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PROFISMA (Prote~ao Fitossanitária Sustentavel da Mandioca): the South 

American component of a global UNDP project "Ecologically Sustainable 

Cassava Plant Protection in South America and Africa." 

Technical Report on Activities conducted during 1994. 

l. Executive Summary 

1 

At the end of 1994, PROFISMA (Pro~ao Fitossanitária Sustentavel de Mandioca) 

finished its second year and anived at the mid-point in the project's proposed duraúon. 

Staffmg of PROFISMA was complete with the anival of the mite biocontrol specialist to 

CIAT headquarters in May. Highlights of the project during 1994 included: The frrst fonnal 

meeting of PROFISMA and ESCaPP personnel in May/June of this year at Cotonou, 

Benin; The first UNDP extemal review conducted in August, 1994; Training acúviúes and 

diagnosúc surveys were iniúated and gained momentum through the course of the year 

thereby providing an essenúal framework for integrated acúviúes by researchers, 

extensionists and farmers. The enthusiastic response of extension and other state-level 

agencies to training acúviúes canied out by PROFISMA in collaboraúon with CIAT's 

IPRA program was gratifying. This self-propagating training is generating demand and 

expectaúons for future activities that will provide the necessary moúvation for researcher 

involvement in project field acúvities. 

In general, the project is making satisfactory progress towards its goal of delivering 

sustainable plant protection technology to growers. As the time remaining becomes short, 

distribution of resources between strategic research and implementation activities will 

require careful analysis. Establishing participatory activiúes in cassava-growing 

communities during 1995 will be critical to involve researchers in on-fann participatory 

trials and to select appropriate technologies for furt.her development 

Trainine 

A model for training and phytosanitary and socioeconomic diagnosis is evolving from 

the project's acúvities that will become a general model for developing farmer participatory 

projects. The model is advancing by accretion, combining elements of recent publicaúons 

in the field of farmer participatory research with our own experience as PROFISMA 

progresses and we leam by doing. True to the spirit of client-driven research, extensionists 

and researchers are being trained in participatory methods with the goal of providing them 

with the means through which appropriate mechanism(s) for farmer involvement can 

evolve. Emphasis is placed on adapting methods to the social, economic and biological 

environment of northeastem Brazil. A training event in February, 1995 will provide 
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methods for researchers and extensionists to establish participatory trials in fanners' fields. 

The event will establish activities in the littoral and transition (Agreste) zones including a 

workplan for contacting communities identified from the extensive diagnostic phase. There 

will be visits by extenslonlsts and researchers followed by meetings to fmalize activities to 

be planted during the first semester, 1995. 

Development of PROASMA' s training model has benefited from previous experiences 

generated in the project "Farmer Participation in Technology Design and Transfer' (IPRA 

Project), implemented by CIA T in Colombia since 1987 funded by the W.K. Kellogg 

Foundation. IPRA has contributed directly to implementation ofPROASMA's training 

activities through participation of IPRA' s training staff in training events in Brazi1 during 

1994. Training material on participatory methods developed by IPRA has been tailored to 

PROFISMA' s objectives and working conditions. 

At completion of the flrst stage of PROASMA's training plan (Participatory 

Diagnosis), the project has provided a framework wherein farmers, researchers, and 

extensionists together produced participatory diagnoses in 74 communities 1ocated in 51 

townships in four states of northeastem Brazil. Total number of farmers participating in 

these activities was 1,662 ofwhich 335 (20%) were women. 

Socioeconornjc surveys 

Results of extensive diagnostic surveys in four states ernphasized soil fertility as a 

constraint to cassava production. The intensive survey, now under way, will further 

characterize the problem and identify areas where intervention is possible. Another 

constraint clearly identified in specific regions of the extensive surveys is root rot This is 

an opportunity for the project to rapidly initiate validation and technology-testing activities 

with farmers using technologies already in hand, such as resistant varieties and appropriate 

planting systems. Few arthropod pests were immediately identified as important 

constraints. The intensive survey will validate this information and determine whether the 

low ranking given to arthropods reflects real conditions or farrners' perceptions of 

problems that are often difficult to diagnose or attributed to other causes. Training activities 

during 1995 will concentrate on training extensionists and researchers in rnethods for 

implementation of participatory trials and technology-testing with farrners in farmers' 

fields. Thus, training activities drive the socioeconomic surveys, irnplementation of 

participatory rnethods, and integration of researchers and extensionists with farmers. 

Strateeic research in Colombia and Bra?il 

Strategic research in acarology, pest management (cassava rnealybug, whiteflies and 

cassava homworm), plant pathology (management of root rots) and virology (CVMV) 

were conducted at CIA T and is reported under the respective headings in this report. Two 
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new activities were added to the project workplan for 1995, including genetic 

characterization of Neozygites and crop managemenL The former is a collaboration 

between acarology, CNPMF and the Biotechnology Unit ofCIAT and was initiated in 

re1ponse to the high priority given to this activity during an intemational workshop held in 

Cruz das Almas on the mite pathogen1 • The latter includes components for improved and 

integrated crop management systems for subhumid and seasonally dry ecosystems 

developed by the Physiology section of the CIA T Cassava Program. The inclusion of this 

activity is in response to the initial results of the participatory surveys wherein soil 

management was identified as a major constraint to cassava production. 

J 

A~ronomy. Experiments planted in Brazil during 1994 continue to be evaluated and are 

scheduled for completion upon harvest in early 1995. These include studies on the use of 

leguminous cover crops and their role in retaining soil moisture, effects on soil fertility and 

erosion, weed control and yield. Cover crops are also being studies as potential refuges 

and/or food sources for pests and natural enemies. A similar study looks at weed 

vegetation and its effect on cassava productivity and will define the critical period for weed 

interference with cassava productivity. An experiment at Cruz das Almas to study the 

effects of weeds on yield determined that, in Cruz das Almas, it is not necessary to keep the 

cassava crop weed-free throughout the crop cycle. It appears that the critica! period for 

weed interference begins 30 days after germination and lasts for 3 to 4 additional months. 

Leaving weeds in place when their removal will not influence yield may be an important 

practice for conserving soil moisture and providing refuge for natural enemies of arthropod 

pests. Similarly, bagana, a waste product of a species of palm (carnauba), was evaluated 

as mulch in semiarid regions. Increasing amounts of bagana increased root yield and 

weight of aerial parts. Use of bagana reduced weeding operations and promoted early plant 

development 

Acarolo~y. Acarology at CIA T focuses on Brazil as a target for importation of 

phytoseüd predators to control the cassava green mi te (CGM). Exportation of phytoseüds 

to northeastern Brazil began this ycar with three shipments of A. tenujscutus from 

Colombia These were quarantined at CNPMA and released by CNPMF in Babia. Three 

releases have been made to date and six colonies of T. tenuiscutus at CNPMF produce 

approximately 2,000 mites per month. Releases and post-release monitoring will continue 

in 1995. In collaboration with liTA, individuals of T. manihoti were sent to the University 

of Amsterdam for quarantine and forwarding to IIT A Biological Control Station at Benin. 

1 "Development of lhe fungal palhogen Neozygites for biological conLrol of the cassava green mi le in Latin 
America and Africa". An intemational workshop held at Cruz das Ahnas, Babia, Brazil, 7-11 November, 
1994. Funds provided by the Cassava Biotechnology Network, Cali, Colombia. See auached report. 
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Three species of phytoseiid mites (Aroblyseius idaeus, A. limonicus & A . .ari¡m) from 

Brazil ha ve become established in West Africa. Dispersa! and effectiveness of these 

predators are being studied by liT A. CIA T and liT A now plan to initiate a search for 

candldates adapted to cooler, high-elevation regions corresponding to central and east 

Africa. 

Isolates of Neozygites were collected from sites throughout northeastern Brazil and 

multiplied at CNPMF. Methods for multiplication, storage and culturing continue to be 

developed. Studies on witlún-plant distribution and spread within fields of cassava are 

generating new insights into the epizootiology of this important natural control agenl 

A separate study to be concluded in early 1995 aims to separate the effects of water 

stress and CGM damage, a point that has generated much discussion but never addressed 

experimentally. Results analyzed to date indicate that CGM have a strong effect on leaf 

area reduction during the dry season. 

4 

Entomolo¡:y. Activities in entomology at CIA T included production and shipment of 

parasitoids to Brazil for control of the cassava mealybug (CM), studies on parasitoid 

behavior (competition), transmission in the field of the cassava hornworm baculovirus, and 

surveys for species distribution and natural enemies of whiteflies. 

At CNPMF, several parasitoids and predators of CM ha ve been identified. At Cruz das 

Almas in May, 1994, CM were found infected by a fungus identified as Neozygitesfunwsa 

(Speare). High mortality of CM due to the pathogen was observed during May and June. 

Although N. junwsa has been reported asan efficient natural enemy of several mealybug 

species, litt1e is known about its effect on P. herreni in northeastem Brazil. 

E. diversicomis (parasitoid of CM) was released in Bahia in 1994 and a colon y of A 

coccois was established at CNPMF. In December, 1994, 1,700 individuals of A. coccois 

were released at ltaberaba. A. vexans will be introduced from CIAT in early 1995. 

Plant Patholoey. Work at CIAT focused on identification of promising fungi for 

biological control of cassava pathogens, greenhouse and field screening of Trichoderma, 

popu1ation dynamics of Trichoderma spp. under crop rotations, and the effect of 

TrichodemUl on cassava germination and growth. At CNPMF, the distribution of the 

several pathogens capable of producing root rot was characterized. Surveys showed that 

root rot occurs in about 50% of fields where annual rainfall exceeds 1,200 mm. On-farm 

trials located at Taquarana. Alagoas and Areia, Parruba showed that using disease-free 

propagative material of tolerant varieties, such as 'Osso Duro', and planting them on ridges 

in a vertical position, constitute the most promising control measures for root rots. 

Yiroloey. The coro plete sequen ce of Cassava Ve in Mosaic Virus (CVMV) was 

determined during 1994. Primers and optimal conditions for PCR amplification were 
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analyzed and the method is ready to be used as a research and diagnostic tool. Progress 

has been made on purification of the virus and production of antisera at the Federal 

University of Ceará (UFCE). Convincing evidence has been collected to show that visual 

symptoms are not a reliable indicator of virus infection and that CVMV does spread rapidly 

in the field. Problems with nonspecific reaction to CVMV antisera are being worked on. 

Collaboration between PROEISMA and ESCaPP. Collaboration between the Mrican 

and Latin American projects includes production of training material, training of CNPMF 

staff in mass rearing of phytoseiid mites, agronomy and information management The 

parallel efforts in Africa and South America rely on shared information, expertise and 

resources leading to economies of scale. The liaison between intemational institutions 

creates a bridge between national programs isolated within continents, but with similar 

cassava production problems, that provides access to natural enemies, resistant germplasm, 

and expertise essential for developing and irnplementing appropriate cassava plant 

protection technologies. 

2 Project Coordination 

PROEISMA (Prote~ao Fitossanitária Sustentavel de Mandioca) has completed its 

second year of operation. Staffing was complete with the arrival of the mi te biocontrol 

specialist to CIAT headquarters in May. Highlights of the project during 1994 included: 

The frrst formal meeting of PROFISMA and ESCaPP personnel in May/June of this year at 

Cotonou, Benin; The first UNDP externa! review conducted in August, 1994; Training 

activities and diagnostic surveys were initiated and gained momentum through the course of 

the year thereby providing a frarnework for integrated activities by researchers, 

extensionists and farmers. The enthusiastic response of extension and other state-level 

agencies to training activities carried out by PROEISMA in collaboration with CIAT's 

IPRA program was gratifying. This self-propagating training is generating demand and 

expectations for future activities and should provide the necessary motivation for researcher 

involvement in project field activities. 

A model (presented in the training section 5.1) for training and phytosanitary and 

socioeconomic diagnosis is evolving from the project's activities in these areas that will 

con tribute to a general model for developing fanner participatory projects regardless of crop 

or geographic context The model is advancing by accretion, combining elements of recent 

publications in the field of farmer participatory research with our own experience as 

PROFISMA progresses. 

Results of diagnostic surveys in four states within the target area emphasize soil fertility 

as a production constraint Extensive surveys generated many references to "poor soil" .. 
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The intensive survey, now under way, will attempt to distinguish the various components 

included in this tenn and identify areas where intervenúon is possible. Root rot was also 

identified in specific regions. In these areas, the project will initiate validation and 

technology-testing activities with farmers using technologies already in hand, such as 

resistant varieties and planting systems. Few arthropod pests were identified as major 

constraints. An objecúve of the intensive survey will be to validate this infonnation and 

determine whether the low ranking of arthropods reflects real conditions ora lack of fanner 

perception of problems difficult to diagnose. Training during 1995 will concentrare on 

training extensionists and researchers in methods for implementation of participatory trials 

and technology-testing with farmers. Thus, training activities drive the socioeconomic 

surveys and implementation of participatory methods. 

A workshop was held at Cruz das Almas entitled "Development of the fungal pathogen 

Neozygites for biologícal control of the cassava green mite in Latín America and Africa." 

Partial funding for the workshop was provided by the Cassava Biotechnology Network 

(CBN), jointly organized by PROFISMA and ESCaPP. Participants included scientists 

from Switzerland, The Netherlands, USA, Benin (ESCaPP), Kenya, CIAT, and Brazil. 

Results of the workshop included a prioritization and detailed workplan for future work on 

Neozygites (see attached report). The purpose of the workshop was to organize new 

initiatives for attracting ancillary funds to support work into this promising form of 

biological control of cassava green mi te. The output provided a clear ordering of acúvities 

to be conducted or considered within the PROFISMA project 

Collaboration between PROFISMA and ESCaPP increased during 1994 as a result of 

direct interaction between project staffs. Several areas were discussed for possible 

collaboration including training material production, training of CNPMF staff in mass 

rearing of phytoseüd mi tes, agronomy and information management 

In general, the project is making satisfactory progress towards its goal of delivering 

sustainable plant protection technology to growers. As the time remaining becomes short, 

distribution of resources between strategic research and implementation activities will 

require careful analysis. Establishing activiúes in communities during 1995 will be critical 

to involve researchers in on-farm participatory trials and to selection of appropriate 

technologies for further development A training event is scheduled for March, 1995, that 

will provide methods for researchers and extensionists to establish participator trials in 

farmers' fields. A direct output of the event will be the establishment of activities in the 

littoral and transition (Agreste) zones. However, as the planting season is December for 

the semi-arid Caatinga zone, it was decided to establish participatory trials in the Caatinga 

without the benefit of the formal training provided by the course. To this end, a meeting 
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was held at EBDA headquarters in Salvador in early November followed by a session at 

CNPMF in late November. The result was a workplan for contacting communities 

identified from the extensive diagnostic phase. There were visits by extensionists and 

researchers followed by a meeting to finalize activities to be planted during December, 

1994. To date, however, there has been insufficient rain for planting. 

7 

At CIAT, junior staffing was reviewed due to significant increases in personnel costs 

dueto continued inflation of the Colombian peso (approx. 20%) anda stable exchange rate. 

The decision was made to reduce field activities on the north coast as the project has 

capabilities for executing similar activities in the semi-arid region within the target area in 

northeastem Brazil. Two new activities were added to the project workplan for 1995 in 

response to priorities growing out of project activities: genetic characterization of 

Neozygites and crop management. The former is a collaboration between the acarology 

group at CIAT, CNPMF and the Biotechnology Unit of CIAT and was initiated in response 

to the high priority given to this activity during the Neozygites workshop. The latter 

includes components for improved and integrated crop management systems for subhumid 

and seasonally dry ecosystems developed by the Physiology section of the CIAT Cassava 

Prograrn. The inclusion of this activity is in response to the diagnostic surveys wherein 

soil management was identified as a major constraint to cassava production. 

The "Plan Real" whereby the Brazilian currency was converted to the real and pegged 

to the dollar, had a large impact on project frnances. Personnel costs rose significantly due 

to continued inflation and devaluation of the dollar relative to the real of approxirnately 

20%. This may be temporary as the real is expected to devaluate by mid 1995. If not, the 

project will consider reduction in personnel to maintain operational funds. Cost of supplies 

and services has also increased. Most supplies are approximately twice the US price. Due 

to the budget surplus of the project' s first year, the projected budget for 1995 exceeds that 

projected in the initial project document. However, projected 1995 expenses plus overall 

expenses of the project to date are within those projected for the first three years. 

Collaboration between PROFISMA and ESCaPP 

Collaboration between PROFISMA and ESCaPP increased during 1994. Severa! areas 

were discussed for possible collaboration including training material production, training of 

CNPMF staff in mass rearing of phytoseiid mi tes, agronomy and information management 

The parallel efforts in Africa and South America rely on shared information (arthropod, 

agroecological and socioeconomic databases, and simulation models), expertise (classical 

biological control, mass rearing systems, taxonomy, microbial control, plant pathology, 

modeling, population biology, infonnation management) and resources (infonnation 

systems, natural enemy sources, common quarantine arrangements) leading to economies 
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of scale. Liaison between intemational institutions creates a bridge between national 

programs isolated within continents, but with similar cassava production problems, that 

provides access to natural enemies, resistant germplasm, and expertise essential for 
developing and lmplemenUng nppropriate cassava plant protection technologies. 

8 

The continuing classical biological control effort in Africa depends on replacement and 

new natural enerriy species from South America. Natural enemy production and release 

technologies ha ve been developed in anticipation of new predators and pathogenic fungi to 

be produced for experimental releases. As these systems develop, new candidate natural 

enemies are sent from CIAT and EMBRAPA through quarantine at the U. of Amsterdam to 

liT A's Biological Control Center for Africa in Benin. Many of the procedures and 

technologies developed for the practica! implementation of biological control in Africa will 

be adapted for work planned on the cassava green mite and the cassava mealybug in 

northeastern Brazil. African experiences in mass rearing, release, and follow-up activities 

will be incorporated into biological control work in South America. Procedures developed 

for manipulating microbial agents, such as Neozygites and the cassava hornworm virus in 

South Americ~ will be adapted for similar work planned in Africa. 

Training activities in Africa and South America will be conducted through national or 

state programs and linked through development of common syllabi and training materials. 

Beca use of extensive experiences in plant protection training in Africa, liT A will take the 

lead in developing training elements. Related to this, will be the placement of post-graduate 

trainees and selected scientific staff from one collaborating institution to another where a 

comparative advantage in research opportunity and supervision may exist. 

3 N ational Coordination 

Legal agreements were established between EMBRAPNCNPMF and state institutions 

to provide logistic support for PROFISMA activities. Agreements were signed with the 

Bahía State Organization for Agricultura! Development (EBDA), Pernambuco State 

Organization for Agricultura! Research (IPA), Ceará State Organization for Agricultura! 

Research (EPACE), and Ceará Statc Organization for Technical Assistance and Rural 

Extension (EMATERCE). An agreement is pending with the Paraiba State Organization for 

Technical Assistance and Rural Extension (EMA TERPB). 

The national coordinator assisted in acquisition of equipment, reagents and other 

required materials. Participation of project staff in scientific meetings and training events 

was facilitated. Project activities were promoted through trips to Ceará and Pernambuco 

and participation in meetings with cassava grower communities. 



' 
4.1 Training 

Successful development of agricultura! technology requires understanding and appreciation 

of native technologies in order to generate research agenda capable of solving problems at the 

fanner level. Farmer involvement in technology generation and transfer is also necessary to 

con tribute to fanners' understanding of their needs, and to stimulate closer interaction between 

researchers, extension workers and fanners. The result of this process is generation of client

driven research agenda where the research process starts at the user level and communication 

mechanisms between farmers and scientists throughout the process are enhanced. 

Participatory Research Methods have been proposed as an answer to the issues cited above. 

These methods involve interdisciplinary teams of scientists to look at problems currently facing 

a given fanning community, with farmer participation. These methods transform the scientist 

into a leamer from, and with, fanners. Collecting information about farmers' problems, needs 

and perceptions by means of participatory methods allows scientists to know more about the 

fanning community in less time than the traditional interview schedule. This improved 

knowledge and understanding of rural conditions, combined with modem scientific expertise 

results in improved opportunities for mak:ing technological and development interventions that 

are meaningful and responsive to farmers' concerns. 

PROFISMA's Trainine Model 

Design of a training master plan for PROFISMA has been based on the importance of these 

concepts in modern agricultural research and development. The training model formulated 

includes four stages in developing and implementing participatory research for designing and 

evaluating sustainable technologies for cassava-based systems, with emphasis on plant 

protection practices. Development of PROFISMA's training model has benefited from previous 

experiences generated in the project "Farmer Participation in Technology Design and Transfer' 

(also known as IPRA Project), implemented by CIA T in Colombia since 1987 funded by the 

W.K. Kellogg Foundation. IPRA has contributed directly to implementation of PROFISMA's 

training activities through the partici pation of IPRA' s training staff in two training events in 

Brazil during 1994. Training material on participatory methods developed by IPRA has been 

tailored to PROFISMA's objectives and working conditions. 

Training activities for PROFISMA recognize four stages in developing and implementing 

participatory research methods for designing, testing and evaluating technologies, as follows: 

l. Participatory diagnosis with farmers; 

2. Planning technology-testing activities with farmer participation; 

3. Evaluation of technology-testing activities by farrners; 

4. Monitoring and impact assessment of technology testing with fanners. 
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Irainin¡: strate¡:y 

A general training strategy for each stage includes classroom training in methods, 

supervised field work. independent post-training activities by trainees, and follow-up events to 

procesa information and design the subsequent stage (Figure 4.1.1 ). For each of the four 

stages. key training areas have been identified to assemble the mínimum currículum content for 

researchers and scientists to become effective participatory research practitioners. 

lmplementation of a given stage begins with selection of trainees. Trainees are nominated 

by supervisors in collaborating institutions. The nomination includes a commitment from the 

trainee' s institution assuring continued participation of the trainee in PROFISMA activities. 

Following the training activity, trainees put into practice what they ha ve learned through a 

series of activities designed and conducted by them. based on the module that they ha ve just 

been taught In the case of Participatory Diagnosis, for example, trainees execute a series of 

participatory diagnostics in regions selected by them in close coordination with PROFISMA's 

leaders to assure that the selected areas fulfill the project's criteria and objectives. Finally, a 

general meeting is held where scientists from PROFISMA and collaborating institutions 

evaluate the results and discuss trainees' performance and the effectiveness of the training 

thereby generating feedback for improvement of procedures and training materials. 1ñis 

meeting is also used for discussing planning and implementation strategy for the next training 

stage. 

Trainine actiyjties 1994. 

Training activities during 1994 built capacity among researchers and extension workers 

from collaborating institutions in methods to conduct farmer participatory research. The frrst 

stage of participatory research to be emphasized was participatory diagnosis. In 1994, a 

seminar on Attitudinal Sensitization and two courses ("Methodologies for Participatory 

Diagnosis" and "Evaluation ofTechnology with Farmers") were conducted. The seminar was 

a one-day event that presented concepts and altitudes essential to participatory research to 

selected policy-makers and researchers from CNPMF, extension workers and administrators 

from EBDA. and PROFISMA research staff. The seminar was attended by 45 participants. Due 

to limited time, it was not possible to use a formal instrument to measure impact and effect on 

attitudes. However, the general opinion expressed by participants was that participatory 

methods are important for research and technology transfer at CNPMF and EBDA and that 

further training opportunities must be offered to their personnel to become familiar with 

knowledge, skills and attitudes essential to perform efficiently as participatory research 

practitioners. The two courses were conducted with participation of 51 scientists from seven 

state institutions and two national EMBRAPA research centers (CNPMF and CPATC). This 

group of researchers and extension workers comprises the basic cadre of collaborators that will 
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be in volved in implementation of PROFISMA' s activities. 

The first course was held at CNPMF with 28 trainees representing nine institutions from 

six states. The group included three of PROFISMA' s technical staff. Activities comprised 

partlclpatory fleldwork by trainees in 17 farming communities to conduct surveys of 350 

farmers ( 106 women) (Table 4.1.1 ). The course included a wrapping-up session during which 

results were assembled, presented and discussed. A draft of each diagnosis was produced. 

Further activities of EBDA' s trainees completed the diagnoses for each community and 

provided feedback to the farmer groups. Post-training activities conducted by EBDA trainees 

included participatory diagnostics in eight additional communities during which a total of 122 

farmers (37 women) were contacted (Table 4.1 .2). 

A similar course was held at CETREX(Training Center for Extension) in Fortaleza, Ceará, 

with logistical and administrative support from EMATERCE. A total of23 trainees representing 

three institutions from three states participated. During the fieldwork, 15 communities from six 

townships were involved in participatory diagnoses. Post-training activities conducted by 

EMATERCE's trainees included participatory diagnoses in five additional communities. 

EMATERCE's trainees completed the diagnoses for each community and provided feedback to 

the farmer groups. Final results of the participatory diagnoses in Ceará included direct contacts 

with 20 communities in eight townships and the contribution of 549 farmers (85 women) 

towards the definition ofPROFISMA's research agenda and target areas (Table 4.1.3). 

Trainees from Pernambuco and Panuba, after particípating in the training events at CNPMF 

and CETREX, fonnulated work plans that, with financia! support from PROFISMA, allowed 

the realization of participatory diagnoses in 19 communities in Pernambuco and 10 in Paraíba 

(Tables 4.1.4 and 4.1.5). Farmer participation in these diagnostic activities included 367 

producers (74 women) in Pernambuco and 274 (33 women) in Par.uba. 

At completion of the fust stage of PRO ASMA' s training plan (Participatory Diagnosis), the 

project has provided a framework wherein farmers, researchers, and extensionists interacted to 

produce participatory diagnoses in 74 communities located in 51 townships in 4 states of 

northeastern Brazil. Total number of farmers participating in these activities was 1,662 of 

which 335 (20%) were women (Table 4.1.6). 

Eyaluation of trainine actiyjties 

To assess the relevance, effectiveness and immediate impact of training activities, a 

systematic process of collecting information was established for PROFISMA's training events. 

This is used for guiding decision making as to whether the proposed objectives for each activity 

have been achieved and/or which changes need to be made to improve future training activities. 

Data collected this year al so included basic information about characteristics of the trainees as 
follows: 
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Irainee Characteristics 

1. Total attendance for the two courses on participatory diagnosis was 51, 36 men and 15 

women, from 6 states representing: 

a) 3 state 1evel technology transfer agencies; 

b) 3 state level agricultura! researcb institutions; 

e) lland refonn agency; 

d) 2 EMBRAPA research centers. 

2. Trainees background included: 

a) 31 Agronomists; 

b) 7 Sociologists; 

e) 1 Economist; 

d) 2 Pedagogues; 

e) 1 Social W orker, 

f) 9 Agricultura! Technicians. 

3 . 12 trainees ha ve a Master' s Degree. 

4. Mean trainee age was 42 yrs (women 43, men 41). 

5. Average period of trainee's permanence in last job was 17.5 yrs; 

6. 30% of trainees ha ve less than 1 O yrs permanence period in 1ast job. 

7. On1y 17% of trainees ha ve less than 5 year permanence period in last job. 

8. Only 10% of trainees ha ve less than one year experience with cassava. 

Other trainin2 actiyities 

In addition to the two courses on participatory diagnosis and the seminar, other training 

activities conducted by PROFISMA during 1994 are presented in Table 4.1.7 and 4.1.8. 

PROFISMA' s training strategy included training opportunities designed to allow project 

personnel and research and extension staff from collaborating institutions to receive training in 

specific areas according to their needs and research activities as well as participation in relevant 

meetings, seminars and workshops. 
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Table 4.1.1. Number of fanner participants in participatory diagnostic field work in Bahi~ 

1994 

No. farmers 
Townshio Community M en Women 

Conceí~ao ·aa Fet ra Candeal 35 32 
Onze Mil V rrgens 9 22 

Cruz das Almas Cadete 13 2 
P~ües 4 3 

Sapea~u Tapera 5 2 
Sao Felipe Genipapo 8 o 
Pinuba Sumaré 13 o 

Fran~a 19 4 
Itakraba Guaribas 12 5 

Testa Branca 13 o 
Amargosa Palmeira 6 1 
Sao Miguel das Matas Barra 17 7 
Cnsópolis Buril 17 o 
Inhambupe Colonia Agrícola R. Santos 23 o 
Sátrro Dias Arraial de Santana 13 21 
Irará Bento Sim6es 21 3 
Aporá Chapada 16 4 

TOTALS 
14 17 244 106 

Table 4.1.2. Number of fanner participants in post-training participatory diagnostic field 

work in Bahia. 1994. 
No.farmers 

Township Community M en Women 
Ca tú Varees 3 5 
Esplanada _Sao José 17 o 

Chapada Vigano 18 1 
S.G. Campos Canto Escuro 11 7 
Anguera Umbuzeiro 1 12 

_Caldeirao 7 5 
Mundo Novo Umbuzeiro 13 o 
Amargosa Cambauba 15 7 

TOTALS 
6 8 85 37 
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Table 4.1.3. Number o ff anner paructpants m parttctpatory_ d' tag_nost:Ic survey, Ceará. 1994 
No. fa rmers 

Township Community M en Women 
UbaJara Nova Veneza 22 u 

Tucuns 11 3 
Ttanguá Valparruso 25 3 

Bom Jesús 15 5 
Acaraú Mucuná 21 9 

YilaMoura 27 2_ 

Cauassú 53_ 28 
Almecegas 28 o 
-~apao 30 15 
Lagoa Grande 20 o 

Marco Sao Pedro 16 6 
Bela Cruz Lagoa do Mato 15 1 
Cruz Cajuerinho 15 _O 

Solidao 39 o 
Tururú Cemoaba 41 5 

Lagoa do Inác10 29 2 
Ita pi poca Macaco 18 5 
Santana do Cann Serra do Sao Gon~alo 10_ o 

Serra do Cruzetro 14 o 
Serra da Canafístula 15 1 

TOTALS 464 85 
9 20 549 

T bl 4 1 4 N be f f a e ... u m ro armer parttctpants m parttctpatory d' tagnosttc surveys, p b emam uco, 1994. 
No. farmers 

Township Community M en Women 
La jedo Pau Ferro 16 4 
Cae tes _ Queimada _g_rande 23 o 

Baniguda 14 2 
_S_ao Joao Tirúica 6 4 
Jupi Mulungú 10 10 
Sao Bento do Una Tatu 14 4 

_G_uptra Riacho do Yensstmo 13 2 
Paranatama Oulhodaguinha 9 1 
Pombos Pé da Serra lU 1 
Belo Jardim Batinga 14 5 
Gloria de Goitás _Qarneleira 16 6 
Yttoria de Santo Antiio Campina Nova 13 2 
Araripina Serra da Boa Vista 7 2 
Ouncurí Lagoa Comprida 24 9 
Ipubi Se1Tolandia 38 3 
Condado Engenho Patnmóno 21 o 
Joao Alfredo Sitio Camará 13 7 

_Sttio Agostinho Sitio Agostinho 23 lO 
Sitto Barrancos Sitio Barrancos 19_ 2 
T_QTALS 

18 20 293 74 
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T bl 4 1 5 N be f f a e ... u m ro armer part1c1pants m part1c1patory d' 1agnost1c surveys, p 'b 1994. anu a., 
No. farmers 

Towns hip Community M en Women 
AtO !.a Gravatá 14 H 

Casa da Pedra 13 5 
Engenho Cipó 23 12 

Alagoa Grande Engenho Mares 33 o 
Quitéria 41 3 

Alagoa Nova Gameleira 19 o 
Salgado Sao Félix Aburá 26 o 

Souza 28 5 
Ara9<lgí Sao Vicente 27 o 

Piabas 17 o 
TUfALS 

5 10 241 33 

T bl 4 1 6 T tal f . PROFISMA' a e . .. o armer parttctpatton m SQ_aruc1patory surveys, 1994 . 
No. farmers 

S tate No. townships No. communities M en Women 
Bahia 20 25 329 143 
Ceará 9 20 464 K5 
Pernambuco 18 19 293 74 
Paraiba 5 lO 241 33 

TOTALS 
1327 335 

4 51 74 1662 

Table 4.1. 7. In service training activities, 1994. 

Subject Instructor No. Place Duration 
(lnstitution) trainees (days) 

Rearing methods for Neozygites R. Humber (USDA) 4 CNPMF 8 

Mi te rearing methods L. Smith 1 CIAT 30 

Participatory research J. Ashby, T. Gra9a (CIA T) 1 CIAT 15 
UATAPPY 
Ecuator 

Effect of biocontrol agents G. de Moraes 1 CNPMA 5 
on non target organisms (EMBRAP A/CNPMA) Jaguariuna 

Yield loss assessment due A.R.N. Farias 3 CNPMF 5 
to pests (EMBRAP A/CNPMF) 

Virology L. Calvert (CIAT) 1 CIAT 1 

- - ---- ------=--=~= 
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Table 4.1.8. Participation of PROFISMA and EMBRAP A/CNPMF research staff in other 

training events, 1994. 

Event Si te Date Participants 

IV Symposium on Biol. Control Río Grande do Sul, Brazil May 14-20 6 

IV Intemational Symp. for Pest Ants Belo Horizonte, Brazil Nov 21-28 2 

Coordination Meeting CIAT, Colombia Feb 18-26 2 

Coordination Meeting liT A, Cotonou, Benin May 23- Jun 2 2 

Externa! Advisory Comm. review Cruz das Almas, Brazil Aug 29- Sep 2 33 

Course on Biological Control CNPMA, Jaguariuna, SP,Brazil Oct 17-21 4 

Brazilian Cassava Society Congress Salvador, BA, Brazil Nov 8-12 8 

10th Symp. of the International Soc. 
for Tropical Root Crops (ISTRC) 

Salvador, BA, Brazil Nov 13-19 6 

Intemational Workshop on Neozygites Cruz das Almas, Brazil Nov 8-12 3 
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Training stages 

Participatory f'lannlng teehnology Eva\uation o1 1mpact 
diagnosis ~ testing activities with ~ technology ~ assessment 

iarmers by farmers 

~ 
, 

lnitial Training CJ1fzase I 
Fonnal course on participatory methods including: 

<D Classroom training in concepts and methods for participatory interaction 
with fanners. 

® Field work wherein trainees execute activities using skills acquired in the 
classroom. 

@ Data analysis and provision of feedback to fanners and researchers. 

, ~ 
Post-training CFfzase JI 
Activities executed independently by trainees within their t.arget areas using skills 
obtained in Phase 1, above. 

~ r 
Follow-up CJ>Iíase III 
Activities including evaluation of output. analysis of results, trainees' effectiveness, 
etc., and planning for implementation of the subsequent training stage. 

Jiliil.... 
JI"""" 

Figure 4 .1.1 . PROFISMA training model including four stages (above), each comprised of 

three training phases (below) with feedback to the initial phase of the 

subsequent training stage. 
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4.2 Socioeconomics 

Socioeconomic and pbytosanitaey diaJ,!nostic surveys 

Pbase I (Diagnosis) of PROFISMA's survey activities in 1994 included extensive 

surveys in 74 communities located in 51 townsbips of Bahía, Ceará, Paral'ba and 

Pernambuco. Surveys were conducted in eacb state by multidisciplinary teams consisting 

of researcbers and extension workers from collaborating state institutions. The teams 

worked autonomously in eacb state in formulation of work plans, selection of target areas 

and execution of activities. PROFISMA provided logistic support. The teams received 

training in participatory diagnostic metbods from PROFISMA (see section of training 

activities). A total of 1652 fanners (28% women) participated in the surveys. 

Table 4.2.2 presents PROASMA's framework for socioeconomic activities, divided 

into three interrelated phases and Table 4.2.3 represents the activites to be undertaken in 

evaluation and monitoring of training and participatory researcb results. Results obtained 

in Pbase I of the training model folJow. 

Bahia. 
Extensive surveys in Babia included three ecosystems (Table 4.2.1). 

T bl 4 2 1 CI. a e . . 1mauc con IUOnS O fth tb e . " al 1 " al ree pnnc1p< eco og1c rones surveye d . Bahi m a 

Mean Mean rainfall Rain y Dry 

Ecological Zone temperature (°C) (mm/yr) season season 

Semiarid (Caatinga) 26.0 600-800 Oct.- Jan. Feb. - Sept. 

Transition (Agreste) 24.5 - 25.5 900 - 1400 Mar.- Aug. Sept.- Feb. 

Sub-bumid (Littoral) 22.8- 24.0 700- 1200 April- Aug. Oct.- Feb. 

Semiarid Region (Caatinga). Cassava is cultivated predominantly by small growers, who 

utilize family labor to maintain tbeir plantings. However, total area cultivated by small 

growers is less than tbat cultivated by medium and large cassava growers. 

Soil preparation occurs from August througb December in tbe communities of 

Caldeirao, Sumaré and Fran~a, (Piritiba), Umbuzeiro, (Mundo Novo), and Testa Branca, 

(Itaberaba). During August to October, vegetation is cut, arranged in apile and bumed. 

During September to December, soil is hoed or plowed and by November/December 

planting takes place. Pre-planting selection of propagative material (stakes) is nota 

common practice in semiarid cassava growing areas because availability of planting material 

is very low. For the same reason, size of stakes varies from 5 to 20 cm, smaller tban . 

recommended for optimal establishment and yield. Planting is usually perfonned in 

furrows (1.0 x 0.4 to 0.6 m) intercropped witb either cowpea, pumpkin, gherkin, 
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watermelon or other crops. In farms bigger than 20 ha. grasses are used as intercrops as 

fodder. Weeding is done throughout the crop cycle but concentrated in February/March and 

July to September. No pesticides use was reported except for leafcutter ant control that is 

conducted throughout the year. Root yield in the semiarid zone averages 10 ton/ha. 

considered low, probably dueto intensive cultivation. Cassava is used mainly for human 

food as flour. 

Iransitjon re~ion (A~reste). Similar to the semiarid, the cassava industry in the transition 

zone is composed largely of small growers who utilize family labor. Crops includes 

cassava. beans, cowpea, coro, pumpkin, sweet potato, yam, peanuts, etc., depending on 

rainfall. Chicken, ducks, turkey. and pigs are also raised. Cassava is grown in poor soils 

often exhaused due to intensive utilization. Fertilizer application is not common. In sorne 

communities, cattle or chicken manure is applied. The aerial part of the cassava plant is 

used mainly as propagative material bu t. during drought periods, it is also used as animal 

feed. Mean root yield, about 10 ton/ha. is considered low and is probably due to fact that 

cassava has been grown on the same area for several years. 

In the surveyed transition zone, cassava is used for human consumption either as flour, 

"beiju" (a pancake made from cassava starch), or tapioca (cassava starch). Another 

common mode of cassava consumption is "massa puba" a1so known as "carima", a 

fermentation product of cassava roots immersed in water. Cassava aerial parts are used 

mainly as propagative materials but, if a long dry season occurs, they are used for animal 

feed. 

Sub-hum id re~ ion CLittoraD. lmportant crops in the sub-humid zone were cassava. com, 

beans, peanuts, yam, pumpkin, sweet potalo, orange, and tobacco. Cassava was the main 

source of income. Soil preparation for cassava plantings starts in January by cutting and 

burning vegetation. From March to April, soil is usually hoed, sometimes plowed, 

followed by planting. Labor is performed mainly by family members. Cassava may be 

planted as single crop or intercropped with corn, beans, or peanuts. Sometimes cattle or 

chicken manure is used as organic fertilizer. 

Results of Extensiye Suryeys. 

See appendix 1 for partially analyzed results of the extensive participatory surveys. 

More complete analysis, tabulation and publication of the data will be a priority activity 

during 1995. 

Ecolo~jcal strntification of the tareet area. 

Using data files provided by the Agroecological Studies U nit of CIA T, maps were 

prepared ofthe major vegetation zones ofthe northeast (Fig. 4.2.1) and by state (Figs. 

4.2.2 - 4.2. 7). For Bahía. these are presented by vegetation zone (littoral, agreste and 

--- ----- - ------======= 
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caatinga) with major constraints to cassava production by zone identified (Figs. 4.2.3-

4.2.5) It is evident from these maps that more precise determination of environmental 
coodiúona of Lhe target communities will be required, perhaps through the use of simple 

rain gauges in each. Although extensionists identified communities appearing in Fig. 4.2.3 

as occurring in the littoral zone, they appear in all three vegetation zones of the map 

generated by the geographical data base. Communities were located on the map by latitude 

and longitude coordinates attained by a Global Positioning System (GPS) receiver. More 

precise determination would be useful to characterize biotic constraints to production by 
ecological zone. This inforrnation will be produced during the intensive surveys to be 

conducted during 1995. 
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Table 4.2.1 PROFISMA's framework of socioeconomic activities. 

PUASE ACTIVITY OBJECTIVES METHODS LEVEL PA RT ICIPANTS EXPECTED RESULTS 
Extensive To identify: l. Semi-structured group Community l. Multidisc. teams of l . Selection of pilot sites 
Diagnostic Survey l. target areas interviews researcbers and 2 . ldentification of 

2. problems/needs 2. Selected communities extensionists from problem priorities from 
3. traditional practices (pre-stratified) state instituions farmers perception 

1 4. potential collaborators 3. Problem ID & ranking 2. Project personnel 3. Potential farmers 
4. Cause/effect analysis 3. Farmers collaborators. 

DIAGNOSIS of top problems 
lntensive l . Quantification & validation l . Structured Farmer l. Multidisc. teams of l. Costlbenefit analysis of 
Diagnostic Survey of cassava constraints & questionnaire bouseholds researchers and farm leve! production . 

priorities identified in 2. Sample includes pilot including extensionists from 2. Knowledge of 
extensive surveys sites, collaborator, & men and state instituions traditional production 

2. Cbaracterization of non-collaborator women. 2. Project personnel &protection practices. 
production, processing, farmers in "similar" 3. Farmers 3 . Qantification of: 
market & utilization system communities (control) a . pest & disease damage 

3. Evaluation of existing b. costlbenefit analysis 
best-bet technologies. c . frequency 

4. Creation of ex-ante 4. Farmers interested in 
baseline for M & E studies validation & adaptation. 

Analysis of lnterdisc analysis of available l. lnterdisc. meetings to Research l . Multidisc. team of Definition of porfolio of 
technology gaps data & in-house technologies analyze surveys & center state researchers and technology options for 

to define gaps (opportunities) defme demand. extensionis ts . prioritized needs 
between needs (demand) & 2. Comparison of needs 2. Project personnel 
technologies (supply). w/existing technology 3. Farmers 1 

Development of a Compilation, analysis, Researcb l. Multidisc. team of Relevant audiences 
monitoring and packaging & feedback to center, state state researchers and informed of project results 
evaluation system relevan! audiences of project insitutions, extensionis ts. and benefits 
(M&E) activities, results & benefits. farmer s 2. Project personnel 

~rouos 3. Farmers 

FA.:\IER 
Implementation l . Generate, validate & adapt Farmer participatory Selected l. Multidisc. team of Testing. selection , 1 

PARTICIPATOR of FPR activities technologies at farm leve! research farmers state researchers and adaptation and adoption of 

Y RESF.ARCH with porfolio of 
2. Select appropriate extensionists . technological components 

ACTMTIES tecbnology 
technological options 

2. Project personnel 
(FPR) option s. 3. Farmers 

Socioeconomic l. Soco-economic validation l. Costlbenefit analysis Research l . Researchers Technology options 
validation of of technology components . 2. Ex-ante analysis center 

2. Extension workers 
appropriate for cassava 

experimental 2. Cost/Benefit analysis of 3. Partía! budgets production systems in 
technolo gies . 

technology options 
target areas 

Ul l. Base-line Characterization of social, l. Analysis of intensive Farmers, l. Multidisc. team of Assessment of project 1 

ADOP110N & intensive survey economic, institutional & survey & foUow-up data research state researchers and implementation according 
IMPACT 2. Follow-up, last environmental impact. 2. Externa! assessment center, state extensionists . to proposed objectives. 

1 

yr. of project at project end. institutions 2. Project personnel 
3. Farmers - - -- ----- ~----- - -

,. ,. ,. ,. r 
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Table 4.2.2 E val d for PROFISMA 
Diagnosis 

Factor Data Base Extensive In ten si ve 
lntensive follow-up 
to technology testing_ Training Adoption 

Populauon a. Communities. Communities Fanners Subsample of intensive Researchers and Year 3 & 4, 
b. Producers participating diagnosis survey. puducers same sample 
in technology testing. as intensive 

c. Producers not diagnostic 
participating in survey. 
technology testing. 

Objectives a Basic information a Prioritize areas & a)Cbaracterize production Determine sbort-term Determine efficíency Determine 
about ativíties and quantify problems & marketing systems adoption of tecbnology. of training program in project's 
project beneficíaries b. Information about b)Quantify principa1 implementing ability to 

b. Create subsamples for traditional production production constraints. ecologically sound acbieve 
extrapolation with and protection practices c)Costlbenefit analysis. production practices. objectives. 
results from surveys & c. ldentification of farmer d)Determíne damage 
intensive follow-up. collaborators severity & freQuency 

Areas Secondary dala: Major constraints Cbaracterization of No. farmers No. trained tecbnicians Technical, 
areas Most affected areas production & participating. No. trained farmers social, 
production Traditional prot.ection marketing systems No. farmers adopting No. demonstrative economic, 
productivíty practices Cultural practices new practices areas. envíronment 
soils Potential fanner Costlbenefit estimated No. components No. training events al& 
climate collaborators for new technologies. validated. institutional 
major constraints Severity & incidence of No. components adopted. impact. 

Josses determined No. farmers adopting 
components over time. 

Method Collection of secondary Participatory group Farmer surveys, Periodic visits to Survey of subsample Comparative 
information surveys at communities representative sample. subsamples selected from selected from data anlysis of j 

Jevel, representative data base. base. intensive 
sample and follow-

up survey 
data; 
Externa) 

assessment 
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BJ Evergreen tropical rainforest; Atlantic 
coast range. 

[] Evergreen tropical rainforest of the 
AtJantic coast plains. 

~ Caatinga. 

• Cerrados, Chaparrales and similar 
savannas. 

fm Gallery forests. 

~ Agreste forest 

• Fields with bigb freatic level, Baba~ 

lm Subtropical deciduous and mesolithic 
liD Palm forests, ürbi¡¡nya martiana (B~u). forests, bigb prop. of evergreen spp. 

9 Dunes and coastal foresL [ill Open fields, pastures. 

Fig. 4.2.1 Vegetation zones of nine states of northeastern Brazil. Source: CIA T. 
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Subtrop. deciduous, mesolithic forest, bigb prop. evergreen spp. 

Evergreen tropical rainforest; Atlantic coast range. 

Evergreen trop. rainforest, Allantic coastal plains. 

(ZJ Caatinga . 

til Agreste forest. 

11 Cerrados, Chaparrales and similar savannas. 

Bahia 

24 

~ Fields with bigb freatic level, Bab~u 

11 Gallery forest. 

OJI Open fields, pasture. 

E; Dunes aod coastal forest. 

Fig. 4.2.2 Vegetation zones of Bahia. Brazil. Source: CIAT. 
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Drought 
Root rot 

Lea.f -cutters 
COM 

Whitefly 
Homworm 

Poor soil 

O lO 
Priority 

~ Littoral 

Fig. 4.2.3 Fourteen communities surveyed in the littoral zone of Bahia during extensive 

phytosanitary surveys, with problems prioritized by cassava farmers. 
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Agreste 

o 

Fig. 4.2.4 Five communities surveyed in the "Agreste" of Babia during extensive 

phytosanitary surveys, 1994, with problems prioritized by cassava farmers. 
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Homwonn 
Whitefly 
Poorsoil ~~ 
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~ Caatinga 
Rainfall: 700 mm/yr 

Drought Rainy Season: Oct.- March. 

Fig. 4.2.5 Six communities surveyed in the "Caatinga" of Babia during extensive 

phytosanitary surveys, 1994, with problems prioritized by cassava fanners. 
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Townshi12s surve~ed 

CD Acaraú 

(?) BelaCruz 

@ Marco 

@) Itapipoca 

® Tianguá 

® Ubajara 

(J) Santana do Cariri 

200 Kilometers 

Ceará 

Fields with bigb freatic 
leve!, Bab~u. 

Ea Caatioga. 

~ti Agreste forest. 

mi1 Bosques de galeria 

Subtropical deciduous aod 
mesolithic forest, bigb 
proportin of evergreeo spp. 

Opeo fields, pasture&. 

1;; Duoes aod coastal forest. 

Fig. 4.2.6 Communities surveyed in the state of Ceará during the extensive pha.se of 

PROASMA's phytosanitary diagnosis. 
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Pernambuco 

200 Kilometers 

~ 
PJ Evergreen tropical rainforest; Atlantic coastal range. 

~ Caatinga 

IJ Agreste foresl 

IIJ Gallery Forest. 

HJ] Subtropical deciduous and mesolilhic forest. higb prop. evergreen spp. 

~ Open fields, pastures. 

~ Dunes and coastal forest 
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TownshiEs surve:z:ed 

Q) Araropina 

<V Ipubi 

® Ouricurí 

@ Condado 

® Joao Alfredo 

® Gloria de Goitás 

0 Pombos 

® BeloJardim 

® Sao Bento do Una 

® Jupi 

o La jedo 

8 Paranatama 

C) Cae tes 

e Sao Joao 

0 Cupira 

Fig. 4.2.7 Communiúes surveyed in the state of Pernambuco during lhe entensive phase 

ofPROFISMA's phytosanitary diagnosis. 
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S. Strategic Research at CIAT, Colombia 

S .1 Acarology 
Work in acarology at CIA T focuses on Brazil as a target for importation of phytoseüd 

predators to control the cassava green mi te (CGM). Three species of phytoseüd mi tes 

(Amblysejus idaeus, A. limonicus & A. .ari¡m) from Brazil ha ve become established in 

W est Africa. While dispersa! and effecti veness of these predators are being studied by 

30 

liT A, CIA T will search for can di dates adapted to cooler high-elevation regions 

corresponding to central and east Africa. Exportation of phytoseiids to northeastem Brazil 

began this year with three shipments of A. tenuiscutus from Colombia. The quarantine 

facility CNPMA, Jaguariuna, Brazil can now accept mites on cassava leaves, which greaüy 

increases the number and quality of mites being shipped. A. tenujscutus has been released 

by CNPMF at carefully monitored si tes in Piritiba, Babia. Fresh cultures of mites are 

being established to provide relatively "wild" material for exportation. We are currenüy 

reviewing old exploration and exportation data to identify the most promising geographic 

locations and phytoseiid species for future exportation. 

Predatjon Rates 

Field survey data indicate a negative correlation between number of phytoseiid species 

present and size of CGM population. Thus, multiple predator species may be required to 

provide satisfactory control Species that complement each other in their preference for 

different prey developmental stages are more likely to coexist and increase the level of 

control. 

The rate of consumption of different developmental stages of CGM by A. tenuiscutus 

was studied. Two geographic strains (Quevedo, Ecuador and Los Córdobas, Colombia) 

were compared. The Quevedo strain consumed more prey than the Los Córdobas strain, 

and both strains consumed more eggs and larvae than adult prey, while an intermediate 

number of nymphs were consumed (Fig. 5.1.1). However, in terms of prey biomass, 

both strains consumed more larvae and nymphs than eggs or adults (Fig. 5.1.2). Thus, 

when modeling population dynamics for this predator-prey system, the difference in 

contribution of each developmental stage of the prey to predator nutrition must be 

considered as well as prey mortality by stage. Similar experiments with the predator A. 
~are being completed. 

Altemate prey. 

Altemate prey to the diet of phytoseüds attacking CGM can sustain predator population 

in seasons when CGM population is low, and may be critica! for establishment and 

persistence in the field. Determining prey-specificity is also important for assessing 
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potential impact on non target species. Response of the Quevedo and Los Córdobas strains 

of A. teoujscutus to presence of alternate prey was tested. Alternative prey included spider 

mites ITetraoychus urticae), thrips (Frankioiella williarnsi), whitefly (Aleurotrachelus 
soci¡~lis}, and a ptant fungua COldium mADihQtia) tbat grows on cassava leaves (cassava 

ash). Previous experiments have shown that phytoseiids can obtain nutrition from all of 

these food sources. Two-choice experiments exposed one female adult predator mite for 

24 h to 10 or 60 CGM in the presence of 10 or 60 I. urticae, 10 larvae of E. williarosi, 10 

A. socia1is pupae, ora leaf infested with Q. manjhotis. Almost all prey at the 10-CGM 

density were consumed, so this density was considered too low to permit a realistic 

measure of preference. At the 60-CGM density, consumption of CGM changed sligbtly 

with respect to the presence of alternate prey. The Las Córdobas strain of A. tenuiscutus 

consumed more than the Quevedo strain (Figs. 5.1.3 and 5.1.4). The tendency to 

consume fewer CGM in the presence of I. urticae orE. williarnsi suggests that these prey 

may be competing with CGM in the predators' diet. Equal numbers of CGM and I. urticae 

were consumed by the predators and a substantial proportion (30-40%) of the thrips were 

also eaten (Fig. 5.1.5). No measurements were made of honeydew or cassava ash 

consumption. Oviposition by A. tenujscutus was higher in the presence of I. urticae and 

E. willjamsi (Fig. 5.1.6). Whether this is caused by consumption of more biomass or due 

to qualitative nutritional differences in the prey was not determined. The latter might 

indicate a dependence on a mixed diet, which could be important for mass rearing and 

understanding the field ecology of these predators. 

Functional response 

The change in consumption rate with respect to availability of prey is known as the 

"functional response". For most arthropods, the number of prey attacked increases with 

prey availability, but ata decreasing rate. This produces a "Type 2" curve that gradually 

reaches an asymptote, representing tbe maximum number of prey tbat can be consumed in a 

given time interval. This was measured for two strains of A. tenuiscutus attacking several 

densities of CGM during 24 h exposures. Differences in the attack rate of the two strains 

appeared only at the highest prey dcnsity tested ( 130) (Fig. 5.1. 7). These data can be 

used, in combination with development time, age-specific fecundity and survivorsbip, to 

build a computer simulation model of predator-prey population dynamics. Such a model 

can be used to plan and manage mass-rearing programs, and predict population changes in 

the field. 

Electrophoretic studjes 

Electrophoresis provides a potential solution for two constraints in pbytoseüd biological 

control research: taxonomic identification of individual mite predators and their prey. 
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Traditional taxonomic identifications ba.sed on morphological characters require time and 

sk:ill. Biochemical methods of identification could increase our capability to identify 

specimens in field experiments. Currently, it is almost impossible to determine what 

pNdtltort are feeóina on in the fleld. Biochemical analysis of stomach contents provides 

the possibility of making such identifications. 

I.,aboratoey studjes 
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Electrophoretic "fingerprints", based on a and b esterases, were identified for seven 

phytoseiid species and four tetranychid species based on preparations of laboratory-reared 

mites. Esterases from tetranychid mites could also be identified from the gut contents of 

laboratory-reared phytoseiids. However, staining patterns associated with prey in gut 

contents can disappear after 3-6 hours of starvation. Geographical strains of phytoseiids 

could also be detected, demonstrating that electrophoresis can be used to discriminate sorne 

strains. Host plant esterases can appear in electrophoretic pattems of tetranychids, thereby 

complicating identification. Developmental stage of tetranychid prey also affected staining 

pattems. Electrophoresis of phytoseiid gut contents failed to provide a quantitative tool for 

measuring number of tetranychid prey consumed in laboratory experiments. (Note: Figures 

showing electrophoretic pattems were excluded dueto difficulty with reproduction. See 

Acarology, CIAT Cassava Program Annual Report 1994.) 

Eield studies 

Field-collected mi tes were more difficult to identify than laboratory-reared mites. Mites 

were collected from 27 sites in Ecuador and were stored in liquid nitrogen until analysis. 

Only 22% of phytoseiids could be identified based on electrophoreúc pattems, compared to 

79% of tetranychids (Figs. 5.1.8, 5.1 .9). For phytoseiids, the main problem was 

insufficient staining. Nevertheless, prey could be identified from gut contents of one thlrd 

of phytoseiids that had weak staining patterns (Fig. 5.1.10). For phytophagous mites, 

there were also a substantial number of unknown patterns (13%). The representation of 

tetranychid species based on analysis of phytoseiid gut contents generally reflected the 

distribution of the tetranychids (Fig. 5.1.9), although M. mc&re¡:ori and I. urticae were 

less frequently identified in the gut contents than as mites. 

Characterization of CGM populations by "DNA fin&ewrintin&" 

It would be useful to know the genetic relaúonships among geographic CGM 

populations. These may provide clues to the origin of populations in Africa and 

northeastem Brazil and indicate \he most promising regions for natural enemy exploration. 

This would also provide an evolutionary framework for organizing biological data from 

these subpopulations. Six geographic strains of CGM and three strains of the closely 

related M. caribbeanae were analy1.cd using ribosomaJ RAPO (random amplified 
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polymorphic DNA). Specific primers were used for PCR (polymer chain reaction) 

arnplification of the regions ITS 1 and ITS2. At present, the base sequences of six CGM 

strains have been analyzed (fable 5.1.1). Preliminary analysis suggests that both Brazil 

and U ganda populatlons are most closely related to one from Guajira, northem Colombia. 

Table 5.1 .1. Number of differences in DNA bases at the ITS 1 locus of CGM. 

Locality Brazil Uganda Venezuela Guajira 

CIAT 5 5 6 4 

Brazil 4 4 6 3 

Uganda 3 1 

Venezuela 2 

Quantification of reprodyction of Phytüseiids in laboratoey colonies. 

To plan mass-rearing programs for relea.se of introduced phytoseiids, information is 

needed on production rates of laboratory cultures. Production cate of Amblyseius 

tenuiscutys and A. idaeus is curren ti y being studied in laboratory cultures using the Mesa

Bellotti rearing system. These data will provide a baseline for comparing efficiency of 

altemate rearing methods to minimize unit cost of mass production. 

Effect of relatiye bumidity on foyr species of pbytoseüds 

Current target regions in northeastem Brazil and Africa include semi-arid areas. 

Performance at low relative humidity (RH) is an important criterion for selection of 

candidate phytoseüd species. Studies of the sensitivity of phytoseiid life history characters 

(egg survivorship, development time, fecundity) to low RH on 10 geographic populations 

of A. tenyiscytus, A. maniboti, A. californicys, andA. jdaeus are just being completed. 

Field studies 

Several studies in a dry climate similar to target areas in Africa and northeastern Brazil 

are being conducted at Pivijay, northem Colombia. These include the effect of 

intercropping with maize and sorghum, use of small proportions of CGM-susceptible 

cassava varieties to help conserve phytoseiid populations, the effect of mulching, and 

evaluation of cassava varieties. At CIAT, a study evaluating the effect of different numbers 

of cages to protect phytoseüds during the frrst two weeks of establishment is just being 

completed. 
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Figure 5.1.1. Effect of prey developmental stage on nurnber of individuals consumed by 

female adult I. tenuiscutus. 
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Figure 5.1.2. Effect of prey developmental stage on biomass consumed by female adult I. 
tenuiscutus. 
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Figure 5.1.3. Effect of presence of altemate prey on number of CGM individuals 

consumed by female adult I. tenuiscutus from Los Córdobas. 
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Figure 5.1.4. Effect of presence of altemate prey on number of CGM individuals 

consumed by female adult I. teouiscutus from Quevedo. 
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Figure 5.1.6. Effect of presence of altemate prey on oviposition by female adult I. 
tenuiscutus collected at CIAT. 



CJ1CJWFIS9rf)f. )1 nnuaf ~rt 1994 

140 

120 • Quevedo 

lOO o Loa Córdobas 

'3 
~ 80 

(± 2 SE) 

la o 
() 

>. 

J: 

20 

o 
o 50 100 150 

Prey available 
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Figure 5.1.8 Identification, based on electrophoretic analysis, of phytoseüds collected 

from cassava at 27 si tes in Ecuador. 
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Figure 5.1.9 Comparison of electrophoretic analysis of phytophagous mit.es and gut 

contents of phytoseiids collected from cassava at 27 sites in Ecuador. 
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5. 2 Entomology 
The Cassava Mealybu¡:: Phenacoccus herreni 

Biological control is the most important and successful means for controlling the 
cuuv• tMalybug (CM). Adequate levels of host plant resistance have not been identified. 

Numerous natural enernies of CM ha ve been idenúfied and evaluated in the Neotropics. 

Three parasitoid species (Aenasius vexans, Epidinocarsis diversicomis and Acerophagus 

coccois ) have been studied in detail. During 1994, E. diversicomis and A. coccois were 

shipped to EMBRAP A for release into cassava fields in northeastem Brazil (Babia, 

Pernambuco, and Ceará). Colonies of the three species are maintained at CIA T and 

periodically renewed from the field. Shipments of approximately 300 parasitoids in the 

pupa! stage are periodically sent to CNPMA (Jaguariuna) where they pass quarantine 

through at least one generation befare being sent to CNPMF (Cruz das Almas) where 

parasitoid colonies are established based on methodologies developed at CIA T. 

Competition between parasitoid species was studied at CIAT during 1994. 

Competition between A. coccois and E. diversicomis was studied for 20 generations in 

cages (0.5 x 0.5 x 0.8m) in a glasshouse. Fluctuations over time of the populations of the 

two species were recorded (Fig. 5.2.1). Populations of A. coccois were consistently 

higher than E. diversicornis through 20 generations. Although E. diversicomis numbers 

remained low, the species was not eliminated, indicating that these species m ay be able to 

co-exist in the field thereby providing better or more stable biological control of CM. 

Baculoyirus Transmjssion 

The midge ectoparasite, Forcipomyia eriophora (Williston) (Díptera: Ceratopogonidae), 

will feed on larvae of the cassava hornworm (CH) and is capable of transmitting the CH 

baculovirus (Baculovirus erinnyis) from infected to non-infected CH larvae. F. eriophora 

females are more abundant than males. Flight ability is limited obliging them to rest on 

cassava leaves or on homworm larvae. Pernales compliment their diet with nectar but are 

obliged to feed on hornworm hemolymph to acquire proteins needed for egg development. 

Until this year, laboratory studies on virus transmission by F. eriophora have been 

hampered dueto difficulty in maintaining a virus-free CH colony. CH larvae raised on 

cassava lea ves were subject to virus contamination from the food source. To insure an 

experimental supply of virus-free CH larvae, a semiartificial diet was developed. This diet 

consists primarily of lyophilized cassava lea ves, cornmeal, soybean, nutrients and 

preservatives. Three virus-free generations of CH were produced for virus transmission 

experiments. (After three generations on the diet, a marked reduction in CH egg fertility 

was noted.) Beginning with the second instar, CH larvae were reared on artificial diet in 

individual plastic containers to avoid virus contamination. Adult female midges were 



allowed to feed on 4th and 5th instar virus-infected CH larvae for 24 hours. These were 

then transferred to 3rd, 4th o.r 5th instar healthy CH larvae and allowed to feed for an 

additional 24 hours. CH larvae were observed for five days. 

lndividuals from a11 three CH instars became infected following exposure, indicating 

virus transmission by F. eriophora (Fig. 5.2.2). Forty-two percent of CH larvae became 

infected. Virus symptoms appeared most rapidly in the 3rd instar compared with 4th and 

5th instars. Virus symptoms appeared three, five and seven days after exposure in 3rd, 4th 

and 5th instars, respectively. 

Whiteflies 

Whiteflies are a major pest of cassava in severa! regions of the Neotropics. The most 

irnportant species in Colombia are Aleurotrachellus social.is, Be misia tuberculata and 

Trialeurodes variabilis. Aleurothrixus aepim is the predominant species in northeastem 

Brazil, although B. tuberculata and T. variabilis are also present Previous research at 

CIA T in Colombia and more recent studies by CNPMF scientists in Brazil show that high 

populations of A socialis orA. aepim cause significant reduction in cassava yield. On

farm experirnents in Bahía, Brazil measured root yield losses of over 40%. Research at 

CIA T and CNPMF on whitefly control ha ve concentrated on host plant resistance. More 

recently, biological control has received increased emphasis. 

The role of natural enemies in the control of cassava whiteflies is not well understood 

nor extensively researched. The first phase of research on biological control of whiteflies 

has been initiated, i.e., exploration of cassava-growing regions of Colombia and Venezuela 

for natural enemies. The objectives of these explorations are: 

•To determine the geographic distribution of whitefly species on cassava. 

•To identify possible whitefly biotypes through electrophoresis. 

•To record natural enemy species associated with different whitefly species. 

Eight states in Venezuela (Guarico, Apure, Amazonas, Bolivar, Monagas, Sucre, 

Anzoategui, and Miranda) were surveyed (Fig. 5.2.3). Whitefly species recorded were A. 

socialis and B. tuberculata (Table 5.2.1). During the survey months (June and July, 1993) 

whitefly populations were relatively low except for two states, Amazonas and Monagas, 

where A. socia lis populations were high. No A. socia lis populations were detected in 

Apure, Anzoategui, and Miranda. B. tuberculata populations were low throughout the 

survey area but detected in all states. 

In Colombia, cassava is more extensively planted than in Venezuela and surveying has 

been more intensive. During 1994, the Colombian Atlantic Coast (Sucre, Cordoba, 

Bolívar, Atlantico, and Magdalena) and Cauca were extensively surveyed (Fig. 5.2.3). On 

the Atlantic Coast, the most predominant species was A. socialis, followed by B. 

4J 



tuberculata (Table 5.2.2). Populations of T. variabilis were low at all sites surveyed. Low 

populations of a previously unrecorded species on cassava, Tetraleurodes sp., was found 

in Cordoba. A. socialis was found at all sites surveyed, but highest populations were 

found at Pivijay, Magdalena. 

In Cauca deparunent, whitefly populations were low during the survey period 

Populations of T. variabilis were slightly higher than A. socialis (Table 5.2.3). B. 

tuherculata populations were negligible. 

To determine natural enemy populations, leaves were collected from cassava fields and 

placed in containers in the laboratory. Parasitoids that emerged were collected and 

identífied. Whitefly species were caged separately to determine parasitoids associated with 

each. On the Atlantic Coast, two parasitoids were identified; Encarsia sp. and Eretmocerus 

sp. were observed parasitizing A. socialis. Only Eretmocerus sp. was collected from B. 

tuberculata, and Encarsia sp, in very low populations, only from T. variabilis. In Cauca, 

Encarsia sp. and Ami tus sp. were collected from T. variabilis (Table 5.2.4). 

Table 5.2.1 Numbers ofwhiteflies recorded from 18 cassava leaves (6 randomly 

selected from each of 3 plant levels) in fanners' fields in eight Venezuelan 

states. 1993. 

• Total EOEulation (eggs, n~mEhs, EUEae~ 

S tate No. sites visited A. socialis B. tuberculata 

Guarico 4 13 534 

Apure 2 o 832 

Amazonas 6 20,033 271 

Bolívar 10 968 115 

Monagas 8 12,826 183 

Su ere 3 793 86 

Anzoategui 1 o 9 

Miranda 3 o 120 

42 
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Table 5.2.2 Whitefly distribution and populations recorded from cassava fields on the 

Colombian North Coast. 1994. 

Total Whitefl~ PoJ2ulations* 

De!;:!artment MuniciEali~ A. socialis B. tuberculata T. variabilis Tetraleurodes se.. 
Magdalena Pivijay 11' 168 83 

" " 20,419 712 

Atlantico S. Tomas 1,431 3,338 24 

Bolivar S. Pedro 36 151 48 
" M Baja 1,117 75 64 

" S. Onofre 133 76 3 

Su ere Betulia 89 59 

" Palmira 24 131 64 
" Toluviejo 106 178 34 

" S. Pues 228 179 5 

Cordoba Chinu 480 113 6 7 

" " 902 97 64 

" Momil 219 172 14 5 

" Saha~un 194 78 45 

Totals 36,546 5,442 307 76 

• Total number of eggs, nymphs and pupae from 15 cassava lea ves per si te. 

Table 5.2.3 Whitefly populations recorded from cassava fields in Cauca, Colombia 

durini 1994. 

No. Whiteflies• 

DeEartment MuniciEali~ A. socialis B. tuberculata T. variabilis 

Cauca Patia 92 
11 11 313 6 12 

" " 31 19 6 

" " 4 3 175 

" " 26 359 

" Mercaderes 54 47 

" Bolívar 141 3 58 

Totals 569 31 749 

• Total number of eggs, nymphs and pupae from 15 cassava leaves per site. 
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Table 5.2.4 Microhymenopteran parasitoids associated witll whitefly species on cassava 

collected from the Atlantic Coast and Cauca department, Colombia. 1994. 

Whiten~ s~t.os 

Aleurotrachelus socialis 

Bemisia tuberculata 

Trialeurodes variabilis 

Trialeurodes variabilis 

....... 
§ 

6 

-1< _.. 

"' "O ·- 4 o ..... ·-
~ c. 
ó z 2 

Slte Encar~la sp. 

Atlantic Coast 59 

Atlantic Coast o 
Atlantic Coast 3 

Ca u ca 2 

10 
Generations 

Parasitoid species 

Eretmoceru.s s~. Amitus s~. 

38 o 
24 o 
o o 
o 12 

6 
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Figure 5.2.1 Populations of the parasitoids Acerophagus coccois and Epidinocarsis 

diversicomis preying in competition on Phenacoccus herreni in cages in a 

glasshouse. CIA T Palmira, 1994. 
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Figure 5.2.2 Transmission of Baculovirus erinnyis between larvae of the cassava 
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Figure 5.2.3 Explorations for cassava whiteflies and their natural enemies in Colombia 

and Venezuela during 1993 and 1994. 
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5.3 Plant Pathology and Virology 

Biolo¡:ical Control of Ca.ssava Patho~ens 

Work in 1994 focussed on identification of promising fungi for biological control of 
CU88V& palhogens, greenhouse and field screening of Trichoderma, population dynamics 

of Trichoderma spp. under crop rotations, and the effect of Trichoderma on cassava 

gennination and growth. 
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~reenin¡: for ¡x>tential Trichoderma spp. biocontrol isolates. Soil was collected from the 

upper 5 cm in commercial fields in Colombia, Brazil, Ecuador and Venezuela A total of 

317 fungal isolates were collected from 70 fields sampled. There were 110 isolates of 

Trichoderma with an average of 1.7 anda range of0-6 isolates per field. Only six of70 

sampled fields did not possess Triclwderma spp. All isolates were stored under low 

temperature and are being tested for their potential as biocontrol agents (Table 5.3.1). 

Biolo¡:ical control of root rot diseases of cassava in vivo. Twenty three isolates of 

Trichoderma were analyzed for biocontrol of Phytophthora parasitica. One-month-old 

cuttings from vegetatively produced stock of clones highly susceptible to Phytophthora 

root rots were used (CMC 40, MCOL 1684, HMC-1, MBRA 12, MBRA 451, SM 643-17 

and CM 7397-1 ). Significant differences in disease control were noticed depending of the 

time span between introduction of pathogen and biocontrol agent. In general, disease 

control was low when the pathogen was inoculated before the biocontrol agent while 

control increased when the pathogen was inoculated after the agent The best disease 

control was observed when the pathogen was inoculated two weeks after inoculation of the 

Trichoderma isolates. Six isolates of 23 controlled P. parasitica in vivo. The most effective 

isolates (14 PDA-4 and 19 TMS-3A) chosen as biocontrol agents for future experiments 

since were effective in at least 50% of the experimental trials (Table 5.3.2). 

Field eyaluation of Tricboderma SDD· for control of Diplodia rnanihotis. Efficacy of 

isolates 14 PDA-4 and 19 TMS-3A for control of Diplodia manihotis was determined on 

cassava clones CM 7397-1 (susceptible), CM 7310-1 (susceptible), and HMC-1 (tolerant), 

and a combination of the two. Treatments with biocontrol agents improved germination of 

clones CM 7397-1 and HMC-1 compared with the control. There was no response by the 

clone CM 7310-1. This clone exhibited a resistant reaction to the pathogen in the field 

contrary to the reaction reported previously, suggesting the existence of a pathogen/host 

interaction or the existence of pathotypes. The existence or not of races within this 

pathogen needs to be clarified in the near future for breeding purposes (Table 5.3.3). 

Population dynamics of Tricboderma SDD· in crop rotations. Population dynamics of 

Trichoderma were studied in 14 fields with different crop rotations: Beans (B), Maize (M), 

Sorghum (S), Crotalaria (CR), Sunflower(SU), Cassava (C) and Fallow (F) or not 
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planted. The crop rotation pattems were: 1) C-C, 2) B-M-C, 3) B-S-C, 4) C-C 87-92, 5) 

C-C 89-92, 6) CR-C, 7) F-C, 8) M-B-C, 9) M-M-C, 10) M-S-C, 11) S-B-C, 12) S-M-C, 

13) S-S-C, 14) SU-C. Presence and number of colony forming units (CFU) of 

TrlcltothrmtJ were analyzed on three to five replications (fields per rotation pattern) and soil 

was evaluated on two dates: a week before cassava harvest, and at harvesting of lhe crops. 

Treatments were compared by calculating the mean of percentages of 1) total number of 

CFU on TSM medium, 2) number of CFU per gram of soil, and 3) percentage of dishes 

(TSM and PDA media) with presence of Trichoderma spp. Populations of Trichoderma 

spp. were enhanced in crop rotations with maize and sorghum but reduced in rotations with 

beans, sunflower and crotalaria. Populations at the end of the cassava crop depended on 

the preceding crop. Cassava after cassava exhibited low populations of Trichoderma while 

fallow was better than cassava. Due to the variability observed within each rotation in 

populations of Trichoderma with the detecting method used, the experiment will be 

repeated using altemative methods for detecting the fungus (Tables 5.3.4 and 5.3.5). 

Effect of Tricboderma spp. on ~eonination and ¡:rowth of two cassaya clones. The effect 

of Trichoderma harzianum on the germination and growth of two clones (CM-523-7 and 

CM 3306-4) was evaluated in in a greenhouse anda growth chamber at CIAT. In one 

experiment, stakes used of the clone CM 3306-4 were either fresh or stored for one month 

before use. Trichoderma isolates used were: CIAT HQ, 14 PDA-4, 19 TSM-3A, and 26 

TSM-2. Treatments with the fungus were conducted as described previously (immersion in 

a spore suspension for 30 minutes and application of 40 ml of colonized sorghum at 

planting time). In the first experiment, effects were determined on plant height, fresh and 

dry weight of lea ves and stems, fresh and dry weight of roots. Significant differences were 

only found on the effect of lhe isolate CIA T HQ on the increase in dry weight of roots (0.1 

glp1ant) of the clone CM-523-7. 

In the second experiment, there were no significant differences on the effects of 

Trichoderma applications on fresh or dry stem and leaf weight, and on fresh or dry root 

weight There were differences on the effects on germination of clone CM 3301-4. These 

effects were observed at either 23 or 37 days after planting, but not at 66 days after 

planting. Differences in germination were associated with the age of stakes and not with the 

use of Trichoderma. Germination was better for stakes stored for one month (54- 87% at 

23 days, 83-96% at 37 days) than for fresh stakes (25- 33% at 23 days, and 50- 54% at 

37 days). There were no differences at 66 days when all treatments had more than 87% 

germination. In conclusion, Trichoderma spp. had no effect on germination and growth of 

the cassava clones used (Tables 5.3.6 and 5.3.7). 
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Studies of Cassaya Root Rot Patho~eos. Pathogenic species associated with root rot 

diseases in different cassava growing regions in Latin America were identified and 

quantified. Soil was sarnpled from three areas in Colombia (Carimagua, Villavicencio, 

Marta La Baja). Samples included soil under cassava cultivation, one year fallow, or under 

rotation with other crops. Identification of fungal isolates was based on macroscopic, 

microscopic and cultural characteristics. In general, the most common species recovered 

from all samples were Fusarium oxysporum. F. solani, and a probably non-pathogenic 

Fusarium sp. F. solani was found in higher proportion than F. oxysporum and was more 

commonly associated with infected cassava roots. In general, the frequency of these 

pathogeos was lower in non-cultivated than in cultivated fields. Contrary to expectations, 

Phytophthora spp. was not detected in samples from Maria La Baja. It is not known if its 

absence is associated with the method used for pathogen isolation, or an effect of cultural 

practices established in the sampled areas to manage cassava diseases. Pathogenicity tests 

of various isolates are being conducted. 

Root and stem rot pathogens identified from fields at CIA T. F. oxysporum was always 

recovered from infected samples exhibiting severe darnage. Pathogenicity tests of severa! 

isolates identified highly aggressive isolates. Cassava clone CM 3306-4 was severely 

affected (0% germination) while clones MCOL1505 and MCOL1684 were highly and 

moderately resistant, respectively. One of these isolates will be used for screening cassava 

germplasm for Fusarium resistance. 

Analysis of infected cassava roots from Ecuador yielded mainly D. manihotis and F. 

oxysporum. These isolates were more aggressive than isolates of the same species found in 

Colombia (fable 5.3.8). Studies will attempt to determine if a cultivar/isolate interaction 

exists in these host-pathogen systems. Identification and quantification of root rot 

pathogens in samples received from Brazil are being conducted. 

Cassava Vein Mosaic Virus (CVMV). 

Most of the objectives in the 1994 workplan were achieved during the year. The complete 

sequence of CVMV was determined. Primcrs and optimal conditions for PCR 

arnplification were analyzed and the mcthod is ready to be used as a research and diagnostic 

tool. Progress has been made on purification of the virus and production of antisera. 

Convincing evidence has been collected to show that visual symptoms are not a reliable 

indicator of virus infection and that CVMV does spread rapidly in the field. 

Molecular chacacteózation of CVMY. To understand the pathogen and develop control 

strategies, the complete sequence of CVMV was determined. The genome is 8158 bp in 

size and contains a tRNAmet¡ binding si te that probably acts as a primer for minus-strand 

synthesis. The genome contains five open reading frames (OFRs) that potentially encode 
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proteins with predicted molecular weights of 186, 9, 77, 24, and 26 K. The 186 K protein 

has a zinc fmger-like RNA-binding domain that is a common element in the capsid proteins 

of pararetroviruses. The 186 K protein also has an intercellular transport domain. The 

predleted 77 K prot.eln had regions with similarity to aspartic proteases, reverse 

transcriptase, and RNase H of pararetroviruses. The genomic organization of CVMV was 

grouped between the caulimoviruses and badnaviruses. It appears CVMV is distinct from 

other, well-characterized plant pararetroviruses. 

Analysjs of CVMY isolates. Approximately 3,000 bases of a CVMV isolate from 

Petrolina, Brazil ha ve been cloned using PCR. These clones ha ve been partially 

sequenced; there is approximately 95% homology with the original CVMV clone. There is 

also sorne sequence data on a CVMV isolate from Araripina, Brazil; it shared 96% 

homology with the original CVMV clone. Although additional analyses are needed, 

preliminary data indicate a high degree of homology between CVMV isolates. 

Deyelopmeot of rapid CVMY dja~nostic techniques. PCR-based detection techniques have 

been developed for CVMV. The method is most sensitive and accurate when total nucleic 

acids are extracted from fresh lea ves. When lea ves are dried, extraction is not efficient and 

positive samples often appear to be negative. The fault is with the extraction of nucleic 

acid. since it is not possible to amplify PCR products using ribosome RNA primers. 

Cassava plants infected with CVMV display a range of symptoms including chlorosis 

of the veins that can coalesce to form a mosaic. There is often leaf distortion and epinasty 

of young leaves. CVMV is transmitted readily through stem cuttings used as vegetatively

propagated planting material. When CVMV-infected stem cuttings germinate, plants are 

often stunted. This is nonnally foUowed by a flush of lea ves with no apparent symptoms. 

Virus symptoms occur in flushes throughout the growing cycle. Using the PCR test, 

CVMV can be detected in asymptomatic lea ves. Thus, even leaves without symptoms may 

contain virus. This stresses the importance of immunological diagnostic methods. 

froduction of antisera to CYMY. Production of antisera to CVMV has proceeded through 

two methods. In the laboratory of Dr. J.A. Lima (UFCE) methods for purification of 

CVMV are being developed. Partially purificd viral preparations were made and used to 

produce antiserum. In a Westem blot, this antiserum reacts with two major proteins. One is 

a plant protein produced in large quantities by cassava The other protein is believed to be 

CVMV capsid protein. Further efforts will produce an antiserum by elution of the capsid 

protein from polyacrylamíde gels and for use as the immunogen. 

At CIA T, the part of the genome that encodes for the capsid protein has been put into a 

bacteria! expression vector. The vector is being put into a protease-negative strain of 

bacteria and the capsid protein wiU be purified from the bacteria. It is expected that antisera 
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without reactions to healthy cassava will soon be produced using both methods. 

Epidemjolo~y tóal to deteanine the yector of CYMY. An epidemiology tóal to determine ü 

CVMV spreads within a planting and the cate of spread in the field was planted at Petrolina, 

PE, Brazll in Aprtl. Ruults are inconclusive due to CGM damage; sorne planting material 

was contaminated with CVMV. This emphasires the difficulty with using symptom 

expression for selection of clean planting material. Sorne varieties are CVMV -free but not 

well-adapted to Petrolina and suffered defoliation from CGM attacks. Stem cuttings from 

introduced varieties will be evaluated during the next growing cycle for CVMV symptoms. 

In Araripina, many of the breeding trials of Dr. W ania Fukuda (CNPMF) became 

contaminated with CVMV by the second planting cycle. The so urce of these breeding trials 

is true cassava seed. CVMV is not seed transmitted - another indication CVMV is 

transmitted in the field. Attempts to identify the vector will continue into 1995. 

Table 5.3.1. Collection of otential Trichoderma s . biocontrol a ents. 

Brazil 
Belém 
Guari abo 
Manaus 
Colombia 
Buga 
Bajo Calima 
Calarca 
Carimagua 
Circasia 
Maria La Baja 
Montenegro 
Palmira 
Sincelejo 
Villavicencio 
Ecuador 
Sto Domingo 
Venezuela 
Monagas 
TOTAL 
1 A:. Low land tropical 

C: Lowland semibot isothermic 
E: Lowland bot isotbermic 
J: Highland tropical 

6A 
6A 
6A 

7A 
6A 
7J 

2,6E 
21171 
7C 

21171 
4C 
7C 
6A 

7A 

5A 

2: Soils with permanent depth restrictions. 

11 
12 
35 

25 
13 
28 
14 
15 
61 
15 
38 
5 
13 

28 

7 
317 

4: Soils with seasonal moisture restriction (annual flooding or drainage problems). 
5: Soils with permanent moisture and/or salinity restriction. 
6: Soils with acidity restrictions. 
7: Soils without restrictions. 

6 
7 

22 

5 

9 
lO 
9 

6 
25 
3 
11 

110 

2 Based on macro observations: texture, growth, pattem of colony, colour at PDA and malt-extract agar. 



C.V.(%) 14.1 18.9 10.9 11.9 26.7 19.6 16.9 14. 9 
lSurvival time= mean no. days after introduction of pathogen that plantlets did not show symptoms. 
2Means within columns followed by the same letter do not differ by DMRT, (a.--Q.05). 

Table 5.3.3 Efficac~ of two isolates ofTrichoderma s~~· for field control of Die,lodia manihotis. 

Clone/ Germination Plants infected by Weak. Plants w/ dead Defoliai.OO 

isolate ~%~ D. manihotis ~%~ seroulS buds~%2 QlanlS ~%l 

Clone Isolate 29dae1 39daQ 106~ 29~ 29dap 106dap 

HMC-1 14 PDA-4 92a O a O a 2.1 a 6.3 a 8.3 a 

HMC-1 19 TSM-3A 94a O a O a 2.1 a 2.1 a 2.1 a 

HMC-1 Control 65 b 13 b 10 b 23 b 8.3 a 2.1 a 

CM 7397-1 14 PDA-4 74 b 4.9 ab 13b 16b 4.9ab 0.7a 

CM 7397-1 19 TSM-3A 99a 0.7 a 0.7 a 0.7 a O a llb 

CM 7397-1 Control 83 b 4.2 ab 3.5 ab 9.0ab 5.6 b 4.2a 

CM 7310-1 14 PDA-4 89a 4.2 a 4.2 a 4.2 a 4.2a 5.2 a 

CM 7310-1 19TSM-3A 91 a 4.2 a 4.2 a 5.2 a 2.1 a 1.0 a 

CM 7310-1 Control 57 b 18 a 17 a 28 b 9.4a 1.0 a 

1 dap: Days after planting. 
2 Means within columns followed by the same letter do not differ by Duncan's Multiple Range Test 

(a=O.OS). 
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Epidemjolo¡:;y tria! to deteonine the vector of CYMV. 

An epidemiology trial to determine if CVMV spreads within a planting and the rate of spread under 

field conditions was planted at Petrolina, Pernambuco, Brazil in April, 1994. Results are inconclusive 

due to eCM damage ami becaW~e some plant.íng material was contaminated with CVMV. This 

emphasizes the difficulty with using symptom expression for selection of clean planting material. 

Sorne varieties are CVMV -free, but these are not well-adapted to Petrolina and suffered defoliation 

from CGM attacks. Stem cuttings from introduced varieties will be evaluated during the next growing 

cycle for CVMV symptoms. 

In Araripina, many of the breeding trials of Dr. Wania Fukuda (CNPMF) became contaminated 

with CVMV by the second planting cycle. The so urce of these breeding trials is true cassava seed. 

CVMV is not seed transmitted and this is another source of evidence that CVMV is being transmitted 

in the field. The activity to identify the vector will continue into 1995. 

Table 5.3.1. Collection of potential Trichoderma spp. biocontrol agents. 
Sample Site Agroecological zonel No. of isolates No. of different isolates2 
Brazil 
Belém 
Guariabo 
Manaus 
Colombia 
Buga 
Bajo Calima 
Cal arca 
Carimagua 
Circasia 
Maria La Baja 
Montenegro 
Palmira 
Sincelejo 
Villavicencio 
Ecuador 
Sto Domingo de los 
Colorados 
Venezuela 
Mona gas 
TOTAL 
1 A; Lowland tropical 

6A 
6A 
6A 

7A 
6A 
71 

2,6E 
21171 
7C 

21171 
4C 
7C 
6A 

7A 

5A 

C: Lowland semihot isothermic 
E: Lowland hot isothermic 
J: Highland tropical 
2: Soils with permanent depth restrictions. 

11 
12 
35 

25 
13 
28 
14 
15 
61 
15 
38 
5 
13 

28 

7 
317 

6 
7 
22 

5 

9 
10 
9 

6 
25 
3 
11 

110 

4: Soils with seasonal moisture restriction (annual flooding or drainage problems). 
5: Soils with permanent moisture and/or salinity restriction. 
6: Soils with acidity restrictions. 
7: Soils without restrictions. 

2 Based on macro observations: texture, growth, pattem of colony, colour at PDA and malt-extract 
agar. 
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Table 5.3.2. Effect of six isolates of Trichoderma SEE· on survival time of cassava cuttings. 

SURVIV AL TIME (DAYS21 No. OF TRIALS 
Trial 2 3 4 6 8 9 10 Control No 

control 
lsolate No. CMC CMC CMC MCOL MBRA MBRA SM CM 

40 40 40 1684 12 451 643-17 7397-1 

Control 13 a2 42a 19 a 24a 24a 14 a 28a 25a 
P. parasilica 

8bc 27bc 12 e 5c 12 b 4d 9c 16bc 

11 TSM-4 8b 1 o 
14PDA-4 12ab 36ab 13bc 10b ltb 17 b 5 1 

16PDA-1 7bc 1 o 
19TSM-3A 

13 a 28bc 15 b 13 b 13c 2 3 

26TSM-2 12a 29 b 16 b 2 1 

48 TSM-1 7b 1 o 

c.v.(%) 14.1 18.9 10.9 11.9 26.7 19.6 16.9 14. 9 

1 Survival time = mean no. days after introduction of pathogen that plantlets did not show symptoms. 

2Means within columns followed by the same letter do not differ by DMRT, (a=0.05). 

Table 5.3.3 Efficac~ of two isolates ofTrichoderma s~~· for field control of DieJ-adia manihotis. 

Clone/ Germination Plants infected by Wealc Plants w/ dead Defol.ial.ed 

isolate ~%~ D. manihotis ~%~ SQCOUlS buds ~%l Qlants ~%} 

Clone Isolate 29daQ1 39daQ 106daQ 29~ 29~ 106~ 

HMC-1 14 PDA-4 92a O a O a 2.1 a 6.3 a 8.3 a 

HMC-1 19 TSM-3A 94a O a O a 2.1 a 2.1 a 2.1 a 

HMC-1 Control 65 b 13b 10 b 23 b 8.3 a 2.1 a 

CM 7397-1 14PDA-4 74 b 4.9 ab 13b 16 b 4 .9ab 0.7 a 

CM 7397-1 19 TSM-3A 99a 0.7 a 0.7 a 0.7 a O a tlb 

CM 7397-1 Control 83 b 4 .2 ab 3.5 ab 9.0ab 5.6 b 4.2a 

CM 7310-1 14 PDA-4 89a 4.2 a 4.2 a 4 .2 a 4.2 a 5.2a 

CM 7310-1 19 TSM-3A 9la 4.2 a 4.2 a 5.2 a 2.1 a 1.0 a 

CM 7310-1 Control 57 b 18 a 17 a 28 b 9.4 a 1.0 a 

1 dap: Days after planting. 
2 Means within columns followed by the same letter do not differ by Duncan's Multiple Range Test 

(a=0.05). 
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Table 5.3.4. Population of Trichoderma spp. in crop rotations. 
Trichoderma count (% or max. score)l 

Rotation 
M-s:C 
B-M-C 

F-C 
S-S-C 
B-S-C 

M-B-C 
M-M-C 
S-M-C 

S-B-C 
C-C (87-92) 
C-C (89-92) 

SU-C 
B-B-C 
CR-C 

Cassava harvest Rotation harvest 
90 a2 57 ab 
72 ab Oc 
70 ab 21 be 
70 ab 14 be 
63 ab 67 ab 

50 abe 20bc 
37 bcd 61 ab 
35 bcd 57 abe 

13 cd Oc 
12 cd Oc 
8cd 95 a 

6d 69 ab 
5d 26be 
5d 26 be 

c.v. (%) 37.6 55.9 
Soil Hurnidity (%) 12.7 6.2 

54 

l Mean of percentage of total no. of colon y forming units on Trichoderma semi-specific mediwn, 
number of CFU/g soil, and percentage of dishes (TSM and PDA) with Trichoderma spp. 

2 Means within columns followed by the same letter do not differ by Tukey's Studentized Range 
Test, a=0.05. 

Table 5.3.5. Populations of Trichoderma spp. in soil collected from fields of varying crop rotations. 
HARVESTI 

CROP ROTA TION 
B-M-C 
M-S-C 
M-B-C 
S-S-C 
F-C 

B-S-C 
M-M-C 
S-M-C 

C-C (87-92) 
C-C (89-92) 

S-B-C 
SU-C 
CR-C 
B-B-C 

1 Number of colony forming units/g of soil. 

CASSAVA 
9.8 x w3 
8.3 X 1Q3 
5.9 X 103 
4.7 X 1Q3 
4.6 X lo3 
3.6 X 1Q3 
3.2 X 1o3 
1.6 X 1Q3 
0.9 X 1Q3 
0.9 X 1Q3 
0.4 X 1Q3 
Q.2 X 1Q3 
0.1 X 1Q3 

o 

ROTATION 
o 

4.3 X 1Q3 
0.5 X 103 
QJ X 1Q3 
0.3 X 103 
2.4 X 103 
4.2 X 1Q3 
1.7 X 1Q3 

o 
4.5 X 1Q3 
1.7 X 1Q3 
2.9 x 1o3 
l.Q X 1Q3 
1.9 X 1Q3 
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Table 5.3.6. Effect of Trichodermtl spp. on gennination of cassava clone CM 3306-4. 
CLONFJSTRAIN GERMINATION (%) 

CM 330f4. storaeed 
Control 
14 PDA -4 
19TSM-3A 
26TSM -2 

CM 3306-4. fresh 

23 dap 1 37 dap 66 dap 

75 a2 
88 a 
54 a 
63 a 

96a 
88 a 
88 a 
83 a 

100a 
96a 
96a 
96a 

Control 33 b 54 b 96 a 
14 PDA -4 25 b 50 b 88 a 
19TSM-3A 29b 54b 79a 
26 TSM -2 25 b 54 b 88 a 

l Days after planting. 
2 Means within columns followed by the same letter do not differ by DMRT. a=Q.05. 

Table 5.3.7. Effect of Trichodermtl sp~on growth of cassava clone CM 3306-4. 
LEA V ANO STEMS ROO~ 

55 

Clone/strain 
r:M j3Uó-ª· stora¡:~d 

Fresh wt. (g) Dry wt. (g) Fresh wt. (g) Dry wt. (g) 

Control 9.5 al 2.7 a 4.1 b 0.8 a 
14 PDA -4 8.6 a 2.8 a 4.6 b 1.0 a 
19TSM -3A 7.8 a 2.9 a 7.4 a 0.9 a 
26TSM-2 11.6 a 4.2 a 5.4 b 1.0 a 

CM 33Qó::l. ~sh 
Control 11.7 a 3.4 b 5.3 a 0.6 a 
14 PDA -4 9.7 a 3.1 b 4.3 a 1.2 a 
19TSM-3A 10.3 a 3.8 b 5.0 a 0.9 a 
26TSM -2 9.5 a 2.5 b 4.5 a 0.7 a 

1 Means within columns followed by the same letter do not differ by DMRT. a=Q.05. 

Table 5.3.8 Effect of root rot pathogens from Ecuador and Colombia on gennination and necrosis of 
three cassava clones. 

Diplodia manihoris Fusarium o.xy'E:rum 
COLOMBIA ECUADOR COLOMBIA UADOR 

Clone GER NEC GER NEC GER NEC GER NEC 
MCL 1505 45 71 O 100 90 48 20 95 
MCL 1684 80 74 10 98 40 90 O 100 
CM 3306-4 30 70 O 100 40 70 O 100 

GER= percent germination, NEC= percent necrotic tissue. 
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6 Strategic Research at CNPMF 

6. 1 Agronomy 

Effect of coyer crops and weeds on cassava yield 

To study effeets cf wuds on ea.ssava yield, an experiment was planted at Cruz das 

Almas in July, 1993, and harvested in July, 1994. Average yield of root and aerial parts are 

shown in Figure 6.1.1. Keeping the cassava crop weed-free for 30 or 60 days after 

gennination did not increase root yield (fable 6.1.1). Yield was not affected by weed 

competition during 30 days after germination, i.e .• 40 - 45 days after planting. Thus, weed 

control was not necessary during that period suggesting that, at Cruz das Almas, it is not 

necessary to keep the crop weed-free throughout the cycle. It appears the critical period for 

weed interference begins 30 days after germination and lasts for 3 to 4 additional months. 

On-farm trials at ltaberaba and Piritiba, Bahía, were planted in March/April, 1994 to study 

effects of weeds on cassava yield. Harvest is expected in January, 1995. 

Occurrence ofweeeds in cassava fields was studied in tria1s planted in March/May, 

1994 at Cruz das Almas, Itaberaba and Piritiba. Common weeds in those ecosystems are 

listed in Table 6.1.2. At Cruz das Almas, common weeds were Richardia brasiliensis, 

Acanthosperum australe, Cyperus rotundus, Eleusine indica, Blainvillea rhomboidea, 

Borreria alata, Digitaria horizontalis, Rhynchelitrum roseum, Brachiaria decumbens, 

Croton lobatus, Commelina benghalensis. At Itaberaba, common weeds in cassava fields 

were BilJinvillea rhomboidea, Portulaca oleracea, Diodia teres, Acanthospermum hisp~ 

Mitracarpus hirtu, Mollugo verticillata, and a weed species to be identified. Common 

weeds in cassava fields in Piritiba were Richardia brasiliensis, Solanum erianthum, Setaria 

vulpiseta, Eupatorium laevigatum, Eupatorium ballaraefolium, andan unknown species. 

To study effects of cover crops on cassava yield, on-fann trials were carried out at Cruz 

das Almas, ltaberaba and Piritiba (Bahía), and in Feira Nova (Pernambuco), the last in 

cooperation with IPA. Harvest is expected in January, 1995. 

Effects of cover crops on arthropod population dynamics ha ve been studied in al1 three 

ecosystems where PROFISMA has research activities. It is expected to identify weeds 

and/or cover crops able to function either as shelter (refugia) oras source of food for 

natural enemies of cassava pests, thus increasing their population and, as a consequence, 

decreasing cassava pest incidence. All collected arlhropods were sent for identification. 
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Effect of mulchin~ on cassa,ya yield 

Bagana, a waste product of a species of palm named camauba, was evaluated as mulch 

for cassava in semiarid regions at two locaúons: Russas and Acarau, Ceará. The trial 

condueú!d in ku88U wu lost t.o droughL At Acarau, increasing the amount of bagana in 

cassava fields increased root yield as well as weight of aerial parts (Table 6.1.3). Small 

increases in starch content were observed although these results are not conclusive. 

Differences in starch content from ftrst to second harvest period may be explained by three 

homworm infestaúons that occurred during the first crop cycle. It is irnportant to mention 

that the use of bagana mulch controlled weed incidence, reducing weeding from 7 to 5 

times. Addiúonally, bagana mulch promoted early development of the aerial part of cassava 

plants. Trials will be carried out in 1995 to confirm these data. 

Table 6.1.1 Average yield of root and aerial parts of cassava at Cruz das Almas, B~ 

1994. 

Yi~ld (tooslh¡¡)• 
Treatment Root Aerialpart 

W eed control from germinaúon 
1 For 30 days 3.73 de 5.17 ab 
2 For 60 days 5.83 cde 8.57 ab 
3 For 90 days 19.20 ab 13.73 ab 
4 For 120 days 19.03 ab 18.40 a 
5 For 150 days 23.67 a 15.20 a 
Weed control starting 30 days after germination 
6 For 30 days 6.06 cde 7.87 ab 
7 For 60 days 16.43 abe 9.87 ab 
8 For 90 days 20.03 ab 16.03 a 
9 For 120 days 17. 17 abe 14.17 ab 
W eed control starting 60 days after germination 
10 For 30 days 8.47 be de 7.90 ab 
11 For 60 days 15.10 abcd 11.20 ab 
12 For 90 days 16.73 abe 13.17 ab 
W eed control starting 90 days affter germinaúon 
13 For 30 days 6.10 cde 7.63 ab 
14 For 60 days 13.47 abcd 18.20 a 
Weed control starting 120 days after germination 
15 For 30 days 6.57 e de 8.87 ab 
Weed control throughout the crop cycle 
16 20.10 a 17.40 a 
No weed control all over the crop cycle 
17 0.83 e 1.50 b 

•Means followed by the same letter within each column do not differ by Tukey's test. a • 
0 .05. 
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Table 6.1 .2. Common weeds found in cassava fields located in Cruz das Almas, Piritiba, 

and Itaberaba, Bahia, 1994. 

Code Scientific name Common name Family 

01 Richardia brasiliensis Poaia branca Rubiaceae 
02 Acanthospermum hispidum C. de cameiro Compositae 
03 Portulaca o/eracea Beldroega Portulacaceae 
04 Non identified Plante 
05 Blainvil/ea rhomhoidea Picao grande Compositae 
06 Mollugo verticillata Molugo Mulluginaceae 
07 Solanum erianthum Caic;ara Solanaceae 
08 Diodia teres Mata pasto Rubiaceae 
09 Mitracarpus hirtu Poaia da praia Rubiaceae 
10 Croton lobatus Café bravo Euphorbiaceae 
11 Euphorbia prostrata Quebra pedra Euphorbiaceae 
12 Setaria vulpiseta C. rabo de raposa Graminae 
13 Eupatorium laevigatum Eupatorio Compositae 
14 Eupatorium ballataefolium C. de coelho Compositae 
15 Sida cordifolia Mal va branca Malvaceae 
16 Ageratum conyzoides M en trasto Compositae 
17 Passijlora cincinnata M. do mato Passifloraceae 
18 Acanthospermum australe C. rasteiro Compositae 
19 Cyperus rotundus Tiririca Cyperaceae 
20 Eleusine indica C. pé-de-galinha Graminae 
21 Digitaria horizontalis C. colchao Gramineae 
22 Bo"eria alata Poaia-do-carnpo Rubiareae 
23 Commelina benghalensis Trapoeraba 

Commelinaceae 
24 Rhynchelitrum roseum Capim-favorito Gramineae 
25 Brachiaria decumbens Capim braquiária Graminea 

Table 6.1.3 Effect of bagana mulching on root yield, aerial part production, and starch 

content of cassava in Acaraú, Ceará, 1994. 

Bagan a 
(m3/ha) 

315 
270 
225 
180 
135 
90 
45 
o 

12 17 
Root yjeld (ton/ha) 

14.96 
14.11 
11.52 
11.33 
10.37 
7.93 
5.30 
6.52 

32.52 
34.00 
28.85 
32.96 
25.74 
19.85 
18.07 
19.22 

Months to Harvest 
12 17 

Aerial yjcld (tpn/ha} 

14.85 
14.89 
14.26 
11.66 
10.41 
8.26 
6.37 
4.47 

26.26 
26.22 
22.44 
22.85 
17.89 
12.59 
12.22 
18.37 

12 17 
Starch content (%) 

23.04 
22.91 
23.17 
20.91 
22.51 
20.10 
19.96 
19.22 

29.81 
29.52 
28.64 
29.22 
29.11 
28.51 
27.51 
26.80 
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~ Root yield (% of control) Aerial yield (% of control) 
120% 120% 

100% 100% 

80% 80% 

60% 60% 

40% 40% 

20% 20% 

0% 0% 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

Treatrnents 

Figure 6.1 .1 Cassava root yield and aerial biomass at harvest as affected by treaunents 

listed in order in Table 6.1.1 and expressed as percent of the control treatrnent (weed 

control throughout the cropping cycle, treatmentl6) 
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6.2 Acarology 

Development of Neozygites 

60 

Strain selection and "in vivo" production. Isolates of Neozygites sp. (Zygomycetes: 

l!nt6mophthorale&) pathogenic to the cassava green mi te (CGM) were collected from 24 

sites located in Bahia. Sergipe, Alagoas, Pernambuco, Ceará. and Piauí (Fig. 6.2.1). Due 

to the possibility of contamination by local strains of the pathogen, the multiplication of the 

collected isolates has been performed at the Research Center for Semiarid Tropics 

(CPATSA)IEMBRAPA, located in Petrolina. S tate of Pernambuco, where there is no 

report on Neozygites occurrence. Multiplication of each isolate was initiated from a single 

mummy to reduce the possibility of contamination between collection sites thereby 

maintaining any population variability that may exist between collection si tes. 

Production of mummified CGM, due to Neozygites infection, under laboratory 

conditions is necessary to provide material for studies such as host/pathogen relationship. 

Mummified mites kept under high humidity conditions produce primary conidia which 

germinate and give rise to secondary conidia. also known as capilloconidia. that are used 

for bioassays. A method was developed to produce mummified CGM under controlled 

conditions. A mummified CGM is placed on a cassva leaf disk (1.7 cm diameter) and 

placed on a polyurethane foam pad inside water containing petri dishes, to avoid escape by 

mites. The petri dish is kept at 23 +/- 1 °C and 100% RH for 16 hours in the dark to 

promote fungal conidiation. Twenty five female CGM (approximately one da y old) are then 

transferred to each leaf disk and kept for two days at 25 +1- 1 °C, 60 +1- 10% RH, 12 h. 

photophase~ petri dishes are closed during the dark period. From the fourth to the seventh 

days of incubation the arenas are kept under continuous light This technique yields 64% 

mummified CGM. For storage, mummies are placed in plastic vials, with a small amount 

of glycerol and kept at 4 °C. Methods for mass production of mummífied CGM are 

currently under study. 

Despite several attempts, in vitro production of Neozygites on Grace's medíum and 

Ml99 modified medium, supplemented with bovine foetal serum was unsuccessful. Dr. 

Richard A. Humber (lnsect Mycologist, USDA, US Plant, Soil and Nutrition Laboratory, 

Ithaca. NY) visited EMBRAPNCNPMF, as a consultant, during the period ofMay 21 to 

26, 1994. 

In a joint activity between PROFISMA and the project Biological Control of the 

Cassava Oreen Mite, an EMBRAPNCPATSA-IITA project founded by IFAD, evaluations 

of CGM population dynamics and infection by Neozygites were camed out weekly in nine 

cassava fields in Piritiba, Babia from March to October, 1994. Neozygites natural 

occurrence and spread were evaluated every three days in two other cassava fields. 
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Epizootics were initiated on May 24, 1994. Twenty-three days later, infected CGM were 

observed in all nine cassava fields. Within one field it took 10 to 14 days for infected CGM 

to be found on all cassava plants. In six cassava fields, CGM infection reach 60% in 16 

daya. tnrected COM were initially observed in higher amounts on leaves located on the 

upper part of the cassava plant rather than on other lea ves. CGM population decreased 

abruptly after high Neozygites incidence during June and July, 1994, when light rainfall 

occurred and a small number of CGM natural enemies was observed. This agrees with 

previous observations that Neozygites sp. is in volved in reduction of CGM population in 

Piritiba. 

lnteraction of water stress and mite dama¡:e. 

The effect of CGM on three cassava varieties under severe water stress was studied as a 

joint activity between PROFISMA and the project 'Development of Cassava Germplasma 

for Severa! Ecosystems and its Utilization Forms', funded by IFAD. The trial was planted 

on April15, 1994, at the "Bebedouro" Experimental Station/CPATSNEMBRAPA, 

Petrolin~ Pernambuco. Planting material was obtained from evaluation uials of the 

EMBRAPNCNPMF cassava germplasm bank at CPATSA. Three varieties were chosen; 

"Do Céu" and "Macax.eira Preta", dueto their high performance, and the local variety 

"Engana Ladrao", as a check. Each plot contained 48 plants in a 1 x 1m spacing. All plots 

were irrigated from planting up to June 6, 1994 to allow uniform germination. Since very 

low CGM populations were observed up to June, non-protected treatments were infested in 

late June by fixing a CGM-infested leaf on each cassava plant. The average number of 

CGM released per plant was 347 .8. CGM population remained low until August when it 

began to increase, reaching high population density in late August/early September and 

causing severe plant defoliation in those plots without mi te control. Defoliation occurred in 

both irrigated and non-irrigated plots showing a strong CGM effect on leaf area reduction. 

Visual diference was evident between irrigated and non-irrigated plots. Irrigated plants 

were taller and had higher number of leaves compared with non-irrigated plants. 

Artbropod Population Dynamics 

Studies of population dynamics of arthropods present on cassava plants ha ve been 

carried out in 5 cassava fields: four at Piritiba and one at Itaberaba, Bahía. Biweekly 

evaluations at Piritiba showed that CGM numbers were higher on upper lea ves compared 

with middle leaves. The highest CGM population was observed in March, 1994. 

Phytoseüds (eggs and adults) were found predominantly on middle leaves in all fields. The 

highest phytoseiid populations were detected late Marchlearly April1994 at Piritib~ and in 

March, 1994 at ltaberaba. Amblyseius idaeus was the most frequently observed phytoseiid 

mite. Whiteflies (eggs and nymphs) were observed from June to August in all fields. 
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Thrips incidence was very low. 

Pbytoseiid releases 

62 

Typhlodromalus tenuiscutus, introduced from CIAT, was quarantined at CNPMA and 

forwarded to CNPMF. T. tenuiscutus was released in two cassava fields in Piritiba. Dueto 

the small number of mites available for release, 25 individuals were released per plant 

within each field. Surveys were perfonned every 15 days in areas where phytoseüd 

releases took place to monitor establishment 

Mass rearin¡: of phytoseiid mites 

Colonies of T. tenuiscutus were established al CNPMA, CNPMF and CPATSA (25 

°C, 55% RH). There are currently six colonies of T. tenuiscutus at CNPMF producing 

about 2,000 mites/month. At CNPMF, T. tenuiscutus are fed CGM on cassava lea ves. 

Exponation of T:whlodromalus manihoti to Nrica 

In collaboration with ITTA, 1800 individuals of T. mmzihoti were sent to the University 

of Amsterdam for quarantine and forwarding to llT A Biological Control Station at Benin. 

Altemative food bases for T. manihoti 

In collaboration with ITTA, thirteen plant species were selected from a forest located at 

Cruz das Almas. Three plants of each species were sampled, and 3 sarnples (branches) 

were collected from each plant and brought toa laboratory. Samples were collected weekly 

during the first month of evaluation and monthly thereafter. Mi tes of the fam.ilies 

Phytoseüdae, Tetranychidae, Tenuipalpidae and Tydeidea were found. Phytoseüd mites 

were found on all 13 plant species. 

Phytoseiid populatjon dynamics 

Studies of population dynamics, also a cooperative activity with liT A, started May 27, 

1994, on a 6 month old cassava field, cultivar "Cigana Preta",located at the EBDA 

experimeot statioo. The field was divided into five 1,000 m2 plots. Eggs,larvae, oymphs 

and adults (male and female) of phytoseüds were counted as well as insects such as 

whiteflies,lacebugs and others. Sex ratios were detennined (Table 6.2.1). High 

populatioos of T. manihoti were found from the eleventh to the ftfteenth lea ves. Immature 

stages and males were found in higher numbers than females. CGM incidence was evaluted 

based on a zero to 3 rating in which O = no CGM infestation; 1 = < 25 individuals; 2 = > 
25 and < 200 iodividuals; and 3 = > 200 individuals. 

T. manihoti bjolo¡:y usim: whiteflies as alternatiye food 

Cassava lea ves, cassava leaves with whitefly eggs, and cassava lea ves with whitefly 

nymphs were compared as food for female T. manihoti. Adult females survived longer 

when fed whitefly nymphs compared with other foods. Pernales fed whitefly nymphs laid 

more eggs than those fed either whitefly eggs or cassava Jeaves. Whitefly nymphs were 
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also the best food for T. manihoti based on rate of development to adult Mites fed whitefly 

eggs were smaller and showed lower mobility compared with individuals fed whitefly 

nymphs. 
TQcbQIN:lpdurcd COM mgnalit)' 

Dead CGM were observed on leaves on a common weed, 'bamburral', Solanum 

erianthum. A laboratory test was done to determine if the trichomes present on the abaxial 

surface of the lea ves of this weed affected CGM mobility. Another common weed without 

trichomes and cassava leaves were compared with leaves of bamburral. Only on bamburral 

were CGM observed adhered to the 1eaf and unable to lea ve the 1eaf suñace. Further 

studies willlook at the role of this p1ant in natural control of CGM. 

Table 6.2.1. Sex ratio of adult Typhlodromalus manihoti .. 

Date Female Mal e Immature F+M SR(%) SR(%) 
(F) (M) (0 F/M F/I 

05/27 1 o o 1 o o 
06/10 21 8 37 29 72 36 
06/27 139 54 149 193 72 48 
07/12 40 24 28 64 62 59 
07/27 23 14 30 37 62 43 
08/09 73 32 56 105 69 57 
08/29 94 30 65 124 76 59 
09/13 163 80 124 243 67 57 
10/06 30 17 5 47 64 86 
1&20 32 14 9 46 69 78 
11/03 19 6 12 25 76 61 
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* Collection si tes of isolates of Neozygites 

Maranhao 
Ceará 

Pi a uf 

Sr. do BonfiDl * 

Bah la 

8 . Biritinga 
Piritib atxa * 

Mundo Nov~ *Grande. 
Macajuba* *lpua 

ltaberaba* ~ 
Sao Miguel das Matas* 

Figure 6.2.1 Collection sites of isolates of the mite fungal pathogen Neozygites sp. in 

states of northeastem Brazil. 
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6.3 Entomology 
Arthropod pest iocidence and yield loss assessmeot jo nortbeastem Brazil 

On-fann trials were carried out in Cruz das Almas and Slo Miguel das Matas, Bahia. to 

identlfy e~Mava peal!, and to establish their period of incidence and associated yield 

reduction .. 1ñe effect of fertilizer application on pest incidence and damage was also 

studied. The most common pests at Cruz das Almas were CGM, lace bug (Vatiga illudens), 

CM, shoot flies (Silba pendula, Lonchaea chalybea) and gall midges (latrophobia 

brasiliensis), all of them at low incidence, and the cassava homwonn (Erinnys ello) at very 

low incidence. At Slo Miguel das Matas, CGM and whiteflies (Aleurothrixus aepim) were 

found in high iocidence while lacebugs, shoot flies and gall midges were found at lower 

incidence. Fertilizer application increased shoot dry matter, root yield, flour production and 

starch content as shown in Tables 6.3.1 -6.3.4. 

Two on-farm trials at Aracati and Pacajus, Ceará were planted in Marcb/April, 1994. 

Treatments consisted of selective exclusion of pcsts as follows: CGM only, whiteflies 

only, homwonn only, all pests (no pest control) and pest free (chemical control). Either a 

biocontrol agent (Cladosporium sp.) or pesticides were applied to control specific pests. 

High populations of whiteflies and lacebugs, and a moderate infestation of CGM occurred 

at the Pacajus si te. At Aracaú, pest infestation was lower except for CGM. 

At Slo Miguel das Matas, a trial was carried out to evaluate response of 37 cassava 

genotypes to whiteflies, CGM and lacebugs compared witb the local variety "Corrente". 

Evaluations were perfonned every 15 days based on a Oto 5 rating for whiteflies and 

lacebugs, and a 1 to 5 rating for CGM. Harvest was 12 months after planting and the 

following parameters were evaluated: shoot fresh weight (upper third of shoot), shoot dry 

weight (upper third of shoot), root yield, flour production and starch content The most 

promising genotypes for root yield were "Aipim Bravo", MMex 59, and clones 12818, 

189/11, 192/13, and 194/16. The most promising genotypes in terms of flour production 

were "Olho de Po reo", "Aipim Canário", "Cigana Preta" and "Maria Pau". 

Mass production of Baculovirus erinnyis for control of E. ello 

The cassava homworm baculovirus (B. erinnyis) has been used asan efficient 

biocontrol agent in severa! cassava growing areas. Distribution to cassava growers has 

been carried out by CNPMF. Mass rearing of B. erinnyis at CNPMF was not possible 

during 1994 dueto low homworm incidence on cassava fields. Growers' requests were 

satisfied by sending small amounts of infected caterpillars from CNPMF stoc~ as well as 

providing information on how to apply correctly tbe biocontrol agenL CNPMF supplied B. 

erinnyis to cassava growers of Babia, Paraiba, Pernambuco, Río Grande do Norte, 

Maranhao, Espírito Santo, Mato Grosso and Brasilia. 
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Arthropods associated with weeds 

Biweekly evaluations resulted in collection of 55 weed species from cassava fields; 25 

species have been identified (Table 6.3.5). Mites of the sub-order Oribata and the families 

Aearidu, Alcldae, Brythraeidae, Phytoseiidae, Saproglyphidae, Tenuipalpidae, 

Tetranychidae and Tydeidae were found on 41 of 55 species collected. Insects such as 

Coleoptera (Alleculidae, Coccinellidae, Curculionidae), Diptera (Drosophilidae), 

Hemiptera/Sub-orders Heteroptera and Homoptera (Cicadellidae, Coccoidea, Lygaeidae, 

Margarodidae, Membracidae, Nabidae, Pentatomidae, Reduviidae, Tingidae), 

Hymenoptera (Calchididae, lchneumonidae), Lepidoptera (Pyralidae), Psocoptera and 

Thysanoptera were found on 38 of 55 species collected. 

Bjolo~jcal control of the cassaya mealybu~.Phenacoccu.s heueni 

66 

Exploration for P. heueni aod natural enemjes in nortbeastem Brazjl. In anticipation of 

introduction of exotic parasitoids for biocontrol of the cassava mealybug (CM), surveys 

were carried out to establish pest distribution and damage to cassava plants in all nine states 

of northeastem Brazil. Thirty randomly-selected cassava plants in each field were rated 

based on a 1 to 5 scale (1 = no visible symptoms; 2 = initial deformation of emerging 

lea ves, normal development of stem within the bud; 3 = deformation of the majority of 

leaves, normal stem development and intemodes withln the bud; 4 = bud completely 

deformed, shortened intemodes, stem spiraled, if flowering occurs, peduncle is greatly 

shortened; and 5 = dead bud or buds, no plant development). Eighty cassava fields were 

evaluated from March to April, 1994 (Figure 6.3.1 ). Although surveys were conducted 

during the rainy season, CM was present in 4 of9 states and 16% of evaluated fields were 

infested (Fig. 5). Damage ranged from 1.03 to 3.03 and infection varied from 3 to 80% 

(Table 7). The communities of Feira Nova and Lagoa de Itaenga, Pernambuco, and Cruz 

das Almas and Itaberaba, Bahia, were selected for release of parasitoids, based on location 

and CM incidence. 

CM natural enemies were surveyed simultaneously with damage evaluations. In CM

infested cassava fields, 15 to 30 buds were collected and packed in vials containing 

vermiculite. As parasitoids and predators emerged, they were preserved in 70% alcohol for 

identification. All insects found on 30 randomly-selected cassava buds were collected, 

independent of CM occurrence. Natural enemies identified to date are listed in Table 8. 

Surveys for natural enemies in South America enabled the identification of several 

parasitoides and predators of CM. At Cruz das Almas in May, 1994, CM were found 

infected by an Entomophthorales fungus identified as Neozygites fumosa (Speare). High 

mortality of CM due to the pathogen was observed during May and June. In August, five 

cassava fields were surveyed in Cruz das Almas and two in Feira Nova and Lagoa de 
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Itaenga, Pernambuco. Wected CM were found in three fields in Cruz das Almas; infection 

was 31.0, 9.3 and 64.6% while no infection was observed in the remaining fields. 

Although N. fumosa has been reported as an efficient natural enemy of severa! mealybug 

species, nothlng ls known about ita effect on P. herreni in nonheastem Brazil. This is the 

first report on P. herreni infected by Neozygites fumosa in northeastem Brazil. 

lntro<luction. production aod release of parasitoids for control of CM. Epidinocarsis 

diversicomis, Aenasius vexans and Acerophagus coccois were introduced from CIA T, 

passed quarantine at CNPMA and sent to CNPMF where they ha ve been increased. 

Colooies were sent to the Pernambuco S tate Organizatiion for Agricultura! Research (IP A), 

Recife, Pernambuco for rearing and release. 

Pre-release surveys focussed on CM distribution and incidence to select sites for 

parasitoid releases. Pre-release surveys will estímate CM populations as a basis for irnpact 

assessment of introduced parasitoids and will determine species composition of infested 

cassava fields, also for impact assessment 

Post-release surveys will continue to determine establishment and spread of parasitoids, 

as well as to study population dynamics of both pest and natural enemies. Surveys are 

performed monthly. Cassava tips are selected at random and scored for CM damage. Ten 

CM-infested cassava tips are collected and adult CM and natural enemies are counted. 

Samples are placed in paper bags and kept under laboratory conditions for two to three 

weeks. Bags are then opened and numbers of predators and parasitoids determined and 

specimens sent for identification. Three months after the first evaluation, samples are 

collected from sites 100, 300, and 1000 m from the release point. 

E. diversicomis was released in cassava fields located in Cruz das Almas, Bahia, and in 

Feira Nova, Pernambuco (Table 9). Recently (November, 1994) a colony of A. coccois 

was established at CNPMF. In December, 1994, 1,700 individuals of A. coccois were 

released in a cassava field at Itaberaba. Arrangements ha ve been made to introduce A 

vexans from CIAT during early 1995. 

Occurrence of ectoparasitoides <Hymenoptcra: Chalcjdoidca) on the cassaya ~all mid~e 

Iarraphobia brasiliensis (Díptera: Cecidomyidae) 

Three Chalcidoidea wasp species were found on larvae of the cassava gall midge, 

Iatrophobia brasiliensis, in cassava fields at Cruz das Almas, Sao Felix and Sao Miguel das 

Matas, Babia. Cassava leaves with galls were collected in heavily infested fields and 

incubated under laboratory conditions until gall midges or parasitoids emerged. /. 

brasiliensis, Dimeromicrus sp. (Torymidae), Aprostocetus sp. (Eulophidae) and 

Tetrastichus sp. (Eulophidae) developed from galls. 

Dissected galls typically conta.ined one gall midge larva. Sorne galls contained eggs of 
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severa! parasitoids but, in all cases, only one developing ectoparasitoid larva was observed. 

Avera¡e parasitism was 69% at S~ Miguel das Matas, cultivar Corrente, 57% at sao 

Felix, cultivar Cidade Rica, and 86% at Cruz das Almas, cultivar Cigana Preta. 

Gall midge is not considered a major cassava pest and appears to be controlled, at least 

partially, by native Chalcidoidea species. In this sense, care should be taken to avoid 

pesticide use for control of other cassava pests to prevent resurgence of secondary pests 

such as/. brasiliensis. 

Table 6.3.1. Shoot (upper third) dry matter yield for cv. Corrente, with and without 
chemical fertilizer. Sao Miguel das Matas, BA, 1994. 

Treatments 

Months after plantjn~: 4 
Whitefly infestation 2.80 
CGM infestation 2.73 
All pests present 3.13 
Control (no pests) 4.12 

Dey matter yjeld (tons/ha) 

Wjthout fertilizer 

8 12 C% loss) 
7.17 8.42 ( -11) 
9.17 5.93 (22) 
9.75 6.05 (20) 

11.92 7.58 

4 
4.87 
4.53 
5.50 
5.00 

Wjth fertilirer 

8 12 (% loss) 
6.83 28.08 (-57) 
6.00 10.42 ( 42) 
6. 17 13.83 (22) 
7.58 17.83 

Tab1e 6.3.2. Cassava root yield for cv. Corren te, with and without chemical fertilizer. 
Sao Miguel das Matas, BA, 1994. 

Treatments 

Months after plantío~: 4 
Whitefly infestation 1.02 
CGM infestation 1.25 
All pests present 1.41 
Control (no pests) 1.90 

Root yie1d Ctonslha) 

Wjthout fertilizer 

8 
7.21 
7.70 
6.03 

14.01 

12 f% loss) 4 
14.84 (44) 3.13 
14.21 (46) 2.85 
15.14 (43) 2.84 
26.56 2.36 

With fertilizer 

8 
13.32 
9.09 
9.44 

13.66 

12 (% 1oss) 
33.32 ( -2) 
24.89 (24) 
25.90 (21) 
32.66 

Table 6.3.3. Cassava flour production for cv. Corrente, with and without chemical 
fertilizer, harvested 12 months after planting. Sao Miguel das Matas, BA, 1994. 

Ireatments 
Whitefly infestation 
CGM infestation 
All pests present 
Control Cno pests) 

Without ferti.Jjzer 
23.82 
23.76 
24.84 
24.80 

Flour yield (tonslha) 

(%loss) With fenmu¡r (%lossl 
(4) 25.83 (7) 
( 4) 27.16 ( 2) 
(0) 25.00 (1 O) 

27.83 

Table 6.3.4. Cassava sta.rch yield for cv. Corrente, with and without chemical fertilizer, 
harvested 12 months after planting. Sao Miguel das Matas, BA, 1994. 

Ireatments 
Whitefly infestation 
CGM infestation 
All pests present 
Control (no pests) 

Starch yjeld Ctonslha) 

Without fertiljzer 
4.44 
4.36 
4.72 
8.37 

(%loss) 
(47) 
(48) 
(44) 

With fertilimr (%loss) 
10.83 (-3) 
8.09 (23) 
8.57 (19) 

10.52 
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Table 6.3.5 Arthropods associated with weed species present in cassava fields in 

ltaberaba and Piritiba, Bahia. 
INSECTS (Order) Mri"ES (Family) WEED SPECIES 

Species Family 
Thysanopc.era, Hom~ Ph)'tOieUdae, Tetranycbidae Acanthospermum Aslemceae* 

hispidum D. C. 
Homoptera Tenuipalpidae Amphilophium Bignooiareae 

vanthieri D. C. 
Thysanoptera, Homoprera Tenuipalpidae. Saproglypbidae, Bo" eria venicillata (L.) Rubiaceae 

Tetranychidae, Acaridae G.F.W. Meyer 
Homoptera Sapro~lyphidae Ph_ytoseiidae Capparis ico &ch. Caroaridareae 
Thysanoptera, Tetranychidae, subordcr Oriba.ta 
Lepidoptera, Homoptera 

Cassia excelsa Schard. CaesaJpiniaceae 

Thysanoptera. Homoptera Tydeidae, Acaridae, Cassia rotundifolia Caesalpiniaceae 
Tenuipalpidae Phytoseiidae Pers. 

Thysanoptera, Heteroptera Pbytoseiidae, Tenuipalpidae, CentraJherumm Astetaceae* 
Acarid:le punctatum Cass. 

Thysanoptera, Homoptera Tenuipalpidae, Acaridae, Centrolobium robusta Fabaceae 
Tetranychidae Mart. 

Thysanoptera, Homoprera Pbytoseiidae, Tenuipalpidae, Diodia teres Waet Rubiaceae 
Tetranychidae 

Thysanoptera Eupatorium sp. Asteraceae• 
Eupatorium Asteraceae* 
ballotaefolium H.B.K. 

Thysanoptcra. Homoptera Tetranychidae, Phytoseüdac, Galinsoga parviflnra Asteraceae* 
TenuipalpidélC Cav. 

Thysanoptcra, Hctcroptcra Herissantia crispa (L.) MalV'ciCCaC 
Thvsanootera Tenuipalpidae Lantana lilacina Desf. Vetbeoaceae 
Thysanoptera Melochia tomentosa L. Sterculiaceae 

Mitracarpus hirtus (L.) Rubiaceae 
Thysanoptera, Tetranycbidae, Pbytoseüdae, Passijlora cincinnaJa Passitloracea 
Homoptera, Lepidoptera TenuipalQidae Ascidae Mas t. 
Hetcroptera Tetranych idae, Tenuipalpidae, Polygala violacea Polygalaceae 

Sapro~l yphidac Auhl. 
Thysanopteta, Pbytoseiidae, Tetranycbidac, Ricluudia grandijlora Rubiaceae 
Homoptera, Heteroptera SutKlrdem Oribat.a (Cbam & SCW .) 

Schult & Schult 
Thysanopl~ LepidoQtera Sida rhombi/olia (L.) Malvaceae 

Phytoseiidae, Tetranychidae Sida spin.osa L Malvaceae 
Thysanoptera, Pbytoseiidae, Tetranycbidae, Solanum erianthum D. So!anaceae 
Heteroptera. Homoprera, Tenuipalpidae, Acaridae, Don. 
Lepidoptera, Coleoptera Sapro~lyphidae 

Thysanoptera Stylosantes viscosa Fabaceae 
s.w. 

Thysanoptera, Heteroptera Pbytoseüdae, Tetranycbidae, Trigon.ia fasciculala Trigoniaceae 
TydeicL~ Aubl. 
Sub-ordcm Oribata Waltheria indica L Sterculiaceae 

•composllae 
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cassava mea] bu , P. herreni, in northeastem Brazil, 1994. 

Si te 
Feira Nova 

Lagoa de Itaenga 
Goiana• 
Pombos• 
Petrolina• 

Feira de Sant.ana 
Sao Gon~alo 

Capim Grosso 
Cruz das Almas 

Itaberaba 

Juá 
Croatá•• 

Mamanguape .. 
•Not evaluated 
••Insufficient infestation 

S tate 
PE 
PE 
PE 
PE 
PE 

BA 
BA 
BA 
BA 
BA 

CE 
CE 

PB 

Mean Damage re 
(1- 5) 
3.03 
2,43 

1.16 
1.63 
1.53 
1.77 
1.73 

1.03 

% Westation 
80.0 
73.3 

17.0 
30.0 
43.3 
70.0 
66.6 

3.3 

Table 6.3.7 Preliminary evaluation of natural enemies of cassava mealybug, Phenacoccus 

herreni, in northeastern Brazil. 
PREDATORS 
Co1eoptera: Coccinelidae 
Hyperaspis notara (Mulsant) 
Hyperaspis sp. 
Nephus sp. 
Diomus sp. 
Coleoptera: Staphylinidae 
sp 1 
Coleoptera: Fam. 1 
sp 1 
Diptera: Syrphidae 
Ocyptamus spp. 
Díptera: Cecydomüdae 
Kalopidlosis coccidarium 
Hemiptera: Reduvüdae 
Zellus sp. 
Neuroptera: Chrysopidae 
Chrysopa sp. 

P ARASITOIDS 
Hymenoptera: Encyrtidae 
Anagyrus sp. 
Hymenoptera: Fam. 1 
S 1 

*PB and CE insufficient infestation. 

STA TE* 

BA, PE 
BA,PE 
BA, PE 
BA,PE 

BA 

BA 

BA,PE 

PE 

BA,PE 

BA, PE 

LOCAL 

PE 

BA 
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Table 6.3.8 Production and release of Ee,idinocarsis diversicomis, 1994. 
sltE No. received at Aduhs Retaíñed ParasitoidS Release 

CNPMA Live Dead for rearing released Date 

Cruz das Aliñas, BA 121 120 01 120 
(1994) 
06/22 

400 280 120 lOO 180 (]7/28 
125 08/02 
250 08/16 
lOO 08/18 
200 09/16 
500 09/19 
650 09122 
150 09123 
200 101(]7 
200 10124 
225 11/(]7 
100 11/08 

Total, Bahía 521 400 121 220 3220 

Feira Nova, PE• 350 350 40 310 08/24 
150 08/14 

Total, Pernambuco 460 
TOTAL 871 750 121 26l> ~68l> 
*Partial daía 
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Dates of Evaluation 

o March, 1994 

• June, 1994 

BA 

• 
• o o 

o 
o 

Figure 6.3.1 Sampled sites during survey for the cassava mealybug, 1994. 
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Paraíba 
.,._ __ Mananguape 

Pernambuco 
Goiana 
Lagoa de ltaenga 
Feira Nova 
Po robos 

Babia 
ltaberaba 
Capim Grosso 
Feira de Santana 
Cruz das Almas 
Sao Goncalo 
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Figure 6.3.2 Occurrence of the cassava mealybug in northeastem Brazil, March and June, 

1994. 
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6.4 Quarantine of natural enemies of cassava pests 

CM-infested cassava samples were collected at Capim Grosso/Jacobina. Bahía, and 

brought to CNPMA. in Jaguariuna. Sao Paulo, where CM has been reared according to a 

·~ methodology developed for that purpose. CGM colonies have also been 

established in EMBRAP NCNPMA according to the technique developed under the 

EMBRAPNIITA agreement 

Starting February, 1994, the phytoseüdTyphlodromalus tenuiscutus, and the CM 

parasitoidsEpidinocarsis diversicornis and Acerophagus coccois, were introduced from 

CIA T. quarantined at CNPMA and sent to CNPMF (fable 1 0). No contaminants were 

found in T. tenuiscutus introductions. Two primary parasitoids, Timberlakia europaeus 

and Zaplaticerus sp (Hymenoptera: Encyrtidae) were found in E. diversiconis 

introductions. Contaminants, four Chartocerus sp. females (probably Encyrtidae 

hyperparasitoids) were also present in A. coccois introductions. A1l contaminants were 

destroyed. 
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Table 6.4.1 Introduction, quarantine and transfer of natural enemies of cassava pests from 

EMBRAPNCNPMA. 1994. 

No. recieved No. sent to 

Species fromCIAT Date CNPMF Date 

T. tenuiscutus 201 02/02 350 
03/28 

750 03/03 520 
04104 
1,481 08119 550 
06/13 

150 07/05 
300 08/04 
400 10/21 

E. diversicomis 106 03/16 422 
06/22 

400 07/05 
400 07/27 
350 08/23 
318 (1)/21 

A. coccois 220 10/13 700 
11/30 
2,000 12/13 
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6.5 Efl'ect of biocontrol agents on non target organisms 

Monitorio~ phytoseiid releases 
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CGM has beco frequently found associated with Passiflora cincinnata Masl, a common weed 

of cassava flelds in ltaberaba and Piritiba P. cincinnata may be an altemaúve host for CGM thus 

playing a role in integrated management of this pest. All CGM found on another commoo weed, 

Hyptis suaveolens, were dead. All CGM individuals placed on H. suaveolens were attached to 

trichomes preseot on the lower (abaxial) leaf surface, suggesting that this weed may be in volved on 

decreasing CGM populations in cassava fields. 

Monitorio~ Clados.porium sp 

CGM, mealybug, lacebugs, and whiteflies were inoculated with Cladosporium sp. isolated 

from infected whiteflies, by spraying an inoculum suspension containing 300,000 conidia/ml. 

After inoculation, pests were traosferred to cassava leaf disks and placed inside plastic vials with 

moist filter paper. Vials were sealed and kept at 25 °C, 75% RH. Whiteflies and cassava 

mealybugs were infected when evaluated five days after inoculation. Neither CGM nor lace bugs 

were infected. 

6.6 Plant Pathology and Virology 

Root rot survey. cultural aod ¡:enetic control 

Root rot disease symptoms may be observed in cuttings, on young and on old plants as well. 

Fusarium sp. or Phytophthora sp. were isolated from about 90% of infected material collected in 

arca where root rot is a problem. In sorne cassava growing arcas of Alagoas, both pathogens were 

isolated from the same sample. Phytophthora sp. was isolatcd more often than Fusarium sp. from 

cassava samples showing root rot symptoms collected in Pernambuco, and in cassava growing 

arcas of Goiana and ltambé. Fusarium sp. was isolated in higher frequency than Phytophthora sp. 

from cassava samples collected in growing areas of Feira Nova and Santo Antao, Pernambuco; 

pathogens such as Diplodia sp. and Scytalidium sp. were also isolated from root rot infected 

samples collected in Feira Nova and Santo Antao. Scytalidium sp. was also isolated in high 

frequency from infected samples collected in the municipalities of Areia and Remigio, Paraiba. 

Fusarium sp. was the predominantly pathogen from infected samples collected in cassava growing 

arcas of Sergipe and Ceará. 

In northeastem Brazil, cassava root rot is caused by Fusarium sp., Phytophthora sp., 

Scytalidium sp. and Diplodia sp. Fusarium and Phytophthora are the most common pathogens. 

In sorne regions of Alagoas, root rot may be caused by an association of Fusarium and 

Phytophthora. 

Surveys carried out in Sergipe, Alagoas, Pernambuco and ParaJba, showed that root rot occurs 

in about 50% of cassava fields in regions where annual r<tinfall is around l ,200 mm. Thus, root rot 



is a very serious disease in the majority of the cassava growing areas of northeastem Brazil, 

reducing root yield by about 30%. 
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The effect of intercropping on root rot was studied in two on-fann trials established in June, 

1994, iR Taquatan~ Atagou and Remlgio, Paraiba where root rot occurs naturally. Pigeon pea 

(Cajarws cajan) and jack bean (Canavalia ensiformes) were planted as intercrops. Soil physical 

characteristics at Taquarana are shown in Tables 6.6.1 and 6.6.2; water potential and soil humidity 

relationships are shown in Figs. 6.6.1. The trials were planted on slopes of 40% to 50% to study 

the effects of intercrops on soil erosion. Changes of soil characteristics due to the intercrops will 

also be studied. 

On-farm trials located at Taquarana, Alagoas and Areia, Paraíba showed that using disease-free 

propagative material of tolerant varieties, such as 'Osso Duro', and planting them on ridges in a 

vertical position, constitute the most promising control measures for root rots. 

Cultural and 2enetic control of cassaya witches' broom djsease (CWB) 

CWB is caused by a mycoplasma-like organism (MLO) which occurs predominantly in Serra 

da Ibiapa, Ceará, in an area of about 5,000 ha, causing yield reduction of around 30%. To study 

environmental effects on CWB incidence, three trials were established at Guaraciaba do Norte, 

Ubajara and Tianguá (Ceará). CWB incidence was higher at Guaraciaba do Norte compared with 

Ubajara and Tianguá Symptom expression was very weak in plants originated from infected 

propagative material planted at Ubajara and Tianguá, suggesting a strong environmental effect on 

CWB development 

Preliminary results suggest that an as yet unidentified insect may act as a vector in disease 

dissemination. Shown that sorne plant species, such as maidenhair and dodder, may support 

pathogen development and act as altemate hosts. 

Yirolo~ 

CYMY. The great majority of cassava fields located in semiarid zones of northeastem Brazi1 are 

affected by cassava vein mosaic virus (CVMV). In other cassava growing zones in the northeast, 

such as Cariri and Litoral, Ceará, even though CVMV incidence is high, symptom expression is 

weak. In the Reconcavo Baiano Region, Bahía, infected cassava plants express symptoms during 

the dry season but those symptoms completely disappear during the raining season. Yield loss to 

CVMV is being assessed at Petrolina, Pernambuco in cooperationwith CPATSA 

Puófication. characteózation and rapid dia¡:nosjs of cassaya yejn mosaic virus (CYMY). New 

attempts to purify CVMV were carried out duóng 1994 following the methodology shown in Fig. 

6. Partially puri.fied virus preparations were analyzed by spectrophotometer (220 to 340 nm) to 

evaluate virus purity and concentration. A high protein concentration peak was detected at A280. 

Partially purified virus preparations were submitted to polyacrilamida gel electrophoresis 

containing sodium dodecyl sulfate (SDS) for protein analysis. Virus preparation was then diluted 
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1:2, v:v, in Tris-HCI buffer, 0.05 M, pH 6.8, containing SDS, 2%; dithiothreitol, 0.1 M; 

bromophenol blue, 0.15; and glycerol, 10%, boiled for 3 minutes and cenuifuged for 2 minutes. 

Electrophoresis, 140 V and 95 mA, was perfonned under room temperature for approximately 2 

hoora. Bo\'\ne albumln (PM • 661cDa), egg albumin (PM = 45 k.Da), glyceraldehyde-3-phosphate 

dehydrogenase (PM = 36 kDa}, carbonic anhydrase (PM = 29 kDa), trypsinogen (PM = 24 kDa), 

trypsin inhibitor (PM = 20.1 kDa) and lactic albumin (PM = 14.2 kDa) were used as standards for 

protein molecular weight estimates. After staining with blue coomassie, two protein bands, 

molecular weights 66.5 and 44.5 kDa, were detected (Fig. 6.6.2). 

To obtain CVMV -specific antiserum, the 44.5 k.Da molecular weight band was removed from 

the polyacrilarnida gel, cut into small pieces, macerated and kept in Tris buffer, 0.02 M, pH 8.2 for 

24 hours to elude the protein. Eluded protein, emulsified with Freud incomplet adjuvant (1:1, v:v), 

was injected into New Zealand rabbits. Two injections were performed at weekly intervals; a third 

injection, followed by a booster, will be perfonned. Blood will be taken 10 days after the last 

injection and antiserum will be tested using a double diffusion technique. 

As stated in the 1993 PROFISMA Annual Report., the antiserum obtained at that time contained 

high concentrations of host plant antigens. Severa! dilutions of that antiserum were tested, using 

the double diffusion technique, during 1994. Results showed no specific reaction with host plant 

protein when antigen dilution 1:8 was used but, reaction was observed with extract of CVMV 

infected cassava plants. It was also observed that reaction occurs only with extract obtained from 

young cassava leaves showing CVMV symptoms. 

Table 6.6.1 Soil porosity of severa! horizons at Taquarana, Alagoas, 1994. 

Bulk Partid e 
Soil density density Porosity Macropore Micropore 
horizon (g/cm3) (glcm3) (%) (%) (%) 

Ap(0-23cm) 1.44 2.44 41.5 14.3 27.2 
AB(23-48cm) 1.43 2.38 41.9 12.8 29.1 
BWJ(48-88cm) 1.39 2.41 41.4 10.8 30.6 
BW2C± 88cml 1.35 2.45 42.9 10.5 32.4 

Table 6.6.2 Textura! classification of soil collected at Taquarana, Alagoas, 1994. 

Soil Saodl~t2~ Total 
Horizon Very coarse Coarse Medium Fine Very fme Sand Silt Clay 

Ap(0-23cm) 5 4 34 21 64 19 17 
AB(23-48cm) 4 2 27 17 50 22 28 
BW1(48-88cm) 4 4 21 14 43 31 26 
IDY2C+ 88cml 8 2 23 8 16 57 29 14 
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Figure 6.6.1 Water potential x soil humidity relation by soil horizon at Taquarana, Alagoas, 1994. 

The curve of horizon Ap is presented and the coefficients for the remaining horizons measured. 
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INFECfED LEAF TISSUE: 100 g 
1 

EXTRAcnON BUFFER: 200 mi 
0.2M KH2P04 + 0.01M N~S03 + 0.15% 2-ME(VN) + 0.02M EDTA 

1 
MACERATION 

1 
FILTRATION 

PRECIPITATED ________ , 
(Disdlarged) 

12% n-BUTANOL 
1 

CENTRIFUGATION: 10,000g- 10 mio 
PRECIPITATED ________ , 
(Discbarged) 

SUPERNATANT 
1 

t-------------+ 6% PEG + 0.5% NaCI 
1 

AGITA TION: 60 min 
1 

CENTRIRJGATION: 15,000- 10 min 
PRECIPITATED ________ , 
(Discbarged) 

PRECIPITA TED 
0.05m KH2P04 pH 7.2 + 1M UREA+ 

2% TRITON + O.IM EDTA + 0.05M 2-ME 
1 

CENTRIRJGATION 
PRECIPITA TED ________ , 

(Disdlarged) 
t---------------SUPERNATANT 

1 
UL TRACENTRIFUGA TION: 120,0000 - 2 hr 

1 
PRECIPITA TED 

+ TRIS 0.02 pH 8.2 
1 
VIRUS 
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Figure 6.6.2. Puri.fication sequence of cassava vein mosaic virus (CVMV) from infected leaves, 

Fortaleza. Ceará, 1994. 
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100 

pro te in 

CVMV 

1 1.5 2 2.5 3 3.5 4 4.5 
Electrophoresis migration 

Figure 6.6.3 Polyacrilamide gel electrophoresis with sodium dodecyl sulfate, of a preparation 

from cassava plants infected with CVMV, Fortaleza, 1994 
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LIST OF ACRONYMS 
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EPACE .. ........... . . . . Empresa de Pesquisa Agrpecuária do Ceará 

ESCaPP .... . ... . ....... Ecologically Sustainable Cassava Plant Protection 
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UFAL .................. Universidad Federal de Alagoas 
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ANÁLISE DOS PROBLEMAS PRIORIZADOS PELOS PRODUTORES DURANTE OS DIAGNÓSTICOS PARTICIPATIVOS 
ESTADO: BAHIA (25 comunidades e 462 produtores) 

C AUSAS 

• Necro8 oa raíz 

• Plaotio intensivo 

• Mooo rultivo 

• Variedades 
Suscept{veis 

• Alta telll'tratun do 
solo 

• Mi qualidade da 
semente 

• Solos fraoos 

• ldade da planta 

• Ferimentos oa ra.iz na 
capina 

• Período chuvoso 

• Preseoca de venne DO 

solo 

• Terra doente 

• Terra molhada 

Probknuu relacionados com d~n~tU 

PROBLEMAS CONSEQVtNCIAS 

• Diminui~ 

1 Podrldiio da 1 • Mw .. •~ 
Raiz • Perd& de folhu 

·- • Pouca~de 

farinha 

• Seca a planta 

• N 5o produz farinha 

SOLU~OES T ESTADAS 
PELOS PROOOTORES 

• R~ de cultural 

• Antccipar a colheita 
para 6 a 8 mese& do 
idade 

• Mudar de semente 

• Mudar de local 

• Descanso na terra 
(pousfo) 

• 

• 

• 
• 
• 

R.ESULT ADOS 
OBTIDOS 

Fe ijlo e milbo 
pla.nt.a.dos DO lugw 
deram boos 

Apl"oveita urna parte da 
prod~o 

A vezes funciona 

Controla podridlo 

Alguns terrenot 
apodrccem DOV&mente 

• 
• 
• 
• 
• 
• 
• 
• 

SUGESTÓES DOS 
PRODVTORES 

Mudar semeote 

Mudlrúea 

An.üise de solo 

Mudardlbo 

R~ de cullllrU 

Testar ~ntol 

Descansar a tcrra 

Mudarbma de 
plantio 

. ~ESDE 
PA&TICIPAt;ÁO DOS 

PROOOTORES EM 
PESQUISA AGIÚCOLA 
E EXPERIMENTA~AO 
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CAUSAS 

• O.,..~tápl 

• Batxis 

• Qájó:) 

• ~tlÍii<Wde¡:ámal 

• I:l5iáaitW 

• Ptdo ÍIZil!li\0 

• Ab~ 

• <hMB 

• Em¡pn 

• llsxle~sSvDdlde 

• ruanamapu1D 
J:b 

• Terqx>iio 

• f'baD id;u;i\o 

• Ah~ 
• Elev.dllnihle 

• hr.amiioed~M:m 

• khldlpara 

• P'dl:liD<fl>dl ¡ilr:a 

• l'ü:zlmD> 

• ~¡n:i:rpia 

• Ei:ilodinD:o 

• Vcmn~sem~ 

• Fab te:lD:'B¡BaCXJI'bm 

• Redniadisiml¡¡asu 
\aiDJt 

1 

1 

1 

PROBLEMAS 

Lagarta 
(Mandarová) 

Mosca Branca 

Ácaros 

FormJga 

1 

1 

1 

Problerruu relacionados com pragm 

CONSEQUtNCIAS 

e Al!j.ú>ID ... a.a.ait 

• BaDa~ 

• &m:m:nlo¡xs 

. ~·-• ~oaesiltW 

• Raizdáldeá¡J.a 

• Clítadistfw 

• Maraa¡:ha 

• Raizll1om:s:e 

• Alláaa¡ilda 

• Ma!Mb¡ma 

• Bm¡:rab;&) 

• Qm.i:la 
• Ma!Mnlopea 

• R:J. CSU'IIPZ 

• Baillapal.lr.~ 

• Ap:dtá 1 a:&>dc ¡¡jz 

• Aá>aa>de~ 
• Ati*JrasdesúleiD 
~(all!gia9 

• Cboie iJIS ¡illál 

• Bailla ¡:rab;&> 

• Alláae rrda ¡iDa 

• ~ch>dl¡im 

• Senmt tilo pea 

• Raiza:má¡p.a 

• />ttlacá 

• Baro!aXkma> 

• Retad& o~ 

• Raiza:má¡J.a 

• Senmt tilo¡xesla 

SOLU~ESTESTADAS 
PELOS PRODUTORES 

• lu¡:aa\.1\bi(ll'lllr 
Ural) 

• ~imii:la 

• QJftadoda¡im . ~ 
• ÜMr\aldll 

• CM.ITIIIMpñ)<bs::b 

• Ama:ib.UrD:a 

• Cdxarauzm¡ilái) 

• N3o~ 
• Vmkles~ 

def':rrb, ~Anl,Sio 
.laL'. Qiü RD.MD 
P.IJ) 

• N:Oiiiilo 

• lS> Íi!diOOIII 

• ~deusarcs~ 

• QDnir illlm>m¡ini) 

• Q.dni'T'IIIÓDe .AJaba 
• Ca1ail111Mpñ)<bs::b 

• f..irp2lda~ 

• QJfta<fl>dl¡im 

• l.S:>brriédlpS 

• ta>i:müBp 
• Amm+ enb+caa 

kr.llja 

• ~ 
• Fqp 

RF.SUL T ADOS 
OBTIDOS 

• lhtúaúda 

• ~~CM>) 

• A -.Q:Si.u:iaa 

• RelJI:,p:u:x>i.u:iaa 

• Val$ ir{.l:ldep:u:x> 

• FtoiJZbáes iKMll 

• A -.Q:Si.u:iaa 

• A -.Q:SiD:Da 

• Can~ 
• A.laq..lea:obx> 

• V:órlldes~ 

• ~~llU~ 
• Dirriiti Oalaq.Je 

• ~<IJ:dr¡i51:5dl¡ilda 

• Caliul~ 

• No<arer,l>opSiu:im 

• Qb1lllciallm 

• Aalo~ 

• Qmtl.~ 
• R.uXm 

SUCESTOES DOS 
PRODUTORES 

• ÑJitÍI1D iDI:Iil:d 

• VCDmiiiiDÓiiiD 

• Aolli!et:aa 

• NcMI v.Drlildis 

• Caade~ 
• Ntisllttia TlaDilmiola 

• Caadeq.mn 

• VD:dllb~ 

• MDrn.tx:slscb 

• AIJ!mcoomem 

• LS>bnüils 

• Rlo.a:lr/ a:IT'p3"¡:rtd..b 

• l.!oa-i:JJrá:Xm rrail 
dir:ieml 

j 

o~OESDE 
P A1l11CIP A e;.\ o DOS 

PRODVTORES EM 
PESQUISA ACRfCOLA 
EEXPERJMENTAc;A.o 
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Problemas relacionados com sistema de produráo (solos. varledades.mecani'[,QCdo)_ 
OPQ}ESDE 

CAUSAS PROBLEMAS CONSEQVtNCIAS SOLU~ES TFS1' ADAS RESULTADOS SUGESTÓES DOS PAntCIPA~ODOS 

PELOS PRODUTORES OBTIDOS PRODUTOR.F..S pllODQTORES EM 
PESQUISA AGRfCOLA 
E EXP&IUMENT A~AO 

• Falta de rn&Dejo • Baixa produtividado • UJO de 1Wbo or¡úico • Aumelll& reodimeiiiOI • Redistribuí~ de 
adequado (~de Terras Fracas • Altos wsto1 do • Adubo deDiro da oova • BODS rel\lllalb terru (reforma IIJÚÍ&) 
culturas, pousio) 

(Falta de Adubo) ¡rod~ Adubo o.a cova e Adubo espalhado & • Manejo adequado do • • • Caná.erúticas própriu solo • Apodrece a raíz espalhado me~ 
do solo 

• Planta olo desenvolvo • Queirna a terra • Assi.st!ncia tknica 
• Ausencia do si.stemitica 

mecani~ • Esgoeamento do solo • Usa cinzas de c:arvlo • Adub~ 
• Exp~ intensiva Me~ • do solo 

Altos~dos 
• Práticu • coDSefV3Cionisw 

adubos (pousío) 
• Solos areDOSOI • An.4Jise dos solos para 
• Falta de interesse f~~coaeta 

• Adu~emda • Subsidiar ~os dos 
adubOI 

• 1 nstalar laboratorio 
regiooal de análise de 
sotos 

• Baiur tua.s de juros . Asoci~ fornoal' 
insumas e produtor 
pagar com ¡roduto 

• Muito desmaumeoto • Baixa produ~o • Forma de ptantio • negativo • Reflorest.amento • TesUt va.riedade.. rnais 

• Desequilibrio 1 Estiagem 1 • Re~ da área • Posi~ da manh-a no • negativo • Constru~ de ~des e 
proooces de mandioca 

ecológico plantada soto bamlgens • COIIheCef variedades 

• Queimadas frequeotes • Falta maní va pi plantío • U JO de fileira.s duplas • maior pr~lo de • Instalar sistemas de 
resi.ñeDIU a 30C& 

• A~nciade Falta ingressos (fome) mandioca irriga~ 
arlapldas a re gilo 

• 
manaociw hídri001 • Desei11Xego • Plan ti o de cultivos de • menor número do • Instalar~ 

Vontade divina Pobreza 
scqueiro (palma, sisal, capiou demonstrativos com 

• atgaroba) cultivares adaptados 
• Dege~du • Pedidos oficiai.s a.s • negativo Manter os frentes de • pa.stagens autoridades para se~ 

Desnutri~lo e morte c~de~, 
dos animais banagens 
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Probknuu relacionado• com sisleiiUI de e_rodufilo (solo•, varledades,mecani'lPCtio) • conlinuOfdo 

• Falta fiD&DciameDlO • ~dawea • AlugeJde • melhor • Compra oomuniWia 
bandrio Falta de trator e planl.lda equipamelllOI (ando O de.1eovolvimeato de nW¡uiou agricoiM 

• Falta política agrloola anJmals para • Baiuprodu~ grade de~) cultivo • U30 de rMquiou 
adeq\Wa • Fome • mai<X produtividado exi.Ueotel o.u 

• Falta a.ui.steocia re aro da terra • txodorunl • meoor iWJDtCO do ~efeituru 

t6coica JiSWNiinda capiJlu • lioba de a6dito 
• ()e,e!J1ngO especial para compra • AJtot custo8 do • wo~animal • loviivelalupr dado o 

aaeodamento do • Awneotopr'C901 rusto detrat<Xe~ 

equipamen!OI • Baixa produtividade oenhwn resultado 
animal 

• 
• Cu.stos~ 

maicrea 

• At:razo 1101 tralOI 

culturai.s e ~&a 
do cultivo 
Baixa rete~ do 
umidade 

• Estiagem • BaLuprodu~ • Plantio de m.anivas na • Aquisi~lo de manivas 

• Colheita anticipi(U Falta de maruvas • Re~lo da área margem do riacho e m outras regi<!el 

na hora certa plantada • Reservar área para 

• Poucas varied~ produ~ de maniva-

disponiveis .semento 
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Outros problemtU 
Of'4;0ESDE 

CAUSAS PROBLEMAS CONSEQUtNCIAS SOLU~OES TESTADAS RESULTADOS SUGESTOES DOS PAJlTICIPA~AO DOS 

PELOS PRODUTORES OBTID08 PRODUTORES PRODUfORES EM 
PESQUISA AGIÚCOLA 
E EXPERIMENTA !tAO 

• Falta pol.ftica a¡ríoola • Red~ da prod~ • Pre,e~ siste~ca do 
adequada Falta assistenda • Baiu produtividado um tknioona 

• Falta de e~ doe técnJca 
COIJJJilidade 

produtorca • lnstal~ de C2JT1Xll 
delllOII.Sttali VOl oom 
t6cnicas mu 
adequadas ao rullrivo 
de nmdioca 

• Altas ta.xa.s de juros • Atraso DO plantio • Red~ de taxas de 

• Falta de apoio 1 Falta de crédito 1 • ~odo rural juros 
govcnwncntal • R~lodaWca • Dispensa de avalistas 

• Falta de a6dito aa hcn plantada • linlw de a6dito 
adcqua.da • 0esc!llll'ego específicas para cada 

• Ft.scali~ inefiCiente • Falta de aten~ nas 
produtor 

• Exig~Dcia de avalistas etapas do cultivo • E.stabelecer sistema de 

• Fome 
crédito equivaleocia-
produto" 

• De.!capitaliza~ do 
produtor 

• Falta de e~go 

• Estia¡em 1 Exodo Rural 1 
• Falta de terra 

• Dirniaui~ da 
produ~ 

• La.tifundio • ~odoRural • Arreadamento • Negativos (renda • Reforma AGrúia 

1 Falta de Terra 1 
produzida aJo cobre a 
despe.u) 

• Falta pre9QS justos • De.!capitali~ do • Criar oooperati vas 

[comercializa~ao 1 produtor 

• Pobceza 

• Fome 
Baixa Produ~o 
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Ul~hoSltc;Q ..... ntcii).IIYQ• nu c;•UKJU QIQ '-'••r• (il • ~ lll;~lttu•'-i••t ~• pt-w•-. ••1 

Olagnóatlcos partlc lpatlvos lr~lee d• PrlondiiCM 

PRIORIZA~AO DOS PROBLEMAS PELOS PRODUTORES 1 comunidad .. x pont~ 

ESTADO DE CEARA . 1 priorfc:t.cM • 1 pon!Qe 

Reglao Acaraú ltaplpoca lblapaba Sertáo do Ararlpe 2 priorfc:t.cM • 4 pon!Qe 

Municipio A-101 A-101 "-101 A•OII ~ Bolo O... "-· e- e- ~ T ....... ~ - ~ T'lor1P ~ n... s ....... ~-· s......• 3 priorfc:t.cM • 3 pon!Qe 

c... c... c... 4 priori~ • 2 pontos 

Comunidad& Muculll ~ 
...._, .... Copio -· C-.-l ~ - .. _ l-· ~ _,_ 

T- V..,._ - - -·· s ..... , ...... S prtorfdact. • 1 ponto 

Ot .. ...... ... IÑCIO v ..... .- c.-kAo ~ SloQ~ 1 7 prlonda~ • • 

11 participantes homens 21 20 28 'ZT 30 1S 53 15 39 18 29 41 16 11 25 22 1S 15 1-4 10 464 

m.Jlheres 9 2 1S 1 28 5 2 5 6 3 3 5 1 as 
Total 30 20 28 29 45 16 81 15 39 23 31 46 22 14 28 22 20 16 14 10 54Q 

PRAGA S 

Lagarta 5 4 2 1 . . 4 3 3 4 5 . 23 

Gafanhoto . . 
Mosquito na folha . . 
Ácaros S 5 . 2 

Cochonillas S . 1 

Formiga . . . 4 . . 2 

DOENCAS 

Podridao ralz 4 S 4 . . 5 S . 3 S . 11 

Supert>rotamento 3 . 4 5 

Bacteriose 3 3 

OUTROS 

Terra traca (falta adubo) 3 5 . 1 2 . . . . . 13 

Falla conservacAo solos 

PreQO Babeo 1 1 1 2 3 4 . . . 5 3 2 2 38 

Esliaoem . . 1 1 1 S 3 2 3 1 31 

Produ1ividade baiXa 3 3 

Falla de !erra 2 . 3 3 3 1 3 2 2 2Q 

Falta de crédito 1 1 1 2 4 S 2 2 1 2 2 1 4 2 1 1 .. .. 68 

Asslsténcia Técnica S 4 3 

Fa-a variedades mais produ1ivas 4 . 2 

Falta manivas na hora carta . . . 4 2 S 3 11) 

Falla trator/animais para aracao 2 . 2 8 

~xodo Rural 5 . . . 1 

Falla casas farinha . 1 1 10 

Arrendamento ato 3 4 . . 3 . 8 

Comerciallzac;:ao - 2 4 . 4 • 
Foote:P~ 
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ANÁLISE DOS PROBLEMAS PRIORIZADOS PELOS PRODUTORES DURANTE OS DIAGNÓSTICOS PARTICIPATIVOS 
ESTADO: CEARÁ (20 comunJdades e 549 produtores) 

CAUSAS 

• Que vem do chJo (solo 
in!emdo) 

• Terreoo In jacto (mal 
dcenado) 

• Colheita ton de 6poca 

• Orelha de Pau(funao 
superior) 

• Maniva doente 

• Terre001 oode tema 
presená da planta 
"cip6 S«X)* 

• Muitachuva 

• Colheita tardía 

• Seca 

• Fraqueza do solo 

• Fungo 

• Plantío em terra.s tracas 

• Falta de pesquisa 

• Inverno 
frac:o(&iagem) 

• Uso de manivas com 
baixas reservas e 
doentes 

• Altas te~ 

• Falta de assistencia 
t6cnica 

PROBLEMAS 

• 
• 
• 
• 
• 
• 

• 
• 

• 

• 

• 

• 

• 
• 

Problenuu nlacionados com tloenra 

CONSEQVtNCIAS 

Diminui o rendimento 

Sccaoolho 

Anaela a folla 

Seca o trooco 

Nilo se aproveita a raiz 

Prejuízo fiii&Doeiro 

Semente n.lo presta 

Diminui a produ~ 

Red~loda 
produ~o(70%) 

Falta farinha para 
alimen~ 

Aumeoto 001 pr0905 da 
farinha 

Red~ da ~erta de 
sementes 

Raiz n.lo desenvolve 

Baiu qualidade da 
farinha 

SOLU~OES TFST ADAS 
PELOS PROOOTORF.S 

RESULTADOS 
OBTIDOS 

• Colher as rafzes anu. • Diminui a ~ de 
do tempo (mais cedo) raíz ( cauza preju!zo) 

• Amootoar tema junto a • Resul~ neptivo 
planta 

• Pousio da M-ea lXI' • Adoeoeu novameme 
dais 1.1101 

• Troca de variedades • Se m resui!MJol 

• Plantío em outns úeas • A3 veze& tuuciooa 

• Reza • Se m resultadot 

• Plantío e m tems • Diminui~ da 
arenosas podridlo de rafzes 

• Arrancar a r~ • Prejuízo 

• Elradi~ plantas • Positivo 
doentes 

• Queima plantas • Positivo 
doenlea 

• Retiradas OO. ga.l.bol • Positivo 
doentes 

• Teste de variedades • Ern andameoto 
resistentes(EMBRAPA 
IE.\tA lERCEJProduto 
res) 

• Plantio de mani vas • Ruim 
sadias 

• De.sinf~dof~ • Positivo 

SUGESTOES DOS 
PRODVTORFS 

• Tl'liWnento do solo ou 
pi &litio e m kea.t Dio 
infestadas pelol 
pllÓgeDOI 

• Adublc aterra 

• Planr. variedadea 
resistelll.el 

• N lo plantat onde tem 
orelha de 1*' (funao 
superioc) 

• Selecionar o terreoo 
aotet do plantío 

• R~ de culturu 
• ~ocia t6cnica 

efetiva para deoobrir o 
que e.ú ocx:xrendo 

• Tratameoto das 
manivas 

• Apoio da pesquisa 

• Cobrw apoio da 
pesquisa 

• Tratameoto de manivas 

• Se~ e planúo de 
manivas~as 

• Buscar apoio do 
Governo 

• Queimar plantas 
doenlea 

• Fuer calagem 

~OESDE 
PA&TICIPA~O DOS 

PRODVTORF.S EM 
PESQUISA AGRfCOLA 
E EXPERIMENTA~AO 
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CAUSAS 

• Falta de cbuva 
(veranicos) 

• Produtor nJo esti 
prevenido para o 
ataque {nlo te m 
inseticida) 

• F~lta. de pulveriz.a.91o 

• Estiagem 

• Tempo 

• Falta de assist6ocia 
t6cnica 

• Aparecí mento da 
bocboleiA 

• U midade alta e calor 

• Falta de recursos 

• Falta de recursos 

• Vmalj!oda 
te~ratura 

PROBLEMAS 

Problenuu relacionados com pragM 

CONSEQUtNCIAS 

• Diminui~~ 
(rendimento) 

• Maniva n.lo pre.u para 
plantac 

• Come as folha.t e 
diminui SO% do 
rendimento 

• M~oca n!o cresce 

• Fmoha de baixa 
qualidade 

• Prejudica produ~ 
raíz 

• Prejudica a maniva 

• Redu~o da produ~o 

• Redu~o da prod~ 

• Baixa produ~ 

SOLU~ÓF.S TFSTADAS 
PELOS PROOOTORES 

• Apücaram veoeoo 
(específiCO) 

• 

• Cavou urna vala ao 
ch.lo em volta do 
plantío (infcio da 
infes~) 

• Reza 

• Poda drástica OO. 
ramot 

• Pulveriuram folidol e 
a.zodrim 

• Querozeoe oom igua e 
sabio 

• Cata manval 

• A inda sem sol~ 

• Nada foi testado 

• Apl~de 
formicidas 

• Aplic~ de 
inseticidas 

RF$ULTADOS 
OBTIDOS 

• Matou na hora 
(controlou a praga) 

• Pulveriz.ou a leiJ1lO e 
solucionou 

• Resultado regul• 
(diminuiu a inf~) 

• A reza ma.tou a praga 
(ere~ populac) 

• AwneniA a prod~ 

• Acaba com a praga 

• Matou as lagactas 

• Controle total 

• Problema novo 

• Controla a praga 

• Bom oootrole 

SUGESTÓES DOS 
PRODUTORES 

• Pul veri.z.1trio oom 
ioseticida.s espeáf~ 

• Reunir e m campo para 
coqnr in.seticidu 

• Mais assisteocia 
técn~ 

• Adiquirir 
pulveriz.adores e 
inseticida.s 

• Combatir a praga na 
horaceriA 

• Meios de oontrole mais 
eoonómi001 

• Cr6dito rural 
subsicliado para 
combater a praga 

• Crédito rural 
subsidiado 

• Pulveriza~ das 
plantas atacadas 
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OPC;ÓF.SDE 
PAIITICIPA~AO DOS 

PRODUTORES EM 
PESQUISA AGR1COLA 
E E.JPERIMENTA~AO 
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CAUSAS 

Prohkmas relacionados com si.sll!ma de produrao (sows. variedades.mecanltaeilo) 
~óESpE 

PROBLEMAS CONSEQVtNCIAS SOLU~ÓES TESTADAS RESULTADOS SUGESTÓES DOS PA&TICIPA~AO DOS 

PELOS PRODUTORES OBTIDOS PRODUTORES PJ.ODUTORES EM 
PF.SQUISA AGRfCOLA 
E EXPEIUMENTA~AO 

• Plantio intensivo • Baiu ~odu~ • Adub~ orgánica • Aumento da~ • Compra de adubOI na 

• Que imadas • Plantas oJo • Uso de bagana de • Melhorou luao ¡x6pria oom~uidade 

desenvolvem carnaúba • Finaociameoto para 

• Maní va nJo gennina • Uso de adubo de • Triplicou ¡xodu~ corrpa de adubol 
• Faltadead~ 

• De.smawnenlo 

• Altos pre905 dOI • Rendabaixa minbocas 

adubol • Oesestímulo ao plantio 

• Solos esgocadol 

• Periodo de soca • Plantio oJo ¡xoduz • Ag\W com u m balde • Ficou verde e • Irrig~ 
(produti vi dado (irrig~lo manual) vigorosaa (as plantas • Bamr o rio Mundaá 
reduzida) desenvolveram com (fazt% wna barragem) 

• Trabalbo perdido á gua) 
Aumenta r úea de • (saCra fru.stada) • C~de~ • Resultados positivo. prod~ 

• Clima do Nordeste 
(semi-árido) 

• Desmawneoto 

• Falta de mananciw 
• Faltar~ pi a. • Dedicar a alividades • Positivo • Canaliza¡;lo da agua 

animais (restos de extrativistas Jaburú 
culturas) • Trabalhac alugado • Aumenta renda Lutac por crédito para • • Fome famil iar OOI!lJBe 

• Ata de manivas • Plantío de cajueiro • Positivo a.rma.z.enamento do 

• Empobrecimento (resistente a seca) zafra 

• Poucas~de • lutac por 

trabalho • Plantío e m áreas • Bom financiamento paca 

Colheita mais 
úmidas resultad <>(Preserva OOI!lJBde 

• maoiva para próximo equipameotos de 
trabalhosa plantio) irrig~ 

• Aumentam alaqUes do • A tra.so oolheita para • Bom resultado 
pragas (acacos) e n1o perder a semente 
doen~ 
(SuperoetU.mento e • Coostru~de • Ajuda no verlo se 

podridlo) bacreiros e cisternas abastecido oorn cacra. 

• Dificuldade de trabalho 
pipa 

de beneficiameoto de 
farinha e goma 

• &odorural 

• Produto de qualidade 
ruim 
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Probknuu relacionados com sistema d~ e,rodufilo (solos, varledades,m~cani'l.DCiio) • continUDfdo 

• falta de~ • Awnento de RJio.do. • Alugueldo • Melhar • Rec:tJDO' para 

• De.Kq~OO. obra ill1'iementol de.seovolvimeoto du aqui.!i~ e aluguel 

produtorel • Baixa prodU~ plantu • Cobnn~ de projeto 

• Baixa ¡:rodu~ juoto a Secretaria do 

• Cultivo pequeDU Areu 
Agriculrura 

• Colheita antes de • Fica sem planUr • Pedir maoiva semente • Plantio de.swúfonne • Armaunar maní va 
leiTllO • Pr~ da maniva aquemtem para o ¡x-óxirm plantío 

• Estiagem semente m.úto alto • Roubar de outro1 • Maniva sem plévia • Mai.sio!~ 

• Doe~ e pragas • Red~ do plantlo campal se~ t6cnicas solxte 

• UJO de manivas oJo Baixa produtividade • Cortar manivas novas variedades • 
selocciooada.s • T estou variedades paca • Melhara boa oa • Sele~de manivas • NSoha~odu~ 

• Aotecipa~ da saber qua! 6 me !tu ~od~ boas para o plantio 
• Awnenta fome 

colheita • Oisnibui~So de Aumentoarea • Deixar urna parte da 
• Awneota sujei~ do cultivada • Escasez de recuxssoa manivas pelo Goveroo r~ para arraocar oa 

flDanceiros 
produtor junto ao Esudual-1991-92 (c.v. hora de plantar 
paulo Bu ji Preta e Cruvela) • All1lliar~ • Desioteresse pelo • Lavoura s mai$ • Ruim (devido a seca) COITIJ nitário 

annazeoamento • Com¡npela 
susceptíveis a ~gas e 

COITIJDidade de 40m3 • All1lliar Arca oom 
doe~ apoio financeiro 

de maoivas • Bom (plantío de • Distribui~So de • Annazenameoto de peque na área ooletiva) 
maniva debaixo de 

semente pelo govemo 

urna árvoce • Bom (Aproveitamento • Aml!dar áreas úmida.s 
de 80% da maniva) na regiSo para plantío 

• Insta!~ de bancos de • Bom (garante semente de mandioca 

manivas para ~6ximo plantío) • l111>1ao~o de caif1lOS 
de rrultipli~ de 
manivas 
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Outros problel'tUU 
~ÓF.SDE 

CAUSAS PROBLEMAS CONSEQUtNCIAS SOLU~OES TESTADAS RESULTADOS SUGF.STÓES DOS PAR11CIPA~AO DOS 

PELOS PRODUI'ORES OBTID08 PRODUTORF.S pRODtJTOR.F.SEM 
p~AGRfCO!-A 
E EXPDIMENT A~AO 

• Falla de i.atere.uc do • Oe.sinf~ doe • Abaixoe assioadoe • Ncnhum re.Mt.ado at6 • Exigir do Govcruo 
¡averno agricultores~ reclamaodo u o IIIOOlelllO • Treio.amcoto doe 

• Frequcnte transfen~ncia cormat« as pragu e dirctorias da prodl4ores rurail 
doe t6cniool doe~ EMAlERCE visando suprir u 

• Falta de apoio na • COD.fttU~ de casa do • Positivoe neoessidadea de 
~ farinha comunitúia t6cnicu da 

EMATERCE 

• Depoi.s da cxn~ alta • Trabalha sozinbo • Trabalhou com o • Boos resultadoe • Financiamentas com 01 

(~Jo plena) porque oJo pode pag• banoo, quando 01 juros (tinham produ~ e juroe baUoe 

• Pequeno oJo tem trabalhador baixoe tinham o que render) direcionadoe ao 

oondi~ de pag• • N lo~ semelllel • Tiveram resultadoe pequeno produtor 

(falta garantías) (maniva) • Cr6dito atnv~ da (lucros) • V olatt a financiar pelo 

• Nlo tem tcrra • N lo pode aumenta' associ~lo (1-Ssoci~ 8 anoo do Bra.sil 

• Juras que ni~m plantío (vea reduzida) repusando as recursoe) • C~tos pelo sistema 

agucnta Guroe altos) • Aumenta a polxeza do Trabalhu (pcodutore.s) • Baiu produ~ (oJo "equival!ncia-prodUlO" 

• Govemo nlo libera produtor oom recunas próprias produziram bem, • Financiamento r 
fiiWiciamento para (descapitali~lo) tiveram que vender annaztDN a pr<• .;Jo 

tudo e tomou dinheiro 
agricultOI' • NJotemacesso aoada c~o para pagar • Unilo ·• ~¡upo ~ 

• Política agr{oola • Falta recurso para u despe.sa.s) ooosegwr 

indefinida trabalhar • Mutirlo; r~ado R~ das despes$U 
financiamcnto 

• 
• De.svalori~ do • Pa.ssa fome CO!Tll nit.irio • Registro de a.ssoci~ 

produto • Trabalha para outras • Projcto para aqui.s i~ • Nlo~obteve 
para fortalecer e 

• Falta de mel.hOI' de sementes resultados ~ o 
pleitear coodi~ de 

• Produz pouco rcinvindi<X 
conci~ncia do produtor 

Nlodipara 
momento 

pela ~Jo comunit.aria • • Trabalhar em muti.rlo 
comercial izar • Projeto pelo ~'E para • Emfasede 

• Estiagcm cri~ de cooperativa implan~ • Pre.ssionar reanas 
• i'llo mata lagarta e junto 310 Govcrno 

• Falta de manivas • V coda antecipeda da Lucro reduzido formigas 
prod~ 

Estadua1 

• V e oda antecipeda da • Maiororg~ 
~loao • lostaJ~Io de fábrica de • Faltou marma prima 

raspu de mandioca • Apoiar a c:ooperati va 
at:race.ssador 

• lostaJ~ de bodega • E.sá funciooa.ndo 
local 

comunitária • Awnentar vea 
plantada 

• Rei vi Ddicar projetas de 
irriga~o 

• Lutar por política 
agrícola definida 
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• Falta de tn..IISpOI1.e 

• Fari!1ha ~ ali.meato 
~giado 

• Mio de obra cara 
• Custo de vida alto 

• Custo elevado 

O u Iros problemtU ( contin.:..:u:..:a:Lfilo=.:::...~.~:_._ ____ _ 
• Sotre oecessidade o 

lllo veod« o ¡xOOuto 

• Luaos núnirr101 

• Deslnimo para 
produzir mais 

• Produto 6 vendido 
barato para~ 
outros artigos caros 

• Red~ DO luao 

• Red~ DO trabalbo 

• Perdem dinheiro 

• Veodem o produto !ora 
daq,oca 

• Vendem a raf:t 

• Faltam farinha e goma 

• Pago renda rnüto alto 
(6: 1) 

• V ende m o produto !ora 
da ~poca 

• u~ de m1o de otn 
famililr 

• Trabalbo DO rnuWto 

• Soli<:itaram casa de 
farioha dol políriCOI 

• Rtdlz 01 c::ustol do 
prod~ 

• Planl.io exitoso 

• Aguardam resultados 

• Melhorv (lr'C90 do 
produto 

• Reduzir a~ dOI 
intennediári01 

• Incentivo ao mutirlo 

11 
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Olagnoeaeo. PartlelpMivo. no teteao 011 ,...,,.,Dueo (n • 1W ~un~a-.; "ST1 produtor.e) 

Dlagnóatlcoe par11clpadvoe lndlce de I'Ybldede 

PRIOA~lO DOS PROBLEMAS PELOS PROOUTORES ..................... 
ESTADO OE PERNAMBUCO 1 prlofldede •• pon1oe 

Raglio Agreste Meridional Mata Sul S.rtlo do Aterfpe Mata Norte 2 prlortdede • 4 pon1oe 

Municipio ~ c ..... c ..... SloJolo ~ Slo- ~,. .• .......,. p-~J- QlóMdt -dt Ara,.._ Ouolouol _...,. eoncw. Jolo !1 .. .. 3 prlofldede • S pomoe 

do~ Goltl S.. Ando - A~ ~ 4 prlofldade • 2 pon1oe 

Comunldade p., ~ ~ Tllla ..... Ta" ,._do ~ Pfdt ..... a.no~e~ .. e..,_ S... do l.ogoe ,..,..,... e..,.,. !1 .. Sllt .. 1 pr1arldede • 1 ponto - Orondo Votf- ,..,. - Boo l/1 .. C4lrDfldo Po- c.,.,. A_.,.,. .....,.. ' · 1 prlotld .... 

• partlclpalllet homens 18 23 14 11 10 14 13 a 10 14 IS 13 7 24 3IS 21 13 23 1a 30S 

mulheres 4 2 4 10 4 2 1 1 S 11 2 2 a 3 7 10 2 74 

Tolal 20 23 IS 10 20 18 IS 10 11 1a 22 IS a 33 41 21 20 33 21 m 
PRAGAS ~~ -
L_agMa . . . . . . . 4 . S * 
Galanholo . 
Cuplm S 1 

Mosqu~o na lolha 4 
. 2 

Formlga 4 S . . . . 3 

Codlonilha 2 2 1 

DO€HCAS . 
Podrldao da ralz 4 4 1 4 1 1 . 1 1 1 1 41 

Molo . . 2 2 1 

Machelo 3 3 

Bacterlose 3 3 

OUTROS -
Terra traca (falta adubol_ 4 1 1 1 2 1 1 3 1 . 4 3 4 S 47 

Fana consetV~o soloe 
. 

Pr~Baixo 3 . . 2 3 3 4 . 3 4 2 3 3 2 4 3 4 41 

Estlagem S . . 4 4 . . S 

Produtlvidade balxa 6 

Fana de terra 2 4 3 1 4 1 3 . . 4 S XI 

Fana de crédito 1 2 2 2 2 . 2 1 1 1 3 2 3 50 

Fana transporte . . 
Fana equlpamemoe 3 . 3 

Fana delenslvoe . 
Asistencia Tknlca . 3 

Fana variedad• . 3 . 2 . . 7 

Fana organiz~o produtores 4 2 

Fana trator/anlmals para aracao 2 2 3 . 11 

~odo Rural 5 . . 1 

Fafta casas larinha 2 4 

Arrendamemo ano 4 4 4 

Comerclallz~ . 
Fonto:,.,.,._ 
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50 
50 

4S 

40 

JS 

JO 

1S 

l O 

IS 

10 

S 

o 

Falta do 

atdllo 

,.,..., ProlllrAI/94 

Prlorlza~o de Problemas através de Diagnósticos Partlclpatlvos - Estado de 

Tma&xa 
(falla 

adabo) 

Pernambuco (n = 19 comunidades; 3n produtores) 

~ello 

talz 
l'le9o 
latxo 

Falta clt 
ICaa 

Fall&lnlar 

/aalmola 

pwa~ 

1 C.Ufdo clt pd~ 1' pdod- • S~ --" pdodcltdt • 1 paliO 1 

Codloalllla Moto Falta 

Y1riecltclta 
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ANÁLISE DOS PROBLEMAS PRIORIZADOS PELOS PRODUTORES DURANTE OS DIAGNÓSTICOS PARTICIPA TIVOS 
ESTADO: PERNAMBUCO (19 comunidades e 377 produtores) 

Problemas relacionados com d~nftu 
~OESDE 

PARTICIPA~O DOS 

SOLU~ÓES TESTADAS RESULTADOS SUGESTÓES DOS PRODUTORES EM 
PESQUISA AGRfCOLA 

CAUSAS PROBLE~AS CONSEQUt..~CIAS PELOS PRODUTOR.ES OBTIDOS PRODUTORF.S E EXPEIIDIENT A!i(AO 

• Terra ~n~ito quento • Peroada~ • Troc. variedade • Foi pior • Mudar a lavoura 

• Muitachuva • Falta de maniva • Pvou de plautar • Foi melhor; plautou • Pre¡war aterra oom 

• Miaobio existente na • Prejuízo eoooOmico mandioca e plautou milho e te ve lucro calcarlo, acw, usar 
terra 

Diminui~lo da área 
outro cultivo(feijlo, • Diminui ataque adubo e veoeoo • milho, balata) • Terra ~n~ito plautada • Positivo (nlo apareoeu • Pre,en~ de enti~ 

insttumada • R~ da cultura adoen~) para ajudar a resolvet o 
• Amarelamento da com Caua e Inhame problema • Terra frac& plauta • Aumento da~ 

• Elimin~ e queima • Usar manivu sadiM 
• Mauivadoente • !Wz apodrece dos restos cultums d.u • Nilo deu resultado 

• ArraDcar e quemar u • Causa desconhecida • N lo pode m mais plantas atetadas • Nilo deu resultado planlas OOeDlCI 

• Plautio sucessivo na plantar na mesma área • Descausar a terra • Nli deu resultado Descausar a terra • mesmaúea • Awnenta o replaotfo • Colocou cinza e cal • Identificar um remedio 
• Tapuu oo trooco (?) • Morte da plauta • Colocou en.xoCre • Melhorou~ químico ou veoeoo 
• Mofo brauco ('?O Nilo plantou maoiva para acabar com a • 

doente • Positivo (adoeceu doe~ 

• Uso de novas menos) • Cooseguir arcas 

variedade& • Positivo (adoeceu maiores para facilitar a 

• Colocar cinza da casa menos) r~ilo da cultura 

de farioha 

• Plantar em terreoo de • Negativo (adoeceu) 
barro ligado 

• UJO de adubo quimico • Negativo (doe~ 
e calcarlo atacou) 

• Ara~o e gradagem 

• Causa desoonbecida • Menospr~ • Uso de defensiv01 • Dimunui ataque • Govemo libetar 
defensivos 

• Micróbio que aw:a a • Aplantamom • Plantou mauiva oom • Adoe~foi 
plauta aiaudo um • N lo produz miolo branco controlada 
mofo elllre a raíz e o • Tratamento das 
caule da plauta • Prejuízo 

manivasoom • A doen~ awneotou • A planta rwcba de 
baixo para cima e 

querouoe e agua 

moao • Uso de estrume de A doen~ aumeotou • 
• ~naKe& gado 

plantada 
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Probkm~U relacionados com e,ra1.as 

• Microbio da tema • Perda da m.aniva • Uso de formicida • Deu bom resultado • Usaveoeoo 

• Uso de mau.ivu • Baixo reodimelllO • Qebrou o olbo da • N lo deu resultado • R~ da lavoura 
doeola • Perde aocr mandioca • Dimiou~do 

• Dimioui~ da kea • Rotalylo da lavwra miaobio 

plantada 

• Falta do veoeoo • Baixa produ~ • Nenhwna • Nellbum • Uso de veoe1101 

• Problema da tc:rn • Maniva nlo presta 

• Falta dío.heiro para 
CIOCtlprV VeDeiiOI 

---
• Ma.niva nlo presta • Maniva nlo serve para • N lo t!mjeito • N lo t!m re.sultadol • MOO.alavoura 

• lllverno fraco nada • Par. de pla.nt. 

• Micróbio da tema • A raíz nlo engro.ua 

• Ninguem sabe a cau.sa 
apaceoe pcx ~pocas 

• Devido ao lempo • Amarelecimento du • Apli~ de VCDCIIO • Resultado positivo; • EMA TER-PE iooicar 

• lllvemo fraco foltw • matou o IDQICjuito o sol~ attav~ de seua . Epoca frfa e chuvosa • Perdas DO rendimelllO oJo houve reinf~ tknicol 

• Maniva nlo serve para 
plantio 

• A traza o aecimeoto 

• Suga a sevia da planta 

• Mu~ooclima • · R~ com meoos de 90 • Apli~ de veoeoo • Resultado po.sitivo; • EMA TER-PE iooic• 

• terra fiaca dias acaba matou o IDOIIquito e sol~ attav~ de seus 

• Falta de dillheiro para • R~a c:om mais de 90 Dio bouve re in!~ t6cnicol 

combater di as só produz 40% do • C~o maoual ( 386 • usar defensfvos 
total Cootrole da praga • Pouco inverno lagaru.s em 1.936 m2 ) 

• 
• Prej uf zo ec:oo&nico • Em parte combate 

• Usar maniwbaoom • Mis&ia • Em parte cocmare fumo 
• Fome • Em parte combale • Usar sabio e m p6 

• Usar a.gua sanitária • Em parte combate 

• Usar aloool oom fumo • Emparte~ 

e sabio 

• Foliruper 
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Outros e_robknuu 
OP~ÓF.S DE 

CAUSAS PROBLEMAS CONSEQVtNCIAS SOLU~ÓF.S TESTADAS RESULTADOS SUGESTÓF.S DOS PARTICIPA~AO DOS 

PELOS PRODUTORES OBTIDOS PRODUTORES PRODVTORES E.\1 
PESQUISA AGIÚCOLA 
E EXPERlMENTAS:AO 

• Iuroe alto. • Planta IJiaiiOI • Plantar IIICDOI COID • Pouca~(só • rllWICiarneoto xm 

• Falra de crédito • Falta de trato. rultur.W recursos própiol para OOIISWllO ¡:róprio) jllr'OI 
adaptado a realidade ao rultivo • E~mo bancario • Negativo porque • FiDaDCiarneato oom 
do pequeoo produta • Ptodutor trabalha • Tentar oegoci• oom veode-x o que te m j1.1ro1 baixo. e praza~ 

• Pr~ baixos da faioha soriobo e Dio pode balloo uma fama de para peg• ao balloo maiores 

• O di oheiro fioaociado 6 Coottatac mio de obra fi oaociameoto • Negativo • FiDaDCiarneoto oom 
pouco, demora a • Exodo rural • Vender oa folha • Grande prejufzo equivalencia produto 
li~lo e o pr~ do • Hipoteca da terra • V eoder parte da~ • Grande prejufzo • Garantía de pr"e90I 
produto oJo compensa míoimal 

Dimioui~lo da área • Venda de bens para • Arrancar ante& do • Grande prejufzo • Libe~ mais rápida pagamento do le"l'' • 
plantada • Prejufzo 

empréstimo do. fiiWICiame~ • Venda de animais • Falta organi~ do Eodevidameoto alto • lotennedi~ do. • produta (falencia) fioanciameotos pela 

• De&ioteresse do baooo Fome 
EMATER-PE • e m e~estac ao 

Mi.sma • Fioaociarneoto na Jede 
pequeoo • domuoidpio 

• Falta de vootade do • Em vez de producir 
Orgaoi~dol • 

Govemo fica recebeodo ee&ra produtae& para cobrar 
• N lo pode alugar trata e1J1X6timos a juroe 

• N lo pode usar adubo. baix01 

• Toma empr6timo a • Chamar o prefeito e os 

panicular e oo ti m fica vereadore& e exigir 
~ sem semente deles urna sol~o 

• V ai lrabalhar para os 
outros 

• Temu ~n.~ito caras • Deixa de plantar • Plantar em terra • Pouca reoda (prod~ • FiDaDCiameoto oom 

• Falta de recursos para • Fome arrendada ~dividida oom o dooo juro& baixos para 
compra de temu • Prejuízo eoooómioo 

da terca) e aioda te m COIJ1X& de terra 

• Divislo da terca pa que plantar capim) • ReforrrA agraria • Poucaprod~ 
he~ (familias oom 

E:xodo rural • Plantar e m fileira dupla • Arreodameoto de terra 
muitos filhos) • • Produ~lo aumentou • Apesar da pouca terca. 

• Ciclo vegetativo largo • Margioali~ miDIO para oompnr 

• Cooceotra~o da terra • Grande divislo da terra adubos e ¡reseDI;& do 
em mJos de jXlUOOI • Trabalbo todo ano no t6c nioo para dizer as 

• C<>f11>B de temu pelos mesmolocal occessidades do solo 

fauodeiros para • Trabalbo perdido • Financiameoto do 
plantar capim porque lucro fa oom Goveroo para comprar 

• Governo olo ajuda o dooo da !erra tercas e pagar c:om o 

• Os peque001 veoderam • ~ áru.s slo gr¡uxle& o 
prodUlo 

as terru porque a que torna dificil a • Or¡aoizM' os grupal do 

mandioca nlo tioha c:oc:rpa pelo pequeoo prodUl<XU para pedir 

prC90 
!erras ao Govemo o 
coodi~para 
CO!Jlll'liC 
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-· ·--··- . -··-· ... 
-~ ... -··- --. -·--- .. - ·- ,._,,, __ ..... ..,.,.. -·-· 

DIAONÓSncoe PAimC.,AnYOe lnclloe de l"rtorldede 
,~_,_,..,__ 1 -nldedee • ponto .... 

ElUdo ele P ..... t~··poMae 

Regiio Arela-Aiagoa Grande Guarablr• ~~·4poMcle 

Municipio Ugoe l.aeo- A,.. .. A'-goe A .. Alegoe Salgado ,....,. Arat;rl A~ ' prlottdlcM • ' pontoe 

Gtancle Now Gr.,.,_ Now S .. Fa. S .. Fa. 4 ~. 2 pofttoe 

~nidact. [._... Gnwá e-• Qul~ E_... Gemeleifll Aburt Soua Silo ,..,.. ·~·tpon .. 

MatM ,..,,. CCI6 V.... .. 7 prlor1dade •• 

1 Participante& homans 33 14 13 -41 23 19 28 28 27 17 241 
mulhem 8 5 3 12 5 n 

tota 33 22 18 .... 35 19 28 33 27 17 274 
PRAGAS e < j .. 

• •-7.-. . , . 
Lagarta . . 
Cupim 5 1 
Taranju6 . . . 
Broca 3 2 7 J 
FOtmiQa . 2 4 

-
OOE~AS ' 

Podridio raíz 1 2 1 1 1 1 1 1 2 2 47 
lauaima olho planta 4 2 

PUTROS ' · .. -.. - :: 

Tarra traca (falta adubo) S 2 2 S 3 5 . 14 
Falta conserva<; lo ~loa 

Pr~o8aixo 3 . .. 3 . . .. 10 

Esti_agem . 
Prodltividade baixa . 
Falta de terra . 2 . . 4 
Falta de crédto 2 . S 3 .. 3 2 3 1 1 30 

Falta transPOrta . .. 5 . 3 

~s,;slfncia Técnica 4 . . 2 

Maniva doente . . 
Falta variedadeslmaniva 3 5 . .. . • 
Falta organizaclo ¡:>rOÓJtonss 4 3 5 

Falta trator/animala para araclo 5 3 3 

!:xodo Rural .. .. 5 5 

Falta casas farinha . 
Arrandamento alto . 
Comercializa e! o 1 . .. 7 
Fonta: Pr«-*'M 
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Pl>dridlo náz 

Foale: Protl.lma/94 

Prlorlza~ao de Problemas através de Diagnósticos Partlclpatlvos - Estado da Paraíba (n = 10· · 
comunidades; 274 produtores) 

1 Crilldo clo prt~ 1' prtaddd • J ~ - -'' pdaddodl • l pelillO 1 

F.tta dt cftdiiO Tern hc:a (ralla adllbo) J're90 Blixo Broca CCIDOII:i.JI.ID¡:IO F.tta'>'ld.edadn / muina Folla~~ 
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• 
• 
• 
• 

• 
• 
• 
• 
• 

• 

ANÁLISE DOS PROBLEMAS PRIORIZADOS PELOS PRODUTORES DURANTE OS DIAGNÓSTICOS PARTICIPA 'OVOS 
ESTADO: Parwoa (10 comunidades e 274 produtores) 

CAUSAS PROBLEMAS 

SoiOd doent.u • 
Solos encharcados 

1 

Podrfdao da 

1 

• 
Exoeuo de chuvas Raiz • 
Plan ti o se!J1Xe na 
me.sn~aúea • 
Terreno argiloso 

Aoo bom de inverno • 
Micróbio na tena 

Maoiva contaminada • 
Falta de couhecimeoto • 
t6cnico 

Temu quentcs X • 
chuvas • 

• 
• 

• 

ProblemtU nlacwnado1 com d~n~as 

CONSEQUtNCIAS 

Baixa produ~ 

Colheita pr-ecoce 

Desistím.ilo ao plantío 
da culrura 

Prejuízo fioaoceiro 
(grande) 

Maniva doeote 
(contaminada) 

Farioha ruim 

Solo doente e pr-ejuízo 
fioanceiro 

Perda do plantío 

Amarelamento das 
folhas 

Raíz fofa 

Baixa quailidade dos 
subpprodutos (a 
farioha é amare la) 

Seca as maoivas 

SOLU~OES TESTADAS 
PELOS PRODUTORES 

• Plantio de outras 
variedades DO mesmo 
local 

• Mudan~ de pi&Diio 

• Mu~deárea 

• Trocar a maoiva 

• Colheita antecipada 

• Descanso da tena 

• Rota~o de culturas 

• N Jo plantar DO co~o 
do inverno 

• Deixar de plantar 

• Plaotio em le ir~ 

• 

• 
• 
• 
• 
• 

• 
• 
• 
• 
• 
• 
• 
• 
• 

• 

RESULTADOS 
OBTIDOS 

Negativo 
Bom (dimiouí a 
podridlo) 

Diminui a iDcid!ocia 

Aumenta a prod~ 

Continua apodrecendo 

Nada 

Bom (dimioui a 
podridlo) 

Diminui a produ~ 

Dimioui a podridlo 

Maiorprod~ 

Neohum 

N lo teve reodimentos 

Diminui a produ~ 

Melhorou a prod~ 

Diminui a podridlo 

Diminui a mlo-de-®ra 

Diminui a podrid!o 

• 

• 
• 
• 
• 
• 
• 
• 

• 

• 

SUGF.STOES DOS 
PRODUTORES 

Plaot• outtu 
variedades re.sisttolel 

Assist!ncia t6coica 

Rot~ de culrura 

Tratamento da maniva 

Aoálise. de solo 

Mu~deáre.a 

Plantar outtas sementes 

Rem6dio para 
combater 

l otere.sse por parte dos 
pr-odutores 

E.studo t6coico 
(pesquisa) 

o~OiiS DE 
PARTICIPA~O DOS 
PRODUTOUS EM 

PESQUISA AcafCOLA 
E EXPERIMINI'A~AO 
• Apoio do perno pera 

di assilt!ac:ia t6cnica 
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CAUSAS 

• Solc. oom IDlÍtll 
rúz.el 

• Sola. fral:x. 

• lipo de JOIOI 

• Em teqx> frio 

• Proxinúdade das 
chuvas 

• Prese~ade 
formigueiros 

• Veneoo fraco 

• Cheiro da folha alrai a 
formiga 

• Presea~ do inseto 

• Falta de orienta~ 
t6caica 

• ~ iovc:rnosa 

PROBLE.\IAS 

1 Cuplm 

LH 
, 
A caros 

1 Formiga 

Percevejo de 
Renda 

1 
• 

• 

• 
• 
• 
• 

1 • 

1 
• 

• 
• 
• 
• 
• 

• 
• 
• 
• 
• 

Probknuu relacionados com pragtU 

CONSEQUtNCIAS 

Ptamas oasoem oom 
difiCUidades (semelltc8 
olobrotam 
oonnalmeote) 

Roem (oomem) u 
estacu 

Baiu pl"odu~ 

Maniva amarelada 

Morte das planw 

Moae quando 6 DOY& 

Pouca produ~ (7~ 
de perca) 

Dinúnui o crecimento 
das plantas 

Baix.a a produyto 

Baixo readimento 

Atraso na cultura 

N llo cría raiz 

Desfolhamento 

Queda da pl"odu~ 

Morte da raiz 

Deixa de plantar 

Mucha as foUw 

Atrasa o 
desenvolvimento da 
p lanta 

SOLU~ESTESTADAS 
PELOS PROOOTORES 

• A qucbra do olho 

• Uso de veoeDO (núrex 
gaaulado) 

• UJO de manipueira DO 
formigueiro 

• Enterrar um sapo 
cururu DO formi gueiro 

• Aplic~ de i.sca DO 
formigueiro 

RESULTADOS 
OBTID08 

• Quando nova nlo te m 
pi"~ 

• Pouca prod~ 

• No início dinúnui a 
ioci~ncia 

• Acabou (repeliu) as 
fonnigas 

• Nenhum 

• A fonniga canúaha 3 
diasedepois 
desapamce 

SUGFSI'ÓES DOS 
PRODUTORES 

• Cr&iito $\lbsidiado pelo 
Govemo Cp.a pod« 
COillXV illSUlllOI O 

coni>aaer a praga) 

• A.ssit!ocia t6cnica 
espccffica para o 
problema por ¡w10 dOI 
órgb do setor 

• Rem6dio para 
combatc:r 

• Outta variedade 
resiste me 

• Orie ata<; lo técnica 

• Reama. ( cr&iito 
rural) oo~vel oom 
ase~ do 
produlor 

• Equiparne ato 
específico para o 
combale 

• VeoeDO mais forte 

• A.ssi.st!ncia t6cnica 

• V llriedades resistentes 

• Pulveriza~ 

• Mu~dekea 

2' 

OP~OESDE 
PARTICIPA~AO DOS 

PllOOUTORES EM 
PESQUISA AGRfCOLA 
E KXPERJMENT A~AO 
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Prohkmas relacwnados com slslem4 de produrilo (sows. variedades.mecanizarilo':.L. ______________ _ 

CAUSAS 

• 6tllllo 

• Rmade¡:ido 

• ABsll!ttia ll!aD 

• 1\ldiooball)lll m::!l'm 

m 
• Fabdead.tloapir.D 

• l.!!Dd>d:>WSiJtii t:Jl8 

• Qára 

• 1\ldiooo!IIDibdls.,_ 

• Fabde ¡:rq:aodl tila 

• Sct>boo 

• Fabde 11lO.Dllfiom:irol 

• Fabde p:ha iliJÍrll <b 
Goo.am¡:.ao¡xq.am 
¡:m1ar 

• Fabde~<:k 

<XJ1llli1lde 

• Fabde l1lO.Dll 

• 1-&dlfilede~de 
\;údr:b 

• hl\t'IID~ 

• ~e<bn¡a9 

• ü.hila~(IUI 
iTlliM¡Ka~ IIDS.!e 

~¡xrmb~d!J\3) 

PROBLEMAS CONSEQUtNCIAS 

• f\olj.á>ra ¡mb.to 

Terras Fracas 1 • Din'D.ia¡mb.to 

(Falta de Adubo) • Dmn.iob:ro 

• ~aopamo 
• Oá.no1o3C~ 

• E:ai\lo 

• Rmlde l'!l1fO 

• Bai7;a ¡rab¡lo 

Falta de trator e • Rab¡:'lodlm 

anJmais pi • Verdea¡rab¡loao 
~ 

preparo da terra • ~~ 
• ~fi:Jimio 

• Bai7;a ¡rab¡lo 

Falta de manlvas • Nllo llm¡roir;lo 

na hora certa • DiTin.im~¡:bú> 

• Nllo tanb:ro 

SOLU~OES TESTADAS 
PELOS PROOOTORF.S 

• TCD31CDUqXlB) 

• ~demáq.Dra 

• Uw.>de~ 

• E\G'aq.ám 

• L m¡u;w¡l!odei'CS'IIde 
wkDI 

• Alllls:ded> 

• SciciladJaf'll&o 
~~ 

• Paga~(b~ 
• Ca1s>a:maEMA1ER 

looll pnpúü:Jmw;ta 
~.~ttma 

• ~aacs 
rnD:.tD 

• Rd:ltW atxhila (imiDir 
!plll:boitMm>~ 

• 
• 
• 
• 
• 

• 

• 

• 
• 
• 

• 

• 
• 

• 

RESULTADOS 
OBTIDOS 

M!tnwa~ 

Ro1.IZ 1 & 2DBOOITÚim 

Al.nlm:>da~ 
M!tnwa~ 

Al.nlm:>da~ 

Al.nlm:>da~ 

.ÁI.Il1DDÓl~ 

Atnkb 

NepMl{olo~ 

~oob:ro 

Nepr.o~ 
arl:>an 's lio!:r m de 
as:aca' a:&~ 

Al.mn:1lam 

Ban (<XIlieg~Jiama 
~ 

Ban(~a 
~) 

• 
• 
• 

• 
• 
• 

• 
• 

• 

• 
• 

SUGEST0Es 008 
PROOOTORF.S 

Mbrama 

Ol:ixa'atuamuqnm 

Cd:x:lil'~ 
~ 
Tr.u ¡.-a ama 

Aoiile<bs:.b 

Raaytxtama 

Ap;iocb¡xrl:ftsptiool 

Mm'<idlir¡fode 
mfq..Dil¡:daAd:ia.a 
(~~ 
~ 
MJ..ü alimis ¡.a 
t:ep;n¡raowda:ack 
m pn CII!A~áüa 

Onq,..ir~mur 

~t.lll~ 
{CIITÜ110)¡:da~ 
j.ú>acsá<#a,.,.,.,........ 

• ~ÓIII~ 
cam. 

• hKllar;fodelDir:lósde 
~aiM 

• Aaíli9:<:k ame v.ri:dldee 
¡:b:ciodecmp:sde 
~~ 

• L'lüdecx*IM~~ 
i'T'III:i\wJII"IIDI 

• Almmaáa~puio 

• ftá1}.ü ~tmams 
~&rtá<:kamir;fo 
a:mae.fAlBl 

• ~I'IWiws 

~lllllili9 

OPf;ÓESDE 
p AR11CIPA~ÁO DOS 

PllODUTORES EM 
PESQUISA AGIÚCOLA 
E EXPElli~ENT A~ÁO 
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Outros problemtU 
o~OESDI 

CAUSAS PROBLEMAS CONSEQ(Jf.NCIAS SOLU~OES TESTADAS RESULTADOS SUGESTOES DOS PARTICIPA~ODOS 
PELOS PRODUTORES O BT11>0S PROOUTORES PROOUfORD &'\1 

PESQUISA AGÚCOLA 
E EXPEIUMENTA~AO 

• N lo direci nada para • Baixa pl'<dl~ • Arr.,li~ de algumu • Ótimu • Adub~ 
cultura da mandioca Falta de práticas tccnologicw • R~deúeu 

• Falta de coodi~ da Assitencia • Solicita~;lo de cunes o • lii5Uf1Cienta AnüiJo de tcn'a • empresa treioamentos a 

• Falta do apoio do Técnica EMATER 

governo 

-
• Juros altos • Diminui~o de kca • Financiamento do • Procurar os agentes 

• Falta de polftica 1 Falta de Crédito 1 • Red~ da ¡:rod~ PROCERAR finanoeiros, procur• 
agrícola • Diminui o luao • E~stimo banário INCRA, E..\tA TI:R e 

• Falta de e~istirno • Trabalho comunitário 
outru autaidades 

Falta de alimento para • ~ao garantida • • Prejufzo devido os • Descapital~ dos ·~ 
( mutirlo para tratos 

~<%es culturai.s) encar¡os 
• Prejuízo • Venda de bens para Negativo ~ejulZo) • Cr6dito rural (juros • Faltado • 

comeccializa,ylo • Falta de trabalho custeiac a prod~ co"1*íveis) 

Buroaacia • Atraso DO • Trabalho alugldo Negativo (prejuCzo) • Roanos do FPM • • de.senvolvimento (Agricultura) 
• Falta de confian~ na • Proposta de crédito ao • Zero 

linha de a-6dito • N lo tero prod~ governo • .\{utirlo 
• Nenhum 

(governo) • Diminui a mio de obra • Associati vis mo 

• Banco nlo fianancia • Li~ de recursos • Z«o Zero 
(cooperativa) 

• 
para pequenos f ora de te1J110 ( quando • Buscacam aien~ • PoHtica agrícola 

produtore.s sem avalista te m) • Negativo. voltada ao peque no junto a Agentes 

• Insegura~ do • Rota~o de culturas Finanoeiros, sobre as 
l~bilidade de produtoc 
contrair o fianciamento 

prod ut<% e m contrair (pi antam outras condi~dos • Solicitac ajuda do 

Crtp"éstimos culturas) financiame ntos • Aumento de irea vizinbo 

• Deixa de plantar • Passam nccessidades • Aumento de pr~ • J 1.ro1 diferenciados 

• Diminui a área de • Diminui o pod« de para o peque DO 

plantío corrpa produt<r 

Falta de reinvidic~ • El~ de projetos • 
junto ao govemo 

• Cr6dito foca de q,oca 

• Falta de uro Hder • Falta de beneficios • Associar-se a 

• Falta de unilo Falta de para a co~n~Didadc cooperativas atuantes 

• Falta de associ~ Organiza~ao dos • ~deAssoci~ 
comunitária 

Produtores • Mutirlo 

• Reforma agrária • Baixa produ~ • Plantío e m terrenos de • Aumentada~ • Se <%ganizar e procurar • PiaDO agrícola 
indcfLDida lotes das 

1 Falta de Terra 1 
outros os <rglol ~nta co~ovel como 

áreaspequenu • Arrendar outru úeas pequeno produt<% 

Outros problemas (conlinu1Jfilo) 



~Rpults of €Patticiparory ([)iagnosu 31 

PrejUÍZOI ec:oo&nicoe • Atmauaamearo, o.lo • Melhor ¡:R90. bom • Transporta a produ~ • o....-~~epre~ • Muita oferta • 
IIIÚÚDa~ 1 Comerclallza5áo 1 De3 i.stfJRJlo ao plaatio anaqulo resultado pera outros cealrol • ~~ dafarioha • ooosumi~ ~) 

R~daárea • Atmauaameato (sOO. • Mai<X Iucro • Atravessador • ia.suficieotu) • lo.rtala~ de ia<btria 
• Falta de gana tia de • Dimiaui a produ~ de raspa. 

OÚDÍJDOI~ • Perda do trabalho a.nnaz.eaameoto 
oompeo.sadcres) (Nio cobre os aut01 • Garantia de ~ • Baixo OOIISWDO de daprod~lo) núaimoe (prt9<JI 
produto: coo¡n de • Falta de oompea.sadore.!!) 
0011'01 produt01 annazeaameoto • Evitar o atrav~ simitare. 

Comucializaylo do Cri~lode • • • Qualidade do Produto produto cooperativas pera 
rece ber e comercializ.w 
aprodu~o, 
assegurando, assim, 01 
pi'Cit<ll 

• ~xodo rural • Limita a área do • Mutirto • AumeD10 de área • Aquisi~o de rccun01 

Desi nteresse dos jovens FaltaMaode plantio • Bom para melh<r • 
remune~ pela agricultura Obra • Baixa produ~ • Plantío cotr1.1nitário • Awneato de área 

l~ibilita em pacte • Cr&üto a juros baix01 • Falta de recurso • • Mio-do-obra fanúliar • Plantío limitado 
financeiro os tratos culrurais • Cr&üto subsidiado (o 

• Baixa produ~ produt<X poderia pagar • Baixa rerTJJ~ • Terras sem prod~ • Traballw alugado em Boro (COilSeguiram trabalhad<Xes, evitando • • Aposentadoria • Falta de estírTJJio para outro lugar, para recun01 e pagaram o des locamento dOII 
o plantío cooseguir rClCI.InOII e trabalha.daes) mesmos para oulras 

pagar trabalhad<r regiOes) 

• V eoder bens ( animais • Ruim • Trabalhos 
de cria~ para corn.mitários 
cooseguir pagar 
trabalhadoces) 
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Diaenosis 
lntensive follow-up to 

Factor Data Base Extensive lntensive technoloeY testin2 Training Adoption 

Population a. Commun.ities. Communities Fanners Subsample of intensive Researchers and y.-3 &4. 
b. Producers that diagnosis survey. producers s.-e sample as 

participate in tecnology i.ansive 
testing. dilgnostic 

c. Producers that do not -'ey· 
participate in tecnology 
testing. 

Objectives a. Basic information a. Prioritize areas and a)Characterize Determine short-tenn Determine efficiency .~)&termine 

about activities and quantify problerns production & adoption of tecnology. of training program in c:liciency of the 
project beneficiaries b. Information about marketing systerns implementing .-ject to 

b. Create subsamples for traditional production b)Quantify principal ecologically sound ;dieve 
extrapolation with and protection constraints to production practices. e:q>ected results 
results from surveys & practices production. abd benefits 
intensive follow-up. c. ldentification of c)Costlbenefit analysis. 

fanner collaborators d)Determine damage 
severity & frequency 

Arcas Secondary data: Major constraints Characterization of No. fanners No. trained -Technical. 
areas Most affected areas production & participating. techn.icians social, 
production Traditional protection marketing systerns No. fanners adopting No. trained farmers cr;onornic. 
productivity practices Cultural practices new practices No. demonstrative eavironmental 
soils Potential fanner Costlbenefit estirnated No. components areas. and 
climate collaborators for new technologies. validated. No. training events institutional 
major constraints Severity & incidence of No. components impact 

losses detennined adopted. 
No. farmers adopting 

components over 
time. 

Method Collection of secondary Participatory group Farmer surveys, Periodic visits to Survey of subsample - Comparative 
information surveys at communities representative sample. subsamples selected selected from data analysis of data 

leve!, representative from data base. base. assembled in 
sample lntensive 

Survey and 
Follow-up 
Study 
-Assessment by 
ex1emal 
consultant 

-·---



Table 4.2.1 PROFISMA's framework of socioeconomic activities. 
PHASE ACTIVITY OBJECTIVES MEmO OS LEVEL PARTICIPANTS EXPECTED lmiUL TS 

Ertenslve D!..,.osUc To adcnu.fy: 1. Senu-structured iJOUP ComnuUty l. Multidúciplinofy teams ol t. Sclection ol~jec:t palot 
SW"VC')' 1. tar¡d areas intcrviews resean:hen and eaensionisu si tes 

2 problemslneeds 2. Commwlities selcctccl for fiom state institutions 2. IdcntiliCition al pnt;lcm prionties 
3. tradiúonal prac:tices cassava imporunce (pe- 2 Project penonnel from fanncn petqltion 
4 potenúal collabonlon stntiliecl) 3. Fannen 3. l'oten1W fanno:n-dlabonlon. 

3. ldenti!íCitionand~ol 

1 
problcms 

4. Causeleffect analysis oftop 
problems 

DIAGNOSIS 
Intcnslve Dlagnostlc l. Quantaficalion & valadation of cassava l Sttuctw"ecl questionnaite Fanner l. Multidis<:aplinary teams of 1. Costlbenefit ~ of cassava 
SurvC')' constraints & priorities identifaecl in 2 Sample in<: ludes pilot sales, Museholds researchcn and eaensionisls production systemll fann leve! 

eXIensive survcys oollaborator. & non- includin¡ from swe insútutions 2 Detallecl knowMaiiF of tradataooal 
2. Characten zation of produc:taon, collaborator fannen iD mcnand 2. Project penonnel cassova productiGa.l:protcc:tion. 

proccssin¡. market & utilization system "similar" oornrnunilies womcn 3. Fannen 3. Qantification of: 
3. Evaluation (socio-economic scrc:enin¡) (control) a. pest & discaM411nuige 
of already exUtin¡¡ best-option b. COSIIbcncfit ~ 
te<:hnolo¡ieal components c. frcqucncy 

3. Cre.uion of ex-ante baselinc data for 4. Fanncn in~ in te<:hnology 
Monitorina & Evaluataon studaes valdation & adllllbon activities 
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l. Introduction 

The United Nations Developmeot Programme (UNDP) provided funding for 

Global Project GL0/91/013 "Ecologically Sustainable Cassava Plant Protection in 

South America and Africa: An Environmentally Sound Approach" beginning in 

1993, projected through 1997. The project is divided into two components, one 

for Africa (ESCaPP, Ecologically Sustainable Cassava Plant Protectioo) and one for 

Latín America (PROFISMA, Prote~ao Fitossanitária Sustentavel de Mandioca) 
with emphasis on northeastern Brazil. The African component has activities in 
Benin, Nigeria, Ghana and Cameroon and is coordinated by liTA (International 

lnstitute for Tropical Agriculture) through its biological control center in 

Cotonou, Benin. The Latín American component is coordinated jointly by CIAT 
(Centro Internacional de Agricultura Tropical) in Cali, Colombia and by 

EMB~ A (Empresa Brasileira de Pesquisa Agropecuaria) through its national 
research center CNPMF (Centro Nacional de Pesquisa de Mandioca e Fruticultura 

Tropical) located at Cruz das Almas, Bahía. 
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The overall goal of the project is to contribute to the welfare of poor and 
landless farmers within the target areas through increased productivity of 
cassava based on appropriate crop production systems. The project's main focus 
is development and lmplementatíon of biologícal, genetíc and cultural control of 

the major pests, diseases and weed species accomplished to the extent possible 

through the participation of farmers and extension agents in the adaptive 
research and validation stages. 

A major pest of cassava on both continents is the cassava green mite (CGM), 
Mononychellus tanajoa. CGM causes speckling and chlorosis of the leaves; 
severe infestations can cause leaf drop. CGM is primarily a dry season pest; 

damage is often confused with drought symptoms. Yield reduction due to CGM 
~ 

in Brazil can be as high as 40%. 

CGM was discovered after accidental introduction into Africa during the early 

1970's. Based on the successful model of the cassava mealybug classical biological 
control program, emphasis has been placed on indentification and importation 
of natural enemies from Brazil and whaf is believed to be the center of diversity 
of CGM, northern South America. These natural enemies consist of phytoseiid 
predatory mites and a fungal pathogen, Neozygites sp. or spp. While Neozygites 
exists in Africa as well as Brazil, it is thought that Brazilian strains may be more 
adapted to CGM given the longer period of coexistence of the host and pathogen. 

Therefore, the ESCaPP and PROFISMA projects anticípate releases of Brazilian 

strains of Neozygites into Africa in the near future. 
The PROFISMA/ESCaPP projects emphasize implementation and farmer 

impact. Therefore, sorne of the basic constraints to utilization of Neozygites 

require strategic research that are beyond the present scope of the ESCaPP and 
PROFISMA projects in terms of resources and expertise. To define and prioritize 

these constraints, a workshop was convened by PROFISMA/ESCaPP at 
EMBRAP A's national research center for cassava and fruit crops (CNPMF), Cruz 

das Almas, Bahía, Brazil, with the support of the Cassava Biotechnology 
Network (CBN), coordinated by Dr. Ann Marie Thro (CIAT). The workshop 
focussed on reviewing current knowledge, identifying constraints amenable to 
resolution through research, and prioritizing those constraints with a view 
towards developing a project proposal outline, and determining the appropriate 
sites, laboratories, research stations, etc. for execution. 

II. Workshop schedule 
Monday, 7 November, 1994. Participants arrived to Cruz das Almas. Ust of 
participants appears in Appendix l. A preliminary meeting was held in the 
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afternoon to set the agenda for the remainder of the week. 

Tuesday, 8 November. Presentations by G. Moraes, G. Oduor, l. Delalibera, J. S. 

Yaninek, D. Roberts, S. Keller, M. Sabelis (see appendix ll) 
Wednesday, 9 November. Presentations by R. Cuero, S. Lapointe, L. Smith (see 
appendix ll). Constraints to utilization of Neozgites that were identified by each 
speaker was assembled and presented to participants for discussion and 

comments. 

Thursday, 10 November. SL presented work breakdown structure as a means to 
organize and prioritize various activites identified as important. A breakdown 
structure for project activities was worked out for each major area, beginning 

with characterization. See.below. For each Basic Research Area, the following 
were ennumerated and discussed: Goal, Purpose, Expected Results and Specific 

Activities associated with each Expected Result. These were collated, printed and 
distributed to participants. Participants were then asked to identify those areas 

where they felt capable of making a contribution or Wldertaking research 

activities for discussion on the following day. 
Friday, 11 November. Work breakdown structures for each Basic Research Area 
were presented to the group and participants identified those specific activities 

they were interested in conducting. Interested participants were asked to give 
rough budget estimates. The workshop was concluded at noon. 

DI. Workshop results 
The work breakdown structures are presented in the next section of this 

report. Here, 1 will try to summarize the group's consensus concerning priorities 

and the importance of the specific activities while acknowledging any bias as the 

result of imperfect memory or my opinions. Five Basic Research areas were 

identified with a number of expected results and specific activities within each 
area, as follows: 

l. CHARACTERIZA TION 

ll. IN VIVO PRODUCTION 

ill. IN VITRO PRODUCTION 

IV. BIOLOGY OF HOST-PATHOGEN INTERACTIONS 

V. EPIZOOTIOLOGY 

The Basic Research areas are presented in rough order of priority in that it 

was agreed that the most urgent area to address is characterization of the fungus 
through traditional morphological and cytological means as well as genetic 
characterization through the use of molecular genetics. The need to identify 
species, if they exist, or infraspecific strains or isolates is critica! for the planned 
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releases of Brazilian isolates in Africa to distinguish introduced from indigenous 

Neozygites and to assess impact of releases on CGM. The work presented by 
Sie¡fried Keller showed that insufficient material from Africa and Brazil has 
been examined for morphological and c:ytologic:al c:haracters. However, based on 

the few specimens studied to date, the best determination available is that there 

is one species of Neozygites affecting CGM, namely, N. floridarul. Arrangements 
were made to provide SK with additional specimens for further study. Genetic 

analyses may turn up additional characters that will be essential for separating 

ifraspecific taxa. 
In vivo production is being done currenUy by PROFISMA and efforts to 

improve and optimize production of inoculum through the various activites 

delineated below will continue within the resources available to the project. 

This will require consideration by the project coordination at CIA T and 
EMBRAPA to organize activities within the currently available budget. 

In vitro production is important toa nurnber of subsequent activities that 

will require larger quantities of fungus of a given genotype. Whlle PCR can be 

attempted from single infected mites, the possibility of multiple infections 

cannot be avoided, thereby reducing the precision of results. This problem can be 

minimized by running PCR on field-collected infected mites from a range of 

locations. Nonetheless, genetic characterization will be simplified if cultures of 

protoplasts can be maintained originated from individual hyphae. A number of 

methods were discussed to improve chance of success for culturing Neozygites 
on artificial media or on hosts other than CGM. While an analytical approach 

was ouUined to evaluate the nutritional requirements of the fungus, this may be 

tedious, cosUy and slow. It was suggested to try imrnediately to amend media 

currently used with CGM and/or cassava leaf homogenate, and with chitosan. 

The potential for chitosan for in vitro production and as a potential delivery 

system was presented by Raul Cuero (see Appendix V). There appear to be 

severa! options that should be tried immediately to solve the bottleneck of in 

vitro production. These should receive higher priority than more exhaustive 
approaches, e.g., chemical analysis of mite hemolymph. 

Basic Research Area IV, Biology of Host-pathogen Interactions, includes a 

number of unstudied aspects of the basic biology of Neozygites, its interactions 
with its mite host, and potential tritrophic interactions (host plant/mite 

host/fungus). Currently, the survival stage of the fungus is unknown. This 

would be valuable information for designing methods for long term storage, for 

assessing inoculurn potential in the field and understanding how the fungus 

survives between outbreaks, and as a potential taxonomic character. 



Characterization of the infection process would require considerable 
additional resources and would need to be carried out in a specialized laboratory 
such as BTI although light microscopic observations of germination and host 
invasion can be started at CNPMF and CNPMA. 

Melanization has been observed in sorne infected mites and, on occasion, 

occurs in significant proportions of infected mites. This may be a host defense 

mechanism and may significantly reduce the yield of conidia from mummies. 

First efforts should be directed to verifying the phenomenon and determining 
the importance of melanization on in vivo production and, potentially, field 

epizootics. 

Observations made by ~talo Delalibera indicate that the mating behavior of 

male CGM may contribute to transmission of Neozygites. This and other aspects 

of mite behavior and movement would be easy to document and may provide 

insights into the epizootiology of Neozygites. 
The area of tritrophic interactions was addressed by Maurice Sabelis. 

Collaboration between MS and the Entomology section of CIAT's Cassava 
Program (Anthony Bellotti) may result in externa! funding to study the effect of 
cassava variety on mite behavior and disease transmission. 

Under epizootiology, monitoring of field populations of CGM and Neozygites 
will be carried out by PROFISMA and ESCaPP. Experimental releases already 

planned for Benin will be carried out by ESCaPP with the participation of MS. 

Modeling will depend on data generated by field surveys for data on abiotic 

conditions, distribution, etc. MS has a grant proposal pending in this area. 

IY. Work breakdowo structure for actjvjtes to develop Neozvgites for bjological 

control of the Cassaya Greeo Mite jo latjo Amerjca & Africa. 

PROFISMA/ESCaPP project goal: To increase the productivity of cassava in 

Africa and NE Brazil. 

Neoz¡lgites project goal: To develop and implement the mite pathogen 

Neozygites as a biological control agent of the cassava green mite. 

l. OIARACTERIZA TION 

Actiyity goal: Selection of promising Neozygites isolates for release in Brazil.~ 

introduction into Africa and further experimentation. 

Purpose: Genotypic, phenotypic and geographic characterization of Neozygites 
species and isolates. 
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Expected result 1: Genotypic characterization of isolates 
Actiyities: 

1.1.1 Develop methods for obtaining DNA from protoplasts, conidia, hyphal 
bodies, and/ or in vitro cultures. 

1.1.2 RAPO analysis. 

1.1.3 RFLP analysis. 

1.1.4 Develop strain-specific probes. 

1.1.5 Chromosome number and size determination. 

Expected result 2: Map of geographic distribution of Neozygites isolates 

associated with CGM in Africa & Latin America. 
Actiyities: ,. 

1.2.1 Surveys to collect Neozygites isolates from CGM and other mite hosts 

from cassava and other host plants, geographic information, climatic data, 
and severity of mite damage and infection of CGM with Neozygites .. 

1.2.2 Curation of isolates. 

1.2.3 Development of a geo-referenced database. 

Expected result 3: Phenotypic characterization of Neozygites spp. and strains. 
Actiyities: 

1.3.1 Virulence assays. 

1.3.2 Host specificity trials. 

1.3.3 Determine response to abiotic factors {RH, temperature, UV light). 

1.3.4 Morphological and cytological descriptions. 

1.3.5 Testing viability of Neozygites under storage. 

1.3.6 Isozyme analysis. 
1.3.7 02 uptake and lipid analysis. 

---------------------------

11. IN VIVO PRODUCfiON 

Actiyity goal: In vivo production of Neozygites. 
Purpose: Maintenance and propagation of Neozygites for experimental purposes. 

Expected result 1: Optimization of production system 

Actiyities: 

2.1.1 Determine ideal CGM density to receive the fungus. 
2.1.2 Determine developmental stage and inoculurn size for releases. 

2.1.3 Determine opti.mal release technique. 

2.1.4 Determine optimum time and method to harvest infected mites. 
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Expected result 2: Quality control protocol 
Actiyities: 

2.2.1 Bioassays to determine fungal viability and virulence. 
2.2.2 Bioassays to assure mite quality. 

2.2.3 Procedures for identifying and verifying isolates. 
2.2.4 Procedures for screening contaminants. 

Expected result 3: Methods for storage and shipments of mummies 
Actiyities: 

2.3.1 Evaluate effect of temperature and humidity on mummies. 

2.3.2 Develop appropriate packaging techniques. ,. 

Expected res ult 4: Inexpensive production in factitious hosts 
Actiyities: 

2.4.1 Screen possible factitious hosts and host food. 

2.4.2 Evaluate chitosan to increase infection rate. 

--------------------------

IIL IN VITRO PRODUcnON 

Actiyity goal: In vitro production of Neozygites. 
Purpose: Provide pure Neozygites for genetic characterization and release. 

Expected result 1: Production of pure Neozygites 
Actiyities: 

3.1.1 Evaluate existing media and methods. 

3.1.2 Amend media with CGM and cassava homogenate/extracts. 

3.1.3 Optimizing production. 

Expected result 2: Elucidate nutritional and environmental requirements 
Actiyities: 

3.2.1 Evaluate nutrient requirements (sugars, amino acids, vitamins, salts). 

3.2.2 Evaluate environmental requirements (temperature, 02, osmolality, pH). 

3.2.3 Evaluate chitosan for growth stimulation. 

Expected result 3: Chemical composition of host hemolymph 

Actiyitjes: 

3.3.1 Analysis of proteins, sugars, salts, vitamins. 
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Expected res ult 6: 

Actjyities: 

Description of the formation and germination of resting 
spores 

4.6.1 Study biotic and abiotic conditions necessary to induce resting spore 
formation and germination 

V. EPIZOOTIOLOGY 

Actiyity goal: Understand the epizootiology of Neozygites in CGM 
Purpose: To determine effects of biotic and abiotic factors on population 

dynamics and spre~d of Neozygites and CGM 

Expected result 1: Description of the seasonal and geographical conditions 

favorable for infection by Neozygites 
Actiyities: 

5.1.1 Monitor field populations of CGM in relation to abiotic factors, cultural 
practices, distribution and density of inoculum, and other biological 
control agents. 

Expected result 2: Reduction of CGM by releasing Neozygites 
Actiyities: 

5.2.1 Experimental releases 

5.2.2 Follow-up monitoring 

5.2.3 Evaluation of spread 

5.2.4 Impact assessment 

Expected result 3: 

Actiyities: 

Generation and validation of hypotheses generated by 
population models 

5.3.1 Model disease spread in relation to distribution of the host. 

5.3.2 Model metapopulation dynamics. 

5.3.3 Valid with field data. 
5.3.4 Use model predictions to design experiments. 

5.3.5 Expand model to include interactions with other biological control agents. 



IV. BIOLOGY OF HOST·PATIIOGEN INTERACfiONS 

Actiyity goal: Generate basic knowledge on biology of host-pathogen interactions. 
Purpose: To eluddate relevant aspects of the life cycle of the pathogen and its 

interaction with the host. 

Expected result 1: ldentification of the survival stage of Neozygites and its 
location. 

Actiyities: 

4.1.1 Assay soil, plant parts, etc. for infectivity to CGM. 
4.1.2 Determine whether fungus morphology changes seasonally. 
4.1.3 Test for dormant fungal structures. 

-Expected result 2: Infection process characterized. 

Actiyities: 

4.2.1 SEM & light microscopic observations of germination and invasion. 
4.2.2 Determine physical and chemical processes in hosts and non-hosts. 

Expected result 3: Characterization of melanization in infected miles. 
Actiyities: 

4.3.1 Chemical and physical verification of melanization. 

4.3.2 Measure the effect of melanization on fungus and host. 

4.3.3 Effect of temperature, host age, host plant characteristics and geographic 
strain of fungus and mite on melanization. 

4.3.4 Biochemical analysis of melanization process. 

Expected result 4: Behavioral characterization of infected mites. 
Actiyities: 

4.4.1 Monitor movement and dispersa! of infected rnites on plants. 

4.4.2 Observe behavior of potential hosts and other vectors with respect to 
infection. 

Expected result 5: 

Actiyities: 

Description of tritrophic interactions on Neozygites 
germination and transmission. 

4.5.1 Study the effect of plant variety on the probability of rnite contact wit)l 

capilloconidia. 

4.5.2 Study the effect of plant variety on the gerrnination of capilloconidia. 
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V. Budget estimates for specific activities as identified in the work breakdown 

structure. 

A ct v. R h 1 esearc ersryrs CM R e RH DR SK MS AB ED Other Total 
1.1.1 - CM/4yrs, RH/yr, 50 30 80 
1.1.3 J.Tohmé? 
1.1.4 DR/1yr 25 25 
1.1.5 CM/1.5yrs 20 20 
1.2.1 - Profisma, ESCaPP 
1.2.3 
1.3.1 Profisma, ESCaPP, 

MS? 
1.3.2 Profisma, ESCaPP 
1.3.3 CM/4yrs 55 55 
1.3.4 CM/4 yrs, SK/4yrs " 10 10 
1.3.5 Profisma 
1.3.6 CM/4yrs .. 
1.3.7 CM/4yrs " 

2.1.1- Profisma 
2.3.2 
2.4.1 RC/ 4yrs, Profisma 440 440 
2.4.2 
3.1.1 RC/ 4 yrs, Profisma, .. 
3.1.2 ESCaPP, RH 
3.2.1 RC/ 4 yrs, RH, CM 15 .. 15 
3.2.2 
3.2.3 RC/4yrs .. 
3.3.1 DR/4yrs 400 400 
4.1.1 - Profisma, GM 
4.1.3 
4.2.1 DR/4yrs, CM/2yrs 10 400 410 
4.2.2 
4.3.1 DR&GM/1yr 10 10 
4.3.2 Profisma, G M 
4.3.3 pending 
4.3.4 DR&GM/2yrs 100 100 
4.4.1 Profi sma 
4.4.2 ED/2yrs 60 60 
4.5.1 MS, AB/4 yrs 160 200 360 
4.5.2 
4.6.1 GM,RC/4yrs 40 40 
5.1.1 Profisma 
5.1.1 - ESCaPP, MS, 80 80 
5.2.3 McCoy/4yrs 
5.2.1 CM/4 yrs 45 45 
5.2.4 ESCaPP, MS 
5.3.1- ESCaPP, MS/4yrs 130 130 
5.3.5 

·Subtotals 195 480 30 935 10 290 200 60 80 2280 
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Appendlx 11: Notes on individual presentations. 
(Note: These are my personal notes and are, as such, incomplete. 1 include them 
for the benefit of the participants. Errors are mine alone. SLL.) 

l. Presentation by Dr. Gilberto Moraes 

First report of Neozygites in Brazil was made in 1981 from infected 

Tetranychus evansi on tomatoes. Approximately ten species of arthropods have 

been inoculated with Neozygites, but none were infected. There was no 

germination of the fungus nor infection. Hence, the fungus is believed to be 

very specific. This complements work carried out by Italo Delalibera that shows 

no infection of other mite species. Sorne invasion was observed on Tetranychus 
urticae; however, there was no propagation in the heomocoel of infected mites. 

MS: What species was T. urticae reared on? Host plant may affect 

mite/pathogen interaction. GM: 1 believe it was beans. SLL: Thesis by J. M. 

Alvarez showed infection by N. on T. urticae reared on cassava in Colombia. 

The difference in infectivity of N. to T. urticae may be due different pathogens or 

to different rearing conditions experienced by the mites. 

SK: Why do mummies IlQ1 sporulate? Have dissections been done? 

GM: CGM with resting spores may dislodge from leaf more easily. 

2. Presentatioo by George Oduor 
Importaoce of darkness. Sporulation commences at onset of darkness and 

peaks at eod of dark period. Temperature also siginificant. Germinatioo of 
primary conidia decreases with increasing temperature to 33°C (0). Effect of 

temperature on gemination of capilloconidia - gemination decreased at low (13) 

and high (33) temperatures compared with 28, 18 and 23°C. Capilliconidia are 
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able to germinate at low humidity and high temperature toan extent, whereas 

primary conidia cannot. Time to 50% mortality: Effect of temperature: 
increasing temperature shortens period between infection and death; Humidity 
1:\ad no effect as process is internal; Photoperiod had no effect. Víabílity of 

primary conidia: lncreasing temperature reduces survival; low humidity 

elimina tes viability; light/ 1 dar k no effect. 

SLL: Since a factorial design was used, interpretation of interactions may be 

most interesting in looking at fungus behavior in different ecosystems. 

Effect of inoculum size on mortality of CGM. Pathogenicity to different stages 
of CGM: all stages mumífied, immature stages took longer to die (range 58 - 77 h); 

adults took less time to mummify. Mortality coincides with scotophase (best ,. 
time for sporulation). 

Viability of N. in cadavers drops to zero after 6 months at room temperature 

but can be maintained at 4°C (5% RH over glycerol) for >16 months. 

3. Presentatioo by Ítalo Delalibera 

Aspects of utilizatioo of N. that need to be determined: Ideal CGM density on 
plants to receive the fungus; Developmental stage of the fungus to be released; 
Size of inoculum for releases; Release technique; Length of time between fungus 

release and harvest (no. of cycles); Harvesting process; Storage technique; 

Definition of the melanization phenomenon. 

4. Presentation by Steye Yaninek 

Priorities: Specificty testing of isolates. Virulence assay - are Brazilian isolates 

hotter than African? Strain characterization/identification - how to differentiate 

introduced from native isolates. In vivo production. Experimental releases. 
Impact evaluation. 

MS: Is there a trade-off between virulence and spore production that might 

affect epidemiology? 

5. Presentation by Don Roberts• 

Hirsutella is a member of the group subject to use as a bioiosecticide 

E.g., Zoophthora on Empoasca fabae on beans in central beans. Dried down 
hyphae - flakes - used as inoculum to start epizootics. Regarding genetic 
characterization, isozyme analysis can characterize isolates toan extent, but not 

Beauveria bassiana. It is fairly easy to find three primers that would provide 

differentiation of all isolates. From PCR, have developed specific probes to 
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identify any Metarhizium spp., but strain-specific probes are more difficult. 

Should be able to extract DNA from CGM mummies. May have to work with 
mere than one mite, mak.ing it impossible to detect double infections. Protease is 
critica! in penetration of cuticle (mostly protein). Nothing known for 
Neozygites. At BTI have sequenced a protease and are attempting to modify and 

observe effect on substrate specificity. It would be interesting to know how to 
induce resting spores for storage. 

lt$ee additional notes provided by Don in Appendix ID. 

6. Presentation by Siegfried Keller 

Twelve species of Neozygites have been described. Morphological characters 
indude: Protoplasts (present or unknown (either not present or undescribed)), 

hyphal bocHes (spherical or rod-shaped); resting spores (ellipsoidal or spherical); 

germ conidia (capilloconidia, similar to primary, unknown). These characters 
result in three groups. Case of N. floridana: rod-shaped hyphal bodies germinate 
with single germ tube, penetra te host. Sexual cycle: four-nucleate hyphal bocHes 
multiply by binary fission and then pair, form bridge (genetic exchange?), 

producing cytospore Thick cell waU formed, resting spore. Germination of 

resting spore produces germ conidium at top of thick germ tube that produces 
the infection. Rhizoids are produced by resting spores that attach mite to the leaf 

in sorne species. May be a taxonomic character. 
Samples of N. from Brazil have been characterízed for length and diameter of 

the hyphal bodies and the ratio (L/D), the presence of secondary conidia 

resembling primary conidia, capillary tube size, and number of nuclei in hyphal 

bodies (3 in 27% and 4 in 74% for Benin. Benin material matched descriptions of 

N. jloridana. Brazilian material has slightly larger primary conidia. Hard to 

determine. Prefers to consider strains as one species that cannot be separated by 
morphological or cytological methods. Genetic methods may provide further 
characters. It is important to note that these comparisons are based on very few 
specimens (5 for Benin, 2 for Brazil) and would need more material to examine. 
Genetic characterization would most likely be necessary for strain separation. 
Bottomline: N. floridana is our best identification available to date. 

z. Presentation by Maurice Sabelis 
Mite population dynamics. The damage caused by phtyophagous mites on a 

per capita basis is small and the colonizing population is small. Thus, severa! 
generations of population growth are required to achieve overexploitation of the 
host plant. The system of plant/phytophagous mites/predatory mites is 
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characterized by overexploitation of the host plant by the phytophagous mite and 

overexploitation of the phytophagous mite population by predators. Therefore, 
there it very llttle chance of stability on a local scale. Persistence is only possible 
ata meta-population scale. 

Assumptions for model: 
Predation is constant and maximal 
Prey population grows exponentially in the absence of predators 
Predator population grows exponentially 
Population is without age structure 
Predators do not disperse until prey are wiped out 

Constant environmental conditions 
" Insights from model: Small differences in timing of predator invasion result in 

large differences in prey population and therefore host plant damage. Natural 
selection will favor plant genotpes coding for traits that promote effectiveness of 
natural enemies. 

Possibilities for cheating: 
Other herbivore may utilize shelter, food, etc. 
Organisms other than herbivores and predators may take advantage of plant 

effects 

Plants without characters may take advanatage of neighboring protected 

plants 
Indirect plant defense promotes effectiveness of natural enemies by 
l. Provision of shelter to mites on plants 

Predatory mites often found in acarodomatia, phytophagous mites only 

occasionally. Phytophagous mites would not be selected for entering 

domatia as their encounter rate with natural enemies would increase. 

Acarodomatia are selected for only if provided scarcely. On cassava, 
growing tips are often inhabited by predators (as the case of T. aripo). No 

special structure known. Transmission of disease between predators could 
endanger this theory. 

2. Providing alternative food (Pollen, Extrafloral nectaries, Plant exudates 
(from phloem & xylem) used by various nat enemies), Parenchym tissue. 

Plants should not provide food of too high quality otherwise predator may 

switch. 
3. Facilitating foraging (Dispersa!, take-off, passive transport by air currents, 

landing) 
Searching (for spider mite patch; for colonies within a patch; for spider 
mite in a colony; for a suitable site for take-off). 
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Can enemles smell splder miles? 
With Phtyoselulus persimilis, infested leaves were preferred. 
Spider mites alone, webbing, infested leaf plus spider mites, as odor sources 

produced no response. Spider mite faeces, v. small response. Only 

damaged leaf w /o spider mites approached attractiveness of full system 

(damaged, infested leaf). 

Compounds identified. Four components, each attractive independently. 
Host plant does not produce volatiles if artificially damaged; induction by 
spider mite required. 

Systemic nature of ellicitor within plant demonstrated; Plant actively 
involved in produci~g signa!, probably with a spider mite ellicitor. 

Response to airborne signal : contamination or communication? 

Conclusions 
- Plants betray the presence of phytophagous miteoes to predatory mites by 

conveying information of a volatice nature (synomones) 
- This is inducible between plants (communication). 
- The response of predatory mites is prey-specific. 
- T. limonicus, N. californicus, N. anonymus had positive response to CGM 

on cassava. Other species not. 
- Phytoseiid mites locate plants infested by phtyophagous mites by means of 

olfaction. 

- They can distinguish between spp. of phytophagous mites feeding on the 

same host plant. 
SLL: Are similar interactions to be expected between fungi and mite hosts? 
LS: Nematode entrapping fungi respond to presence of nematodes. 

SK: Flies infected with entomophthorales are attractive to other flies. 

DR: Scarabs avoid soil infested with entomopathogen. 

8. Presentation by Raul Cuero 
How to make N. a good biocontrol agent? By increasing efficacy. Discrecancy 

between requirements of the fungus and the mite. Have to amplify "window" of 
opportunity for the fungus, therefore must look at microclimatic conditions. 
Dew point or water potential as measures of microclimate are essential to 
determine conditions actually experienced by the fungus. 

Chitinaceous (chitin, chitosan) natural polymers are easy to produce. 

Chitosan produced by deacetylation of chitin to chitosan. By applying chitosan, 
can stimulate germination when abiotic conditions are not appropriate. 

Proposal: Evaluate in vivo application of N. as single biocontrol agent or in 
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combination with predators. Study host range, alternative host plants. 

SLL: Is this approach appropriate for small-scale cassava production in 
nertheast Brazil as it requires exogenous application? 

GO: This appears to be a non-specific technique that could act against natural 
enemies and other non-target organisms. 

MS: Could chitonase break down specificity of the fungus? If so, it could be a 

contribution to mass rearing of the fungus on (currently) non-hosts. 

Appendix 111. Notes provided by Don Roberts 
The arthropod pathogenic fungi are uniquely adapted to directly penetrate the 

heavy-walled exocuticle o~ their hosts. An understanding of the sequence of 

events involved in the invasion of cassava green mite cuticle by Neozygites sp. is 

fundamental to understanding the limitations and key points for selecting and 

improving fungal strains. Such details are currently being explored at Boyce 

Thompson Institute and elsewhere with another important group of 

entomopathogenic fungi, viz. the fungi imperfecti (Deuteromycetes), primarily 

Metarhizium and Beauveria. We propose, to the extent possible, to utilize 

similar technology to assist in making wise decisions in the expected release and 

augmentation programs in Africa and South America with Neozygites sp. 
pathogenic to cassava green mite. 

Cuticular invasion is, from the aspect of the fungus, a very ordered event. 

Neozygites presents sorne fascinating problems, primarily because there is so 

little current knowledge on this group-particularly in the area of infection 

processes and disease development. The infectious unit is expected to be 

capilloconidia produced from primary spores. For experimental purposes, other 

isolates of Neozygites (not from cassava green mite) have been grown in liquid 

medium as protoplasts, and these protoplasts produced capilloconidia when 
spread on agar (solid) media. Capilloconidia, of course, are also produced on dead 
infected hosts. The steps in the invasion process normally involve: attachment 

of the conidium to the host; recognition by the conidium of the host; 
germination of the conidium; production of invasion structures (normally 
appressoria); production of cuticle-dissolving enzymes; penetration of host 

cuticle; utilization of mechanisms to avoid (usually via specialized outer layers 
of the fungus hyphal bodies or protoplasts) or production of metabolites which 
immobilize the phagocytic phase of the host immune system; in sorne cases, 
production of toxins; ramification of hyphae throughout the host; host death; 

penetration from the inside to the outside of the host; and finally production of 

conidia on the host. 
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Attachment 
The attaclunent of Neozygites capilloconidia to their hosts is assumed to be by 

the adhesive spot found at the tip of the conidium. The chemical nature of this 
adhesive material 11 not known for any of the Entomophthorales. Accordingly, 

sorne studies with histochemical stains and enzymes will be utilized to broadly 
characterize the adhesive material. Of particular interest is whether there is any 
host recognition associated with this initial adhesion. Accordingly, the ability of 
the capilloconidia to attach to smooth and rough, hydrophilic and hydrophobic 
substances such as plastic and glass, as well as the cutides of non-host mites and 

insects, will be examined to evaluate the role of this trait in host specificity. 
Germination and Differentiation 

·" 
Once the conidium is attached to its host, it must recognize the host and 

germinate. Physical and chemical factors may be involved. In the case of 

Metarhizium anisopliae, a smooth hydrophobic surface with a minute level of 
nitrogenous nutrient is adequate for germination and production of infection 

structures. Germinating fungal conidia frequently produce significant amounts 
of mucus, which apparently aids in attachment to host and nutrient substrates 
during germination. Such mucus materials will be sought in scanning electron 
micrography (SEM) of hosts in the process of being attacked by the fungus; and, 

after an in vitro germination system has been developed, by direct staining and 

exclusion dyes. In vitro germination studies will indude the use of chemicals 
obtained by solvent washes (alkanes and chloroform/methanol) of mite cuticles. 
Such chemicals may inhibit germination, but based on older literature of other 

fungi are more likely to stimulate germination. Various sources of carbon and 

nitrogen will also be utilized in the germination studies. Non-hosts will be 
included in this phase of the study. Their examination following exposure to 

capilloconidia will indicate whether the failure to be infected comes at the 
attachment, recognition, germination, penetration, or later development stages. 

Penetration 
After germination, sorne fungal isolates of low virulence grow extensively 

over the host cuticle without penetration. Virulent isolates of Metarhizium and 
Beauveria have little of this "errant" growth, but rather almost immediately 

penetrate the host. Penetration can be accomplished without specialized 
invasion structures, but it is more common for the germ tube from the 
conidium to produce an appressoriwn from which the fungus gain purchase to 

invade the host. We have found that the production of cuticle-dissolving 

enzymes is closely associated with the differentiation of the fungus to make 
appressoria. Currently, it is not known if the capilloconidia of Neozygites 
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produce appressoria. This is easily determined, as we have done previously with 
another entomophthorales fungus, Zoophthora radicans, by direct observation. 
flto3tst mites will be exposed to capilloconidia and observed by SEM and by direct 
light mil;roscopic observation using epifluorescence, and by staíning the fungi on 

the host with fluorescent dyes such as Uvitex or Calcofluor. The scanning 
electron and light microscopic studies will afford knowledge on the preferred 

invasion site of the fungus into its host, viz. intersegmental membranes or 
heavier structures. Exuvia and cuticular ghosts of hosts will be used in this phase 
of the work. Ghosts are prepared by boiling hosts in SOS to remove all soluble 
components, leaving only the cuticle. Exposure of ghosts to capilloconidia will 
reveal the importance of ~.hysical structures, such as cuticular protuberances, on 

the attachment, germination, and invasion of cuticle. Histochemical tests, 

particularly MNA peptides released during cuticle penetration will be detected by 
use of a chelating agent, such as fast blue B, to give color and indica te enzymatic 

action during penetration of host cuticle. Plastic replicas of mite cuticle also may 

be formed to investigate the importance of surface structure to the fungus in 

invading its host. Of particular interest, considering the novel chemical aspects 
of cassava, will be to examine the effects of extracts of cassava leaves on the 
invasion processes of Neozygites. 
Enzymes lnvolved in Penetration 

As mentioned previously, enzyme activity will be detected in place with 
histochemical methods. We have examined extensively the wide range of 
proteases produced by Metarhizium anisopliae during invasion of insect cuticle. 

Similar enzymes probably exist in Neozygites, and as with Metarhizium, their 

manipulation may be useful in understanding the invasion process and the 
genes themselves are expected to be useful in enhancing virulence of these and 
other pathogens. Accordingly, if in vitro cultures which can be induced to 
differentiate invasion structures become available, such studies similar to those 
conducted by us with Metarhizium and, more recently, with Beauveria, will be 

carried out. This will provide both basic knowledge and tools for evaluating and 

improving fungal isolates. Powerful tools are now available to quickly 

characterize small amounts of enzymes. For exarnple, the enzymes in isoelectric 

gels can be characterized with enzyme overlay membranes with substrates for 
chymotrypsin- or trypsin-like genes, exopeptidases, chitinases, lipases and other 
enzymes. Also substrate specificity for enzyrnes can be examined in the same way 

without the necessity of purifying large amounts of a specific enzyme. 
Toxins 

Toxin production will be examined if strong cultures of the fungus become 



available. The test animal for contact and feeding assays will be the cassava green 
mite, but for injection studies it will have to be a larger arachnid or insect. 

Appendlx IV. Notes provlded by Chrls Lomer 
(The following notes were sent by Dr. Chris Lomer (Insect Pathologist, TITA) who 
was unable to attend the workshop ). 

Epizootiology. CGM and Neo¡ygites 
There are essentially four factors interacting to drive fungus outbreaks epizootics 
in the field. Host mite susceptibility; pathogen genotype; pathogen inoculum 
availability and micro climatic factors. The first two are best considered together. 

The essential point is that '!'e must first know what the fungus is currently doing 

to mite populations in Brazil and in Africa, then look at which factors can be 
manipulated. 
Current status 

As far as 1 understand it, in Benin we have surveys showing the incidence of 
African isolate of Neozygites and Hirsutella which lead us to suppose that both 
fungi are fairly widespread, but as yet we have no detailed ideas on the impact 

that either have on the mite in the field. This would be best accomplished by 

sorne preliminary life table studies in the field, preferably with measurement of 
micro climate variables. In Brazil 1 think you are a bit further ahead with his 
type of study. So you may already have sorne ideas on what is driving fungus 
epizootics there. 

Host mite susceptibility/pathogen genotype 

These two factors need to be considered together- obviously a mite resistant to 
one fungus strain may well be susceptible to a different one. The essential point 

is that we need sorne basic measure of the 'virulence' (big debates about the use 

and meaning of this word in pathology) between the pathogen and its host both 
in Brazil and Africa. IF there are differences here, then there is a good case for 
swapping isolates around from one continent to another. 
lnoculum ayailability 
In order for epizootics to occur, the fungus inoculum must be available - either 
in a dormant or resting spore stage (but ready to germinate), or recycling in the 

host (oran alternative host), or arriving from elsewhere. If it can be shown that 
epizootics are inoculum-limited, then there are good prospects for introducing 

fungus in one form or another. (This was what Sam Elliott was proposing to 

look at- the way the pathogen survives between outbreaks.) 
Micro climatic factors 

Obviously, these are the least manipulable of the factors involved, unless 
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different cassava varieties or soils influence micro climate in sorne way, such as a 

closed canopy raising humidity. If epizootics in Africa are limited by low 
humidity, there are few prospects for successful intervention. However, we do 
~9tice that during Harmattan, we get a lot of outbreaks of Entomophthoralean 

fungi, particularly Entomophaga on Zonocerus . Whether this is due to spores 

being transported/protected with dust, or the ups and downs in humidity 

leading to condensation, we just don't k.now. The point is that there can often be 
a few surprises when you go into the details. 
Otber jnteractions 

Other possible interactions which need to be considered if the answers don't turn 

out to be obvious: sorne fungus strains may be no different in virulence, but 
~ 

have more resistant resting spores, faster germination, or lower humidity 

requirement. Reduced solar radiation or heat for any reason may improve spore 

survival, and this may be strain-dependent. Conversely, too much moisture can 
cause deterioration of spores. 
Summary 

To summarize, we need to find out whether the fungus/mite situation is 
different in Africa and Brazil. If the fungus is doing more to control the mite in 
Brazil than Africa, then we need to know whether this is because of an 

interaction between the host and the pathogen (which we might be able todo 
something about) or whether there is a climatic/micro-climatic effect (which 

would be hard todo anything about). 

Appendíx V. Notes provided by Raul Cuero 
(The following notes were extracted from a draft proposal developed by R. 
Cuerol, R Humber2, F. Gilstrap3, G. Mcllveen3 & C. McCoy4. lPrairie View 
A&M University; 2USDA-ARS-Plant Protection Research, Ithaca, New York; 
3Texas A&M University, Entomology Dept.; 4university of Florida, IFAS, 
Florida) 

Use of the pathogenic fungus Neozygites is an ideal approach to be 

implemented asan alternative and/or complementary to biocontrol of the CGM. 
The role of what may be a complex of poorly circumscribed Neozygites species 
(Zygomycetes: Entomophorales) as pathogens of mites affecting cassava and 
other crops in Brazil, Colombia and elsewhere is clearly established (Muma, 1969; 
Nemoto and Aoki, 1975; Branderburg and Kennedy, 1982; Smitley et al., 1986; 

Alvarez et al., 1991; and Dick et al., 1992). Pathogenic strains of Neozygites 

isolate~ from CGM are host-specific (R. Humber personal communication). 

Therefore, it is very important to determine how to distinguish the Neozygites 

species (Humber et al., 1981). Three species of Neozygites. N. floridiana, N. 
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tetranychi. and N. acljaria ha ve been described from tetranychid mites (Humber 
et al., 1981). The USDA-ARS Collection of Entomopathogenic Fungal Cultures 
(ARSEF; Ithaca, NY) currently includes two strains of Neozygites isolated from 
mites, both of these were isolated with relative ease after using only small 
number of infected mites as source of inoculum. These strains represent, to the 

best of our knowledge, the only germplasm of any Neozygites species currently 

available in axenic cultures. During a recent trip to Brazil, Dr. R.A. Humber, the 
ARSEF curator, who isolated these Neozygites cultures, demonstrated the 

techniques for isolation further Neozygites cultures to Dr. Delalibera 
(EMBRAP A-CNPMFf, Cruz das Almas, Bahia). Therefore, it is anticipated that 

this effort should result in the isolation of a considerable number of strains of 
JO 

Neozygites from CGM and other mites affecting cassava. 

Phytoseiid mites may be the most important nontarget beneficia! invertebrate 

operating in cassava plantations for which non-target effects of Neozygites and 
any other fungal mite biocontrol agents must be studied. Fortunately, it has long 

been observed that phytoseiid mite predators operating in populations of 
tetranychid mi te prey species are refractory to species of Neozygites and other 
fungal genera that may be causing mortality among their tetranychid prey. A 

number of hypotheses for this differential effect have been offered; these range 
from non-adherence of conidia to phytoseiid mite, to more fastidious grooming 
habits of phytoseiids than of tetranychids, to potential differences in cuticular 

chemistry that might prevent the successful infections of phytoseiid mites (R. 

Humber, personal communication). 

Usually, both the pest CGM and the pathogenic fungus Neozygites require 

different moisture conditions for maximum growth. Thus the CGM is more 

prevalent during dry season, and Neozygites. like most fungi, require high 

moistures for germination, conidiation, reproduction, colonization and 

infection. Therefore, it is important to develop a reliable delivery system for the 
biocontrol agents, which ensures continuous growth of Neozygites in the field, 
and consequently efficient biocontrol of CGM. The delivery system should 

function independent from the dynamic of the CGM population, and drastic 
changes of weather conditions during field growth of cassava plants. The main 
criteria for selecting the delivery system are: a) it should be able to be used in 
combination with the other biocontrol methods without reducing the efficacy of 
them, b) it should give both physical and nutritional protection to the pathogenic 

fungus~ Neozygites, e) it should not affect the development of the cassava plant, 
d) it should be of natural origin, e) it should be able to offset deficiencies of the 

other biocontrol methods, f) it should be cost-effective, g) it should be able to 
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easily be found or produced in cassava-growing countries, and h) it should be 

environmentally sound. 
In recent years, commerdal producers have identified physiological factors 

that affect fungal survival and infectivity. Moísture, temperature, and nutrient 

availability are major factors affecting germination, sporulation, growth, 

infectivity, and rate of survival (Cuero et al., 1987; R.Humber, personal 

communication). Fungal metabolism is temperature-water activity-driven. 
These factors, over time, affect fungal pathogenicity and viability. Consequently, 

different type of microbial carriers have been developed that immobilize the 

fungus in an effort to maintain metabolism, growth, and even improve shipping 
and storage stability of tl;e biocontrol agent. Severa! techniques have been 
employed for the delivery of biocontrol agents. For example, biocontrol 

organisms have been applied in liquids (Papavizas et al., 1982), in organic matter 

(Wells et al., 1972), and in vermiculite or in clays such as Pyrax (Maul et al., 1980; 

Fravel et al., 1983). Encapsulation of potential fungal biocontrol agents in an 

alginate-clay amtrix have been developed and effectively used (Fravel et al., 

1985). Among the current list of carriers are attapulgite clays, polyacrylamide and 

alginate gels. Sorne of these formulations, especially those with gels, use sodium 

citrate asan activator. However, most of these formulations or carriers may not 
be cost-effective to be used in developing countries, and they do not provide all 

the biological demands (see above mentioned criteria) to a fastidious biological 

control agent such as Neozygites. Different bioasay methods have been 

developed using mites as a host (McCoy and Cough, 1978; McCoy, 1981); 

however, environmental conditions and continuos nutritional availability 

influence the efficay of the method. McCoy (1986) reported than less tha 80% 

relative humidity in moving air reduced survival of Hirsutella thoropsonii 

significantly after 4 days compared to 100% R.H. with no air movement. He also 

reported that survival was improved by imcorporating ,olasses and soyflour as 

energy sources into wettable powder formulation. 

Chitinaceous material such as chitosan (B-1,4 glucosamine residues) which is 
chemically derived by deacetylation of natural-occurring chitin, and their 
enzymes (chitinase/ chitosanase) hydrolyze chitin/ chitosan (Muzzarelli et al., 

1988). Sorne proteins show chitinase activity, sometime in combination with 
lysozyme activity (Kombrink et al., 1988). Chitinase degrades the poly-N
acetylglucosamine chains that form chitin, a major compound of the cell wall of 
fungi and the exoskeleton of arthropods (eg., insects, acari), whereas lysozymes 
degrades the poly-(N-acetylmuramate-N-acetyl-glucosamine) chains that are part 

of the bacterial cell wall (van Scheltinga et al., 1993). This is an ideal material to 
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be used as delivery system for field application of Neozygites as biocontrol agent 

of CGM. This polymer is a good carbon and/or nitrogen source, has high 

moisture retention, is resistant to thermophilic conditions. Chitosan has 
successfully been used as delivery system with Rhjzobjum for legumes (Dean, 

1992). Encapsulation of the biocontrol agent Trichoderma sp. in a mixture of 

chitosan with alginate-clay matrix protected the fungus helped it to maintain 

high population in corn under greenhouse conditions(Cuero, 1987, 
unpublished). Glucosamine sugar, which is the basic unit of chitosan, can also be 
used effectively to stimulate fungal sporulation (Cuero, 1992, unpub.). Maltose 
stimulates Neozygites sporulation (R. Humber, personal communication). 

Similarly, chitosan enhanced fungal and bacteria! survival in field corn ,. 
(Cuero et al., 1991). Chitosan also induced phytoalexin precursors induding free 

and bound phenolic compounds in peanuts (Cuero et al., 1992; Fajardo et al., 1994 
in press). This induction of phenolic compounds by chitosan will enhance 

biocontrol capacity against CGM whenever chitosan is used as delivery system. 
Mites like many organisms are also susceptible to phenolic compounds and/or 

phytoalexins. The process of molting is universal among arthropods and the 

monolayered epidermis is the main player. The CGM like any other arthropod, 

has an exoskeleton with epidermal cells where chitin microfibrils make up the 

bulk of the endocuticular lamellae (see Figure 1). Chitin is synthesized as a 

chitin-protein complex concurrently during the intermolt phase immediately 
after acdysis. The arthropod cuticle (eg. procuticle) is made of chitin, a B 1-4 
linked polymer of N-acetylglucosamine that is probably covalently bound with a 

protein that requires severe conditions for separation (Takiguchi et al., 1987). The 

procutide is rigid and strong excepting in intersegmental regions where it is 

flexible, and provides the insect with not only protection from outside forces but 

also a stratum for musde insertion (Retnakaran and Oberlander, 1993). 

Hormonal regulation of chitin synthesis in two insect celllines has also been 

demonstrated (Spindler-Barth et al., 1989). Chitinolytic activity has also been 
observed in other molting animals (eg., Antarctic krill, Euphasia superba). 
Chitinolytic enzymes are directly involved in its growth process under a double 

aspect: first, as moult cycle related resorptive enzyme in the integument, and 

second, as digestive enzymes (Buchholz, 1983). Entomapathogenic fungi such as 
Metarhjzjum sp has shown chitinolytic enzyme activity. Chitinase is one of the 

hydrolytic enzymes secreted by the entomopathogenic phycomycete fungus M. 
anjsopleae. Chitinase production among strains of M. anjsopliae with different 

types of chitin as carbon source, in relation to variations in pathogenicity toward 

the locus Schistocerca greagria. has been demonstrated (Valadaras & Peberdy, 



1983). Production of chitinase/chitosanase from phycomycetes fungi such as 
Mucor spp (Araki and Ito, 1975; Villagomez-castro et al., 1993); and Saprolegnia 
sp (Gay et al., 1993) and other species (Allan and Hadwidger, 1979) has been 
reported. Barnicki-Garcia (1973; 1984; 1987; 1988) has extensively studied the 

presence of chitnaceous material in fungi including phycomycetes. Chitosanase 

induction in plants has also been reported (Hadwiger et al., 1981; Cuero et al., 
1992; Cuero and Osuji, 1993). Chitinaceous material such as chitosan increased 
both chlorophyll production in tomato (Cuero et al., 1991), and storage protein in 
corn (Osuji and Cuero, 1992). 

From the above mentioned reports and information, an ideal situation to 

biocontrol of the CGM wo~d involve a combination of Neozygites. which is 
CGM specific pathogen, and which functions well at both higher and low mite 

densities, and with phytoseiid mite predators which are better at controlling 

mites at low densities. The use of a natural delivery system, such as chitosan, 
will ensure continuous high Neozygites population. It will also contribute to 
control the CGM by softening its exoskeleton. 

Dissemination of new technology always involves training of personnel, 
distribution of didactic materials, and implementation of extension program. 
Therefore, dissemination of the CGM biocontrol technology will involve the 

same approach with participation of farmers from project collaborators in South 

America and Africa. The Texas A&M University system has developed a strong 

extension program, and also has extensive experience in implementing 

cooperative extension programs in developing countries, especially Latin 
America and Africa. Prairie View A&M developed an unique extension program 
approach for ·transferring research technology to farmers, which is the utilization 

of non-professionals or paraprofessionals change agents termed "Agricultura! 

Program Aides". These individuals are employed at the locallevel based on their 
similarly situated small farm background, leadership skills, and ability to relate 
and communicate effectively with small low-income farm producers. An 

evaluation of this concept in Texas, showed a significant increase in the level in 
which farmers adopted new farm practices (Strickland and Soliman, 1976). A 
similar approach was conducted in Ghana (Africa) with similar results as was 
obtained in Prairie View A&M University, Texas (Kirkwood and Mdlveen, 
1975). 

Therefore, we are herein proposing an interdisciplinary approach to CGM 

biological control involving a cornbination of the pathogenic fungus Neozygites 

with different biological delivery systerns (eg. chitosan, rnummified cadavers of 

mites) and other agents (eg., alginate-clay material, and/or glucosamine). The 
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effect of Neozygites on control of CGM will be assessed alone or in combination 
with phytoseiids mite predators. The research will involve: 1) field assessment in 

cassava grown in South America and Africa. Biological control agents will be 
introduced at dtfterent stage of cassava development, and under different 

moisture conditions. Both population of Neozygites and phytoseiids ffiite will be 

determined; and 2) assessment of the biology of the Tetranychus. 

Mononychellus. and Oligonychus pest mites and compare by construction age

specific life tables. Simultaneously, effects of the different biocontrol agents and 

delivery systems will be assessed on the mite biology using life table analysis, and 
the mortality variables will be determined. 

It is expected that this research will yield innovative control methods against 
·' 

CGM in cassava producer countries, and also to be used in other crops and 

pathogens in both developed and developing countries and will ultimately lead 

to higher production and quality, safer crop harvest and longer storage times. 



Workplan 2 
· ·ubjective 

· Coordination of 
Strategic Research 
areas at CIA T and 
CNPMF. 

Coordmation of 
PROFISMA 
interactions with 
ESCaPP (Africa). 

Representation of 
PROFISMAto 
UNDP. 

Infonnauon 
Management 

Publish project 
results. 

Appendix 111 

PROFISMA workplans for 1995. 

Internataonal Coordinataon CIA T 
Activity Expected Output, 1995 

l. Periodic briefings at l. Collaborative strategic 
CIA T. research between CIA T & 

2. Periodic PROFISMA CNPMF staff. 
meetings at CNPMF. 2. lntegration of CNPMF & 

l. Meeting with ESCaPP 
coordinator in 
Coperhagen, June; travel 
to UNDP, NY. 

2. Travel to Cotonou, 
Benin. 

3. Sharing of data bases. 

l. Preparation and 
presentation of annual 
technical report to UNDP. 

2. Coordination of financial 
reporting from CNPMF to 
CIAT. 

3. Receive External 
Advisory Committee. 

l. Statistical analysis. 
2. Data base archiva! data 

storage. 
3. Creation of relational data 

base. 

l. Encourage & collaborate 
with project scientists in 
preparation of articles. 

2. Participation in Internat'l 
Symp. on Plant-Inhabiting 
Mitcs, Denmark, Junc. 

PROFISMA staff. 
l. Proposal for project 

extension or second 
phase. New project areas 
defined. 

2. Coordination of 
production of training 
materials. 

3. Merging of PROFISMA 
and ESCaPP data bases. 

l. Prompt and complete 
reporting resulting in 
timcly disburscment and 
execulion of budget 

2. Feedback on overall 
project activities to 
participants. 

3. Successful extemal 
project review. 

l. Experiments analyzed; 
feedback to researchers. 

2. Data stored in digital 
form . 

3. Structure determined for 
data base and interface. 

l. Publications in peer
reviewed journals. 

2. Publications in 
Expetimental & Applied 
Acarology. 

Stephen Lapomte 
Assumptions 

l. Staff interest. 

l. lnterest in 
continued funding 
from UNDP. 

2. Travel with B. 
Ospina. 

l. Collaboration 
from National 
Coordinator. 

2. Collaboration 
from financia! 
sector, CNPMF. 

l. Collaboration of 
CIA T, CNPMF & 
PROFISMA staff. 

i 



ii 

or (plan a 1ona oor ana aon 
Objectave Acti vity_ E xpected O u tput, 1995 Assumptions 

N f 1 e d' r CNP MF Aristoteles M atos 

Mechanisms for Elaborate agreements Timely development of 
better institutional enabling fund transfcr from activities in state institutions 
relations. EMBRAPA to collaborating with adcquate funding & 

ln!StltuHons. cotlaboration of EMBRAPA 
Supervtswn of Periodic visits to states Completion of collaborative 
activities in CE, PB, conducting PROFISMA trials and planning of new 
PE, AL, SE and BA activities experiments 
Integration of ldentify and invite Brazilian Improved capacity in Brazil 
additional Brazilian University faculty to review for data collection and 
expertise in PROFISMA workplan and analysis 
socioeconomics. their potential involvement 
Traming m IPM for University of lllinois course lrnproved ovcrview of lPM Course is relevant to 
national coordinator on IPM for LDCs with emphasis on developing 

coordination. countries. 
ProJect National scientific meetings Project promotion to a wider 
representation audience within Brazil 
Coordinauon of Travel to Cali, Colombia Present PROFISMA 
EMBRAP A activities activitics to CIAT and refine 
with CIAT ongoing activities. 

w kl or >plan 41 . T . . rammg C IAT CNPMF ' 8 d o . ernar o spma 
Obj echve Ac tivity Expected Output Assumpt io n s 

Tram researchers & Two courses ( 11 days ea) l.Traincd cadre of l . Collaboration 
extensionists in for researchers & researchcrs & from CIAT's 
planning technology extensionists from CNPMF extensionists to do IPRA project with 
testing activities & counterpart institutions in technology-testing with PROFISMA's 
with farmers, & Ceará, Bahía, Pernambuco farmcrs. funding 
farmers' evaluation & Paraíba. One course at 2. First tcchnology-testing 
of trials. Cruz das Almas with trials set up by trainees & 2. Collaboration 

collaboration of CNPMF & farmers. from CNPMF, 
EBDA, the other at Recife, 3. First CIAL's (Local EBDA, IPA-PE & 
Pernambuco with Committees for Agric. EMATER-PE, 
collaboration of IP A-PE & Research) at pilot sites in with 
EMATER-PE. BA, CE, PA, & PE. PROFISMA's 

4. Farmers trained by funding 
trainees in particip. res. 

TrrunmJY'updating Refresher serninar tor Cadre of researchers & Partic1pauon of 
researchers & researchers & extensionists extensionists trained in research staff from 
extensionists in from CNPMF & BA, CE, methods developed & CIAT, CNPMF & 
cassava production PA & PE. results obtained as patt of other institutions as 
& crop protection. PROFISMA's activities resource-persons. 
Sustainable human Formulation of a proposal 1 Proposal formulated. Collaboration from 
resource for a Training of Traincrs CIAT's IPRA 
development component complcmcntary 2 Funding sources sought. project, IIED-
through Training of to PROFISMA's cuncnt London & EScAPP-
Trainers. training activities JITA. 
Cooperauon with Assistance to the CNPMF l. Strengthcnd liaison & 
CNPMF in project project coordinator & communication between 
managemenL administrators in project CIA T & CNPMF. 

implementation with 2. Strcngthened financia} 
emphasis on financial control & reporting 
control & reporting. methods. 



iii 
B O J H Al .d Workplan 4.2 Socioeconomics CIAT, CNPMF G. Henry, . spma, . . me• a 

Objective Activity Expected Output Assumptwns 

Soctoeconomtc Compleuon or extenstve l. Data from Diagnostic Collaboration & 
characterlzation of r;ase ofthe Surveys in BA, CE, PA participation of 
project area. terdisciplinary Diagnostic & PE analyzed, published counterparts from 

Survey. & distributed. Ceará, Babia, 
2. Identification of Pernambuco& 

traditional fanner Paraiba. 
practices, farmers' 
perceptions of problems 
& key collaborators. 

3. Study areas identified for 
intensive Interdisciplinary 
Diagnostic Survey. 

Intenstve phase of the Baseline socioeconomic Collaborauon & 
lnterdisciplinary Diagnostic data base. participation of 
Survey. counterparts in CE, 

BA, PE & PA. 

w kl or ~plan 51 . A caro ogy CIA T PROFISMA ' 
L. mcon S •th m1 

Objectlve Activity Expected Output Assumpttons 
Classical biological l. Analyze geographic l . Geographic & climatic 
control of CGM in phytoseiid distribution. range of phytoseiids. Continued 
northeast Brazil and 2. Collect populations of 2. Establishment of cultures cooperation of 
Africa. phytoseiids from dry of prcdators at CIA T PROFISMA, 

environments ESCaPP, CNPMA, 
3. Ship predators to Brazil 3. Establishment of exotic University of 

&Africa phytoseiids in NE Brazil Amsterdam for 
4. Evaluate phytoseiid prey & Aftica. quarantine, rearing, 

preference and releases 
5. Evaluate cassava varietal 4 - 7. Detennination of 

effects on phytoseiids effects on CGM-predator Collaboration with 
6. Test variety, mulch, population dynamics M. Bonierbale and 

intercropping, prey-
refuge in field at Pivijay 

M. El-Sharkawy 

7. Test release strategies in 
field at CIA T Collaboration with 

8. Write taxonomic key to 8. Publication of a G. de Moraes at 
cassava phytoseiids. taxonomic key. CNPMA 

9. Develop CD-ROM 9. Print and distribute CD's Collaboration with 
database for biocontrol, to national programs in ESCaPP & scientists 
bibliography, cassava Latín Ametica & Africa in Florida; additional 
management, researcher funds. 
directory 

Genetic l. Develop culture mcthods. Suflicicnt quantities of pure Methods to isolate 
characterization of 2. Collect isolates from DNA for analysis. sufficient pure DNA; 
Neozygites & Colombia, Ecuador, etc. Establish lab cultures collaboration of J. 
phytoseiid strains. 3. PCR analysis of isolates. Tests to identify strains Tohmé 
Dcvelop PCR PCR analysis of phytoseiid Tests for strain Collaboration with J. 
method to identify strains idcnti fication. Tohmé & Marjorie 
gcographic strains of Hoy (Florida) 
Phytoseiids 
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Workplan 5.3a (continued) Control of root rots CIAT 

_Objechve Actavities Expected Outputs 
Improve efftciency l. Greenhouse trials to l. Six elite Trichoderma 
of Trichoderma select Trichoderma strains isolates to control a 
spp. strains to 
control 
~h.ytophiHtJFfP 
jnduced root rot. 

Development of 
integrated disease 
management 
implementation 
strategy through a 
pilot project. 

Selected strams of 
Trichoderma spp. to 
control Diplodia 
manihotis. 
In vttro methods to 
select Trichoderma 
isolates & establish 
their mode of 
action. 

to control P. parasítica highly pathogenic strain 
under similar edaphic and of P. parasítica from 
climatic conditions of Brazil. Elite isolates must 
Phytophthora-endemic show 80% control in at 
areas. least 50% of trials. 

2. Greenhouse evaluation 2. Optimal delivery system 
of elite strains using for Trichoderma. 
various delivery methods, 3. Preliminary results on 
application times, soil efficiency of six 
mixtures & cassava cvs. Trichoderma isolates to 

3. Greenhouse evaluation control P. drechsleri. 
of selected strains on two 
cassava clones to control 
P. drechsleri. 

l . On-farm cvaluation of 
selected strains in three 
clones at Maria La Baja 
(Bolívar), an endemic 
Phytophthora-arca. 

2. Field day: Visits to 
growers at Mruia La Baja; 
training extensionists in 
implementation of on
farm biocontrol practices. 

Field evaluation at CIAT of 
Trichodenna strains to 
control D. manihotis. 

Evaluation of 20 strains by 
inhibition of pathogcns 
using cell-free culture 
filtration method in vitro. 

l. Two Trichoderma strains 
exhibiting biocontrol of 
Phytophthora in a 
commercial cassava field. 

2. Dctailled information of 
cassava growers and 
extensionists conceming 
poten ti al of delivery 
methods to introd uce 
biocontrol ag_ents. 

Selcctcd Trichoderma 
isolates for control of D. 
manihotis. 

lmproved in vitro method to 
scrccn and evaluatc 
Trichoderma isolates. 

'[J 

Fernando Correa 
Assumphons 

CIATpool 
personnel for 
propagation of 
rooted cuttings. 

Travel expenses to 
experimental si te at 
Maria La Baja . 

Temporary labor to 
maintain field trials. 

lmproved dehvery 
method for 
Trichoderma in 
small-scale farms; 
Methods to produce 
& apply inoculum 
by stake treatrnent & 
soil augmentation. 

Preparation of two 
benomyl-resistant strains 
and one on-fann trial at 
Mruia La Baja. 

Population dynamics of Costs menc10ned in 

Charactenzauon of 
hcncficial isolates of 
Trichoderma. 
Expand exisung 
collcction of 
Trichoderma 
isolatcs. 

Taxonom1c charactctizat.ion. 

l. Isolation of Trichoderma 
from the rhizosphcre of 
healthy plants in a root rot 
infected cassava fidd. 

2. ldentificat.ion of duplicate 
strains. 

Trichoderma introduced in a objective B. 
cassava ficld. 

Fivc charactcrized eli te 
biocontrol agcnts. 

Strains to evaluate in 
grccnhouse trials during 
1995 & 1996. 

Isolates collected in 
Brazil. 
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W k 1 52 E or ;plan . ntomo ogy CIAT 

Objective Activities Expected Outputs 
Classical biological l. Surveys of parasit01ds l . Identify important 
control of cassava and predators. parasitoids & predators 
mealybug tn NB 2. Matntenance of cultures 2. Establish exotic 
Brazil of three parasitoids. parasitoids in Brazil 

3. Shipment of parasitoids 3. Select best species 
to Brazil. 

4. Competition studies. 
B10logtcal control of Determine natural enemy ldentification and 
cassava whiteflies complex of cassava distribution of key natural 

whiteflies through ene mies 
explorations in Colombia, 
Venezuela and Ecuador 

Workplan 5.3a Control of root rots CIAT 
Objective 

B10Iogtcal control of 
root rots 

Determmauon of 
relationship between 
inoculum quantity & 
incidence & severity 
of Phytophthora & 
Fusarium root rots. 

Evaluation of 
genetic variability of 
Fusarium & 
Phytophthora spp. 
from Colombia & 
Brazil. 

(contmued ... ) 

Activities 
Epidemiological study of 
Phytophthora & Fusarium 
survival in artifically
infested soils. 

l . Develop methods to 
produce & standardize 
inoculum: 
a. Separation of 
chlamydospores, 
sporangia & zoosporcs. 

b. Establish infcction 
rates of propagules by 
inoculation of rooted 
cuttings & stakes. 

2. Standarize Fusarium 
inoculation of stakes. 

3. Cytology & histology of 
healthy & infcctcd tissue. 

l. Glasshouse inoculation 
trials. 

2. Laboratory com parison 
of strains using molecular 
techniques. 

Expected Outputs 
Dcfinition of edaphoclimatic 
factors affecting pathogen 
development 

l. Optimal production & 
inoculation conditions. 

2. Inf01mation on host
pathogcn interactions. 

l . Charactc•ization or 
strains according to 
aggressi vi t y. 

2. Molecular caracterization 
of hiotypcs. 

A th n ony 
iv 

B 11 tt' e o 1 

Assumptions 
Collaborauon with 
PROFISMA& 
CNPMA 

Collaboration with 
PROFISMA& 
CNPMA 

Fernando Correa 
Assumptions 

Soil samples from 
regions that differ in 
pH, minar & main 
elements, OM, 
texture, & crop 
management 
l. Vegetative 

material and 
statistical models 
to evaluate 
inoculation 
methods. 

2. A vailability of 
electronic & light 
microscopes. 

l. Phytophthora & 
Fusarium strains 
from Colombia & 
Brazil. 

2. Collaboration w/ 
CIAT Biotcch 
Unit for 
m icroorganism 
production & 
conservation. 
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w kl or >pl a n S 3b . v· •ro ogy C IAT L e 1 t e e a ver 
O bject aves Activ ities Expected Outputs Assumpbons 

Characterization and l. Charactetization 
diagnosis of CVMV a. Pathogen divcrsi ty 

b. Serology 
DeveTopmem or l'lelO Tl'lalS Detenmne y1eld toss and Availabíltty of m 
control strategies for a. Yield loss assessment. assess impact of clean stake vitro CVMV-free 
CVMV b. Control strategies introductions. planting material. 

Eptdemiology Determine if virus 1s movmg PCR test transferred 
a. Field movement under ficld conditions to CNPMF 
b. Assay potential vector Idenúfy vector of CVMV 
forCVMV 

w kl or >plan 5 4 . e rop M a nagemen t CIAT M b a r ou k El Sh k - ar awy 

Objectives Acti vities Ex pected O u tputs Ass umptions 
Components for Characterization of long- Identification of managment 
improved and term response of cassava practices to sustain 
integrated crop to NPK levels in acid productivity in infertile 
management systems infertile soils. acid soils 
for subhumid and Characterization of long- ldentification of crop 
seasonally dry term response of cassava managemcnt practiccs to 
ecosystems. to plant surfacc mulch and improvc productivity in 

fcrti lizcr application in poor sandy soils 
poor sandy soils 

w k l or >plan 6 1 . A .gronomy CNPMF J Ed d e . uar o a r va lh o 

O bj ectives Activities Expected O utputs Assumptions 
Improved crop l. Evaluation or covcr crops l. Schx tion of most cflicicnt 
management for soil & moisture cover crop species. 
practices using cover conservation, weed 2. Detetmination of effect of 
crops control, & effect on yield. cover crops on biological 

2. Characterization of pest & control of CGM and other 
natural enemy population pcsts. 
dynamics in cassava with 
cover crops & varying 
weed managemenl 

ldentify opumal l. Determine most common l. ldcntify the 5 most 
wecding practices. weed species important wccds in 

2. Evaluate yeidl losses to cassava fields. 
weeds. 2. Define cri tica] petiod of 

weed competition. 
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Workplan 6.2a Acarology CNPMF Al oyseaa N h oron a 

Objectives Activities Expected Outputs Assumptions 

Btologtcal control of l. Surveys and populauon l. Establishment of baseline 
CGM through dynamics studies of data for impact analysis. 
introduction of arthropods on weeds in 2. Establishment of 
exotic phytoseüd CE and PE. phytoseiid colonies at 
mi te predators 2. Introduction, rearing, CNPMF and in the fiel d. 

release and monitoring of 3. Maintanence of CGM 
phytoseiids from CIAT in colony at CNPMF. 
BA, CE and PE. 4. Differentiation of native 

3. Mass rearing of CGM from introduced 
4. Taxonomic studies phtyoseiids. 

w kl or •plan 62b . M' h 1 ate pat o ogy CNPMF Í ta o D 1 l'b e a a era 

Objectives Activities Expected Outputs Assumptions 
Selection of l. CoUect & multiply l . Establishment of an 
Neozygites isolates isolates of Neozygites isolate germplasm bank. 
for biocontrol of from NE Brazil. 2. Selected isolates based on Standardized isolate 
CGM. 2. Evaluate sporulation quantity & rate of conídia production at 

response of isolates to production at low RH. Petrolina. 
RH. 3. Identify optimal storage Mass production of 

3. Evaluate viability of conditions; infonnation on mite mummies. 
isolates under varying mummy viability at 
storage conditions. ambient conditions. 

Small-scale l. CGM rearing & l. Method ofr mass 
production of development of methods production of Neozygites 
Neozygites for lab for production of mite 2. Protoplast culture for 
studies and field m u m mies. gcnctic charactcrization 
releases. 2. Evaluation of cuture studies. 

media for isolation & 
production in vitro. 

Develop methods for Evaluation of inoculation Rcduclion in CGM Mass production of 
use of Neozygites techniques & pathogen populations by timely mite mummies. 
for biocontrol of dispersa! in cassava ficlds at application of Neozygites . 
CGM. Piritiba, BA. 

Detennine effect of Evaluation of population Recommendation for 
weeds and cover dynamics of CGM & sustainable management of 
crops on indicence infection on cassava under CGM through appropriate 
of Neozygites varying conditions of weed wceding and cover crops. 

management & covcr crops, 
Piritiba, BA. 

Generate baste l. Monitor dispersa! & l . Characteiization of 
knowledge on movement of infectcd behavior of infected mites. 
pathogenlhost CGM on plants. 2. Determine occurrence of 
interactions. 2. Observation of behavior vectors or hosts & 

of potential hosts & other influence on pathogen 
vectors. dispersal. 

Evaluate effects of Tria! to evaluate variety x l. Isolate eiTects of drought 
CGM and water mi te x inigation effects at and mite damage on root 
stress on cassava Petrolina, PE. yic ld. 
varictics in the semi- 2. Chara<.:tcrize thrcc cassava 
arid. varieties for resistance to 

drought and CGM. 
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Work tan 6.6b Witches Broom CNPMF Chi eru Fukuda 

Ex ected Out uts Assum tions 
Recommended cultural 

w kl or ~pan 66 . e 1ro ogy CNPMF e r e' e1a amara 

Objectives Activities Expected Outputs Assumptions 
Characterization of l. Purification l. Methods for purification 
CVMVand a. Viral particle of virus, genome and 
development of b. Genome pmticles. 
diagnostic tests c. Proteins 2. a. Antiserum production 

2. Rapid diagnostic tests and development of 
a. Serological tests ELISA test 
b. PCR-based test b. PCR-based diagnosis 

3. Biological strain 3. Deterrnination of virus 
characterization variability 

Development of l. Surveys of virus l. CVMV distribution. 
control strategies for incidence to determine 2. a. Determine if virus 
CVMV economic importance moves within a field 

2. Epidemiology b. Identify or eliminate 
a. Within-field movement vector can di dates 
b. Identification of vector 

Development of ldentification of vectors ldentify or eliminate vector 
control strategies for can di dates 
Cassava Witches' 
Broom 
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Objectives Activities Expected Outputs Assumptions 
BIOlogical control or l. Importation & reanng of l. Mass rearing methods for 
cassava mealybug E. diversicornis, A. the three parasitoid spp. ===3- coccois & A. vexans at for releases in NE Brazil. 

Cruk Oat Alma& & Recife. 2. Doeumentation of lhe 
of exotic parasitoids. 2. Quantificatíon of írnpact of each species on 

biological impact in the CM populations, relatcd 
field of the three plant damage, and root 
parasitoids in BA & PE. yield. 

Detennme effect of Populauon dynam1cs of Understandmg of the effect 
weeds and cover arthropods on cassava of use of cover crops and 
crops on pest with varying weed and weed management on pest 
incidence and legume covers. and beneficia! arthropod 
severity on cassava. fauna. 

w kl or :p1an 64 . Q f uaran me CNPMA G'lb t M 1 ero o raes 

Objectives Activities ExQ_ected Outputs Assumptions 
Safe mtroduction of Importation from CIA T of Permanent colonies of 
natural enemies of natural enemies. natural enemies of CGM 
cassava pests Establishment of colonies at &CMatCNPMF 

CNPMA & CNPMF. 

w kl or ;plan 65 . E t 1 1 nv1ronmen a mac t CNPMF A M . El na ar•a o y 

Objectives Activities Expected Outputs Assumptions 
Detennine effect of l. Laboratory trials to Dcte1mine effect of 
biocontrol agents on determine feeding biocontrol agents on the 
non-target organisms bchavior of biocontrol cnvironmcnt and non-

agents. target organisms 
2. Glasshouse trials to study 

predator com pe ti ti veness 
3. Determine effect of 

biocontrol agents on 
arthropods, plants and 
standard organisms. 

w kl or :plan 66 . a R oot R ot contro CNPMF A' nstote es Matos 

Objectives Activities Expected Outputs Assumptions 
Biological control of l. Laboratory and l. Selccted Trichoderma 
root rot glasshouse uials on effcct isolatcs. 

of Trichoderma on root rot 2. Dctcrmination of 
pathogens mechanism of action of 

2. In vitro studies on Trichoderma against root 
Trichoderma x pathogen rot pathogens 
interactions. 

Geneuc control of l. On-fann uials to cvaluate Sclcction of cassava 
root rot improved cassava va1ictics rcsistant to root 

genotypes for resistance. ro t. 
2. Glasshouse and lab trials 

to evaluate resistance 
Cultural control of Participatory uials to Rccommcndations for 
root rot evaluate cultural practices 

for control of root rot 
cultural practiccs. 


