Cruz das Almas. Brazil 
Euseius ho 
Galendromus annectens 

G. he/veo/u.\· 
Neoseiulus idaeus 

Rocafuerte. Ecuador 
Crucita. Ecuador 
Fonseca. Colombia 
Pueno Cayo. Ecuador 
Fonseca. Colombia 
CaiTetalito. Colombia 
La Paz. Colombia 
Rocafuene. Ecuador 

Different humidity levels were established by using super saturated salt so lutions (Winston and 
Bates Method. 1960) (Table 1.5.6.2) in sealed plastic boxes (19 x 14 x lócm). Boxes were he ld 
in a room with a constant temperature of 25 °C. Humidity was measured using a Cl)Je-Parmer 
Hygrothermograph. Twenty four hours old phytoseiid eggs were placed on microscope slides 
wh ich were placed a wire mesh screen about three cm above the liquid surface. Three repetitions 
of 30 eggs each were evaluated in each treatment and egg eclosion was measured every 3 days. 

Results show that populations of N idaeus present the greatest to lerance to low relative humidity 
le veis (Figure 1.5.6.1). Three of the four N idaeus populations display over 85o/c survival a the 
lowest RH leve!. 43Ck . The two pnpulations of T. renuiscuws were the least tolerant or most 
susceptible. as neither survived at RH below 83%. E. ho from Rocafuerte. Ecuador. and G. 
annecreus M Fonseca. Colombia had about a 509'c survival at 63 9'c RH. The eggs nf G. he\'eo /us 
and G. annecreus (Crucita. Ecuador) are able to hatch at 75% RH. T. aripo needs RH above 759'c 
tn survive. 

This research has been done nn severalm:casions and results are consistent. We have not found 
orher- phyrose iid species pnpulations that can survive low humidities e4ual tn N idueus. The 
4uestion therefore beco mes. should we continue to search for species that can survive at very low 
humidities to release into these very dry areas? 
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Table 1.5.6.2. Relative humidity (%) val u es for six salt solutions. 
Solution Relative Humidity (%) 

H20 

KCl 

NaCI 

NH4N0:3 

Ca(Nú:3)2.4H20 c 

KzC0:3 

100 

80 

60 

e 
(ij 
> ·:;: 
~ 40 
(1) 

C) 
C) 

w 

20 

95 83 

.. T. tenuiscutus- Portoviejo 

-·· ·~ · G. annectens- Fonseca 
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- ->E - N. idaeus-La Paz 

95.0 

82.5 
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Figure 1.5.6.1. The effect of relative humidity on the survival of Phytoseiidae eggs. 
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Activity 1.5.7. Molecular characterization of selected species of phytoseiidae. 

The complex of phytoseüdae found on cassava in the Neotropics has its greater genetic diversity 
in Colombia where 40 species have been identified. Approximately 20 species have been sent to 
Africa for the biological control of M. tanajoa. Three of these have become established. 
Neoseiulus idaeus, Typhlodromalus manihori and T. aripo. It has been found that iso lates of N. 
idaeus do not show any variability at the isoenzymatic level. perhaps owing to its wide 
distribution in different ecosystems. T. manihoti is the predominant species in most of the 
cassava growing areas of South America. Isoenzymatic studies done at CIAT show that T 
manihori has considerable diversity in its banding pattern. Because of this hybridization studies 
have been carried out between populations of this species to determine if reproductive 
differences exist or if there is an iso lation of this group. 

In the presem research. molecular studies using AFLP's. is being done in populations of the 
different species fou nd in hot semiarid and high altitude regions of the neotropics that cotTespond 
to similar regions of Africa (the Sahara and the East African plateau. The objective of this work 
is to identify their phylogenic relationships and contribure to the selection and relea.'ie of the most 
promising species for biological control of M. ranajoa in Africa. 

Eight phytoseiid species. including numerous populations co llected in severa! cnuntries were 
analyzed with AFLP's (Table 1.5.7.1). Due to the problems that have occurred in the 
reproducibi lity of banding patterns of AFLP's with arthropods in general. special extraction 
techniques ha ve been developed. which have given good results. The methodology of Vos C! t aL 
1996. with Operon Technologiest adaptors and Primers was used. Non degenerated DNA. at 
good concenrrations. between 1 O and 25ng/ul. was obtained. 

Of the species indicated in Table 1.5.7.1, diverse combinations have been analyzed and at this 
time resu lts have been obtained for the combinations PEIC/ PMIC for N. idaeus and T. manihori. 
Usi ng a NTSYS program. with UPGMA methods of classification realized with a matrix of 
similarity calculated with the DICE index. the fo llowing dendograms were obtained (Figure 
1.5.7.1 and 1.5.7.2). 

Populations nf N idaeus showed a very high simi larity index of 0.96 in the case nf populations 
coming fro m different geographic zones suc h as Brazi l ancl Venezuela aml up ro 1.00 in rhe case 
nf populations frn m the same geographic zone. These similarity indexes. being so high. show no 
sign ificant ditlere nce and we can say that they are monomorphic populations. 

Populations of T. manihori display indexes nf 0.2 to 0.7. tending to be more simi lar when from 
the same ·geographic zones. a.'i in the case nf Vi llanueva (Colombia) and Yaracuy (Venezuela) of 
O. 7. These populations come from the nonh coast of both countries. geographically close and 
with similar climates. It can also be concluded that the populations of T. manihori analyzed 
show a high polymorphism. The analysis nf the remaining populations is continuing. 
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Table 1.5.71. Phytoseiidae species analyzed with AFLP's. 
Snecies 

T. manihoti 

T. arioo 

T. tenuiscutus 

N. idaeus 

C. annecren.\· 

C. heh·eo/us 

Euseius ho 

N. a tfif(Jrni c.:us 

Conntrv 
Colombia 

Venezuela 
Ecuador 
Brazil 
Colombia 

Brazil 
Benin 
Colombia 
Ecuador 

Colombia 

Ecuador 
Brazil 

Venezuela 
Ecuador 

Colombia 
Ecuador 

Ecuador 

Ecuador 

T.ocalitv 
Caiibfo. Cauca 
Chinchiná. Caldas 
Barbosa. Antioquia 
Armenia. Ouindfo 
Cooacabana. Antioouia 
Sta. Rosa Cabal. Risaralda 
Biiagual. Santander 
Bucaramanga. Santander 
Villanueva. Guaiira 
Piviiav. Magdalena 
Marín. Yaracuv 
Calderón. Manabí 
Cruz das Almas. Bahía 
Palmira. Valle 
Pi vi ia Y. Ma!!dalena 
Cruz das Almas. Bahía 
Ab-Calavi. Benin Station 
Los Córdobas. Cl) rdoba 
Chone. Manabí 
Cantagallo. Ponocavn. Manabí 
Ponovieio. Manabí 
Guayaquil. Guayas 
Armenia. Ouindío 
Fonseca. Guaiira 
CmTetalito. Guaii.ra 
La Paz. Cesar 
Danzarín. Manabí 
Petrolina. Pernambuco 
Crató. Ceará 
Caoim Grosso. Bahia 
Piritiba. Bahia 
Carora. Lara 
Crucita. Ponovieio. Manabí 
Calden)n. Manabí 
Charaooto. Manabí 
Rocafuerte. Danzarín. Manabí 
Fonseca. Guaiira 
Santa Ana. Manabí 
El Rodeo. Ponoviein. Manabí 
Puertocayo. Canta!!allo. Manabí 
Santa Ana. La Teodomira. Manabí 
Santa Ana. Santa Ana. Manabí 
Rocafuerte. Danazarín. Manabí 
Puertocavo. Canta!!aUo. Manabf 
Ponovieio. Manabí 
Chone. Manabí 
Macha la 
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Activity 1.5.8. Biological control by the Neozygites fungus. 

Molecular characterization of the entomopathogenic fungus, Neozygites sp, pathogen of 
phytophagous mites 

Neozygites cf. floridana, a fungal pathogen (Zygornycetes: Entomophthorales). cause irregular or 
periodic morta.lities on mite populations in Colombia and the NE Brazil. The pathogen has been 
found on cassava mites throughout many cassava growing regions of the neotropics. This fungus 
shows considerab le pro mise for biological contro l of the CGM and is being studied in Brazil and 
Africa. as well as at CIAT. 

Due to taxonomic problems with this type of fungus. it has been difticult to determine exact 
species identiíicatio n. There is interest to introduce the neotropical strain of the fungus into 
Africa to control CGM. but befare this can be done. it is necessar y to determine certain 
characteristics of the fungus. such as the existence o f different srrains or species. 

Molecu lar techniques are presently beíng used ro determine taxonomic ide ntification of 
entomopathogenic fungi. such as AFLP' s. However due to the difficulties in rearing this fungus 
in vin·o. it is difficult to obtain sufficient quantities of DNA. We have improved on the method 
developed by Luis Leite and Oonald Roberts (Boyce Thompson Institute. Ithaca. New York) (see 
1997 Annual Rep01t). Work by Oelalibera (CNPMF/EMBRAPA. Cruz das Almas. Brazil) has 
also co ntributed s ignificantly to the in vitro culture of this fungus. 

DNA extraction was done by modifying the methodology of DNA MiniCTAB (developed by 
Zeller at Purdue University) developed for the P_vricularia fungus. The extraction of DNA is 
made from fungal iso lates that have been growing in a liquid media. TNMFH. for 23 days. This 
is then Iyophilized to reduce humidity and facilitare maceration. For AFLP's. the methodology 
developed by Vos et. al. ( 1995). with sorne modifications was used. Two kits were tried. the 
Small Geno me of Gibco BRL Technologists. and the kit that contains the primers and adaptors 
of Operon Technologists. 

It was possible to obtain (Ze ller technique) DNA o f good quality and concentrations nf S to 150 
ng. depending on the quantity of tissue obtained from the in vitro culture. Strains frorn severa! 
different sources were used in the analysis (Table 1.5.8.1). In sorne cases (Mt Benin) we were 
unable to obtain sufficie nt DNA to observe bands in the gels. perhaps due to the insufficient 
amount of hiphal bodies produced in the in vitro culture. 
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Table 1.5.8.1. Strains of Neozygites used for DNA analysis collected from several 
sources. 

Mite Host 
Tetranychus urticae 
T urticae 
T urticae 
Mononychellus tanajoa 
M. tanajoa 
M. tanajoa 
M. tanajoa 
M. tanajoa 
M. ranajoa 
M. ranajoa 
M. ranajoa 
M. ranajoa 
M. ranajoa 

Locality where Collected 
CIAT, Palmira. Valle (Colombia) 
CIAT, Palrnira, Valle (Colombia) 
Avakpa. Benin 
CIAT, Palmira, Valle (Colombia) 
CIAT, Palmira, Valle (Colombia) 
CIAT, Palmira, Valle (Colombia) 
Media Luna, Magdalena (Colombia) 
Santander de Quilichao, Cauca (Colombia) 
A vak.pa. Benin · 
Cruz das Almas. Bahía (Brazil) 
Cruz das Almas. Bahia (Brazil) 
Caruaru. Pernambuco (Brazil) 
Piritiba. Bahía (Brazil) 

N ame 
TuCIAT l 
TuCIAT 2 
TuBenin 
MtCIAT 1 
MtCIAT 2 
MtCIAT 3 
MtML 
MtSQ 
MtBenin 
MtCDA 1 
MtCDA 2 
MtCar 
MtPir 

With the small Genome kit it was possible to obtain good banding patterns. although the 
numbers are small (10 to 20) and insufficient to mak.e a true characterization. With the Operon 
kit, it was possible to evaluate more primer combinations (Table 1.5.8.2). The combinations 
with the greatest numbers of bands were + 1/+3 and the analysis has focused on these types of 
c.:o mbinations. At this time we only have partial characterization that indicare marked differences 
between the fungal strains. However these analysis need to be repeated to confi.rm these results 
and the statistical analysis is being done. 

Table 1.5.8.2. Strains of Neozygites and primer combination for AFLP analysis. 
No. Strains of Type of 
Neozygites sp. Combination Combination No. of Bands 

6 +2 1 +3 PElAA/PMlA 32 
R +2 1 +3 PEl ANPM IB 44 
S +2 1 +3 PE1ANPM1C 3<) 
5 +2 1 +3 PElANPMlE 24 
5 +2 1 +3 PEIANPM!F 40 
" .) + 1 1 + 3 PE1NPM1B 44 
3 + 1 1 + 3 PE1NPM1C 40 
3 + 1 1 + 3 PE1NPMlD 34 
3 + l 1 + 3 PElA/PMlF 57 
3 + 1 1 + 3 PElA/PMIG 70 
3 + 1 1 + 3 PElNPMlH 64 
3 + 1 1 + 3 PElNPM II 67 
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Activity 1.5.9. Studies on the viral pathogens found in Mononychellus tanajoa and M. 
caribbeanae 

Previously we llave reponed at CIAT. epizootics causing hlgh rnortality in tield and greenhouse 
populations of M. tanajoa and M. caribbeanae. The pathogen, analyzed under the electron 
microscope appears to be of viral origin. The particles are approximately 60 nm in size. 
Extractions of DNA ha ve been made from the infected mite populations for molecular analysis. 
In agarose gels that displayed comp lete O NA, the presence of six different sized molecular bands 
was observed. This conflrmed the presence viral particles. It has also been observed that these 
viral epizootics occur normally during wet or humid periods. 

Rep011s in the literature on viral diseases of mires are few and little is known about its biology. 
mode of infection. symptoms, transmission. mite stages attacked, etc. In addition it is not known 
if it will attack beneticial mite predators. The present study is aimed at understanding and 
describing the signs and symptoms. oviposition of diseased females. mortality. viral presence in 
all mite stages and transoval transmission. 

Four cassava leaves containing diseased M. tanajoa mites. and four leaves wíth diseased M. 
caribheanae mites were used. From each leaf ten repetitions of each mite stage (eggs. larvae. 
nymphs. and adults). that showed symptoms of viral infection were removed. Intested leaves 
with healthy mites were used as a control. Observations with the election microscope were used 
to insure that mites were infected with the virus. 

The biology. mortality and oviposition of mite stages were observed for 12 days. Each infected 
deve lopment stage was placed on a clean cassava leaf disc in a petri dish with moist tissue and in 
a 23 to 25°C chamber. 

Viral disease symptoms are expressed by a clear amber discoloratio n of mite eggs. larvae and 
nymphs. and cJark amber to brown colored adults. Upon death. hemocyle can be observed 
coming out of the anal pore resulting in a completely dry cadaver. Mortality is probably 
procJucecJ by the virus as virus particles have been found in the cacJavers. of all stages of both 
spec ies of mires. Mottality is highest in eggs ancJ acJults which could be cJue to the delicacy of 
the eggs and the age of the acJults and the time of intection of the virus (Figure 1.5.9.1 ). After 
12 days. indivicJuals in the control treatments showed no evicJence of viral intection ancJ those 
examinecJ under the e lectron microscope showed no virus particles. 

Oviposition by cJiseased females was greatly reduced when compared to healthy temales (Figure 
1.5.9.2). When the F2 generation was evaluated mortality for all the stages of M. caribheanae 
was 25.3% and for M. ranajoa 29.8% cJue to the virus. These results indicare that there is 
trannval transmission nf the virus. The F2 generation of the control mires dicJ not show these 
symptoms. 

Pre liminary resu lts with this virus cJisease incJicate a good potential for biologíca l control of 
cassava mites. Considerable research. however. stil l needs to be accomp lished before this 
cJisea..<.;e can be of practica! use in an lPM program for control of cassava green mite. 
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Output 2. An Integrated Control Method for Cassava Rot Diseases in Colombia. 

Introduction 

In 1998. Phytophthora root rots affected 23.5 hectares in 16 village districts (or veredas) of Santander 
de Quilichao (Department of Cauca). Other Colombian departments also reported losses caused by this 
destructive disease. After farmers asked for technical assistance, the Cassava Pathology section in 
collaboration with ICA. UMATAs. Universidad Nacional, and FIDAR, began a diagnostic survey in 
three pilot regions. T o quantify losses caused by the disease and to obtain detailed information about 
the eftects of different farming systerns on the incidence of root and stem rot diseases. 130 farmers 
were interviewed. The pathogen was identified. and two field trials. to be conducted over 3 years. were 
established. COLCIENCIAS and PRONATIA provided funds. and a bulletin. describing effective 
control practices was disseminated. 

Root rot pathogens are soil-bome. and difficult to control Research has yet to generate efficient. easy
to-use. practices for contro l, especially for cassava tllimers of tew resources. Work on thermotherapy 
for cassava cuttings was therefore continued. and Trichode1ma. a potential biocontrol agent. was 
successfully tested in the greenhouse. 

Highly use tü! intonnation on the genetic st111cture of Phytophthora spp. was obtained through 
charactetizing their DNA by RAPO analysis. The entire Phytophthora collection. isolated ti·om 
cassava. was also successfully cryopreserved. thus facilitating futther evaluation uf cassava getmplasm 
tor resistance to known Phytophthora groups. 

Sub-output 2.1. Development of an lntegrated Control Strategy for Cassava Rots and Its 
Evaluation in Pilot Regions in Colombia. 

Activity 2.1.1. Exploratory survey. 

Areas aftected by rots and sufte ring crop losses were assessed in three pilot regions in Colombia where 
rots are em1emic: Santander de Quilichao (Cauca). Buenos Aires (Cauca). and Mitú (Yaupés). 

With the panicipation of cassava growers and technicians ti·om the Ministery of Agticulture. 
UMAT As. and FIDAR. we conducted dísease úiagnostic surveys and described tllimi.ng systems. 

Participatory farm surveys. 

Mitú (Vaupés). To study how the disease was being managed. we conducted a diagnostic 
survey. interviewing 31 farmers: 29 indigenous women frnm eight communities around Mitü and 
two settlers who tived nn the road between Mitú and Monfort (also Yaupés) . 

The lndian women practice a system nf subsistence agriculture that consists of sla-;hing and burning 
between 1 and 1.5 ha of forest. This area is called chagra. and is planted tor 1 or 3 years with the lúgh
cyanide ca-;sava varieties generally known as 'Yuca Brava·. Planted as the ptincipal crop. ca<;sava is 
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associated with such crops as pineapple, plantain. sugarcane. yam. sweetpotato, hot pepper. and 
naranjilla. 

The principal problems descríbed by the women are shown in Table 2.1.1.1. In half of the chagras 
visited. symptoms of root rots were observed. Crop losses caused by root rots can involve as much as 
0.5 ha, according to the women. 

Table 2.1.1.1. Fannersa in the Departments of Cauca and Vaupés, Colombia, regard root rots 
as the major problem in cassava cultívation. Figures for the Colombian Eastern 
Plains are given for comparatíve purposes. 

Problems Cauca 

Root rots and wilt 

Ants 

White grubs 

Whitet1y 

Stem borers 

Lea.f-eating 

Lepidoprera spp. 

Termites 

39 

15 

14 

8 

7 

o 
() 

Vaupés 

65 

10 

o 
() 

3 

3 

3 

Plains 

27 

27 

() 

o 
13 

20 

l3 

a. Of the tillmers interviewed. percentages are given of those who mentioned the problem as a major 
con.straint to cassava production. 

Table 2.1.1.2 summwizes the application of control practices for root rots by tillmers. Sorne sites w·e 
easy to t1ood. but tillmers w·e not accustomed to draining the soil to control rots. The soil is maintained 
ta.Jlow for .several years. except along the Mitú-Monfon road. which is left to regenerare to r only 3 
yew·s. because nf the high population pressure nn this land. 

Almo.st illl women (97%) were interested in planting new 'Yuca Brava' genotypes. even though they 
preten·ed to grow low-cyanide cultivw·s because they are easier to mw·ket in the town of Mjtú. They 
much preteiTed tall vwieties with yellow pulp and tew branches. because these produce more seeds. 

By analyzing samples of cassava roots and stems. we identitied Phyrophrhora spp. as the causal agent 
of root rots at Mitú. We also observed syrnptoms of superelongation disease (SED) and cassava 
bactelial blight (CBB). and damage by teimites and ants. 

The snil'i of Mitú and Monti.m w·e predominantly sandy. with the top 20 to 30 cm being a clay loam. 
pH is about 3.R. organ.ic matter 3..+%. and phosphorous 3.6 ppm. Snil content of bases is very low. 
The extremely Iow soil tenility is compensated by ash. produced by bunting the torest. The ash is 
extremely alkaloid (pH = 10). tich in organic matter ( 11.5%). and has a high cnntent of calcium (8.3 
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meq/100 g), rnagnesium (7.5 meq/100 g), potassium (25 meq/100 g), and phosphorous (66 ppm). The 
crop can therefore grow. 

Table 2.1.1.2. Diagnosis of fannera management of root rot diseases affecting cassav~ 
Departments of Canea, Vaupés and Colombian Eastern Plains (Meta and 
Casanare). 

Recommended practice to reduce root rots Ca u ca Vaupés Meta and Casanare 

Select healthy planting material 27 o 87 

Befo re planting, treat stakes with pesticides 25 o 7 

Plant difl:erent cassava vwieties in the same field 30 lOO 67 

Change vlliiety 18 () 7 

Cultivare on tidges or hills 66 () 20 

Collect aftected plants 43 o 20 

Destroy aftected plants (e.g .. by buming) 12 o 13 

Collecr aftected crop residues 35 () 53 

Destroy crop residues 7 () 20 

Crop rotation 21 () () 

Fallow for 3 to 4 yew·s 26 94 27 

Change the crop 17 {) 27 

a. Percentage of farmers who upply the control pructice. 

Department of Cauca. We interviewed 120 cassava growers in the municipalities of Santander de 
Quilichao (79 interviews). Buenos Aires (26). Culdono ( 14). and Piendamó ( l ). The tillmers indicuted 
that the disease is most common when the crop is between 3 and 8 months. although dwnage has been 
observed in younger and older crops (Table 2.1.1.2). 

The tllimers consider the most susceptible valieties to root rots me Batata (23.39'c of tillmers 
interviewed). Algodona ( 17.59é). and BwTanqueña (11.6%). whereus the most tolerant vwiety is ICA 
Cebucán (30.8% ). Most tllimers (51.6%) are interested in plaming another vwiery. 74% preter 
vatieties tiJr stw·ch extruction. <md most preter vwieties with an intetmediate plant height. tew brances. 
and purple roots with white pulp. 

Colombian Eastern Plains. We interviewed 15 tllimers in rhe municipalities of Villavicencio. 
Pueito Lt)pez. Restrepo. Guwnal. San Mwtín. and Fuente de Oro (Depanment of Meta): Pw·atebueno 
(Cundinamw·ca): and new· Villavicencio and Villanueva (Casanw·e). 



Table 2.1.1.3. Frequency of cassava varieties used by fanners in the Department of Cauca and 
the Colombian Eastern Plains (Meta and Casanare).3 

Variety Cauca Meta and Casanare 

Algodona 

ICA Caturnare 

Uanera 

Batata 

Chirosa 
Brasileira 

a. At Mitú. the women farmers use local varieties. 

63 
24 

16 

13 

7 

o 

o 
o 

20 

o 
40 

47 

'Brasileira' is the most common variety. being planted in areas that averaged about 0.5 ha in size. 
although at Fuente de Oro. one tarmer planted 180 ha. Root rot is a secondary problem. being found 
only in soils that are readily t1ooded (Table 2.1.1.1). At tour farms at Pueno L6pez. Restrepo. and 
Villanueva sorne root rot was tound. with ·chirosa' being the most affected variety. and 'Brasilei.ra' 
the least affected. 

Activity 2.1.2. Establishing on-farm trials to select different components in the control of 
root rots. 

To evaluate tolerant cassava genotypes identified in the CIAT greenhouse and local var1eties. seven 
on-farm trials were established in May and September 1998. in vazious regions where root rots are 
endernic: 

Mitú (Yaupés) 
Sei.ma Cachivera 
Seima Central 
Pueno Paloma 
Cucura 

Location 

Model tillm. Secretwia de Ag1icultura 
Cauca 

Santander de Quilichao 
Buenos Aires 

Varieties planted (no.) 

7 
7 
7 
7 
9 

16 
3 

CuiTently. we are evaluating. at Mondnmo and Buenos Aires. the potential of the Trichoderma isolate 
14PDA-4 to control Phyrophthora rnot rot. and the iso late 's eftect on cassava plant development and 
root yield. Befare planting. stak:es of the susceptible local variety Algodona were inoculated by 
immersinn in a suspension of about 1 X 106 coni.di.a/m1 of Trichoderma for 30 min. After planting. 
30 mi of the same inoculum was appüed arnund each planted stak:e. The isolate used has been a 
highly efticient control agent for the same disease in other experiments. Isolation and syrnptoms 
confumed presence of Phytophthora. Three control'i were used: stakes treated with Ridornil 
(metalaxyl. 3 g/l) and Captan (captatol. 3 g/1): stakes treated with Sistemin (dimetoate. 3 cc/1): and 
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stakes immersed in water. All field plots, carrying 16 treated plants each, were surrounded by the local 
susceptible variety to obtain a high and uniforrn disease pressure. Results obtained so far indicate that 
cassava germination rate and growth were not affected by the treatments, but the evaluations are still 
continuing. 

The experirnent at Buenos Aires consisted of a two factor randomized complete block design with 8 
plants/plot. One factor comprised of a tolerant variety (MBRA 383) and a highly susceptible variety 
(Algodona), that had been selected previously by inoculating sterns of young planrs in tlle greenhouse. 
The second factor consisted of severa! control practices: two tertilization treatrnents (organic rninerals 
and chicken manure), thermotherapy of stake material tor 49 rnin at 49 oc. and a biological control 
agent (isolate 14PDA-4). 

Activity 2.1.3. Study of rot-causing pathogens. 

lsolation and conservation. Storage of Phytophthora isolates in sotid medium or water is costly or 
not eftective. Therefore. a methodology tiom Dr. Michael Coftey (University of California Riverside) 
was successtülly adopted to conserve a group of Phyrophthora iso lates in !iquid nitrogen. Seven uay 
old fungal plugs approxirnately 5 mm in diameter. of cultures grown on oatmeal agar (agill·. 20 g: 
oatmeal. 20 g: 1 L disrillared water) were placed in 1.8 mJ cryo rubes. previously tilled wirh O. 7 m1 of a 
15% solurion of srerile dimethyl sultoxyde (DMSO). Prefreezing was done tor half an hour ar 5 oc and 
then srepwise by rhe C!yomed system. until the remperarure decreased to -196 oc. One week afrer 
conservation the iso lates were rerrieved by willming at 37 oc tor 4 minutes. dried on tilter paper and 
cultured on oatmeal agar medium. All isolares were successfully renieved. without contarninarion or 
loss in parhogenicity. 

Identification. pathogenicity and virulence testing. From one hundred and ninety three cassava 
samples naturally intecred by Phyrophrhora species. a total of one hundred twenty two Ph_vroph1hora 
umlates were obrained using a direct plating method and a baiting technique in which fragments of 
cassava plarelets propagated in vin·o. were used. 

Mnst isolares could not be cleill·ly ditterentiated on potara dextrose agar. V8-agill· and oatmeal agar by 
colony rype or growth. Idemification of rhe isolares by morphology was difficult because not all 
iso lates produce fungal structures. Amptitication of the ITS (Intemal Transclibed S pacer) region of rhe 
rDNA was done using DNA ~xtracted from 121 isolates. The amplitied product tor the ITS region of 
all isolates was approximately 900 bp. Resuiction analysis of the amplitied ITS region. using the 
enzymes Alul. Mspi and Hindi. revealed ditrerent patterns. cotTesponding to the difterent species 
tested. Analysis nf genomic DNA using 10 RAPO primers (Operon Technologies. INC) rhat gave 
reproducible bands. revealed polymorphism's which deill·Jy disctiminated between the difterent 
Ph_vrophrhora species. (Figure 2.1.3.1 and Figure 2.1.3.2). !solares clustered into 11 groups showing 
that the Colombian population of Ph_vrophrhora is very diverse. The DNA hybtidization probe (Lee er 
al. !993) 

1
• was a more sensitive method than the E LISA test tor identifying the pathogen (Figure 

2.1.3.3). 

l . Lee. S. B .. Whitc. J. anu J. W. Taylor. 1 YI.J3. Detection of PIJ_woplulwra Species hy Oligonudeotide 
Hyhriuization of Amplitieu Rihosomal DNA Spacers. Phytopathology 83: 177- IX l. 
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1018 bp 

6 7 8 9 10 11 13 14 M 15 16 17 104 19 24 27 28 29 30 

Figure 2.1.3.1. Variation among isolates of Phytophthora spp. detected with primer OPH-04. 
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Figure 2. 1.3.2. Phenogram from hierarchical cluster analysis of RAPO data. Clusters were 
formed using the unpaired group mean average (UPGMA). The similarity 
scale shown corresponds to de average similarity at which clusters fuse. 
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A. 

B. 

c. 

D. 

E. 

1 2 3 4 S 6 7 8 9 10 11 12 

Figure 2.1.3.3. DNA-DNA hybridization of the ITS region of the rDNA with the genus 
specific probe. Each dot represents a positive reaction. C12= negative reaction. 
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Figure 2.1.3.4. Phenogram of Plzytophthora isolates based on virulence on 15 cassava 
genotypes using the Unweighted Pair Group Arithmetic Mean (UPGMA) 
program of NTSYS-pc. aVG, virulence group. 
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In collaboration with the University of California Riversíde and the Scottish Crop Research Institute 
the identi.fication of representative ísolates, through sequencíng of the ITS region of the rDNA, ís ín 
progress. 

Other root rot causing pathogens, Fusarium oxysporum. Fusarium solani and Diplodia manihotis. 
were tested for theír pathogenicity on cassava platelets and swollen roots but had low aggressiveness 
cornpared to Phytophthora. 

After inoculation of cassava plantlets of different genotypes ín the greenhouse with genetically different 
Phytophthora isoiates. a differential set was seiected. Thís set allows the identi.fication of vírulence 
types and host-pathogen interactions (Table 2.1.3.1), and ís considered to be of crucial importance to 
understanding the pathogenic variability of di.fferent Phytophthora species that were found. Using 
cluster analysís the iS isoiates tested were separated into five main groups (P=96%. Figure 2.1.3.4). 
Analysis of possible corTeiation between genetic diversity using molecular markers and vírulence is 
ongoing. 

Table 2.1.3.1. Identification of virulence phenotypes of 15 isolates of Phytophthora spp. using 15 
cassava gennplasm accessions in the greenhouse. 

Differentla l genotype..,• 
Isolate A B C D E F G H l J K L M N O 

29 } b 

lO a 
7X i.l 

73 a b 
P4 a b 
80 b 
71 a b 
3Y a b 
15 a b 
77 a b 
40 a b 
44 a b 
7lJ b 
25 

e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 

e 
e 
e 
e 
e 
e 
e K 
e 
e 
e 
e h 
e 

Pl2 a b C D e f !! h K 

o 
() 

m 

n o 
n o 
n o 
n () 

n o 
n o 
n 

Geogra phic origin 
Department Municipalitv Country 

Quíndio Quimbaya Colombia 
Valle B/vemura Colombia 
Atlántico Barranquilla Colombia 
Quíndio Montenegro Colombia 

Colombia 
Atlántico Barranquilla Colombia 
Valle B/vemura Colombia 
Quíndio Cordoba Colombia 
Quíndio Montenegro Colombia 
Atlántico Caracolí Colombia 
Valle Caicedoma Colombia 
Qufndio Barcelona Colombia 
Atlántico Barran quilla Colombia 
Quíndio Barcelona Colombia 

Brazil 

ifferential genotypes: a. MT Al 1: b. MT Al 8: c. MARG 6: d. MCR 45: e. MCR 81: f. MCOL 
1505: g. MCOL 2265: h. MBRA 12: i. MBRA 7\:j. MBRA 191: k. MBRA 222: l. MBRA 
532: m. MBRA 1045: n. MNGA 2: o. CM 2177-2 bLowercase letters a to o indicate 
susceptibility of that respective differential cassa va genotype to the specitic iso late of 
Phyrophrhora spp. 

Activity 2.1.4. Didactic material, training and field days. 

A tield da y on management o f cassava root rot diseases was organized for farmers and technicians 
at Santander de Quilichao. Severa! meetings have been realized with indigenous people and 
technicians wo rking in Vaupés. to discuss the progress nf the project activities. 
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A technical handout on the managernent of Phytophthora Root Rot was prepared, which will be 
distributed to farmers in Colombia. The preparation of a pictographic manual about cassava 
production and root rot control is in progress. This will be useful to the indigenous people from 
Vaupés and other regions with similar production systems. 

A workshop was orgarúzed to train farrners, and technicians ofUMATA ICA FIDAR and the Comité 
de Cateteros technicians to recognize Phycophthora disease symptoms in the field, and to introduce 
control strategies. A training course about Phytophthora was organized. with panicipants from 
difterent backgrounds. Conterences were given to students from six Colombian Universities. 

Sub-output 2.2. Development of a PCR Method to Detect Phytophthora spp. on Vegetative 
Tissue. 

Activity 2.2.1. Phytophthora root rot pathogen detected on cassava sprouts. 

An effort was made to develop a simple. rapid and eftective method to detect the pathogen on 
sprouts of young cassava plants. 

A 4uick D,NA extraction procedure was adopted foUowing the protocol described by Ristaino er 
al. (L997t. Polymerase Chain Reaction (PCR) ampWication of the ITS and 5.8S rDNA was 
achieved using procedures developed fo r Ph_vtophrhora species by Lee and Taylor ( 1990{ PCR 
inhibition was observed from aU the samples tested. Tu eliminare the problem the following 
conditions were evaluated: l. addition of proteinase K (0. 1 Jlg) and :?.. addition of bovine serum 
adjuvant (0.:?. Jlllsample at 20 Jl g/Jll) to the extraction bufter: and 3. boiling the samples for 1 O 
minutes. 

Bovine serum adjuvant (BSA) had che grearest effecr in reducing PCR inhibition. compared with 
bniling the samples or adding proteinase K. BSA was successfuUy applied to the ampWicarion of 
Phyrophrhora DNA directly fro m the infected sprout tissue. 

The simplicity nf the PCR method and the accuracy of its predictions. makes it acceptable for 
detection of Phyrophrhora from sprouts and stem cuttings. These results will be used for further 
development nf a seed health test for this pathogen. 

DNA hybridization was pe1i'ormed fo Uowing the procedure described by Lee (Lee et al. 1993) 
using a Phyrophrhora - specitic probe. All samples that were positive using PCR ampWicatinn and 
ELISA. were also positive using DNA hybridization with Phyrophrhora-specitic probe. 

2. Risiaino. J.B .. Maoritch M. Trout. C. L. ano Parra. G. IIJIJX. PCR Amplilication o!' Rihosomaf DNA f(¡r 
Spccics locntitication in the Plalll Paúwgen Gcnus PhYtophthora. Appl. Environ. Microhiol. h4:1J4X-IJ5-t 

3. Lec. S. B. ano J. W. Taylor. I IJIJO. !solation of DNA from Fungal Mycelia ano Single Sporcs. PCR 
Protm:ols pp. 1X2-2X7. 
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Figure 2.2.1.1. Detectíon of Phytophthora spp. in affected cassava sprouts was achieved by the 
amplificatíon of the ITS region with primers ITS1 and ITS4. Lanes 1 to 4 = 
amplified DNA from infected sprout samples. Lane 5 = Phytophthora DNA 
from apure culture. Lane M= 100 pb Marker. C=control. 

Sub-output 2.3. Potentíal of Heat Treated Plant Propagation Material for Controlling 
Diseases in Cassava. 

Activity 2.3.1. Heat sensitivity of the causal agent of Phytophthora root rot disease of 
cassava determined. 

The sensitivity of seven Phytophthora isotates to heat was determined in 50-ml Pyrex tubes tilled 
with dariíied V8 juice as culture medium (Table 2.3.1.1). A heat treatment of 47 oc or higher 
was lethal for all seven iso lates tested. 

The effect of three methods of heat treatment on the variety CM 3306-4 was evaluated in the 
greenhouse: l. immersion of cassava stakes in hot water: 2. in a steam chamber: and 3. a dry 
oven. Stakes were treated according to the following combinations of time and temperature: 27. 
40. 45. 50. 52. 55. 60 oc for 10. 20. 30. 40. 50. 60. 120 and 240 min. Using a regressio n analysis 
it was calculated that immersion of stakes in water at 47 oc for 30 minutes inactivates or kills the 
pathogen. without damaging host tissue or affecting gerrnination and forrnation of sprouts and 
plant growth. 

A method for inoculating stem cuttings with Phyrophthora spp. was tested. Sympto ms did not 
deve lop when stakes were inoculated by puncturing the xylem with an iron punch (diameter of 3 
mm. 5 cm long) and placing a fungal plug in the stake. 
Greenhouse trials to test the eftect of heat ( 47° C for 30 minutes) for inactivating or eradicating 
Ph.vrophrhora in cassava stem cuttings were conducted using 20 varieties. No differences were 
observed for ge rmination rate. vigo r and growth between treated and untreated stakes. 
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Table 2.3.1.1. In vitro, Phytophthora isoJates were successfully inactivated by a heat 
treatment at 47° e for 30 minutes. 

Phytophthora isolate 

Temperature (°C) Time (min) P12 P4 S 7 Stef-B 120 39A 

26 15. 30, 45, 60. 120 + 
a 

+ + + + + + 

45 15. 30 + + + + + + + 

45 
b 

+ + + 

60. 120 

46 15 + + + + 

30 + + 

45. 60. 120 

47 15 + + + + + + 

30. 45. 60. 120 

4R.49. 50 15. 30. 45. 60. 120 

:1 

Growth of Phyrophthora 7 and 14 days after the heat treatment. 
h 

Absence of growth of Phyrophthora aft:er heat treatment. 

Activity 2.3.2. Heat sensitivity of Xanthomonas axonopodis pv manihotis, causal agent of 
Cassava Bacteria! Blight determined. 

Losses can reach 80% in only three crop cycles after incidence have started. These losses 
co rrelate with the number of intected cuttings used during p1anting. In this study the thermal 
sensitivity of tive pathogenic Xam iso lates. collected in Colombia and Africa. was established 
(Table 2.3.2.1 ). The method used has been described above. The effect of the treatment o n the 
viability of the iso1ates was evaluated by counting the number of co1ony forming units 48 ho urs 
after the heat treatment which consisted of two factors: time ( 15. 30. 45. 60 and 120 minutes) and 
temperature (47. 48. 49. 50. 51. 52. 53 °C). The resu1ts show signiticant diffe rences between the 
thermal sensitivity of the iso lates tested. The average temperature and duration to deactivate Xwn 
is far to úestructive for cassava to treat planting material. 
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Table 2.3.2.1. Critical temperature and time for treatment of the studied isolates of 
Xanthomonas axonopodis pv manihotis, established by regression analysis. 

Xam isolate Temperature (°C) Time (minutes) 

X-27 49.0 86 

CI0-12 49.7 48 

CI0-81 49.6 81 

CI0-46 52.0 79 

CI0-188 52.0 237 

Average 50.5 !06 

Sub-output 2.4. Potential of Trichoderma spp. for controlling Phytophthora spp. in 
Cassava. 

Activity 2.4.1. Effectiveness of Trichoderma isolates evaluated in the greenhouse. 

In three experiments 37 Trichoderma strains were compared under greenhouse conditions for 
their possible efficiency in the control of Phyrophthora drechsleri (iso late no. Pl 2 coUected in 
Brazil) and iso late no. 44 (Colombia). representing the most pathogenic species affecting cassava. 
Table 2.4.1.1, summarize the details and results of the experiments. Bef01·e planting. stakes from 
susceptible varieties widely used in Colombia. were inoculated with a suspension of approximately 
IX !06 conidia/ml of Trichoderma. for 30 minutes. After planting 30 ml of the same inoculum 
was applied around the planted stake. 25 to 30 days later, cassava plants were inoculated with 
Ph.vrophthora by placing a small mycelial fragment of each isolate on a small wound previously 
made in the stem. FoUowing inoculation. the plants were maintained in the greenhouse under 
humid conditions. Each week lesion area was measured and area under the disease progress curve 
was calculated. The isolate 14PDA-I. signiíicantly reduced the severity of lesions in stems caused 
by both pathogenic isolates (Table 2.4.1.1). 
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Table 2.4.1.1. Efficiency of selected Trichoderma isolates in controiHng two species of 
Phytophthora in the greenhouse following inoculation of young cassava 

lants. 

Disease control 
No. of 

cassava No. of 
Exp. varieties Trichoderma Trichoderma 

Number" inoculated isolates evaluated Pathogen Variety isolate 

3 30 Pl2 CG 1-37 19TSM-3A 

Pl2 CG 1-37 20TSM-2 

P12 MCOL 1468 14PDA-4 

P12 MCOL 1468 18TSM-3 

44 CG 1-37 41TSM-4 

2 14 7~ Pl2 and 44 

3 9 5 P12 MCOL 2066 9-lB 

44 MCOL 2066 14PDA-4 

h 
Four replications. each treatrnent consisted of 2 plants per replicare. 
Signrticant differences between plants inoculated with Trichoderma and control without 
Trichoderma (P=So/o ). 
Best isolates of experirnents no . 1 and 2. 

CIA T Staff Collaborators: 

Elizabeth Alvarez 
Jolm B. Loke 
Juan Bernardo Pérez 
Herney Rengifo 
Germán Llano ( CENIP ALMA) 
Nuby Jackeline Sánchez (CENIPALMA) 
Carmenza Durán (CENIP ALMA) 
Mary Isabel Barragán (COLCIENCIAS) 
Jairo René Mora (Opción Colmnbia) 

54 



Output 3. Identification and Characterization of Major Viruses. 

Sub-output 3.1 Cassava frogskin disease is increasing its range. 

The range of cassava frogskin disease (CFSD) is increasing in Costa Rica Venezuela and Brazil. A 
similar disorder is reponed from Cuba The increasing incidence of CFSD appears part of a long tenn 
tend and the principal mode of spread is intected stem cuttings. Bemisia tuberculara is the insect vector 
of the disease. The zones that are reporting increased incidence of CFSD are also reporting problems 
because of the introduction of the silverleaf whitetly (B. tabaci biotype B or B. argentifolia). In the S t. 
Victoria region of Bahía BraziL the only whitetlies collected on CFSD intected cassava were B. tabaci 
biotype B. Because of the small sample size, the absence of B. tuberculata cannot be elirninated. The 
hypothesis that the B biotype is a vector of CFSV is being tested. If it pro ves to be a vector. CFSO can 
be expected to continue to rapidly increase in range. 

Activity 3.1.1. Molecular characterization of CSFV 

A fragment of a viral RNA dependent RNA polymerase gene has been cloned and sequenced. 

The attempts to produce CFSV cDNA clones from dsRNA isolated from CFSD intected plants 
cominue. The dsRl'l'A was denatured using 90% DMSO at 65C. A tail of poly A was added to the 
RNA The reverse transcriptase reaction to produce cONA was primed using an aligo dT. The cONA 
was amplified by PCR using various lO base o ligo nucleotides. The PCR products were cloned into 
pCR-script SK(+) lO (Stratagene). The ends of the clones were sequenced and compared using the 
BLAST programs in the GeneBank of the US National Center fo r Biotechnology Inf01mation (NCBI). 
One clone of 876 nucleotides (FSDPOL) had 43% identity and 63% similarity at the arnino-acid level 
with the RNA dependent RNA polymerase gene of the Saccharomyces cerevisiae virus L-A 
(totiviiidae: totivirus). There was also homology with other RNA dependent RNA polymerase genes 
of vii-uses including Leismania RNA virus (totiviridae: leshmaníavirus). Trichomona vaginalis vims 
(totiviiidae: giar·diavii-us), cucurbit yellows-associated (potyviridae). and Helminthosproium vicroriae 
vir-us !90S (totiviiidae: totivirus). The greatest percent of homology was with the viruses that ar·e in the 
farnily totiviiidae. These are isometric vimses that consist of l species of dsRNA. The degree of 
homology lea ves no doubt that this cONA clones represents an RNA dependent RNA polymerase of a 
vims. There was 30% identity and 49% similarity with the RNA dependent RNA polymerase of the 
cucurbit ye llows-associated vims. This is a potyvirus that is transmitted by the whitet1y Trialeurodes 
vaporariorum. 

To dete1mine if this clone is associateu with CFSD. specitic oligonudeotide primers based on the 
sequence of the FSDPOL were Llesigned. The sorne of the healthy materials were grown from in vitro 
plantlet-; in contro lled conditions. Reverse transciptase PCR (11PCR) is used to amplify R.NA. Total 
R.NA was extracted from healthy and CFSD intected plants. Using FSDPOL specitic primers in rtPCR. 
sorne of the healthy materials and the CFSD intected materials had PCR products of the expected size 
(ca. 450 nucleotides). The PCR products were transterred to membranes. The membrane was 
hyb1idized with a J:p labeled FSDPOL probe. The prnbe hyb1idized with the tour sizes of PCR 
product'i ti·om healthy and intected mate1ials. 
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Using the same set of test plants. DNA was extracted. Since the clone FSDPOL is homologous with an 
RNA dependent RNA polymerase, a DNA product of the virus was not expected. The extracted DNA 
was amplified using the FSDPOL specific primers. There were generally tour PCR products. The sizes 
of the products were ca 450. 500, 900, and 1200 nucleotides. When hybridized with the FSDPOL 
pro be. these PCR products appear to be specific. 

The results of these experiments raise many questions. There is little doubt that the FSDPOL clone 
represents a viral RNA dependent RNA Since this clone has the highest degree of homology with the 
totiviridae. the possibility that this is a virus intecting fungi is being explored. E ven if this is a virus that 
infects a fungus (to r example Oidium spp. oran endophytic yeast), this would not explain the result the 
direct PCR experiments. Why are multiple viral specific PCR products amplified from a DNA 
extraction? A viral specific product could come from a DNA virus. an RNA virus with a DNA 
intetmediate. or the viral genome is incorporated into the genome of cassava or an endophytic fungus. 
The totiviridae are dsRNA viruses and there are no reports of DNA intermediares. Also the sirnplest 
explanation tor the multiple bands is that this virus sequence in incorporated into the genome of its 
host. Banana streak vims (BStV) is a plant pararetrovims and it is reponed to be incorporated into the 
genome of banana. When BStV became incorporated into the genome, there were rearTangements and 
there are multiple copies in the banana genome. The experiments to determine if there is incorporation 
into the genome of cassava ar·e in progress. These experiments will also help to detennine if there is an 
association with the vims encoding the RNA dependent RNA polymerase and CFSD. 

Activity 3.1.2. Identification of cassava germplasm that is resistance to CFSD 

Progress towards the output of the identification of CFSD resistant cassava is being made. 

This is the third year of study to identify cassava that i.s resistant to CFSD. OUJing the tirst two years 
approximately 460 accessions of the cassava core co llection inoculated with the sarne so urce of CFSD 
by grafting to intected stem cuttings of the ca.<>Sava accession CM5460-IO. The entry of materials into 
the expetiment rook two years. This was due to availability of accessions ti·om the core co llection and 
the desire to use only one source of inoculum tor the entire expetiment. Two stem cuttings of each 
accession that were inoculated CFSD by grafting with intected CM5460- l0 stem cuttings. After the 
graft as removed. the matetials were planted in the field. Duting the second and third cycles. ten-twelve 
stem cutrings of each accession were planted. The plants were grown tor one yea.r and evaluated tor 
root symptoms. vigor of plants. and the weight of the roots. Since rhe accessions were from the 
cassava core collection and many are poorly adapted to the Cauca valley. the root yield and vigor are 
secondary factors that will be used in later selections nf CFSD resistant ge1mpla-;m with good 
agronomic characters. The long cycle of cassava and the etTatic symptom expression of CFSD are 
tactors that make the evaluation tor resistance a time consuming task. 

The root symptoms ar·e classitied as absent. mild. moderare or severe. and the rating is the p1imar-y 
selection characteiistic. The 213 accessions still in the tield study were rated for the CFSD symptoms. 
The plants with moderare or severe symptoms are eliminated fi·om the study. After three years. there is 
a trend in the reaction of the getmplasm and the country of origin. T here are 76 accessions with mild 
symptoms. Nearly all of these ar·e ti·om Brazil or Colombia. There ar·e 105 accessions the are still 
symptomless. Sorne of these were inoculated in the second cycle of this experiment and additional time 

56 



may be needed for the full expression of CSFD symptoms. Twenty-eight of accessions without 
symptoms are from Peru, 28 are from Paraguay, 18 are from Mexico, 8 from Malaysia and 8 from 
Guatemala. All of these countries are very over represented in the category of plants showing no 
symptoms. There are no accessions from either Brazíl or Colombia with any symptoms. 

There were 76 accessions that were showing rnild root symptoms. These included 46 Brazilian 
accessions and 24 Colombian accession. There are accessions that have had rnild symptoms for three 
consecutive years and this may indicate that these accessions are tolerant of infection with CFSD. 

The 105 accessions with no symptoms and the 76 accessions with rnild symptoms were planted tor 
another tield cycle. Now that there is a more manageable number of accessions. a more intensive 
monitOiing needs to be done. The accessions without symptoms will be assayed tor the presence of 
CFSV. Consideration must be given to multilocational testing. CFSD symptoms are generally more 
severe in cool c.:limates and a testing site that is at higher elevation may change the symptom 
expression. lnoculation with a second isolate of CFSD may also increase the reliability in .selecting 
resistant gerrnplasm. These accession were all graft inoculated and they need to be te.sted tor tield 
resistance. 

Sub-output 3.2. Development of a PCR Detection Method for Potexviruses. 

There are three potexviruses that are known to intect c.:a.ssava. Cassava X vilus (CsXV) and cassava 
Colombian symptornless virus (CsCSV) cause no symptoms. Cassava common mosaic virus is a 
significant pathogen that produces mosaic symptorns on the lea ves of cassava. The potexvilus group is 
fairly di verse. U nlike sorne groups of vimses. the coat pro te in do es not contain core regions that share 
a high degree of homology. Wlúle sufficient antisera exist tor the detection of CsCMV and CsXV, 
there is no good so urce of antisera tor CsCSV. Sequence intorrnation exists tor many potexviruses. but 
CsCMV is the only sequenced potexvirus intecting cassava. Using a comparison of CsCMV and other 
potexviruses a set of degenerare primers were designed. Conserved motiís in the RNA dependent RNA 
polymerase were used as the basis of the primers. [n testing, the primers did amplify CsCMV but did 
not amplify CsXV or CsCSV. The proce.ss of .selecting other conserved regions such as the helicase 
motif. de.signing. orde1ing and testing other sets of p1imers is in train. 
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OUTPUT 11. IMPROVED CROP MANAGEMENT COMPONENTS RELEVANT TO 
IPM STRA TEGIES 

Sub-output l. Determine the intluence of cassava in water deficiency on the development 
of the cassava mealybug Phenacoccus he"eni 

In South America, the cassava rnealybug Phenacoccus herreni Cox & Williams (Sternorrhyncha: 
Pseudococcidae) is an irnportant pest of cassava. Manihot esculenta Crantz (Euphorbiaceae), 
especially during drought, when insect population's increase (Bellotti et al., 1983; Noronha. 
1990). This pheoornenon rnight be a response to biochemical changes in cassava leaves induced 
by water deticiency, which enhances insect development. Most plants react to water deticiency 
by an increase in the concentrations of so rne compounds such as amino acids. carbohydrates and 
organic acids contributing, by their accumulation. to decrease the osmotic potential in plam cells 
(Lamaze et al.. 1996). Such increasing of these nutrients should favor insect growth and 
reproduction (Mattson & Haack. 1987). In order to verify this phenomenon. our research is 
focused on the importance o f drought tolerance rnechanisms of cassava. and the changes they 
rnight trigger in plant physiology and biochemistry. and what changes this rnight trigger in 
mealybug development. 

Activity 1.1. Determination of the feeding behavior of male and female of Phenacoccus 
herreni on cassava 

In order to identify the bioche mical changes of cassava leaves induced by water deticit associated 
with the nutritional needs of P. herreni. it was tirst necessary to study the teeding behavior u f the 
insect. Observation of the rno uthpatts by scanning electron microscopy and by fase contrast 
microscopy were caiTied out and the teeding activity was studied by e lectropenetrography (EPG. 
DC-system). The results showed that P. herreni is mainly a phloemophagous insect with 
piercing-suc king mouthpans. present in temales throughout their life cyc le and in males only till 
the second nymphal stage after which they do not need to feed to complete their deve lopment. 
Females feed mainly on phloem sap of cassava throughout their life cycle. approximately 43 
days. whi le the males during 13 days (al! data not shown). These results suggest that the temales 
are more responsible for plant damage than males and therefore subsequent studies were done on 
fe males. 

Activity 1.2. Intluence of cassava in water deficit conditions on the development and the 
fecundity of females of P. herreni 

The cassava varieties used are CMC-40 and CM 507-37 known to be less and more drought 
to lerant. respectively. In glasshouse conditions. une month old plants were used. Drought stress 
was imposed by decreasing the irrigation vo lume fro m 500 mi (three times a week per plant. 
control) to 50 mi (two times a week per plant. stress). Nter 30 days of water deticiency. shoot 
deve lopment was affected (Table 1.2.1). The stems stopped growing from the onset of the period 
of water limitation. The area of the mature leaves was reduced under water limitation. These 
modifications were more pronounced with CM 507-37 and could be due to the fact that it 's more 
drought tolerant. Funhermore. for both varieties the stomatal resistance was very high under 
water limitation. These modifications of plant growth and stomatal resistance demonstrate that 
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our experimental conditions mimic water stress and thus allow study of the development of P. 
herreni on water stressed plants. 

Table 1.2.1. 

Variety 
CMC 40 

CM 507-37 

Factors of 
ANOVA 
Variety (A) 
Treatme nt (B) 
AxB 

Shoot characteristics of two varieties of cassava grown with high or low water 
availability for 30 days. The area of mature leaves expanded during the 
treatment, the height of plant stems and the stomatal resistance of young 
leaves were determined. At the beginning of the experiment, plant height was 
ca 23 cm for both varieties. Data are means* ± SE and results of 2-way 
ANOV A are given (variety, treatment). 

Treatment** 
NS 
S 

NS 
S 

Foliar Area Height of Plant 
(cm2) Stem (cm) 

63.7±6.4a 5L6±7.8a 
52.3 ± 2. 1 a 34.0 ± 2.0 a 
107.4 ± 6.9 b 39.8 ± 3.0 b 
74.8 ± 11.1 a 29.0 ± 1.7 a 

0.0002 
0.0070 
0.1590 

0.0791 
0.0055 
0.4621 

S tomatal 
Resistance (s/cm) 

6.0 ± 0.3 a 
30 ± 3.4 b 
6.0 ± 0.4 a 
21.1 ± 6.2 b 

0.1571 
0.0001 
0.1647 

* Means followed by the same letter are not different at 5 % leve! (Fisher's PLSD test 
following ANOVA). a. b: for each variety. co1umn comparison (treatment factor). 

** NS: contro l p!ants and S: water stressed plants. 

In order to limit the int1uence of parental trophic feeding. to ur distinct populations of mealybug. 
reared for 4 generations on the studied host plants well-watered or unwe ll-watered. were used for 
determining the development and the fecundity o f females of P. herreni on CMC 40 and CM 
507-37 under the two water status. 

For both varieties. plants in water deficit conditions induced a reduction in the duration of temale 
deve lopment. and an increase in fecundity. intrinsic natural growth rate (Rm) and in weight 
(Table 1.2.2 and Figure 1.2.1 ). 
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Table 1.2.2. Development and fecundity of female of P. herreni reared on two varieties of 
cassava grown with high or low water availabiüty. Duration of development, 
fecundity, intrinsic natural growth rate (Rm) and weight of female were 
determined. Newly hatched larvae obtained from four distinct populations of 
mealybug, reared on the two varieties well-watered or unwell-watered, were 
used. Data are means* ±SE and results of 2-way ANOVA are given (variety, 
treatment). 

Variety 
CMC40 

CM 507-37 

Factors of 
ANOVA 
Variety (A) 
Treatment (B) 
AxB 

Treatment** 
NS 
S 

NS 
S 

Duration of 
development 

(days) 
23.4 ± 1.4 b 
22.4 ± 0.5 a 
23 .2 ± 0.4 a 
22.7 ± 1.0 a 

0.7423 
0.0032 
0.3942 

Fecundity 
(No. of egg 
per female) 

394. 1 ± 34.9 a 
532.5 ± 39.5 b 
420. 1 ± 40.0 a 
496.5 ± 27.9 a 

0.9005 
0.0095 
0.4335 

Rm 
0.285 a 
0.304 b 
0.286 a 
0.299 b 

0.6103 
0.0001 
0.4098 

Weigbt of 
female (mg) 

1.13±0.04a 
1.35 ± 0.03 b 
1.29 ± 0.04 a 
1.-+5 ± 0.04 b 

0.0004 
0.0001 
0.5 

* Means fo Uo wed by the same letter are not different at 5 % leve! (Fisher's PLSD test 
fo iJowing ANOV A). a. b: for each variety. co lumn comparison (treatment factor). 

** NS: contro l plants and S: water stressed p1ants. 
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Figure 1.2.1. Percentage accumulated of mature female (i.e. beginning to form ovisac) of P. 
herreni reared on two varieties of cassava (CMC 40 and CM 507-37) grown 
with high (NS) or Iow (S) water availability. 
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An analysis of amino acids of cassava leaves infested by mealybug during the experiment 
mentioned abo ve were realized. Leaf aminoacid composition showed a significant increase in the 
percentage of free serine, asparagine, glutamine and arginine of leaves from water stressed 
plants. This result was obtained for the both varieties used and only one amino acid composition 
is presented in Figure 1.2.2. 
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Figure 1.2.2. Composition of free aminoacids of cassava leaves infested by P. herreni from 
control plant (NS) and water stressed plants (S). * Aminoacids which their 
percentage increased significantly at S % level (Fisher test). 

By utilizing the artificial úiet from Calatayuú et al. ( 1998). it was shown that asparagine anú 
arginine playeú an important role úuring the úevelopment of female of P. herreni. In fact. thei.r 
absence úoes not allow nymphs to reach the ad ult srage (Table 1.2.3). bur insect aminoaciú 
composition wasn't affectetl (tlata not shown). suggesting that the incomplete developme nt is 
more an "energetic problem" ancJ that mealybugs are phys iologically capable of balancing their 
cJíet by themse lves or by the aícJ of symbiotic bacteria. which were observed by light microscopy. 
The effect of the absence of g lutamine on the cJevelopment of females of P. herreni reareú on an 
artific ial úiet is presently in course. 

In pre lim inary conclusion. we can suggest that asparagi.ne and argmme are necessary to the 
female of P. herreni to complete their úevelopme nt and there fore an increase in the concentration 
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of these aminoacids in the diec should favor temale's development. This working hypothesis is 
being verified. 

Table 1.2.3. Biological peñormance of female of P. herreni on different diets. Weight and 
developmental stage of females reared on different diets during 35 days were 
determined. Data are means* + SE. 

Diet Weight (mg) DevelopmentaJ Stage 
Control 0.15 ± 0.02 b Adult 
Without serine 0.20 ± 0.02 b Adult 
Without asparagine 0.04 ± 0.005 a Third instar 
Without arginine 0.05 ± 0.007 a Third instar 
* Means followed by the same letter are not different at 5 % leve! (Fisher's PLSD test 

foUowing Al"l"OV A). a. b: column comparison (diet facto r). 

Sub-output 2. Determine the influence of changes of the nutrition of the cassava 
mealybug Phenacoccus herreni on its parasitoids development 
Acerophagus coccois, Aenasius vexans and Apoanagyrus diversicornis 

The natural enemies of phytophagous insects function and develop in a multitrophic context 
(Price er al.. 1980). Thus their behavio r and physiology. which determine their firness. are 
int1uenced by many factors and stimuli derived from the plant (tirst trophic leve!) and the 
phytophagous host (second trophic level)(Yinson. l976: Takabayashi ec al.. 199 1). A great 
number of studies have focused on the interactions between plants and pests (Maxwell & 
Jennings. 1980) and between pests and parasito ids (Waage & Hassel l. 1982). In recent years. one 
common theme of integrated control has been to combine the selection of plant variety with 
biological control. and therefore. it has also been necessary to study the interactions between 
herbivorous insect pests and their parasito ids (Price eral.. 1980: Van Emden. 1987). In the tield. 
while the parasitoids of the cassava mealybug are present. it frequently registered an increase in 
rhe population of the pesr on plants during long dry seasons. This resu lt was reponed with the 
mealybug species in Africa. P. manihori by Le Rü et al. ( 1991) and also with P. herreni in Brazil 
(A.C. Bellotti. pers. comm.). Such increasing of mealybug population 's could be due to 
biochemical changes in cassava leaves induced by water detkiency. which enhances pest 
development but not parasitoid development. In arder to verify this phenomenon. our research is 
focused on the importance of drought tolerance mechanisms of cassava. and the changes they 
might trigger in plant physiology and biochemistry. and what changes this might trigger in 
mealybug and in parasitoid development. The species of parasitoids used in this stuoy were: 
Aceropha;;us coccois Smith. Aenasius vexans Kerrich and ApoanaJ<yrus diversicorn.is Howard 
(Hymenoptera: Encyrtidae). 

Activity 2.1. Determination of the feeding behavior of parasitized mealybug 

In mder to identify how sorne chang:es of the nutrition of P. herreni could intluence parusitoid 
developments. it was necessary to tirst study the feeding behavior of parasitized mealybugs. The 
feed ing activity was studied by e lectropenetrography (EPG. DC-system). The parasitoids useo in 
this study preter to parasitize female of P. herreni. ano for technical reasons we used female of 
third instar. Befare doing EPG recording. we evaluated the time between parasitism ano 
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appearance of mummies fo r each species of parasitoid studied. According to the results obtained 
in the Table 2.1.1. we decided to realize EPG recording two days befare appearance of mummies 
(i.e. at day 6 for A. coccois and at day 8 for A. vexans and A. diversicomis). EPG's registrations 
showed that the parasitized mealybug did not significantly change their feeding behavior 
compared with non-parasitized mealybugs. indicating that they feed mainly on phloem sap (data 
not shown). This result was coníirrned by the production of honeydew containing aminoacids 
until the appearance of mummy. 

Table 2.1.1. Time between parasitism and appearance of mummies for three species of 
parasitoids. Data are means* ± SE. 

Parasitoid species Time (Days) 
A. coccois 8.5 ± 0.2 a 
A. vexans 10.3 ± 0.2 b 
A. diversicornis l0.9 ± 0.3 e 
* Means fo llowed by rhe same letter are not differenr at 5 % leve! (Fisher's PLSD test 

following ANOV A). a. b. e : column comparison (parasitoid species factor). 

Activi ty 2.2. lnfluence of cassava in water defici t conditions on the parasitism 
success and on the development of A. coccois, A. vexans and A. 
diversicornis 

In nrder ro srudy the int1uence of cassava in water deficit conditions on the parasitism success 
and development of A. coccois. A. vexans and A. diversicomis, ir was necessary ro first know 
which deve lopmenral stage of female P. herreni are more preterred by the parasitoids. Dueto the 
fact that the youngest developmental stage of P. herreni. like tirst and second instan). are 
incompatible for the parasitism success of A. ve.ram· and A. diversicornis due to size 
incompatibilities. only third instars and adults of P. herreni were used. It appeared that the use ·of 
adults for parasitism srudies was more inreresting because all parasitoid species showed an 
increase in percenrage of appearance of mummies and a decrease in percenrage of individual 
Lleaths (causeú by direct feeding or by oviposito r insertion) (Table 2.2. 1). The percentage of 
mealybug deaths could be direct ly related to size incompatib iliries. According to the results of 
the Table 2.2. 1. the next srudies were done on adult fe males of P. herreni. 
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Table 2.2.1. Parasitism characteristics of three species of parasitoids according to the 
developmental stage (third instar and adult) of female of P. herreni. The 
percentages of parasitism (i. e. appearance of mummies), of encapsulation, of 
alive and dead mealybugs were determined. 

Develop mental 
Parasitoid Stage of % % % Alive % Dead 
S~ecies P. herreni Mummr Enca~sulation Mealrbugs* Mealrbugs ** 

A. coccois L3 58.5 a O a 23.2 a 18.3 b 
Adu1t 80.9 b 1.5 a 14.7 a 2.9 a 

A. vexans L3 69.0 a 12.7 b 12.7 b 5.6 a 
Adult 90.9 b l. l a 3.5 a 4.5 a 

A. diversicornis L3 50 a 8.4 a 6.9 a 34.7 b 
Adult 64.6 b 17. 1 a 9.8 a 8.5 a 

For each parasito id species. the percentages were compared between third instar and adult. 
Percentages followed by the same letter are not different at 5 % leve! (Fisher test). 
* Alive mea1ybugs aft:er the parasitism. 
** Dead mealybugs caused by direct feeding or ovipositor insertion. 

The percentage of parasitism and encapsulation as we ll as the sex ratio and the tibia lo ngitude of 
the parasitoids were determined as parameters to evaluare the parasitism success and parasitoid 
deve lopment fi·om mea1ybugs reared on cassava in water deficit conditions. We determined a 
percentage of parasitism less important and a percentage of encapsulation more important on 
mealybugs reared on water stressed plants. The sex ratio and the tibia longitude were not affected 
by the water status (all data not shown). These results suggest that the mealybugs feeding on 
cassava in water deticit conditions do not affect the development of the parasitoid but could 
disturb their attractive behavior. Nevenheless. the low number of repücates do not aUow 
definitive conclusion and this experiment is being contirmed. 

Project staff - CIA T 

ORSTOM 

P.A. Calatayud 

M.A. Polanía (S tudenc) 

C. D. Seligmann (Stude nt) 
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OUTPUT m. NARS CAPACITY TO DESIGN AND EXECUTE INTEGRATED CROP 
MANAGEMENT RESEARCH AND DEVELOPMENT PROJECTS 
STRENGTHENED. 

The purpose of Output m is to improve the capacity of farmer groups and technica1 personnel 
from research and extension agencies in Northeast Brazil to implement technology generation 
and transfer activities based on the use of farmer participatory methods. This capacity building 
process has been implemented since the inception of the PROFISMA project and the period 
covered by this repon (Jan. to Sept. 1998) represented the last participation of a CIAT staff 
member directly in charge of their activity within the PROFISMA project. 

Sub-output l. lmplementation of Farmer Participatory Research Activities with 
Researchers Extensionists and Farmer Groups. 

Activity 1.1. Participatory evaluation of experiment at the CIAL Colonia Agrícola 
Roberto Santos (Babia). 

The adaptation of participatory methods fo r evaluating trials established and administered by the 
CIAL' s continued successfully during 1998. During the harvest of the 1996-98 trial at the CIAL 
Colonia Agríco la Roberto Santos six cassava varieties were evaluated using the opened interview 
methodology. This evaluations included the participation of 16 farmers and gave very useful 
inforrnation related to the criteria which is irnportant for cassava farrners in the regía n when they 
rnake cho ices about cassava varieties. Table 1.1.1. presents the content of the open-ended 
evaluation interviews. This analysis is based on the nurnber of times that each criteria is 
spontaneously rnentioned by farrners. It can be observed that farrners gave the highest 
irnportance to root form and size (peeling the roots before processing is a labor that dernands a 
lot of time). height of the plant (they prefer simple branching varieties that facilitare hand 
weeding) root yield (arnount of roots). processing yield (starch and dry rnatter content) and 
pulp colour (white cassava tlour is easy to cornmercialize). Criteria with sorne imponance fo r 
farmers were top part yie ld. and pest and disease tolerance/resistance. Criteria considered not 
very impo11ant for farmers were tlour tlavour. precocity and harvest period. 

Boxes 1 to 6 present the opinions expressed by farrners in relations to each one of the six cassava 
varities included in the tria!. The top pmt of the Box represents the comments made by farmers. 
using their own wo rds. The lower pmt of the box refers to the same criteria. as it is known by 
researchers and extensionists. 

Ano ther form of interpreting this information is by means of the accumulated ti·equency method 
in which the evaluation made by farmers is combined with an analys is of ranking preferences. 
This method gives information about the probability that a given variety or technology has of 
being se lected by tarmers as their ,.<t. 2"<~. etc. option. Tables 1.1.2 to 1.1.7 and Figures 1.1.1 ro 
1.1.6 present the cummulative probability of preference for the six cassava varieties evaluated by 
the CIAL Colonia Agrícola Roberto Santos. 
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Table 1.1.1. Analysis of content of open-ended evaluation interviews with farmers of the 
CIAL Colonia Agrícola Roberto Santos (Babia). Six cassava varieties. N = 16 
farmers. 

Fanners' Criteria 
Root form and size 
Height of the plant 3 

(branching characteristics) 
Root yield 
Processing yield 4 

Pulp e o lour 5 

Top pan yie ld 6 

Resistance to pest amf disease 7 

Flour tlavour 
Flour quality 

1 Based on l}6 ( 16 humers and six varieties) 

76 
70 

69 
65 
54 
39 
18 
5 
4 

Frequency Mentioned 1 

N % 
79 
773 

72 
68 
56 
41 
19 
5 
4 

2 Cassava rooL" long. thick, big, are preferred by farmers because tbey tacilitate !he peeling operation during !he 
processing inw cassava tlour 

3 Farmers do not apprecíate cassava plants wíth low branchíng d1aracteristics. ll1ey make more difticull the hand
weeding activities. They also occupy more space 

~ Farmers due to iLc; low processing yield do not preter cassava rooL-; with hígh water contenL". Rooc con rene of dry 
matcer and scarch are very importanl paramelers for tarmersO 

5 Cassava varieties with yellow pulp colour gíve yellow colour tlavour. whích is nol good for commercialísation 
6 Cassava varieties with goo<.ltop part development are preterred by fanners for ÍL-> use in animal feeding 
7 According lO farmers· <..Titeria. ca.-.sava varieties wi th low branchíng characteristics are more susceptible lo pest 

attack 
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Box l. 
CIAL: COLONIA AGRICOLA ROBERTO SANTOS 

EXPERilVIENTAL CYCLE 1996-97 
OPEN-ENDED EVALUATION OF SIX CASSAVA VARIETIES 

ldentification of the Variety: Platina 
Agricultor: 16 farmers 

FARMERS COMMENTS # of Jarmers 

A. " Rende bem na farinha. boa na massa. amido alto. bom rendimento" 16 
B. "E boa de raspar. tema pele fragil. raízes grossas. de bom tamanho" 15 
c. " Rende bem. é carregadeira" 12 
D. "Estirada. suspende bem. facil de se lar. boa de capinar. manivas nao esgalham lO 
E. "Dá farinha de cor alvo" 8 
F. "Rende na rama" 6 
G. "Farinha de sabor bom. gastoso" 5 
H. "Fácil de e o lher" 2 
l. "Fraca para pragas. dá muita doen<;a nas folhas" 2 

Codes for comments 

Criteria Positive Aspects Neeative aspects 
A. Processing yield + good ( good root to tlour 

conversion facto r) 
B. Root forro and size + good (faci litares root processine:) 
c. Root yield + _good ( e:ood root vield) 
D. Branchine: heie:ht + !!ood (facilitare hand weedine:) 
E. Pulp colour + e:ood (white tlour) 
F. Top party_ield + e:ood 
G. Flour t1avour + e:ood (t1o ur with e:ood tlavour) 
H. Eas y to harvest + e:ood (easy to harvest) 
I. Resistance to pest and - bad (very susceptible to 

disease pest and disease attack in 
the leaves) 

Note: Thc lctter tn lro nt ot each larmer comment corresponds to the same entena m the lower part ot the 
Box 
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Box 2. 
CIAL: COLONIA AGRICOLA ROBERTO SANTOS 

EXPERil\llENTAL CYCLE 1996-97 
OPEN-ENDED EV ALUA TION OF SIX CASSA V A V ARIETIES 

ldentification of the Variety: 194-16 
Agricultor: 16 farmers 

FARMERS COMMENTS W o.f fanners 
A. " É boa de raspar. é mais amena. fácil de descascar. boa forma de raízes. grandes 16 
B. " Bom rendimento em farinha. é enxuta. boa na massa. farinha pesada, matéria 14 

seca muito boa. boa de peso 
c. ·• Pane aérea é boa para trato cultural. boa de capina. boa de selar porque nao é 11 

es!!alhadeira. é linheira. sobe só urna galha 
D. " Bom rendimento de raíz " JI 
E. " Boa produ<,:ao de pane aérea para maniva semente e r~ao animal" 1 1 
F. " Farinha de muito boa qualidade. cor alvo. polpa branca. gostossa " lO 
G. ·· Muito resistente a pragas e úoen~as " 4 
H. " Qualquer epoca é boa de colher. aguenta na rDCfU. poúe colher com até tres 3 

anos 
I. ·' Nao apodrece " l 
J. " E urna variedaúe mais cedera. cresce rnais rápido e mais cedo ·' l 

Codes for comments 

Criteria Positive Aspects Negative aspects 
A. Root form and size + good (facilitares root processin!!) 
B. Processing yie ld. dry matter + good ( gooú root to t1our 

conrenr conversion factor) 
c. Branching hei!!ht + !!Ood (faci litare hand weed in !!) 
D. Root vie ld + good ( good root yie ld) 
E. Top pan yield + good (good yield for seed anú 

animal feeúing) 
F. Pulp colour. t1our colour + good (white t1our) 
G. Resistance ro pest and + good 

disease 
H. Harvest perioú + good (could be harvested at 

different periods) 
I. Resistance to root rot + !.!OOd 
J. Precocitv. earlvness + good ( grows fast) 
Note: Thc Jcuer m lront of each farmcr commcnt corresponus to the süJne LTttena m the lower part ot the Box. 
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Box 3. 
CIAL: COLONIA AGRICOLA ROBERTO SANTOS 

EXPERIMENTAL CYCLE 1996-97 
OPEN-ENDED EVALUATION OF SIX CASSA VA VARIETIES 

ldentification of the Variety: Voadeira 
Agricultor: 16 farmers 

FARMERS COMMENTS # o.f .farmers 
A. "E boa de raspar. é maís amena, fácil de descascar. raíz estirada. boa forma. 16 

grandes" 
B. ·'Parte aérea é boa para trato cultural, boa de capina. boa de se lar porque nao é 12 

esgalhadeira. nao empata 
c. " Bom rendimento de raíz" 1 1 
D. " Farinha de muito boa qualidade. cor alvo. po lpa branca. gostossa ·· lO 
E. " Boa prodw;ao de parte aérea para maniva semente e ra<;ao animal" 9 
F. "Muito molhada. trouxa de peso·' 8 
G. " Resistente a _pragas e doen~as " 

.., 

.) 

H. " Anda rápido. cresce cedo " 1 

Codes for comments 

Criteria Positive Aspects Negative aspects 
A. Root form and size + good (facilitares root processing) 
B. Branching hei!!ht + good (facilitare hand weedin!!) 
c. Root vield + good ( good root yield) 
D. Pulp colour. t1our colour + good (white tlour) 
E. Top pan yield + good (good top pan yie ld for seed 

and animal feeding) 
F. Processing yield. dry - bad ( low root to t1our 

matter content. starch conversion factor) 
content 

G. Resistance to pest and + good 
disease 

H. Precocitv. earliness + good ( !!rows fast) 
Note: The leuer in lront of each türmer commcnt corrcsponus to t11e same entena 111 me lower pan ot me Box. 
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Box4. 
CIAL: COLONIA AGRICOLA ROBERTO SANTOS 

EXPERIMENTAL CYCLE 1996-97 
OPEN-ENDED EVALUATION OF SIX CASSA V A V ARIETIES 

Identification of the Variety: 128-08 
A!!ricultor: 16 tarmers 

FARMERS COMMENTS # of farmers 

A. "Nao progressa de raízes, pouca quantidade de raízes, é urna mandioca que nao 14 
carrega. nao tem rendimento 

B. " Nao presta para capina. parte aérea é muiro esgalhadeira. porte baixo. difícil 12 
de limpa. ruim de se lar. abre muito e os velhos já nao ternos espinhar;o para 
capinar" 

C. " Difícil de raspar. as raízes sao entreco rtadas. tonas e a casca é muito grudada" 12 
D. " Muito molhada e isso nao ajuda. ruim de amido" 8 
E. " Muito susceptível a doen~as. parte aérea muito apetecida pelo tanajoá. cria 7 

mais doenr;a quandn a parte aérea abre muito e o cultivo fica fec hado. muito 
doentía. nao resiste apraga " 

F. " Prodw;ao de parte aérea é fraca. nao gosoto da maniva. a parte aérea é ruím. a 7 
pane aérea nao aguenta tempo. seca logo. ruím para tirar semente 

G. " Boa qualidade da farinha. farinha de cor amarela. a cor é boa. boa aceitar;ao ó 
no mercado. a polpa é amare la 

H. " A cor amare la da farinha nao é boa para o mercado ·' 3 
H. " Farinha raluda. cheia de fibras. comprida. nao redondinha " 2 

Codes for comments 

Critéría Positive Aspects Ne"a tive aspects 
A. Root _yield - poor (Jow root yield) 
B. Branchin!! hei!!ht - bad (d ifficult for hand weeding ) 
c. Rom fo rm ami size - bad (difficult fo r peelin!!) 
D. Processing yield. dry - bad ( low root to tlour conversion 

matter content. starch factor) 
cnntent 

E. Rcsistance to pest and - poor (susceptible to pest and 
disease disease attack) 

F. Top pan vie ld - poor (low toQ_pall vie ld) 
G. H. Pu!Q_ colour. tlour colour + !!ood (white tlour) (6) - bad (_ye llnw cnlour is not !!Ood) (3 ) 
H. Flour_qualitv - bad (too much fibre) 
Note: The letter in front o f each rarmcr comment cnrresponds to the samc critcria in thc lowcr pan or thc 

Box. 
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Box S. 
CIAL: COLONIA AGRICOLA ROBERTO SANTOS 

EXPERIMENTAL CYCLE 1996-97 
OPEN-ENDED EV ALUATION OF SIX CASSA V A V ARIETIES 

ldentification of the Variety: 47-19 
A_g_ricu lto r: 16 farmers 

FARMERS COMMENTS # of farmers 
A. " Difícil de raspar. nao tem espa~o para a faca, nao rende. raíz curta e pequena. 15 

acanhada" 

B. " Náo gasto dela porque tem mais parte aérea do que raíz. é ruim em 12 
rendimento de raíz " 

c. " Parte aérea é boa. tem bastante folha. se a formíga atacar. tica folha. boa de 10 
capina. boa de selar porque náo é esgalhadeira. tem tamanho médio. é 
linheira e isso facilita colheita 

D. " Farinha muito molhada. rende menos na massa" 10 
E. " A corda palpa é amarela e da farinha muito ruím. nao é boa para o mercado" 8 
F. " Boa quantidade de maniva " 4 
G. " Farinha taluda. cheia de tibras. comprida. nao redondinha '· 2 

Codes for comments 

Criteria Positive Aspects Negative aspects 
A. Root form and size - bad (difticult for peelin!!) 
B. Root }'ield - poor (low root vield) 
c. Branchin!! hei!!ht + good (low branchin!! 
D. Processing yield. dry - bad ( low root to tlour conversion 

matter content. starch fac to r) 
content 

E. Pulp cnlour. tlour colour - bad (vellow colour is not !!OOll) 
F. Top part yie ld + good top pa.11 yield for 

seed and animal feed in!!) 
G. Flour quality - bad (too much tibre ) 
Note: The letter m tront of each farmer comment corresponds to the same entena m the Iower part ot the 
Box. 
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Box 6. 
CIAL: COLONIA AGRICOLA ROBERTO SANTOS 

EXPERIMENTAL CYCLE 1996-97 
OPEN-ENDED EV ALUA TION OF SIX CASSA V A V ARIETIES 

ldentification of the Variety: 189-11 
Agricultor: 16 farmers 

FARMERS COMMENTS # of farmers 
A " Pane aérea é muito esgalhadeira e dificulta a capina, ruím de selar porque e 15 

baixa. abre muito e precisa mais espa<;o para plantar. ajuda a doen<;as. abre 
no méio. nao desenvolve " 

B " Nao !!Ostei da cor da polpa amarela" 9 
e " Raiz muiro molhada. rende menos na massa. fraca em farinha " 9 
D " Facil de raspar. casca lisa. descasca fácil. raíz estirada " 7 
E " earre!!a pouco. nao tem rendimento" 6 

F " Pane aérea boa para ra~ao animal " ') 

G ·· A parte aérea é muito atacada por ácaro" 2 

Codes for comments 

e riteria Positive Aspects Ne~ative aspects 
A. Branchin!! hei!!ht - bad (difficult for hand weedin!!) 
B. Pulp colour. tlour colour - bad (yellow colour is not !!OOd) 

e Processing yield. dry - bad (lnw root to tlour conversion 
matter content. starch factor) 
content 

D. Root fo rm am.l size + !!OOd (ea.sv for peeün!!) 
E. Root vi e Id - poor 1 low root vield) 
F Top part yield + good (gootl top pan 

yield fo r animal 
feedin!!) 

G. Resistance to pest and - pnor (.susceptible to pest and 
disease di.sease attack) 

Note : Thc lctter 10 trom nt cach tarmcr commem corresponds to thc samc entena m rhc lower pan ot the 
Box 
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Table 1.1.2. Comparative analysis of preferences 1 acceptance for the V ariety: 
Platina (% ). 

Preference 
Ranking 

1 
2 

3 
4 
5 
6 

Totals 

Frequency 
o 
o 
3 
8 
2 
3 

16 

Probability 
o 
o 

18,8 
50 

12.5 
18.8 
100 

CumuJative 
ProbabiHty 

o 
o 

18,8 
68,8 
81,3 
lOO 

COPAL: Colonia Agrícola Roberto Santos, Experimental cycle 1996-97. 

Figure 1.1.1. Probability of acceptance 1 preference of the variety: Platina ( % ). 
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Table 1.1.3. Comparative analysis of preferences/acceptance of the variety: 47-19. 

120 

100 

80 

60 

40 

20 

o 

-20 

Preference Cumulative 
Ranking Frequency . Probability Probability 

1 o o o 
2 2 12.5 12,5 
3 9 56,3 68.8 
4 3 18,8 87,5 
5 2 12,5 lOO 
6 o o lOO 

Totals 16 100 

Ranking preference 

COPAL: Colonia Axdcola Roberto Santos, Experimental cycle 19<Jó-97) 

COPAL: Colonia Agrícola Roberto Santos, Experimental Cycle 1996-97. 

Figure 1.1.2. Probability of acceptance 1 preference of the variety 47-19 (% ). 
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Table 1.1.4. Comparative analysis of preference 1 acceptance of the variety 194-6 (% ). 

Preference Cumulative 
Ranking Frequency Probability Probability 

1 4 25 25 
2 12 75 100 
3 o o lOO 
4 o o lOO 
5 o o lOO 
6 o o 100 

Totals 16 100 

120 

100 

80 

60 

40 

20 

o 
1 2 3 4 5 6 

Preference Ranking 

COPAL: Colonia Agrícola Roberto Santos. Experimental cycle 1996-97. 

Figure 1.1.3. Cumulative probability of preference/acceptance of the variety: 194-6 ( % ). 
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Table 1.1.5. Comparative analysis ofpreference 1 acceptance of the variety: Voadeira 
(%). 

Preference Cumulative 

120 

100 

80 
60 
40 
20 

o 

Ranking Frequency Probability Probability 
l 12 75 75 
2 2 12.5 87.5 
3 1 6,3 93.8 
4 o o 93.8 
5 1 6,3 100 
6 o o 100 

Totals 16 100 

1 2 3 4 5 

Preference ranking 

CO PAL: Colonia Agrícola Roberto Santos, Experimental e y ele 1996-97). 

Figure 1.1.4. Cumulative probability of preference 1 acceptance of the variety: 
Voadeira (% ). 

6 

7ó 



Table 1.1.6. Comparative anaJysis of preference 1 acceptance of the variety: 128-08. 

1ZJ 

1(J) 

8J 

ro 
40 

ZJ 

o 
ZJ 

Preference Cumulative 
Ranking Frequency Probability Probability 

l o o o 
2 o o o 
3 o o o 
4 l 6,3 6,3 
5 2 12,5 18.8 
6 13 81 ,3 lOO 

Totals 16 100 

COPAL: Colonia Agrícola Roberto Santos. Experimental cycle 1996-97 

Figure 1.1.5. Cumulative probability of preference/acceptance ofthe variety: 128-08 (%). 
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Table 1.1. 7. Comparative analysis of preference 1 acceptance of the variety 189-11. 
Preference Cumulative 
Ranking Frequency Probability Probability 

1 o o o 
2 o o o 
3 3 18,8 18,8 
4 3 18,8 37,6 
5 10 62,5 100 
6 o o 100 

Totals 16 100 

COPAL: Colonia Agrícola Roberto Santos. Experimental cycle 1996-97. 

Figure 1.1.6. Cumulative probability of preference/acceptance of the variety: 189-11 (% ). 
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Activity 1.2. Participatory evaluation of experirnents at CIAL Buril (Babia). 

The CIAL established at the community Buril (Bahia) harvested its second experiment in April. 
The objective of this experiment was to observe the resistance/tolerance of six cassava varieties 
to cas.sava green rnite damage. Four of the varieties were introduced from EMBRAPNCNPMF 
and the other two were obtained locally. The experiment was harvested with 21 months and the 
results obtained. for most of the varieties, were rather low. Farmers argued that low yields were 
caused by heavy rains during the last month prior to harvest (starch from the roots is used to 
produce new top pan) and late harvest because the soil was too dry and the experiment could not 
be harveste at the right time. The results are presented in Figure 1.2.1. 
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Figure 1.2.1. Evaluation of six varieties of cassava for its tolerance 1 resistance to cassava 
green mite Agronomic and preference ranking evaluation COPAL: Buril, 
Crisópolis, Bahía. Agronomic cycle 1996-97. 
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This information could also be interpreted using the cummulative frequency method. Tables 
1.2.1 to 1.2.6 present the results of the evaluation made by 11 farmers of this CIAL of six 
cassava varieties. This information will be very useful for cassava breeders at EMBRAP N 
CNPMF who are currently working on the selection of e lite cassava varieties for this region of 
NE Brazil. 

Table 1.2.1. Comparative analysis of preference 1 acceptance for the Variety: Jalé (%). 

Preference Cumulative 
Ranking Frequency Probability Probability 

l 8 0,73 73 
2 l 0.09 82 

3 
4 
5 
6 

Totals 

2 

1 
o 
l 
o 
11 

0.09 
o 

0,09 
o 

100 

COPAL: Buril, Experiment c.vcle 1996-97. 

Figure 1.2.1. Probability of acceptance of the variety: Jalé (% ). 
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Table 1.2.2. Comparative analysis ofpreference 1 acceptance for the Variety: 189-11 (%). 
Preference Curnulative 
Ranking Frequency Probability Probability 

1 2 O, 18 18 
2 3 0,27 45 

3 1 0,09 54 
4 1 0,09 63 
5 3 0,27 90 
6 1 0,09 100 
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COPAL: Buril. experimental cycle 1996-97. 

Figure 1.2.2. Probability of acceptance of the variety: 189-11 (% ). 
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Table 1.2.3. Compara ti ve analysis of preference 1 acceptance for the V ariety: 128-08 (% ). 
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2 2 0,18 27 
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COPAL: Buril, experimental cycle 1996-97. 

Figure 1.2.3. Probability of acceptance of the variety: 128-IU~ (%). 
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Table 1.2.4. Comparative analysis of preference 1 acceptance for the V ariety: 47-19 (% ). 
Preference Cumulative 
Ranking Frequency Probability Probability 

1 o o o 
2 o o o 
3 2 0,18 18 
4 3 0,27 45 
5 3 0,27 72 
6 3 0.27 lOO 
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COPAL: Buril, experimental cycle 1996-97. 

Figure 1.2.4. Probability ofacceptance ofthe variety: 47-19 ( % ). 
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Table 1.2.5. Comparative analysis of preference 1 acceptance for the Variety: 194-16 (%). 
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Figure 1.2.5. Probability of acceptance of the variety: 194-16 (%). 
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Table 1.2.6. Comparative analysis of preference 1 acceptance for the V ariety: 
Cemitério (% ). 
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Figure 1.2.6. Probability of acceptance of the variety: Cemitério (% ). 
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Activity 1.3 Participatory evaluation of experiments at CIAL Cadete (Babia). 

Copa1: Cadete, Cruz Das Almas, Babia- Experirnent 1996-97 

After the t1rst experiment (cycle 1995/96), tbe COPAL at the community Cadete decided to 
decided to test ti ve cassa va varieties introduced from EMBRAP A/CNPMF and to compare them 
with their preferred local variety. The COP AL decided to plan the experiment without any 
fertiliser to observe the behaviour of the varieties under extreme conditions. The six varieties were 
planted with spacing 1.0 x l.O. with three repetitions and randomised blocks. The experiment was 
harvested with 19 months. As expected. root yields were very low. Besides the lack of fertiliser. 
the experiment was not well tak.en care of. especially in relation to weed control. Lack of land is a 
striking characteristic in this community and the COP AL was torced to plam the experiment in a 
farmer 's tield. which is not visited by so rne members of the COP AL due to personal contlicts. The 
farmer that owns the tield did not give enough attention to the experiment and this comributed ro 
low yields. Nonetheless. two ofthe clones introduced from EMBRAPA/CNPMF. 189-11 and 192-
13, gave the best yields with 11.4 and 10,4 t per ha. respectively. Two local varieties. 
Arrebentaburro and Cigana, although with lower yields (9.8 and 8.1 t per ha. respectively). 
presented higher dry matter content than the two introduced clones. Farmers made a selection of 
the best three varieties and chose the two clones and Arrebentah¿trro as the three varieties with 
which they would like to continue the research work. Additionally. they concluded that the local 
variety Cigana. under the conditions o f the community. is not worth to plam without us ing 
fertilisers. Figure 1.3. 1 presents these resu lts. 
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Figure 1.3.1. Evaluation of six varieties of cassava under stress conditions (no fertilisers) 
COPAL: CADETE, Cruz das Almas, Babia. Growing cycle 199<i-97. 
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Activity 1.4. Participatory evaluation of experiments at CIAL Campina Nora 
(Pernambuco). 

Copal: Campina Nova, Vitoria De Santo Antao, Pernambuco Experiment 1995-96 

Planting Date: 21/06/95, Harvest Date: 30/09/96; 15 Months 

In the community Campina Nova, the cassava crop is planted since many years ago. During the 
last 5 years, cassava root rot has become one of the main constraints forcing many farmers to 
stop planting the crop. The COPAL seiected root rot as their main problem. With technical 
support from IPA (Instituto de Pesquisa Agrícola) and Emater-PE (Empresa de Assistencia 
Técnica e Extensao Rural), farmers designed an experiment to test sorne technologies with 
potential to control this disease. These technologies have not yet been tested yet in the 
community. Planning meetings with participation of the COP AL members, other farmers. 
researchers and extension workers defined 12 treatments to be included in the experiment. These 
treatments included: 3 cassava varieties. one local (Retroz) and two introduced from IPA 
germplasm bank (Camhadinha e Chapeu de Cauro). These three varieties were planted using 
different planting arrangements and cultural practices. The experiment was planted in three 
different sites located at shott distances between them. Harvest was conducted when the 
experiment completed 15 months. Figures 18 and 19 present the results obtained in the 
agronomic evaluation and also in the preference ranking exercise. A pre1iminary discussion M 
these results allowed the following conclusions: 

a) The variety Cambadinha. introduced in the community for the tirst time. obtained the best 
results for all the treatments included in the experirnent (29.2 ton/ha). 

b) The use of lime in the traditional planting system gave higher yields only for the variety 
Camhadinha. 

e) Planting in do uble rows systern gave higher yields for the variety Cambadinha, when 
compared with the traditional system (single row). On the contrary. the other two varieties. 
Rerroz e Chapéu de Cauro presented lower yie lds when planted in double rows. 

d) The ridges planting system presented higher yields for the varieties Cambadinha and Chapéu 
de Couro in comparison with the traditional system. The variety Retroz did not show any 
yield difference using the ridges treatment. 

e ) The introduced variety Chapéu de Couro presented lower yieids for all the treatments of the 
experiment showing a very poor adaptation to specific growing conditions in the comrnunity 

Tn stimulate farmer ' s participation in the evaluation of the experiment. a preference ranking 
methodnlogy was used. Results obtained indicated the degree of difficu1ty of us ing this 
methodology when the experiment includes a very large number of treatrnents. In these 
conditions. it results almost irnpossible to obtain an objective evaluation of the criteria that 
farmers use to rank their best preferences. The results obtained did allow farmers to classify the 
treatments in two main groups: a) the more attractive to them and b) those the y rejected. Within 
the first gro up. the y selected four treatments and the other eight treatments rece ived a low 
preference by them. The best four treatments were those that included the variety Cambadinha. a 
point that contü·med the exce llent results obtained with this variety during the agronomic 
evaluation. This variety was planted in the comrnunity for the first time during this experirnent. 
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and based on the results obtained, the COPAL decided to continue working with it in the second 
experiment planned for the growing period 1996-97. The second experiment was planted in July 
1996. The design included only one variety, Cambadinha, three planting systerns: ridges, single 
row and double row, and the use of Lime. The COPAL learnt its lesson passing frorn a very 
complex tirst experiment with 3 varieties and 12 treatments to a second experiment. sirnpler. 
with just one variety and six treatments. 
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Figure 1.4.1. Evaluation of varietal resistance/tolerance~ cultural practices and planting 
system for cassava root rot control. Agronomic evaluation- COPAL: 
Campina Nova, Vitória de Santa Antao, Pernambuco, Experiment 1995-96. 
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Activity 1.5. Participatory evaluation of experiments at CIAL Gameleira (Pernambuco). 

COPAL: Gameleira, Gloria De Goita, Pernambuco Experiment 1995-96 

Planting date: 03/08/95; harvest date: 02/12/96 (16 months) 

Gameleira, is another community of the S tate of Pernambuco that is participating in Profisma. in 
which the cassava crop plays a very important role as a commercial and economic activity. 
Cassava cultivation in the region has been reduced drastically during the last tive years due to 
problems with cassava root rot disease. The COP AL established in this community selected this 
problem as the tapie for its experiment and with technical support from IPA and EMATER 
designed it including sorne technologies that have shown so rne potential to reduce/control this 
disease and that have not been tested befare in the communíty. Group discussions with 
participation of farmers, extensionists and researchers allowed the identitication of 16 treatments 
to be included in the experiment. These treatments included four varieties. two widely used in 
the community. Tuninha and Roxinha, and two introduced from IP A. Flor de Amazonas and 
Dona Cosma. The experiment was planted in three different tields within the community. 
Management of this experiment resulted very difficult due to the excessive number of treatments 
bur ta.rmers did not accept to eliminare any of the 16 treatments. so rne of which have been 
suggested by them. The experiment was harvested with 16 months and farmers participated in 
two types of evaluation: agronomic and preference ranking. The results obtained in the 
evaluation are presented in Figures 20 and 2 1. Discussion about the results of the experiment 
with the farmers group allowed the following preliminary conclusions: 

a) The variety Roxinha, a local material, planted in double row, gave the highest yield in the 
who le experiment. 
b) In the three localities in which the experiment was planted. the variety Flor do Amazonas. an 
introduced clone. presented good yie lds and very low incidence of the cassava root rot disease 
e) The use of Lime presented higher yields for three of the varieties. when compared with 
traditional. single row planting. The only exception was the variety Dona Cosma 
d) Double row planting gave higher yield for all tour varieties when compared with traditional. 
single row planting. In the local varieties. the difference in yield between the rwo planting 
systems was higher than with the introduced varieties. 
e) The use of Sulphur. presented higher yields. when compared with traditional single planting. 
fo r all varieties with the exception of Flor do Amazonas 
t) The variety Flor de Amazonas, planted with the u·aditional system (single row). gave higher 
yields than the other three varieties with the same planting system 

The tarmers group conducted a preterence ranking evaluarían exercise. It was confirmed how 
difficult it is to realise an objective evaluation of the criteria that farmers use to se lector reject 
technologies. when there are a large number of technologies to be selected. The method used in 
this experiment allowed farmers to classify the 16 treatments in those more attractive and those 
not attractive. In the tirst group. tour of the treatments were se lected and in the second another 
12 treatments. The to ur treatments selected by farmers as their best options included the variety 
Flor de Amazonas. Based on these results. the COPAL decided to continue the research work 
with this variety. The second experiment was planted in Ju ly 1997. including just one variety 
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(Flor de Amazonas), two planting systems (single and double row), and two cultural practices 
(Lime and Sulphur). 
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Figure 1.5.1. Evaluation of four cassava varieties, cultural practices and planting systems 
for resistance 1 tolerance to cassava root rot- COPAL: Gameleira, Gloria de 
Goitá, Pernambuco. Experimental cycle 1995-96. 
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Activity 1.6. Participatory evaluations of experiments at CIAL Tatú (Pernambuco). 

Copal: Tato, Sao Bento De Una, Pernambuco Experiment 1995-96 

Planting date: 06/06/95; harvest date: 17/12196 (18 months) 

In the community Tatú, the principal cassava varieties are: Isabel de Souza and Pai Antonio. 
Cassava tlour processing houses with low scale of operation and rudimentary type of technology 
are very common in the region. The cassava crop represents the main so urce of cash, inca me and 
toad tor this community The participatory diagnostic conducted in the community indicated that 
the main problem for farmers was the very low productivity in the agricultura! system within the 
community and at regional level. Farmers are not use to apply fertilisation in the crops and are 
torced to plant in the same plots year after year. The CIAL, in collaboration with IPA and 
extension workers from EMATER-PE. and with collaboration from other farmers of the 
community. designed an experiment to evaluare sorne technologies with potential to increase 
cassava productivity in the community and in the regían. The design included two local varieties: 
Pai Antonio e Isabel de Souza. and two other varieties introduced frorn IPA: Flor de Amazonas e 
Dona Cosma. The experiment was p lanted in three different tields and included a total of 12 
treatments. Other treatments included in the experirnent were two planting systems: single row 
(traditional) and double row. The experiment also include one treatment with Mucuna Preta as a 
source of green manure. At harvest time. farmers participated in two types of evaluation: 
agronomic and preference ranking. Figures 22 and 23 present this intormation. The results 
obtained with this experiment allowed the tollowing initial conclusions: 

a) The introduzed variety Flor de Amazonas presented the best yields . for all the treatments. 
with a difference of up to 30% in comparison with the other varieties. With the traditional 
system. the yield of this variety was higher than the other varieties in up ro 40 %. 

b) The best treatment was a combination of Mucuna Preta, incorporated into the soil and the 
variety Flor de Amazonas, using the traditional system. 

e) For all tour varieties included in the experiment. the use of Mucuna Preta incorporated into 
the soil increased yields in up to 50% in comparison with the traditional system .. 

d) The use of the double row planting system did not present signiticative yie ld differences in 
comparison with the traditional system. 

The preference ranking evaluation exercise was difficult to apply due to the large number of 
treatments. However. the farmer group was able to evaluare all the treatments in the three tields. 
Results obtained with this evaluation allowed farmers to classify the treatments in two main 
groups: the tirst group. with three treatments. were those options approved by them. and the 
secnnd group. with nine treatments were those options rejected by them .. The tirst group of three 
approved treatments included the variety Flor de Amazonas. in single row and double row 
planting and with Mucuna Preta in both cases. This evaluation was consistent with the 
agronomic evaluation in which these two treatments have occupied also the tü·sr two places. 
Based on this results. the CIAL planned the second experiment that was planted in June 1996 
and included just one variety. Flor de Ama;:onas. planted in single and double row. with and 
withnut Mucuna Preta incorporated betore planting. 
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Figure 1.6.1. Evaluation of four cassava varieties, cultural practices and planting systems 
for its effect on cassava yields. Agronomic evaluation - COPAL: Tatú, Sao 
Bento do Una. Pernambuco. Experimental cycle 1995-96. 
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Activity 1.7. Participatory evaluation of experiments at CIAL Nova Veneza (Ceará). 

COPAL: Nova Veneza, Ubajara, Ceara Experiment 1996-97 

Planting date: 08/04/96; harvest date: 18/07/97 (15 months) 

The community Nova Veneza is located in the region known as Serra de Ubajara which is 
characterised by good edaphoclimatic characteristics that allow production of several crops such 
us cassava, corn. beans, sugar cane and vegetables. In 1996. the CIAL planted its second 
experiment based on the use of two planting systems (ridges and tlat, traditional plaming) and 
also the use of compost. Cruvela Rasteira, a local variety was used for this experirnent. Planting 
was done in double row system with 12820 plants per hectare and four repetitions. A severe 
incidence of root rot was present causing totallost in two plots and considerable reduction in the 
number of harvested plants in the rest of the plots. At harvest time, farmers participated in two 
types of evaluation: agronornic and preference ranking. Figure 24 presents this information. The 
results obtained with this experiment allowed the foUowing initial conclusions: 

a) The effect of using compost with the introduced planting system (ridges), gave the best yield 
of the experiment with a 25% increase in comparison with the traditional system without 
compost and 30% difference in comparison with ridges planting system without compost. 

b) The use of compost in the traditional system (t1at planting) had a negative effect with lower 
yields when compared with the same system without compost. These results could be 
explained by the fact that in all the treatments that included compost, the incidence of 
cassava root rot was more severe, with lower number of harvested p!ants. 

e) The local variety Cruvela Rasteira, although very popular in the community. is not showing 
a very good performance and the CIAL will try to test new varieties in future experiments. 

d) The use of ridges planting system gave higher yie!ds than the traditional system. almost 50% 
more in both cases. with and without compase. 

The preterence ranking evaluation performed by the farmers group was in agreement with the 
results obtained in the agronomic eva!uation with the treatment ridges planting + compost 
selected as the first option. and the traditional planting system (tlat) without compost se lected as 
the last option. Figure 24 presents this information. 

This CIAL p!anted their third experiment in March 1997. In this experiment. for the tü·st time 
they designed an experiment that included cassava. intercropped with passion fruit and beans. 
two other very important crops in the region. The experiment includes two varieties. Buja and 
Cruve!a and two planting systems: ridges and tlat planting. Harvest will be conducted during 
May-June 1998. 
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Figure 1.7.1. Evaluation of cultural practices and planting systems for its effect on cassava 
yields . Agronomic and preference ranking evaluation - COPAL: Nova 
Veneza, Ubajara, Ceará. Experimental cycle 1996-97. 
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Sub-output 2. Participatory Planning and lnstallation of Technology Evaluation 
Trials at CIAL's. 

During the period covered by the present report sorne of the CIAL' s established with support 
frorn the PROFISMA project continued their assirnilation of the CIAL rnethodology. This year 
corresponded to the third consecutive experimental cycle since the inception of the project and 
the fact that sorne CIAL's ha ve planted their third consecutive experirnent could be interpreted as 
the best symptorn that the CIAL methodology is being adopted and that sorne of the CIAL's 
established in Northeast Brazil. 

Activity 2.1. Establishment of participatory technology evaluation trials in 3 CIAL's of 
the state of Babia. 

The three CIAL's established in the state of Bahía (Colonia Agrícola Roberto Santos. Buril and 
Chapade) plamed their third experiment during 1998. In all three cases. the CIAL acted more 
autonomously requesting support from researchers at EMBRAPNCNPMF only during the 
planning phase. The presence of researchers during harvest and planning of experiments is not 
as necessary now as it was befo re, however the contribution of EMBRAP A with irnproved 
germplasm continues to be very important. In the region of Alagoinhas. Bahía. where these three 
CIAL operate. there are already three cassava varieties produced by EMBRAPA/CNPMF that 
have shown very good potential and that could be used as the basis for a 
propagationlmultiplication program aimed at making good quality planting material available for 
farmer groups. These three varieties are: 194-16 (Valenca) 189-11 (Catalina) and 128-08 
(Bibiana). 

Activity 2.2. Establishment of participatory technology evaluation trials in CIAL's of the 
states of Pernambuco and Ceará. 

The three CIAL' s established in the state of Pernambuco planted their third consecutive 
experiment this year. 

The CIAL's Nora Veneza and Valparaíso located in the state of Ceará plamed their third 
experiment in 1998. 

Sub-output 3. Preliminary Analysis of the Development of the CIAL Methodology in 
Northeast Brazil 

The process of assimilation of the CIAL methodo1ogy and its incorporation into their normal 
forms of operation by counterpart institutions and farmer groups is generally slow and may take 
severa! years to be fully achieved. In this sense. it is imponant to develop mechanisms that allow 
the identification of constraints and limitations that could be affecting this process. In the case of 
assimilation of the CIAL methodology by farmer groups and comrnunities, the IPRA project has 
developed a semi-structured that is applied to each CIAL in two different moments to assess its 
consolidation and progress. This questionnaire is usually applied during the first year and applied 
again after two or three experimental seasons. The questionnaire includes tapies related to group 
consolidation. self-autonomy. farmer participatory research. technology comprehension. the use 
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of training materials and devolution of information. The methodology for its application is based 
in conducting group meetings with the CIAL and other collaborating farmers to discuss each 
tapie. For each of the tapies, sorne questions are asked to the group and a unique answer is 
reached by consensus of the group. After a period working with participatory research methods, 
a given CIAL or community could present increases or decreases in its understanding and 
assimilation of the main principies of the methodology. By applying the same questionnaire in 
two different moments, this analytical too! tries to identify these changes and to analyze the 
reasons behind them. 

Activity 3.1. Follow-up analysis of CIAL methodology development in Northeast Brazil. 

With the aim of evaluating the deve lopment of the CIAL methodology among the CIALs 
established in Northeast Brazil during the PROFISMA project. a follow-up questionnaire was 
applied to 18 CIALs in 1995 and applied again in 1997. The sample in 1997 included the same 
18 CIALs plus another one recently established. To facilitare the analysis of the results. the 
CIALs interviewed in 1997 were divided into two groups according to their performance since 
the inception of the project. The main criteria used for this division was the number of 
technology trials that each CIAL has planted and harvested. Those CIALs that had harvested at 
least two experiments and that had already planted a third one were cons idered "successful 
CIALs". Conversely, the CIALs with two or less experiments planted were considered ''non
successful CIALs". Annex 1 presents this classiíication. The fo llowing section presents the 
results obtained. This section tries to look at the degree of consolidation of the CIAL. the 
dependence they feel of the presence of the technician and the decision-ma.king process that the 
CIAL fo llows to resolve their day-to-day questions. To addresses these aspects the questionnaire 
included fo ur questions as fo llows: 

A. Group consolidation. This section tries to look at the degree of consolidation of the CIAL. 
the dependence they tee l of the presence of the technician and the decision-ma.king process that 
the CIAL follows to resolve their day-to-day questions. To addresses these aspects the 
questionnaire included four questions as follows: 
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realize alone analyzing results 
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The results indicare that near 90% of the CIALs in the group of the successful ones considers 
that the presence of the technician is no longer needed with the same intensity as the frrst year. 
They consider this presence important only in specific moments of the process (planning, 
analysis of results). In the group of non-successful CIALs , 20% of them are still demanding the 
presence of the technician and about one third of them are in agreement with its presence only in 
specific moments. Looking at the results of the entire sample for the two periods, it can be 
observed that in 1997, after 3 years of work, near 85% of the CIALs are expressing a degree of 
consolidation indicated by their recognition that they can perfonn most of the activities involved 
in the process. in contrast with 1995 where only 58% of the CIALs expressed the same opinion. 
Additionally. the number of CIALs expressing dependency on the presence of the technician 
dropped from 41 % in 1995 to 16% in 1997. 

A.2 Assistance. How has been the assistance of the CIAL members to the activities 
conducted so far? 
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The results ind icare that among the successful CIALs. the attendance of the ir to ur rnern bers to 
a ll or mosr of rhe activities is perhaps one of the main reasons behind their success. In CIALs 
that are not fu nctioning we ll. the absence of so rne of their rnembers in so rne activities cou!d be 
cons idered nne of the factors that is affecting the consolidation of the group. In fact. sorne of 
these CIALs have been fo rced to change sorne of the members that were initially appointed. 
Considering the whole sample of CIALs in the two periods. it could be observed that the num ber 
of CIALs whose mernbers alway.s attend the activities dropped from 66.7% in 1995 to 52.6% in 
1997. This changes could be explained by the ··enrhusiasm factor"' that the establis hment of the 
CIALS produces during the tirst year but later on when problems such us dro ught. experimental 
fa ilures. lack of techn ical as.sistance. etc. star to appear. sorne of the farmers loase rnotivation 
and the normal functioning of the CIAL is aftected. Additionally. the num ber of CIALs whose 
rne mbers never attend the activities at the same time dropped from ll % in 1995 to 5.3% in 1997. 
This could be an indication that although in so rne regions the normal functioning of the CIALs 
has been affected by various reasons. the idea of having a CIAL is still seen by these 
cornmunities as an important strategy. 
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A.3 The group environment. How is the CIAL doing? 
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The results are rather self-exp laining. In a period of three years. the number of CIALs that 
manifested their "happiness" with the func.:tioning of the CIAL dropped trom 82.4% to 52.6%. 
Among the CIALs that are running well in 1997. only one third of them think the CIAL is doing 
regular whereas among the non-successful CIALs this tigure is 60%. This tendency could be 
attributed to the lack of activities of sorne ClALs after the tirst year. Planning, planting and 
harvesting a new experiment is a very important activity that leads to the consolidation of the 
CIAL and in severa! cases among the group of non-successful CIALs. this process has 
c.:ompletely stopped. This could be seen by looking at the number of CIAL's that think they are 
doing regular which grows from 17.7% in 1995 to almost 50% in 1997. 

A.4 Decision making. What does the grnup do when it is difficult to reach an agreement? 
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The data obtained indic.:ates that in general. the CIALs. with few exceptions. have managed to 
develop internal dec.:isio n making processes and that their dependency for the technician to 
decide in cases whe n they cannot reach agreement has beco rne minimal. During che tirst year. 
none of the CIALs indicated that they needed the presence of the technician to decide upon 
difficu lt matters. Three years later. when the decisions becorne more cornp licated. sorne of the 
CIALs are still expressing that in so rne cases. when they have difficulties reaching agreement 
arnong them. they prefer the tec.:hnician to step in and decide for thern. 
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B. Group self-autonomy. This section refers to the developrnent of the CIAL in relation with 
keeping books and records, administering funds and building skills for their relation with 
institutions. Three questions were included to deal with these aspects as follows: 

B.l Records. In which stage are the books and records of the CIAL? 
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The results obtained show that two thirds of the CIALs that are running well are maintammg 
their records and accounts well kept in contrast with the group of the non successful CIALs in 
which only 40% are doing so. It can also be observed a drop in the number of CIALs that are 
maintaining their books and record actualized which in 1995 was almost half of them and in 
1997 carne down to only one fourth. It should considered as a very preoccupying indicator the 
fact that 60% of the CIALs that are functioning with problems and 50% of all the CIALs 
operating in 1997 are virtually not keeping any kind of books and records. Additionally. in one 
third of the CIALs that could be considered as well established and developed. book.keeping and 
maintaining records are activities that need to be reinforced 

B.2 Capitalization How are the funds that tite CIAL received for tlzeir research activities? 
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As it can be seen from the data obtained. the seed money granted by the project to each CIAL 
has been maintained in almost 70% of the successful CIALs despite the fact that in Northeast 
Brazil. experirnents based on cassava usually take a long period befare harvest.. In the case of 
the CIALs that are nnt functioning very we!l. 60% of rhem indicate that the seed money is 
airead y spent. It is interesting to notice that one thini of the successful CIALs indicare that their 
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funds are increasing. Considering the total number of CIALs it is observed than from 1995 to 
1997, the number of CIALs running out of seed money increase from one third to near half of 
them. In most of the cases, planting and taking care of the experiment until harvest time does not 
imply expenses for the CIAL because they participate voluntarily in the activities. Thus, the 
funds are kept in interest-bearing accounts and are very seldom used. In sorne cases these funds 
were used to pay farmers work and due to failure in the experiment the funds were not recovered. 
In general, it can be argued that the concept of a seed type fmancial support fo r the CIAL is a 
sound strategy, that the CIALs are making good use of this support and that in the case of CIALs 
dealing with the cassava crop this support should be split in two consecutive seasons to avoid 
running out of money if the tirst experiment fails. 

8 .3 Capacity to interact with institutions. What does the CIAL do when they need some 
service from one institution ! 
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Data o btained indicates a decrease in the nurnber of CIALs that have developed enough 
organizational skills to establish contacts on their own with the institutions. In 1995, almost three 
fourths of the CIALs indicated that wo uld contact directly the institutions whereas in 1997 only 
58% manifested this capacity. In 1995 none of the CIALs expressed that they will wait for the 
techn ic ian ro show up and then ask for the service. In 1997, near 20% of all the CIALs expressed 
th is opinion. Among the non-successful CIALs roughly one third of them manifested this 
dependency on the presence of the technician. Cornparing the groups nf successful and non
successful CIALs it can be observed that two thirds of the CIALs in the former group express 
their contidence and capacity to interact directly with institutions whereas in the gro up of non
successful CIALs only half of them agreed with this opinion. The importance of this indicator 
líes in the fac t that establishing se lf- autonomous farmer groups is one of the basic princip ies of 
the CIAL me thodology so that these empowered CIALs could become re liable and acco untab le 
partners of the institutio ns. It is to be expected that after two or three years of work with 
participatory research activit ies. a CIAL and íts surro unding community should have develop 
eno ugh skills to be able to identify their main problems. prioritize them and communicate them 
to the institutions e o llaborating with them. 
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C. Farmer participatory research. This section of the questionnaire tries to assess the leve! of 
understanding reached by the community in relation with the CIAL methodology, the role of the 
CIAL and the principal concepts involved in participatory research activities. Three questions 
were included as follows: 

C.l Profile of CIAL members. How should be the members of the CIAL? 
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Analysis of the data obtained úoes not indicare great differences. In general it coulú be saiú that 
among the 18 communities that are wo rking with CIALs in Northeast Brazil. there is a gooú 
understanding of the principal characteristics that a farmer must have to become a good CIAL 
member. 

C .2 Compromise. How does a community decide to establish a CIAL ? 
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According to the data obtained. there remains only one community in which the members of the CIAL 
have not yet been able to attract other farmers of the commu nity to their activities anú all the úecision 
making process is dominateú by them .. As a consequence. the CIAL remains úivo rceú from the rest of 
the community. None of the 18 CIALs establisheú reponed interference of the technician to any extent 
in úecisio n- making processes. 
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C..J Representation of the community. Who selects the members of the CIAL? 

100 
100 

msuccessful CIALs •Non sucessful CIALs 
80 

e Project 1997 e Project 1995 
60 

40 

20 

o 
The technlcian The technlcian the farmers The community 

that are lnterested 

The informatíon obtained confirms that the decision to establish a CIAL has been a process fully 
validated and accepted by each of the communities involved in the project. In 1995. one of the 
cornmunities had only few members participating. In 1997, all the communities claim owners hip 
and autonomy in the decision process. 

C.4 Understanding of the concept of doing research. What ts it to investigare! 
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According to the data obtained it can be seen that in 1997, after three years of work. all the 
CIALs ha ve reached a good understanding of the concept of doing research and are able to relate 
these activities to a community effort to improve their local agriculture. 
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C.5 Understanding of the concept of doing research. What are the steps to be followed in 
participatory research? 
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Understanding the different steps that have to be followed sequentially in the application of the 
CIAL methodology, has become, according to the data obtained, one of the main limitations in 
the development of the CIALs and the consolidation of the methodology itself It can be 
observed that even among the CIALs that are functioning well. more than half of them still need 
to improve their understanding of the steps in vo lved in the application of the methodology. In the 
group of the non-successful CIALs the situation is even worse since only 10% of them are able 
to idemify all the steps con·ectly and another l 0% are not able to identify any step at all. 

C..6 Consultation of local experience. How did tkey decide tke topic of tke researck? 
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This question was meant to determine the degree of participation of the community in the 
se lection of the research topic. It can be observed that compared with the situation in the first 
year of the project. the interference of the technician in this decision has been reduced 
considerably thus giving more opp011unities to farmers to express their ideas and to contribute 
with their experiences. Among the group of the successful CIALs there still remains one 
community in which this decision is not being taken with participation of the members of the 
CIAL and the rest of the community. In the case of the non-successful CIALs. still 30% of them 
are presenting a concentration of this decision-making process in the hands of the CIAL without 
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participation of other farmers. This factor could beco me crucial in the consolidation of the CIAL 
asan organizational instrurnent of the community to work towards irnproving the agriculture in a 
given region. 

D. Understanding the concepts involved in technology generation work. This section of the 
questionnaire was meant to determine the degree of understanding of the CIAL of aspects related 
to the experimental work that each CIAL realizes. This is one of the rnost controversia! issues in 
the acadernic debate as to whether farmers are able to understand concepts related to scientiíic 
experirnentation. In the CIAL rnethodology, ernphasis is put to help farmers understand the 
reasons behind the selection of a specific topic to be investigated. the interpretation of the 
experimental design, the concepts of check, repetition and randornization and the ability of the 
farrner to anticípate possible results of the experirnent. To address these issues. nine questions 
were included in the questionnaire as follows: 

D.l Tapie of the experiment. What is the tapie abaut whieh the CIAL ts daing the 
experiment! 
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In generaL it can be observed that after three years of work. there has been an evolution of the 
CIALs in this aspect. In 1997, none of the groups is not ab le to explain the experirnent and 
alrnost 90% of all the CIALs in both groups. the successful and the non-successful. are able to 
explain the topic of the experirnent clearly. 
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D.2 Justif~eation of the topic of the experiment Why is the CIAL conducting this 
experiment? 
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As it was to be expected, the answer to this question by the group of successful CIALs was more 
positive since they have had more experiments planted and harvested and consequently more 
opportunities to consolidate their understanding of the methodology. In the group of non
successful CIALs, still 20% of them are not able to explain clearly the reasons for conducting the 
experiments. Looking at the total nurnber of CIALs there is a decrease in the number of CIALs 
with explanation not very clear from near 20% in 1995 to only 10% in 1997. 

D.3 Understanding of the experiment in design and in the field. Expfanation of the 
experimental design. 
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According to the data obtained. it can be seen that in 1997 all the CIALs are able to explain the 
design of the experiment. a positive indicator especially for those that are skeptical about 
farmers · understanding of the concepts of modem science. However. the fact that 40% of the 
CIALs among the group of non-successful is still lacking clarity in their explanation of the 
experimental design reinforces the need to maintain the support and technical assistance to these 
groups. A basic principie in the CIAL methodology is that " not to experiment is a mistake" and 
since severa! of these CIALs stopped their work after the first or second cycle, their development 
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has had sorne limitations. Among the group of successful CIALs, only 10% of them still need to 
reinforce this ability to interpret and explain experimental designs. 

D.4 The concept of check. Why the need to include a check in this experiment? 
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This question was meant to determine the degree of participation of the community in the 
selection of the research topic. It can be observed that compared with the situation in the first 
year of the project, the interference of the technician in this decision has been reduced 
considerably thus giving more opportunities to farmers to express their ideas and to contribute 
with their experiences. Among the group of the successful CIALs there still remains one 
community in which this decision is not being taken with participation of the members of the 
CIAL and the rest of the community. In the case of the non-successful CIALs, still 30% of them 
are presenting a concentration of this decision-making process in the hands of the CIAL without 
participation of other farmers. This factor could become crucial in the consolidation of the CIAL 
as an organizational instrument of the community to work towards improving the agriculture in a 
given region. 

D. S Understanding of the risk in volved in researc/z. Wlzy the CIAL did not plant larger 
experiments? 
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The results obtained indicated a very good assimilation of this concept by all the CIALs. In 1997, 
none of them was reporting any interference of the technician in the decision process related to 
the size of the experiments. In the group of the non-successful CIALs. all of them did show a 
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good explanation for the size of their experiments. In the group of the successful ones, only 11% 
of them related the choice of the size to lack of time. 

D.6 Understanding tire treatments. Which are tire treatments in tlris experiment? 
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As it can be observed from the data, 40% of the CIALs in the group of the non-successful still 
needs to reiníorce their abilities to explain the different treatments in the experiment. A positive 
factor is that in 1997 all the CIALs are able to explain the treatments. In the group of the 
successful CIALs, 90% of them are able to explain correctly the different treatments that were 
included in their experiments. 

D. 7. Understanding tire repetition concept. Wlzy did y ou plant the same e.xperiment 
severa/ times? 
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The data obtained indicares that although the number of CIALs that does not know this concept 
reduced by 50% during the period of three years. among the non-successful CIALs there are still 
20% of them that must be worked in thi s aspect. Among the successful ClALs. near 80% of them 
are showing a good understanding of this concept and the other 20% are able to partially explain 
it. Hopefully, as they plant and harvest additional experiments. their understanding will improve. 
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D.8. Understanding about the selection of the local for insta/ling the experiment Why 
did yo u plant the experiment in this place? 
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It could be observed that in about 10% of both successful and non-successful CIALs, there is sti ll 
sorne technician interference. The nurnber of CIALs with this problem reduced by half in the 
period of three years. It is interesting to observe that among the non-successful CIALs 90% of 
them are able to explain with clarity the decision about the selection of the local whereas among 
the successful CIALs near 80% ofthem could do so. 

D.9. Capadty to relate causes and effects. Could you anticípate tire resu/ts of this 
experiment? 
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Data obtained indicates that the number of CIALs that are not able to anticípate results from the 
experiments has doubled in the Iast three years suggesting that this aspect of the methodology 
could be one of the more difficult to grasp by farmers. Among the successtul CIALS only two 
thirds of them are able to anticípate results relating causes with effect whereas among the non
successful CIALs only 40% of them fulfill this criteria. 
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E. Devolution of information to the institutions. This section tries to identify the impact that 
working with the CIAL methodology could have in institutions, the technicians and also at the 
community level. To address it, questions were asked to farmers about the leaming process for 
the institutions, the perception of the farmers about changes in the behavior of technicians and 
institutions and also the sharing of information obtained by the CIAL with the rest of the 
community. The questions included were as follows: 

E.l Devolution of information to the institutions. What does the CIAL think that the 
institutions learned with this work? 

100 
I!JSuccessful CIALs •Non sucessful CIALs 

88.9 

80 
CProject 1997 CProject 1995 

60 

40 

20 

0+-------------~--~~~~= 

They do not have any idea They have ideas not very They mention with clarity 
clear sorne concrete contributions 

From the data obtained, a striking difference could be observed among successful and non
successful CIALs in this aspect. Although all CIALs in both groups are able to mention sorne 
contributions. 50% of the non-successful CIALs ha ve ideas not very clear whereas in the group 
of the successful CIALs 90% of them are able to identify concrete contributions of the work t0 

the institutions. It can also be observed that after three years of work. the number of CIALs 
without a clear understanding of this aspect increased almost three times. This could be 
explained by the fact that the technical assistance service that supported the work of the CIALs. 
which during the tirst year has a good coverage and presence. by the third year. has almost 
sropped in sorne regions. 

E. 2 Devolution of informations to the teclmicians. Has tlze CIAL observed changes in 
the teclmicians as a consequence oftlzis work? 

100 

BO 

60 

40 

20 

CSuccessful CIAls 

Non e 

•Non sucessful CJAls O Project 1997 CProject 1995 

77.8 76.4 

Y es, but the CIAL can not Y es and the CIAL is able to 
identify them identify them clearly 
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The results in this part of the follow-up questionnaire indicate that among the group of non
successful CIALs, only half of them are able to identify changes in the work of the technicians 
that give technical assistance to them and 20% of them can not mention any contribution. . 
Among the group of successful CIALS, almost 80% of them mention concrete contributions. 
This data suggests that the more intense contact and presence of the technicians that support 
these groups could be a factor that facilitates farmers ' understanding of the effect that working 
with the CIAL methodology has in the work of the technicians. Looking at the data for the total 
number of CIALs, it can be observed that during the period of three year, there is a slight 
reduction in the number of CIALs that can not mention any contribution from 16% in 1995 to 
12% in 1997. 

E.3 Devolution of informations to the community. How many times the CIAL called 
meetings with the community in relation with tltis work? 

100 
DSuccessful CIALs • Non sucessful CIALs C Project 1997 CProject 1995 

80 

60 

40 
23.5 

Non e Only one time More than one time 

The CIAL is established in each community as a legitimare organization that works for and is 
responsible before the community. In this sense. it is very importanr that the CIAL develops a 
good communicarion and collaborarion with the resr of the community. The data indicares there 
are still around 10% of the total number of CIALs that ha ve not given any feedback of their work 
to the community wirhin which they operate. This means that they are working isolated from 
their larger group of farrners and the overall benefits to the community are limited. Although this 
number of CIALs dropped from 23% in 1995 to 10% in 1997. still represents a critica! factoir 
that needs to be revised and corrected. Without a clear link and strong communication channels 
between the CIAL and the community the risk of failure of the CIAL increases and its work and 
results end up without an audience beyond the tour members of thew CIAL. 
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E.4 Devolution of informations to the community. Has the CIAL observed changes in 
the community as a consequence oftlzis work? 

100 

80 

60 

40 

CSuccesstul CIALs 

Non e 

• Non sucesstul CIALs C Project 1997 CProject 1995 

66.7 

Y es, but the CIAL can not Y es and the CIAL ís able to 
identify them identify them clearly 

Another aspect related to the degree of communication and integration that a CIAL is able to 
develop with its surrounding community is the perception that the members of the CIAL ha ve of 
changes in the behaviour of the community as a consequence of the work of the CIAL. This 
question tried to address this aspect and data obtained indicates that only 40% of the non
successful CIALs are able to identify and to explain clearly sorne changes in che community 
whereas among the group of successful CIALs thi s numbers is almost 70%. This could be 
explained by the fact that doing research wi th cassava in Northeast Brazil is a rather slow activity 
in which the results are only seen every 16 to 18 months. Then, those CIALs that have planted 
and harvested more experiments are able to produce more etfects in the community. The fact 
that 30% of CIALs in the group of the non-successful and 22% in the group of the successful are 
not able to explain any change in the community as a consequence of their activities, indicares 
that there is a need for work in this area aimed at validating the work of the CIALs before the 
community. This way. its benefits could be reached by and spread among the other farmers of 
the communitv. 

F. Training materials. To reinforce the understanding of the CIAL methodology by farmers 
groups. sorne training materials have been designed that facilitare this leaming process. This 
section looks at the use that farmers make of these materials and its utility. The questions 
included were as follows: 
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F.J Use of Carlilhas about CIAL methodology. Has the CIAL used the Cartühas? 

100 

80 

60 

40 

20 

•successful CIALs • Non sucessful CIALs 

77.8 80 78.9 

C Project 1997 CProject 1995 

29.4 

o+---~.a==L-~~~ 
They were not used They were used only by the The whole community used 

CIAL them intensively 

It can be seen from the data obtained that the use of the Cartilhas has been limited mainly to the 
members of the CIALs although among the group of the successful CIALs, 22% of them have 
also managed to motívate the community to use them. Among the group of the non successful 
CIALs, 10% of them ha ve not made any use of the Cartilhas, a factor that indeed con tributes to 
their low performance. Another interesting observation is that the use of the Cartilhas by the 
whole community which in 1995 ocurred in 30% of the CIALs drops to 15% in 1997. 

F.2 Use of Cartilhas about CIAL methodology. Has the CIAL used the Cartilhas? 

Almost two thirds of the successful CIAL are finding the Cartilhas very useful whereas in the 
group of the non-successful CIAL only 50% share this affirmation. Additionally, 10% of the 
CIALs in this later group are finding that the Cartilhas do not have any utility. The nurnber of 
CIALs that find very useful the Cartilhas increased from 30% in 1995 to almost 60% in 1997 an 
indication that these materials were used intensively. One aspect that could be contributing to 
these results is the fact that the Carti lhas, although developed in a friendly. easy to handle way. 
are based in drawings and illustrations developed by CIA T's IPRA project and may not always 
be appropriate to northeast Brazi1 context. Additionally. another factor that has to be taken into 
account is the high illiteracy rate that is commonl y found in Northeast Brazil rural areas. 
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F.3 Registers of the CIAL. Does the CIAL keep a Register of Activities? 

100 
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40 
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llSuccesstul CIALs 

30 35.3 

0+----
They do not keep 

• Non sucessful CIALs eProject 1997 e Project 1995 

They keep but is not 
actualízed 

66.7 

They keep, is clear and is 
actualized 

Another instrumenc that helps a CIAL to develop interna! organization and cohesion is keeping a 
systematic record of all the activities realized. This becomes the memory of the CIAL and helps 
communicating their findings to the community and to the institutions. This part of the tollow-up 
questionnaire tried to identify to what extent the CIALs is using this instrument. Data obtained 
indicates that among the successful CIALs, two thirds of them are maintaining their records 
actualized and the other third is maintaining them although toa lesser extent. In contrast. among 
the non-successful CIALs, only 20% of them maintain their records actualized and 30% of them 
do not keep any record at al!. Under these conditions it becomes very difficult to establish and 
maintaing good relations and communication with the rest of the community and with the 
institutions. Considering all the CIALs operating in 1997, it could be observed a decrease in the 
number ofthose that do not keep any record from 35% in 1995 to 15% in 1997. 
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40 

F.4 Registers ofthe COPAL. Does tite CIA L keep a Diary of the Experiment? 

O Successful CIAls 

30 35.3 
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They keep but is not 
actualized 

66.7 

They keep, is c/ear and is 
actualized 

The importance of keeping a record or diary of the experimental work performed by the CIAL is 
that they can show more easily to the community and to the institutions the more important 
findings of their work. They could also benefit from this information when they have to plan a 
new experiment. Looking at the data obtained. it could be observed that again. among the group 
of the successful CIALs. there is a very good use of this instrument with almost 70% of the 
CIALs keeping it clear and actualized. In rhe group of the non-successful CIALs only 30% of 
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them maintain the Diary actualized and other 30% do not keep ít at all. This is another area in 
which there ís a need to implement a remedia! action that helps farrners understand the 
importance of this instrument. 

ANNEX l. 

To facilitate the analysis of the follow-up questionnaire, the CIALs were distributed into 
two groups as follows: 

Successful Cials 
Serra da Boa Vista (Pernambuco) 

Tatu (Pernambuco) 
Gameleira (Pernambuco) 

Chapada (Bahía) 
Valparaiso (Ceara) 

Colonia Agrícola Roberto Santos (Bahia) 
Buril (Bahia) 

Vitoria de Santo Antao (Pernambuco) 
Nova Veneza (Ceara) 

Non-Successful Cials 
Umbuzeíro (Bahía) 

Sumaré (Bahía) 
Caldeirao (Bahía) 
Quiteria (Paraiba) 

Sitio Souza (Paraiba) 
Vila Moura (Ceara) 

Barra (Bahía) 
Cadete (Bahía) 

Lagoa Grande (Ceara) 
Gamileira (Paraiba 
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OUTPUT IV. GLOBAL WHITEFL Y RESEARCH NETWORK TO REDUCE CROP 
LOSSES INITIATED. 

Activity l. Fonnation of an International Whitefly Network. 

In March of 1996, the Danish International Development Agency (Danida) invited CIAT ro 
submit a proposal for the start-up phase (Phase 1) of the Whitefly IPM Project. Phase 1 focuses 
on the formation of a network of professionals working on whiteflies, whitefly-transrnitted 
viruses and crop management for these pests in the Tropics; and the establishment of a 
collaborative research agenda by which whitefly problems in the Tropics can be better 
characterized, corresponding to Outputs 1 and 2 in the work breakdown structure for the CGIAR 
Whitefly IPM Project (Figure 1). The objective of the Danida-funded Phase 1 Project is to 
gather and analyze the data which already exist, and ro generare a limited. addiüonal, critical 
database, in a standardized fashion. such that qualitative and quantitative analyses will indicare 
where further whitefly/virus research should be carried out. and what research should be 
prioritized. 

Geographically. the Danida Project is carrying out work in 12 Latín American and 1 O African 
countries (Figure 2), to better characterize: 

l. 

.., 

.). 

4. 

Whitef1ies as pests in the tropical highlands of Latin America, 

Whitef1ies as vectors of viruses in legumes and mixed cropping systems in the tropical 
lowlands of Central America, Mexico and the Caribbean, 

Whiteflies as vectors of viruses in vegetable and 1egume mixed croppmg systems m 
Eastem and Southern Africa. and 

Whiteflies as vectors of viruses in cassava and sweet potato in sub-Saharan A frica. 

The Project funds . totaling US$1.200.000. were received by CIA T in March of 1997. During 
March and April 1997. the Project and Sub-project Coordi nators revised the Coordination and 
Sub-project budgets. From April to August. 1997, Memoranda of Understanding were written 
and signed between the collaborating CGIAR centers. and NARS, to formalize the working 
re1ations of this Project. Project funds were transferred to liTA and ICIPE in late August 1997, 
and subsequent1y to NARS of all sub-projects. Project operations began in October- November 
1997. 

Additional donor support and linkages. In response to concerns regarding Project 
sustainability, The Coordination Team of the Whitefly IPM Project. and the Management Team 
of the Coordinating Center have been successfully pursuing other 1inkages with the objective of 
constructing a constellation of donors to support the global Whitefly IPM Project (Figure 3). 
A CIAR has approved approximately US$200,000 ( 1999-2001) to begin a Phase 1-type 
characterization for whiteflies as pests and vectors in 8 Asían countries. This makes the CGIAR 
Whitefly IPM Project. truly pantropical. 
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Fig. l. Work breakdown structure for CGIAR Whitefly IPM Project, indicating Danida-funded activities. 
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Fig. 2. Subprojects of Dan ida Phase 1 Whitctly Project. 

SUB-PROJECTS FOR INTER CENTER WHITEFLY IPM PROJECT 

l ...... l 1 ... - .. 

_ .... , 
(" ,;-.. 

X'-"~·l \ L, .· .~ . ') 
p--·-· l -........ .. 

í 
/ ~~ ,., . , '·'\ ' 

.: ( 
/ 1 

~"-,¡ 
\ 

,_ 

1 
1 

) 

l. 1 
.~J--•. , 

'•. 

, 
1. 

' 1\ ¡ 

< t 

-. 

, , . 

' 

< 

. ' 
¡' 

\. 

· ' ' • 

•. 

\,_ .-. -·-~. · ' .. 

.': ¡,; ·') 
.J L 

,.S '·-~.:J( .. )'j''. 
.... 1"\ 1 / .' \ ... .,. .. ( ..... , ' / '. ~(}~' . 

/' ·, ¡ ·:.:-..,. 

\ ) ' V·.,~ :.( .. i\ 
\ ti: •. : 

.. tf: 

.• - ........................................ d ........................ : ........................ ........................................................................... ...................... .. .......... .................................................................................................. -.,, 

1. Whiteflies as pesls in lhe lropical highlands of Latín An1eríca. 
2. Whilsllies as vector& of vlruses inlegu111es and n-üed cropping syslerns In the tropicallowhmds of lhe Caribbean, 
~xlco and Cenh al AnlBrica. 

3. Whilellies as vecl ors or viruses in vegelables and mixed cropping systems in eastern Afrlca. 1 
4. Whlteflies as veclot s of viruses in cassava and sweet poluto in Afrlca. ~ ........... - ................ _ ..... ,., .. ~ ;·:·:., ................................................................................................................................... - .... - ............................................................................ -J 



Fig. 3. Work Breakdown Structure: Activities currently receiving director indirect support 
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The USAID Office of Foreign Disaster Assistance (OFDA) has granted US$150,000 (1999-
2000) to liT A for the "Emergency Progranune to Combat the Cassava Mosaic Disease Pandemic 
in East Africa". The objective of this disaster assistance is to boost production of cassava in 
Uganda, Kenya and Tanzania and enhance both short and longer term food security, through the 
implementatíon of an emergency program to multiply and disseminate mosaic resistant cassava. 

The USAID Collaborative Research Grants Program has granted US$63,000 ( 1998-1999) for 
studies on biological control of whiteflies pests, by indigenous natural enemies, for major food 
crops in the Neotropícs. The principal objective of this project is to contínue exploratíon of 
indigenous parasitoids and determine the efficiency of indigenous South American parasitoids 
against whiteflies pests on cassava. 

The New Zealand Ministry of Foreign Affairs and Trade (MFAT) has granted US$300.000 
( 1998-2000) to CIA T ( core substitution funds) for the project Sustainable Integrated 
Management of Whiteflies through Host Plant Resistance. to be carried out in conj unction with 
New Zealand Crop and Food Research. From previous research at CIAT. a cassava variety 
(Ecuador 72), which is highly resistant to cassava whiteflies has been identified. The objective 
of the MF A T -funded project is to study the mechanism and gene ti es of this resistance, to map 
the genes for whitefly resistance in cassava, and develop molecular markers for subsequent use in 
the improvement of Afr:ican, Latín American and Asían cassava germplasm. 

A project propasa! to BMZ is pending. CIA T has submitted a Special Project to BMZ 
(US$900,000, 1999-2001) on Altemative Management Strategies for Whitefly-transmitted 
Geminiviruses Affecting Horticultura! Crops in Central America. Mexico and the Caribbean. The 
objective of the BMZ project. if funded, will be to configure and evaluate epidemiologically
effective IPM packages of altemative whitefly management tactics. in a set of pilot zones. 
utilizing participatory research/technology transfer methodologies. 

The information in this progress report represents the efforts of the past year. Understandably. 
due ro factors such as time of cropping seasons and human resources availability. different 
activities are in different states-of-progress. Much of the tield survey information is stíll being 
processed and analyzed. Nonetheless. signi ticant progress has already been made in a short 
period of time. 

Networking/ lnformatics. A document entitleú .. Standardization of Methods for Whitefly IPM 
Project Acrivities .. was prepared by the Coordination Team. in consultation with other whitefly 
and geminivirus experts. The first draft of the Methodology Guide was completed in April of 
1997. pilot-tested in Colombia and Uganda and modified accordingly. The Methodology Guide 
has been trans lated into Spanish. French and Portuguese and circulated to project partners. It is 
also being used by co lleagues (e.g. Brazil) at present. not formally involved in the Whitetly IPM 
Project. 

A World Wide Web homepage fo r the COlAR Whitetly IPM Project. is being developed. The 
homepage will serve to inform the broader scientific community as to the progress and 
information being generated by the Project and link the Whitetly IPM Project homepage and to 
other WWW whitefly homepages. Specifically. the Web page will provide information on: the 
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Whitefly IPM Task Force, the research projects contributing directly to the Project Work plan; a 
listing of the formal collaborators in the Project; the Standardization of Methods for Whitefly 
IPM Project activities, and the documentation project. 

The docwnentation project consists of a searchable database of the grey literature and a directory 
of professionals working on whiteflies and whitefly-transmitted viruses, in the Tropics. A 
keyword list, compatible with the CABI Thesaurus, has been drawn up. Over 1100 citations of 
nonconventionalliterature (the grey literature) on whiteflies and whitefly-transmitted viruses in 
Latín America and Africa have been identified and obtained for introduction into the searchable 
database. To promote and facilitate communication among colleagues, a directory of 
professionals actively working on whiteflies and whitefly-transmitted viruses in the tropics is 
being compiled, to accompany the citations in the searchable database. At present, 375 
professionals have been entered into the directory, based on information provided in the grey 
literature docwnents and workshop lists. Profiles are being mailed to colleagues to verify and 
update the information. 

Activity 2. Diagnosis and Characterization of Whitefly Problem and T arget Areas. 

Field survey work in Colombia and Ecuador has been completed. Producer interviews are being 
analyzed. Preliminary findings point to severa! important conclusions. The dogma has been that 
Be misia was found O to 1000 m and Trialeurodes abo ve 1000 m, with numerous reports that 
Bemisia tabaci was expanding its range upwards. Survey work along altitudinal transects, from 
sea leve! to over 2500 m. showed that Bemisia tabaci is found from O to 920m, and Trialeurodes 
vaporariorum is found from 730m to 2740m. Many of the agricultural valleys in Colombia are 
found at the mid-altitudinal levels (700-900 m) where mixed populations would be present. 
Based on these findings. aJtitudinal transects are also being carried out in Costa Rica and 
Tanzania. 

Previously. the focus of research in the highlands has been the common bean (Phaseolus vulgaris 
L.). Field work surveying a broader range of crops verified that in the highlands common bean ís 
the most important host of Trialeurodes vaporarivrum. followed by tomatoes. and potatoes to a 
much lesser degree. Thus. a pest management focus of Trialeurodes vaporariorum on Phaseolus 
vulgaris for the Andean highland region is justified. 

Survey for Pesticide use against Whiteflies and Whitefly-Transmitted Viruses in Affected 
Zones. 

Prelimínary analysis of 83 data sets show that 80% of the farmers surveyed know whiteflies as 
pests and that 41 % regard them as key pests on several different crops. In Colombia and 
Ecuador. 89% use ínsectícides to control whitet1íes. Up to 43% of the applications are made with 
organophosphate ínsectícides (OPs) alone; however. OPs are also used in mixtures with 
carbamates and pyrethroids (Figure .t). 
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Figure 4. 
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Insecticide use for whitefly control in the Andean zone. 

Most insecticides used are highly toxic (30% category L 44% category Il). The frequency of 
insecticida! applications on tomatoes and snap beans can be as high as three times a week. The 
number of applications per season varies with regions. but it is interesting to note that 30% of the 
farmers surveyed make 1 O or more applications per cropping season (Table 1 ). Most farmers 
(69%) use very low, ineffective dosages (0.2 cc/ l) or extremely high (4.8 cc/1) dosages. Up to 
80% of them take their own decisions on timing of applications. More than half (52%) spray on 
a calendar basis. regardless of infestation leve ls: only 30% of those surveyed receive sorne kind 
of technical assistance. Many (41 %) are influenced by pesticide salesmen. Less than 10% take 
precautions (use of masks, gloves) when using highly toxic insecticides. Up to 35% of farmers 
claim that crops have been abandoned as a resu1t of WF attack or WF-induced problems. 

Table l. Patterns of insecticide use for whitefly control in selected areas of tbe Andean 
zone. 

No. of Insecticide Applications 
per Cropping Season 1 

1-3 
4-6 
7-9 
10 

> 10 

0/o Farmers 
34.0 
21.4 
14.3 
8.9 

21.4 

89% of farmers use insecticides for whitetly control: however. just 9% of the applications ha ve only whitetlies 
as target insects: 59% of app lications are made to contro l whitetlies and other insects: 21% are made to contro l 
other insects. 
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Baseline data for insecticide resistance levels in T vaporariorum (Table 2) and B. tabací (Table 
3) were obtained using mass rearings maintained at CIAT for several years. For each species the 
LC50 values were calculated for an organophosphate (methamidophos), a carbamate (methomyl) 
and a pyrethroid ( cypermethrin). With the baseline data, dosages for percentage mortalities 
ranging from 5 to 95% were used to calculate mortalities at diagnostic concentrations (Table 4). 
The diagnostic concentrations were then used to monitor insecticide resistance levels in the field 
using the vial technique. 

To date, the analyses of 29 tests suggest that resistance of T. vaporariorum to organophosphates 
is widespread in the Andean regions of Ecuador and Colombia. Low levels of resistance of T. 
vaporariorum to cypermethrin occur in specific areas of the Andean zone. No significant 
resistance to methomyl was detected. Biotype B of B. tabaci present on the Atlantic Coast of 
Colombia showed high levels of resistance to carbamates (methomyl) (Figure 5) and to OPs 
(methamidophos) (Figure 6), with less resistance to pyrethroids (cypermethrin). Intensive 
survey of insecticide resistance levels should continue. 

Table 2. Toxicological responses of laboratory strains of T. vaporariorum to three 
insecticides, using insecticide coated glass vials. 

Insecticide n Slope ± SEM 
Methomyl 457 2.2 ± 0.5 
Methamidophos 600 2.0 ± 0.5 
Cypermethrin 480 1.2 ± 0.2 
1 ¡.tg/vial 

LC50 (95% FL)1 

0.25 (0 .1 5 -2.6) 
5.3 (2.5 - 7.6) 
37.0 (22.0- 55.7) 

Table 3. Toxicological responses of laboratory strains of B. tabaci to three insectícides, 
using insecticide coated glass vials. 

Insecticide n Slope ± SEM 
Methomyl 500 l . 7 ± 0.2 
Methamidophos 5 17 1.9 ± 0.5 
Cypermethrin 502 1.1 + 0.1 
l ¡.tg/vial 

LC~0 (95% FL)1 

1.7 (1.1 - 2.3) 
1.4 (0.9- 1.6) 
14.4 (5.8 - 27.2) 

Table -t Response (% mortality) of T. vaporariorum and B. tabaci adults to three 
insecticides (diagnostic dosages were tested using insecticide coated glass vials). 

Whitefly species 
T. vaporariorum 
B. tabaci 

methomyl methamidophos cypermethrin 
(2.5 1-1g/vial) (32 /-lg/vial) (500 1-1g!vial) 
97 99 88 
99 100 98 
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Figure 5. Responses of B. tabaci, biotype B, populations to methomyl on the Atlantic 
Coast of Colombia. 
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Figure 6. Responses of B. tabaci, biotype B, populations to methamidophos on the Atlantic 
Coast of Colombia. 
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ldentify Whitefly Crop Reproductive Hosts. 

The following crop plants have been identified as reproductive hosts of T vaporariorum in the 
Andean region of Colombia and Ecuador: beans, tomatoes, potatoes, snap beans and Cucurbita 
spp. B. tabaci biotype A has been recorded breeding on soybean, tomato and eggplant. B. 
argentifolii has been found reproducing on cabbage, egg plant, lima beans, tomate, squash, 
pepper, Brassica spp., melon, dry beans, cotton and watermelon. This activity will continue. 
Identification of sorne wild hosts is pending. 

A greenhouse-laboratory study on the comparative biology of biotypes A and 8 of B. tabaci on 
20 cultivated host plants was initiated. Results obtained so far (10 host plants) can be 
summarized as follows : (a) There were no significant differences between biotypes in terms of 
total oviposition per plant. Ovipositional behavior did not differ either; (b) 8iotype 8 bred faster 
on cabbage and cauliflower than biotype A; and (e) Percent emergence of biotype 8 was 
significantly higher on 9 out of 1 O host plants studied (Figure 7). 
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Figure 7. Percent emergence of two whiteflies species on different host plants. 
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Virus and Vector Characterization in Latin America. 

From literature analysis it is clear that there are at least 3 bean-infecting gemrmvtrUSes, 17 
tomato-infecting geminiviruses, 3 pepper-infecting viruses and geminivirus detection~ in melons, 
and cotton. Preliminary results from the field surveys indícate that o ver 90% of the bean samples 
collected are infected by geminiviruses. but the detection rate for geminiviruses in horticultura{ 
crops is lower: only 75% and 35% of the samples collected for tomato and pepper, respectively 
are infected with geminiviruses. There are other plant viruses affecting horticultura! crops. 
which the producers are confusing with geminiviruses. Conversely, new detections of 
geminivirus in tobacco and soybean are being made. The 8 biotype of Bemisia rabaci is 
prevalent throughout the region. 

Distribution and Molecular Information on the Whiteflies that can be Compared at a 
Global Level. 

Through coordination of the research efforts especially in the standa rdiza tion of protocols, 
the information that is being collected in the Americas can be directly compared with the 
data generated from Africa. 

The use of taxonomic characteristics does not distinguish between biotypes of B. tabaci. The first 
part of this activity was the standardization of protocols for the extraction of DNA and the 
development of RAPO markers. The use of mitochondrial markers for the cloning and 
sequencing of the carboxy oxidase subunit I gene is being used for the evolutionary relatedness 
of whitetlies of the same species. This was done in conjunction with Peter Markham and Gina 
Banks of the John Innes Institute. Our efforts to coordinare the methods and materials with our 
partners in the region and with our partners at the John Innes Institute will allow the results from 
this survey to become part of a global database . 

Use of RAPDs for the analysis of whitefly populations. 

Significant progress has been made in determining the distribution of whitefly pests in four 
countries. 

The identity of whiteflies from five countries on 16 different crop plants and severa) weed 
species were deterrnined using RAPOs. From last year. there is baseline data for the 
identification of B. tabaci biotypes A and B. B. tuherculaw. Trialeurvdes vapvrariorum. 
Trialeurodes variahilis and Aieurvtrachelus socialis. To date 181 samples have been analyzed 
from Guatemala. The most frequent whitefly in approximately 60% of the sarnples was B. wbaci 
8-biotype. In the Oepartment Zacapa the dominant whitetly on okra. melon. waterrnelon and 
peppers is the B-biotype. This contrasts wi th the Department Baja-Verapaz where T 
vaporariorum is dominant on tomato. peppers. beans. and weeds. In the Department Jalapa B. 
tabaci A-bíotype. B-biotype and T vaporarivrum are all present. Here there appears to be host 
preference. The B. tabaci A-biotype were mostly found on papaya. Most ofthe T vaprorariorum 
were found on waterrnelon in one area. The B-biotype was found on watermelon and was the 
dominant species on beans. peppers. chilies. melons, eggplant. and tobacco. 
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In the Do mini can Republic and Cuba nearly all of the samples were the B-biotype. About 15% of 
the samples from the Dominican Republic were not definitively identified. The morphological 
data indicated that the whiteflies in these samples were B. tabaci. The banding pattem was closer 
to the B-biotype than the A-biotype. 1t is unclear if these are a distinct sub-population or a 
variation of the B-biotype. This will be deterrnined by analysis of the carboxy oxidase subunit I 
gene. 

Most of the samples in Colombia were from the north coastal region. In the Department Sucre 
the B-biotype appears to be dominant. In the Department Atlantico, the B-biotype is very 
common but T vaporariorum was found on tomatoes and an unidentified whitefly with a RAPO 
pattem similar to B. tuberculata was found on eggplant. This is another region where the B
biotype appears to be co-existing with other species or biotypes of whiteflies. The trend needs to 
be followed in time to determine if this is the middle of the transition in which the B-biotypes 
excludes other whiteflies or if the humid tropical envirorunents are more favorable to mixed 
populations of whiteflies. 

Severa! samples of whiteflies were collected from cassava. On the north coastal regions of 
Colombia, B. tabaci B-biotype, B. tuberculara, and A. socialis were all found on cassava. 
Cassava is a host to the B-biotype and this confirms observations that were made previously in 
the Caribbean regían and southem Florida. 

Whitefly samples were collected in two sites in Brazil. One site was near Sta. Maria da Victoria 
in Bahia. In the last 3-4 years CFSD has become a problem in this region. Only a few whiteflies 
were found and these were the B-biotype of B. tabaci. This is the first association between B. 
tabaci B-biotype and CFSD. The suspected vector of CFSD is B. rubercu/ata. Studies are 
underway to determine if the B-biotype can transmit CFSD. 

During 1998. scientists from Cuba. Dominican Republic and Guatemala were trained in using 
RAPOs for the identification of whitefly species. 

Mitochondrial Markers for Analysis with Species of whiteflies. 

The carboxy oxidase subunit 1 gene is proving useful in studies of the evolutionary 
relatedness of whiteflies. This gene has two highly variable regions and is widely used in 
evolutionary studies. 

Last year the analysis of biodiversity of whitet1ies was begun using an intergenic region of the 
mitochondrial 16S ribosomal subunit. The cloning and sequencing of this regían was completed 
for B. tabaci biotypes A and B. B. ruberculura. Triuleurodes variabilis. T vaporariorum and 
Aleurotrachelus socialis. This complemented a study of the morphology of adult whiteflies of 
these species. The most curious result is the large differences between the two species of T 
variabilis and T vaporariorum. Only about 60% of the nucleic acids are identical (see Table 1 
for the similar results that were obtained from the sequence of the carboxy oxidase subunit l 
gene). Using the Phylip parsimony analysis programs. these T variabilis and T vaporariorum 
are most closely related to each other compare to the other species (dendrogram not shown). 
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In consultation with our partners in John Innes Institute and others, and based on several studies 
of biodiversity including a range of insects, the carboxy oxidase subunit I gene was chosen to 
replace the intergenic region of the 16S ribosome subunit in all further analysis. This is based on 
the number of base changes that are significant. Within the carboxy oxidase subunit 1 gene, two 
regions have been identified as being the most variable. Several sets of primers were tested for 
their ability to amplify both variable regions of the carboxy oxidase subunit I gene. At present 1 O 
different clones of the six whiteflies in the study using the 16S ribosomal region have been 
sequenced. Table 5 gives the percentages of identity between the various clones. The two clones 
of the A-biotype are 99% identical. Also the three clones of the 8-biotype are 99% identical. 
Additional whiteflies collected from the other regions are in the process of being cloned and 
sequenced. Between the A and B-biotypes of B. rabaci. there is about 90% homology. This 
compares with only 79% homology between B. tubercufata and either the A or 8 biotype of B. 
tabaci. The two clones of A. sociafis have 94 .5% identity. and degree of variation may indicate 
diversity within this species. 

Table 5. The percentage of nucleotide identity between a region of the carboxy oxidase 
subunit 1 gene of a several whiteflies species and biotypes. 

Whitefly spp. 
Location B. tab. B. tab. B.tab. B.tab. B. tab. B. tub. A. soc. A. soc. T. vap. T. var. 

Host A A BY BF 8 Suc 
B. tabaci A 
CIAT 99.:?. 90.5 90.3 89.6 78.3 71.8 71.3 71.2 62.3 
Beans 
B. tabaci A 
CIAT 90.2 90.0 89.4 79.3 7 1.6 71.5 71.8 60.1 
Beans 
B. tabat:i B 
CIAT 99.6 99.::: 79.9 73.0 7"2 .2 70.7 63 .3 
Cassava 
B. tabaci B 
CIAT 98.8 79.7 n.s 72.2 70.5 63 .0 
Beans 
B. tabaci B 
Su ere 79.3 72.4 71.8 70.8 63.6 
Col 
B lllberculuta 
CIAT 76.2 75.9 71.7 64.7 
Cassava 
.·l. so~·w/is 

CIAT 94.5 70.8 62.0 
Cassava 
..J. socwlis 
:VIondomo- 70.0 62.3 
cassava 
r mpor-
arivrum 61.0 
CIAT-Beans 
r variubilis 
CIAT 
Cassava 
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Development of Addition Markers with Emphasis on Insecticide Resistance. 

The development of molecular markers for whiteflies is part of the strategy to develop a better 
methods to detect insecticide resistance. There are various known mechanisms of insecticide 
resistance including the over expression of esterases and point mutations with the gene for 
acetylcholinesterase. A set of degenerate primers based on sequences of known 
acetylcholinesterase was designed. The acetylcholinesterase gene from whiteflies could not be 
detected after PCR amplification. This result was expected since it is difficult to amply single 
copy genes using degenerate primers. 

It was decided to make a library of cDNA clones from the messenger RNA. This produces a 
library of expressed sequence tags (EST). Good quality RNA was extracted from the pupa of the 
whiteflies. The fust strand reverse transcriptase synthesis was primed using oligo T. A round of 
PCR amplification was done either with the acetylcholinesterase degenerate primers or groups of 
1 O base oligonucleotides. A small library was produced and is in the process of being analyzed. 
There are only a few known sequences of insect acetylcholinesterase genes. This gene is 
expressed in nerve cells and is a relatively scarce mRNA. It is too early to determine if this novel 
cloning method will allow a part of this gene to be cloned from whiteflies. To date there is no 
sequence information on this gene and this reflects the difficult nature of this experiment. A 
usefullibrary of ESTs is being produced. ESTs are useful as markers and in the genome mapping 
of species. This resource will be used in the effort to find markers of insecticide resistance. 

The biotype data generated. to date, is presented in Table 6. The B. tabaci biotype B 
geographical range is rapidly expanding and this insect is now a problem in most countries of 
tropical America. Using the oligonucleotide primers. this biotype looks very similar to the 
biotype B found in Israel, Egypt and Florida. A portion of the 16S gene fro m severa! isolates of 
the biotype B were cloned and sequenced. Only minor differences were found. There is 98-1 00% 
identity between the biotypes found in Colombia. Egypt and Florida. B. tuberculata was 
collected from cassava in severa! different regions. and al! appear to be quite similar. This type of 
characterization is being done with all the whitetly species and over a range of regions. 

Table 6. Completed whitefly species and bio~e identifications using RAPOs and H9, 
H16 and FU primers (CI A T). 

Species/Biotype Colombia Dom. Rcp. Cuba Guatemala TOTALS 
B. tabaci A o 2 o 13 15 
B. tabuci B 32 89 54 117 
B. tuberculata 28 9 o o 37 
T vaporariorum 8 o o 63 71 
A. socialis 1 o o o 
Undetermined 18 6 o ... 

.) 27 
TOTALS 87 106 54 196 443 
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A Geographic Information System for the region has been set up for the data from Mexico, 
Central America and the Caribbean. Base maps (to the municipallevel), and climatic maps have 
been completed. Development of crop use maps is advancing, but is slow due to the generallack 
of information on the geographical distribution of horticultura! crops in the region. A separate 
database for the biological data (geminiviruses. whitefly species and biotypes. host plants, 
natural enemies) has been established. Once data from the literature and field surveys has been 
enrered, this will be fed into the GIS. 

Field work indicares that the diversity of IPM responses by the producers is much grearer than 
originally anticipated and much more localized than expected (and it appears that the localization 
is a function of the research interests and biases of the local scientists/ agronomists/extension 
agents). A majar step forward can be taken by gathering the diverse IPM tactics, and after 
epidemiological analysis, re-formulating them into a series of improved IPM packages that can 
be adapted depending upon the local socio-economic constraints. This can be done while needed 
research moves forward and continues to feed into the process of improved IPM options. 

Research in Eastern and Southern Africa. 

Al! tomato farrners seem to use sorne chemical pesticides to control the whitetly/disease 
problems. One farrner in Kenya also used ash in addition to chemicals to manage the whitetly 
disease problems on his tomato farm. Farmers in Sudan. Kenya and Tanzania made an average of 
lO. 9 and 7 applications of pesticides per season. respectively. against whitetly/disease problems. 
while in Malawi an average of 6 applications were made (Figure 8). The majority of farrners 
apply insecticides on a calendar basis and as a prevention measure rather than based on threshold 
levels or when they observe whitefly or disease damage. Recommendations for control methods 
were received by the farmer from other producers. technicians. sales persons. family members 
and neighbors. among others. in varying frequencies in the to ur countries {Figure 9). 

As whitetly research is incipient at ICIPE. it was necessary to establish basic facilities and 
human resources for the Project work. A laboratory has been dedicated to the whitetly research. 
and a research team has been formed. ICIPE has also taken leadership in promoting the 
formation of an African Whitetly Nerwork. • 

Fie ld surveys have been initiated in al! four partner countries. However. El Nino tlooding 
severely affected the ability to access many sites. Survey work will continue in 1998 . 
t • onetheless. preliminary findings are interesting:. 

Based on 354 whitetly collections. Bemisia tabaci is the most common whitetly species. but 
Bemisia afer, Bemisia hirta. Aleyrodes proletella. Trialeurodes vaporariorum and Trialeurodes 
recini were also found. More species of whitetly have been found to occur in the region than are 
been reported from the literature. The B biotype of Bemisia tahaci has been identified from 
Sudan. 
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Figure 8. Frequency of insecticide application by farmers against wbiteflies in one season. 
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Adults of Bemisia tabaci are comrnonly found on tomatoes, but do not reproduce on tomatoes. 
except in the Sudan. Identification of the most important reproductive hosts for Bemisia tabaci 
is a priority. 

Bemisia-transmitted tomato yellow leaf curl virus (TYLCV) is found throughout the region. 
Perceived on-farm losses dueto tomato geminiviruses were up to 40% in Malawi, 50% in Kenya, 
75% in Tanzania and 100% in Sudan. Yield losses for tomatoes are high and often result in crop 
abandonment. Sudan suffers up to 75% crop loss, annually, in okra. watermelons/melons, 
peppers and Vigna/Phaseolus bean. Kenya and Tanzania are also finding problems on these 
crops, suggesting that the work should be expanded to include a mixed crop framework. 

However, many of the virotic tomato samples collected have tested negative for TYLCV, 
suggesting that there may also be a complex of indigenous tomato-infecting geminiviruses in the 
region. similar to that found in Latín America. A scientific exchange berween Project virologists 
is planned for early 1998 to share diagnostic techniques for general geminivirus detection. 
Other. interesting pattems are emerging, which need further exploration. TYLCV has not been 
identitied trom Westem Kenya (ca. 1100 m). But at higher elevations (ca. 1500-1800 m). where 
it should be less likely to occur. the incidence of TYLCV is high. 

Research in Sub-Saharan Africa. 

At the outset of the Project. it was known that there was minimal if any usage of pesticides in 
cassava and sweet patato production systems in sub-Saharan Atrica. and therefore agreed that it 
would be inappropriate to incorporare routine questions and protocols for insecticide use and the 
assay of insecticide resistance into the surveys of Subproject 4. It was suggested. however. that 
popu1ations of B. tabaci from cassava and sweet potato in Atrica might serve as good pesticide
sensitive contro ls for comparison with populations from the Americas. 

Determine Insecticide Resistance Levels in Target Arcas 

Field surveys ha ve been completed in 7 of the nine partner countries. Kenya and Tanzania will be 
completed in 1998. Interview data has been ana1yzed for Uganda. Western Africa and the rest of 
Eastem Atrica data are currently being analyzed. 

The disease front for the severe African cassava mosaic disease (ACMD) epidemic has been 
detined. Based on this knowledge. generated from the Phase 1 survey work. additional funding 
has been obtained to multiply and dep1oy the new elite 1ines of ACMD-resistant cassava. They 
will be planted ahead of the epidemic front. in an attempt to slow down and contain the 
epidemic. which is currently spreading at the rate of about 20 km per year. and now threatens 
Rwanda. Burundi. NW Tanzania and addi rional area in Wt!stern Kenya. 

The new "Uganda varianC geminivirus seems to be pushing out the old ACMV virus. Mixed 
infections have been detected. But the distribution and the presence of separare African cassava 
mosaic geminiviruses. as well as mixed infections. needs better characterization. 
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With ACMD affecting cassava production, and declining banana production, sweet potato in 
becoming more important as a food security crop in the region. Phase 1 field survey work has 
shown that in addition to sweet potato weevils, sweet potato viral diseases are also a production 
constraint in southwestem Uganda and northwestem Tanzania, indicating the priority areas for 
deployment of resistant sweet potato varieties and screening work. Interestingly, in Northeastem 
Uganda, there is not much virus pressure, suggesting that these two areas would provide an 
instructive comparative study. 

Based on over 200 whitefly samples, Bemisia tabaci is the predominate whitefly species on 
cassava and sweet potato. However, Bemisia afer is more prevalent in the southem area ( e.g. 
Madagascar) than previously believed. 

Parasitism is estimated at 30-60%, for Bemisia tabaci in cassava. Encarsia transvena is the most 
abundant parasitoid. Encarsia formas a and Eretmocerus spp. ha ve also been found. However, 
parasitism has been difficult to evaluare in the extensive survey. Additional, intensive survey 
work targeting the biological control agents. is necessary as this may offer an important vector 
management component for this cropping system. 

Phase 1 has been instrumental in defining the overall importance of the problem as well as the 
diagnostics, research and implementation needs. Phase 1 improved knowledge. gave a more 
reliable assessment of damage, IPM practices and what other IPM problems need to be studied. 
and the importance of the role for extension. 

In less than one year, a coordination network has been developed. methodologies standardized. 
literature and field surveys conducted. biological samples diagnosed. regional epidemiology 
characterized and mapped. databases for literature and biological data developed, and a GIS 
established. All data collection will be finished in 1998. and analysis completed in early 1999. 
The publication of a book, to serve as the final repon for Phase l. is planned for mid- 1999. 
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