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El CIAT, Centro Internacional de Agricultura Tropical, es una instituci6n de 
investigacion y capacitaci6ri agricolas, sin 6nimode lucro, dedicada a incremen­
tar la producci6n de alimentos en las regiones tropicales en desarrollo. El CIAT 
es uno de los 13 ceruros internacionales de investigaci6n agricola bajc los 
auspicios del Grupo Consultivo para la Investigaci6n Agrfcola Internacional 
(GCIAI). 

El pre!:upuesto b is.co del CIAT e,: financiado por Lin grupo de donantes. En 
1987 tales donantes son: B6Igica, Canad6, Espaila, Estados Unidos de Am6rica, 
Francia, Holanda, Italia, Jp6n, Noruega, el Reino Unido, la Rept~blica Federal de 
Alemania, la Republica Popular de China, Suecia y Suiza. Las siguientes organi­
zaciones son tambi6ri donantes del CIAT en 1987: el Banco Interamericano de 
Desarrollo (BID) el Banco Internacional para Reconstrucci6n y Fomento (BIRF), 
el Centro Internacional de Investigaciones para el Desarrollo (CIID), la Comuni­
dad Econ6mica Europea (CEE), el Fondo Internacional para el Desarrollo Agri­
cola (FIDA), la Fundaci6n Ford, la Fundaci6n Rockefeller, y el Progranra de las 
Naciones Unidas para el Desarrollo (PNUD). 

La informaci6n y las conclusiones contenidas en esta publicaci6n no reflejan,
necesariamente, el punto de vista de las entidades mencionadas anteriormente 
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INTRODUCTION
 

The much publicized food crisis in Africa has highlighted the 

importance of securing the food supply over time. Cassava, due to its 

special inherent attributes, has a particularly important role to play 
in the elimination of periodic famine. While CIAT does not work 

directiv in Africa, it continues to support the efforts of its sister 
center, IITA (]nternation-l nstitutte tor Tropical Agriculture), to 

ensure a more stable fond supply on that continent. 

In Asia the MiAT regi(on"I cassava program is now firml y esabhished 
and provides increa sing back up for the national programs in the area. 
As Asian countries improve their rice prducti-on they are increasingly 
turning their atrention in research and devi pment to upland crops such 

as cassava. 

lv I at in America, the economic si.t nI roiitiiies to favoi cassava 

development and there has been a remmi b le surge of Merest in the 
crop. In the Caribbean, the national program research directors have 
made root crops, including cassava, a priority area. 



INTERNATIONAL COOPERATION
 

Latin America and the Caribbean
 

Experience in Latin America and the Caribbean in the last few years
 

has shown that increased cassava production in the area is unlikely to
 
occur spontaneously as a result solely of improved production
 
technology. However we have also observed that when alternative markets
 
are created for cassava or cassava products then farmers are quic'K to
 
request new production technology. In recognition of this situation the
 
CIAT cassava program, in close collaboration with national agencies in
 
the region, has embarked on a major study to determine the future and 
present demand potential for cassava.
 

The demand studies will cover all of Latin America and the 
Caribbean in general terms. It is obviously not possible to cover all 
regions and countries in detail and hence case studies will be done for 
each of the major uses in representative countries or areas. The use of 
fresh cassava, with the new storage technology, is being analysed in 
Bucaramanga (Colombia) and Lima (Peru). Cassava as animal feed on the 
farm is being evaluated in southern Brazil, while its use as a component 
of balanced diets is being studied in Mexico, Panama, Colombia and 
Ecuador. The demand for traditional dry cassava products will be 
estimated in Brazil and Haiti. The use of dried cassava as a substitute
 
for wheat flour is under review in Brazil and Colombia where a pilot 
project is underway. The studies are made at three different levels. 
Initially, the demand is estimated at current production levels with 
current policies. If it is found that cassava is not competitive under
 

these conditions then the effect of policy changes, such as removing 
subsidies on compcting product-, are evaluated. Finally the effects of 
new production technology are determined. The results of these studies 
will be made available to the appropriate national agencies for planning 

jurposes.
 

Country Reports 
In this report it is not our intention to fully describe all 

activities related to cassava development in the region, but rather to 
describe a few of those programs very closely linked to the CIAT Cassava
 
Program that ha.e made great strides in the last year.
 

Colombia
 
Colombia is the host country of CIAT and due to its diverse uses of
 

cassava and varied climatic conditions it provides an excellent testing
 

ground for new technology. At present two main end uses of cassava are
 
being studied; the efforts on fresh cassava are reported elsewhere (see
 
fresh cassava storage pilot project) while those on dried cassava for 
animal feed are reported below. In previous CIAT Cassava Program Annual 
Reports (1983, 1984) we have described the methodology for the 
development of inteyrated cassava projects. The proving ground for the 
testing of this methodology has been the DRI (Desarrollo Rural 
Integrado) cassava drying project on the Colombian North Coast. 

The project, which has focused on the establishr,,ent of small 
agroindustrial. businesses based on the organization of cassava farmers'
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TABLE 1. 	Costs of producing dry cassava. Average values for the 20
 
plants during the 
1984/85 drying season. Col.$/ton dry
 
product.
 

Partial cost
 

Col.$ Total cost
 

Variable costs 
17,800 

Raw material 13,890 66.8 

Fuel, labor and other costsa 2,040 9.8 
Transport 1,870 9.0 

Fixed costs 

2,980
 

Managementb 
 780 3.8
 
Depreciation 
 1,160 5.6
 

Interest c 
 1,040 5.0
 
Total 


20,780
 

Selling price 

23,190
 

Profit 

2,410
 

a Other costs include bank charges, etc.
 
b Management includes maintenance and administration.
 

Interest 
on investment and working capital.
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associations, has passed through three distinct phases: an experimental
 
phase, a demonstration phase and a replication phase. During the
 
experimental phase, which was undertaken in 1981, a pilot plant was 
constructed and operated in collaboration with a group of 15 farmers to
 
collect data on drying performance under the conditions prevailing on 
the Atlantic Coast and to ascertain the acceptability of the product by
 
the animal feed industry. Subsequently, in 1982, the pilot plant was 
operated on a semi-commercial basis and accurate price and cost data was 
obtained with which it was possible to demonstrate the economic
 
feasibility of replicating the plants in ocher localities. Since 1983,
 
19 additional plants have been established throughout the Atlantic Coast
 
region (6 in 1983, 13 in 1984). The ultimate goal is to eqtablish 400 
drying plants with a capacity to produce 100,000 tons of dry cassava 
chips per year.
 

Throughout 1985, CIAT maintained its close links with the project. 
For the 1984/85 drying season (December-April) 13 new plants were 
established, 10 by DRl and 3 by INCORA (Instittto Colombiano de la 
Reforma Agraria). This increased the tot.l number of plants located on 
the Atlantic Coast to 20. During the season these 20 plants processed 
7,158 tons of frcsh cassava and produced 3,006 tons of dry cassava 
chips. This represents a 217% increase in production over the previous 
drying season (1983/84). 

Of the 20 plants, 14 made average profits of Col.$4,020 per ton of
 
dry cassava. Six new plants made losses of Col.S1,229 per ton. All of
 
these started drying late because of delays in the construction of the 
plants. This substantially reduced the period during which they could
 
operate before the onset of the rainy season and consequently reduced
 
their production of dry cassava. It is expected that these plants will
 
operate profitably next season.
 

The profitability of some of the recently established plants has 
also been affected by the fact that the groups formed to manage them 
have been made up of farmers with little or no capacity to produce 
cassava. This means that the plants depend on a supply of cassava from 
non-members and there is no guarantee that this supply can be 
maintained. In future it will be important to assu're that the farmers'
 
associations or cooperatives are made up of members with an adequate
 
capacity to produce and supply cassava to the drying plant.
 

The raw matrial cost renresents 67% of the total cost of producing
 
dry cassava chips (Table 1) and therefore the price paid by the plants 
for fresh cassava is the principal factor that determines the economic
 
attractiveness of the drying process. Among tue range of improved
 
agronomic practices, whose adoption could increase crop productivity and
 
thereby reduce raw material production costs, the use of good quality
 
seed is perhaps the most important. In the first semester of 1985, the
 
DRI program initiated an improved "seed" project whicb contemplates the
 
production of clean planting material by farmers and the multiplication
 
of improved varieties at the ICA experimental stations, for subsequent
 
distribution to members of the drying plant cooperatives. CIAT assisted
 
in a special "seed" production course established by DRI.
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Technical assistance to the drying plants is provided in each 
department by teams made up of personnel 
from the different government

institutions 
that make up the DRI program. The rapid and successful
 
expansion of 
the project will depend largely on the efficiency of these
 
teams and their capacity to respond to the problems faced by the drying

cooperatives. The teams must 
therefore receive adequate preparation and
 
updating on aspects relating to the establishment and operation of the 
plants.
 

Table 2 summari:es the performance of the plants, differentiating
between the old plants and those established recently. The results 
illustrate the better overall pertormance of the those plants that are 
operating for the second or third year. It is also worth noting that 
the new plants established this Year hv IPCORA operated as efficiently 
as the older DRI-estabI ished plants and a greater proportion of the 
cassava processed by thes;e plants was supplied by members. It appears
that two fundamental aspects , land ava:i lbilitv and cassava production
credit, are not 1 mi ting factors for these leneficiaries of the
Colombian I and Refor: A'rpgtram, whereas this is not the case for those 
farmers organized through the DRI program. 

A number 
of new bore rs hare entered the market for dry cassava
 
chips and the product is 
now being used in all the principal animal feed 
concentrate manufacturing centers (Table 3) . The need to despatch and 
transport large quantities of dry cassava over long distances has posed

problems for the drying cooperatives and initiatives will have to be 
taken to improve the organization 
of this area of the marketing
 
operation.
 

Cooperation among the members of the 20 cooperatives has increased
 
the most importat being the joint negotiaticn, by an elected committee
 
of representatives from each department, to fix quotas and prices for 
the sale of the dry cassava produced during the year. On the June 2,
1985, the Colombian Government officially recognized the 
formation of a

Cassava Crowers' Federation whose aim is to further and to protect the 
interests of farmers
the involved in the processing of cassava for
 
animal feed.
 

The DRI program is maintaining its support for the cassava drying
project and a further 14 plants are under construction. INCORA is

financing" the establi hment of two new plants. Outside the Atlantic 
Coast region there are four cassava natural drying plants 
in the
 
Department of Santander de 
 Sur and two are projected to be built in the
 
Department of Antioquia.
 

A mailed questionaire that was completed by the end of 1984 
established that the demand for dried cassava in Colombia is excellent.
 
The animal feed industry has been growing at an annual rate of 8%, but 
the demand for specific animal feed, raw materials, such as sorghum, for
 
which cassava is a substitute, grew at about double this rate. 
 This is
 
because the animal feed industry initially could supply itself largely

with by-products of other agro-industrial processes. By 1984 the
 
Colombian animal feed industry consumed some 750,000 tons per year of 
sorghum valued at 190 million US dollars. Sorghum has almost always
 



TABLE 2. Overall results of the operation of the cassava natural drying plants 1984/85.
 

Total drying Dry cassava Plant Cassava supplied
 
a b
 

Number of area production Conversion utilization by cooperative
 

Drying plant type plants , t members % 

DRI, established 1983 7 8,860 1,762 2.38 66 32
 

DRI, established 1984 10 6,378 634 2.46 34 12
 

INCORA, established 1984 3 3,000 610 2.31 65 47
 

Overall 20 18,238 3,006 2.38 55 31
 

a Conversion: tonnes fresh cassava required to produce I tonne dry cassava chips.
 

b Plant capacity based on 3 batches per week during 20 weeks using fresh cassava chip loading rates of
 

12 kg/m2 .
 

01 



TABLE 3. Destination of dry cassava produced during the 
1984/85 
season on the Atlantic Coast of Colombia,
and distances to animal feed concentrate manufacturing centers.
 

Number of
drying Dry cassava a
Department production Cartagena h d
plants t Barranquilla Medellin
(80-250 km) (60-150 km) B/mangaa
(500 km) (500 km) Bugaaa Palmiradd
(1000 km) (1000 km) Others
 

Cordoba 
 4 442.3 
 20 
 - 19 - 31 26 
 4
 

Sucre 
 7 1,617.0 43 
 16 ­ 33 7 
 -

Bolivar 2 75.0 100 
 _ 
 _ 
 _
 

Atlantico 3 
 190.7 42 
 58 
 _
 

Magdalena 3 
 635.8 
 29 
 63 
 8 ­ -

Cesar 
 1 45.2 ­ 100 ­ - -

Total 20 
 3,006.0 38 
 16 12 3 
 23 8 
 1
 

a Purina Coloirbiana, S. A.
 

b Acondesa and Nutridfaz
 

c Solla, S. A. and Fedegan
 

d Villa Lismori.
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been in short supply over the last decade and imports have risen to an
 
average volume of 60 to 100,000 tons per year.
 

Increased availability of cassava raw material would further 
stimulate development of the industry and consequently the industry's 
interest in dried cassava as a calorie source is considerable. At 78% 
of the price of sorghum (which more or less reflects the nutritive 
value of dried cassava versus sorghum) a yearly demand of some 140,000 
tons was estimated. This demand is very price sensitive. For every one 
percent price change, the demand would change by more thao four percent 
in the opposite direction. As can be appreciated in 'Fable 4, demand is 
proportionally greatest for elaboration of pig and cattle compound 
feeds. These are the high growth products of the animal feed industry 
at present. It can be concluded that the dried cassava demand will grow 
at a higher percentage rate than that of the animal feed industry. This 
is even more true if we consider that many Col.-mbian animal feed 
producers are not familiar with dried cassava at present. Inclusion 
rates in the mixtures are presently below 20%, while in Europe's 
compound feed industry, 30% is a normal value. Mhen familiarized with 
the product , Colombian animal feed producers could start including 
higher percentages of dried cassava. 

By 1990, an aggregate dried cassava demand of at least 200,000 tons 
is estimated. This would need additional fresh cassava production of 
about 500,000 tons or, at present yield levels, 50,000 to 60,000
 
hectares. This implies that the use of cassava as an animal feed will 
increase total demand for cassava by more than 30% in five years. 

The increased demand for cassava has lend to requests for new 
technology to improve production technology by the "campesinos" (small 
farmers) who previously only requested assistance in marketing and price 
stabilization. This new demand for technology has lead to 
 a 
strengthening of the national research program on cassava of ICA, which 
is now concentrating its efforts on the Colombian North Coast. CIAT is 
assistirg this renewed research effort through training and the setting 
up of a series of joint trials on technology validation in the region.
 

Ecuador
 
During the decade of the 70's there was close collaboration between 

CIAT and INIAP (Instituto Nacional de Investigaciones Agropecuarias) on 
testing of cassava varieties and agronomic practices. In i981, INIAP 
commissioned a study by CIAT on the future needs for cassava research in 
Ecuador. Ln the subsequent report it wa stated that "In the absence of 
a plan for integrated production, processing and marketing there will 
not be sufficient stimulus to the farmer and as a consequence the
 
production of cassava as an alternative source of energy will progress
 
little or remain static" and furthermore "In order to reach the goal of
 
an integrated industry, cooperation is required between various groups
 
of the public sector, associations, private companies and farmers".
 

In the interim between 1981 and 1985 conditions for increasing
 
cassava production were not, in economic terms, particularly favorable.
 
However, the recent 
change of policies resulting in reduced subsidies to
 
competing products has made the increased use of cassava an attractive
 



proposition. The moment 
appeared propitious to utilize experience

gained in Colombia in mounting a cassava drying industry in Ecuador. 

The CIAT Cassava Program and Colombia's integrated Rural 
Development (DRI) office have prc-goted solar (rying of cassava on the 
North Coast of Colombia since 1980. Each plant is operated by an 
association or cooperative of SPTa I]-scale farmers (campesinos ), and so 
far none have failed. Producti on I is t venr reached '3,300 tons of dry 
cassava with complete market a cceptance. 

The (Cn omb ian experien cc s1hcws, that promot ing the technology
through aN int:eg r od rura 1 deve Iopment (IR F) project and an
in t ern "Iit ion 2 I rent er ct I . A assava chipper costs on lV US$800,
and a ,camplete -sava-dryin, plant bears a mere lISS 10, 000 turnkey 
price, a real igai tair nora l devel opment plantners given it. impact.
Ilowever, the 1: rdware is s4urrunded rY technical as .sitance, 
agricu L tual lit, rICangetent , economi c research, and other 
peri)heral.I;. 'ecia so! (fF these scrvice.,s and overhead, the total cost of 
promoting the. pkint, is much greater. 

Cos t 11 I I t :educ* i. ! rquie nowC 1me t-,; of .uppor ting and
promoting the plants. Fotr it:- pairt, (IAT -is interested in reducing the 
amount of support n,_eded to repli Iate the Col mb.n success. The issue 
is not Just instituti n.il economa; henefiting a la rger number of small 
farmers will also requinre ner instittit inal arrangements. 

The CTAT-DRI e:-perience in Colombla and the institutional need for 
new successes suggested a trial in Ecuador: (1) co see if inexpensive 
direct involvement wou d s rutimu late technol ogy diffusion to another 
country; (2) to see it costs could be reduced; and (3) to see if large
numbers of sma I -sea le produce rs could again be benefitted by
cassava-dry log plants. 

Preparati on started with short vis;its to Ecuador beginning in
 
April, 1985, to contact institutions that might play a role in
 
technology crans-er, to potential
screen production zones on Ecuador's
 
dry coast, and to gather data. The Colombian experience suggested the
 
types of instlitutions that would 
 he needed (i.e. for coordination and 
promotion, credit, organization of associations, socio-economic studies, 
extension, technical assistance, and purchases). There was no prior
commitment to any area or institution; rather, the technology went in 
search of comfortable, cheap lodging. The criteria for selecting areas 
were: (I) drv weather; (2) smnaIlholder cassava production; (3) cassava 
marketing problems; and (4) high small farmiter population. The criteria 
for choosing institutions varied according to the.r potential role: 
incerest in cassava research, prior contact with Smadll-scale producers, 
money for farmer assoc:iations, etc. Tihe head of the CIAT Cassava 
Program visited Ecuador to advance the institutional aspects of the 
activity. Using ground transportation between Cali and Quito and taking
advantage of trips to other parts of latin America, the incremental 
costs for the initial visits were very modest. 

Once Manabi province was chosen for the trial 
on the basis of the
 
initial visits, CIAT and INIAP conducted a "sondeo" or rapid
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reconnaissance of the province. This served to Identify the cassava 
growing areas and to confirm the initial data on the province. The 
sondeo report will be published by INIAP, TICA (Inter-American Institute 
for Cooperation on Agriculture), and CIAT. Mlile still in the field, 
several factors (the raw dato of the survey, the extraordinary 
participation of inst itutions, and the enthusiastic response of small 
farmers to the idea of processing) warranted a decision to begin the 
trial immediately alter .he Portoviejo cassava course scheduled for 
early to mid-October. 

That course Wa one of several t ra Iiing -ess ions (courses, 
lectures, fleld days) Ia which CIAT staff particinated. These were 
opportunities to organize activities, to mobilize institutional support, 
and to fulfilI requests froe organizations that would reciprocate. The 
sessions included tlhe XAC, (Ministerio de Agricul turn v Canader a) and 
IICA course in Quito ill July, the presentation of a minicourse in Manabi 
in July, leadership in the full Octoher course in Portoviejo, a lecture 
at a MAG course in uavas Province concerning post-harvest technology, 
and a lecture at USA ID (['l ted States Agency for In ternat ional 
Development) in Qu ito to All) (Agencv foi- InternationaI Development), 
Peace Corps, t I F nd at l .andC1 rI 

The Port ovi, jo course, wh i h was delayed until October 28 to 30, 
emphiasized lecture.s hv local functionaries, regional. functionaries, and 
a potential buyer on cassav.'a production and demand. 

CIAT brought: in two cas.s;ava chippers to glve a demonstration, and 
four CIAT professionals were inviilcd to give talks. INIAP hosted the 
course, and MA C (Portovie jo and (uavaquil) coordinated it, with 
assistance from CIAT and IiCA. The course did not end with formation of 
a provincial or regional caiFsava comnit tee because of divergent 
interests within the audience, but it legitimized actions concerning 
cassava and so facilitated later work. 

VIile the Portovi ejo course was in progress, CIAT and MAG organized 
two small farmer groups in XA(:/FODERUMA project areas that CIAT had 
visited brief ly during prior trips. The two companies (Jaboncillo and 
Bijahual) unite 25 Ind 15 farmers respectively. The motive for farmers 
to join the groups was economic incentive (cassava marketing problems), 
but a prior relation with a functionary was. essential to forming the 
group, givn initial scepticism. The companies, as associations, are 
independent of the MA(:/F(ODERPMA projects from which they sprang. 

After several more meetings, eachi group agreed to rent a drying 
floor, borrow equipment, and use a CIAT chipp-r to produce 10 tons of 
dry cassava. Both were able to secure short-term loans from the local 
committees of their AG/FODI)ERUMA plojects. 'he members also agreed to 
put up some of the money for working capital, as well as to provide some 
cassava on consignment. The two groups immediately applied to USAID 
(U.S. bilateral assistance) for a loan. AID, which had been kept 
informed of progress, was expecting such applications. They responded 
almost instantaneously with USS5000, thus assuring that the groups would 
be adequately financed. 
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Inter-institutional coordina'tion has been an aim of the trial. One 
of the lessons from Colombia was that inter-institutona] bureaucratic 
committeeq can be effective. in Manabl province, the working group
comprise-, mid-level staff from MAC-central, MA-projects, INIAP, and 
CIAT, with hopes of wider participotion. The group began to meet when 
the p1 ants started product ion and it met ailmost every week until 
production ceased. Pn evaluation meeting is scheduled, and then a 
rece.-s until the coniruction of new drYing. plants. 

The \V offlice of lPortoviejo assigned a staff membor to coordinate 
the cassava trial. lie deal s dir, ctiy with tie produicers' associations, 
as well as w;id other Aunctionarieiz and buyers 

1o teach the grcups how to dry cas sava, CIAT hired a farmer (the 
son of the manaper of: tlie first Colombian plant) to come to Ecuador for 
a month; at the same time, CiAT cancel 1ed a drying ccurse for 
functionaries. This cise of small farmr-to small farmer technology
transfer was ex:tremel.y successful, judged both by the performance of the 
plants and th2 testimonial dinners offered by the associations. 

Various forms of dried cassava have been on the market in limited 
quantities in the Fast few years. These products ranged from the dried 
waste from starch plants and grated and dried cassava produced when 
starch prices were low, to the hand-peeled and dried product used for 
shrimp feeding. The w:aste by-product is of inherently low feed value,
the grated cassava normally of poor quality due to its slow rate of 
drying and the hand peeled product allows little profit margin.
However, knowledge of the fact that unpeeled dry cassava is an 
acceptable animal feed ingredient is crucial to opening 
up new
 
perspectives for cassava marketing.
 

Marketing the cassava was handled by a committee from the plants,

assisted by MAG-Cuayaquil and CIAT. So far, all the 
cassava (50 t) has
 
been sold in Guayaquil, though one goal 
was to sell in Manabi and Quito
 
as well.
 

The social strucrure 
of the market.ng situation is similar to that
 
of Colombia. Upper level bureaucrats, often of higher social status
 
than lower level bureaucrats, have contacts with large-volume buyers.

They use these to promote initial sales and to solve problems, even
 
while 
the project promotes direct contact between associations and
 
buyers for more ordinary transactions. Lower-level bureaucrats 
have
 
working relations with small farmers 
(or, in the Ecuadorian case, with
 
local intermediaries). Direct links 
 between small farmers and
 
upper-level bureaucrats are only occasional, to solve a problem or for
 
cerelronial ends. This structure is found in both Colombia and Ecuador.
 

Even though in 
the first phase of technology transfer institutional
 
costs are likely to exceed benefits to farmers, several factors have
 
kept costs to a minimum. The steps taken were: (1) choosing 
sites
 
where the technology will be spontaneously adopted; (2) working with
 
pre-formed groups or self-formed groups; (3) allowing small farmers
 
rather than professionals to train new groups; 
(4) looking for in-place
 
or underutilized functionaries or others 
to diffuse the technology; (5)
 

http:market.ng
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seeking ways to reduce capital costs (in this case, by using rented 
floors and equipment) ; (6) promoting independent diffusion of technolngy 
(through the courses and the trial) while sti.l skewing it to 
small-scale producers; and (7) mak ing s tuidi es more e fficient y 
conduct ing minimal. studies aimed at monitoring or at specific decisions 
(where to locate plants, how much to pay for cassava, etc.) and by 
integrating investigation -ind extension. 

The trial could not he considered a success if the companies and 
their members did not make money. The final accounting has not been 
done, but in the first three weeks of the trial each plant turned a 
profit of US$30() to IIS$500 after paying for equipment. In that period, 
the two bought over t'S$3000 worth of c iva,- most of which would 
otherwise have been lost. The f i.a] ta]]N )eneficiaries will not be 
ready for some .,,onths, but it wI 1I show substantial beneffits to small 
farmers 

Burea'crats among others also benefited from the trial. Almost all 
of the institutions involved ptLI! l ished reports about the cassava course 
and the tr n I . The functionari,-s in direct con tact with farmers have 
validated toeir y oles, and the government has found a means of making 
small farmers m,,iore productive. Researchers have published findings tlat 
a e usually 1eft in archive, aid they have seen the resea rcli benefit 
the farmilers. 'AT has concluded an activity in accordance with its 
mandate and the bover-; have reaped swme financial reward for dealing 
with the associations. 

It is true that the production trial could have been carried out 
with less social networkin.g. But future promotion of cassava drying, 
particularly if it is to benefit small-scale producers, will require a 
wide variety of actors. Therefore, uniting functionaries and others, 
and planning for their legitimate benefits, are part of the trial.. 

-a;a g a av 
Paraguay has the highest per capita production of cassava in l~atin 

;meric,-. There is a long tradition of producing and eating cassava, 
however, over the vears research and development agencies have tended to 
t-ke the crop for granted. Recently the Secretarfa de Extensi6n 
Agricola (SEA() of the Ministry of Agriculture agreed to collaborate 
with CIAT in the development of a joint cassava project. The project 
proposal was prepared by staff of SEAG and CIAT, presented to IDRC 
(International Development Research Center) from Canada and later 

apuroved.
 

The objective of the project is to improve the available technology
 
for cassava production in Paraguay through a series of trials done in
 
collaboration with farmers.
 

The project is divided into four phases: identification of limiting
 
factors; design of improved technology; field testing; and finally
 
massive diffusion of the technology. The first phase is already
 
underway and a preliminary characterization of production zones and
 
systems was made by SEAG/CIAT.
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Panama 
IDIAP (Instituto de Investigaciones Agropecuarias de Panama) and 

CIAT have an agreement for technical cooperation and work closely with 
each other. Much of the work is financed by USAID. The overall 
objective of the project is to improve the welfare of the farmers 
dedicated to cassava through increased production and productivity, and 
better utilization. In order to do this research is being directed 
toward field trials which include factors such as new varieties, 
management practices, production systems and processing. 

Although there is no overall plan for cassava development in the 
country, I DIAP, with the tacit approval of the government, is moving
towards increased use of cassava in animal feed. II)IAP has concentrated 
initial efforts in the plains of Ocu. This area is an important root 
producing region where cassava is grown grown with rice, maize, yam,
taro, chickpea, cowpea and even sugarcane. Cassava occupies about one 
quarter of the cultivated land which in turn is 27% of total area. The 
uncultivated area is dedicated to extensive pasture (approx. 0.5 animal 
units/ha). About thirty per cent of the land is suitable for cropping.
The soils are generally of low p. (i.e. approx. 4.5) with only 30-40% 
base saturation. Fertility levels are medium to 1ow and farmers
 
maintain fertility by rotation with fallow.
 

A survey of- the area shows that 95% of the farmers sell 100% of
 
what they produce in cassava. In other words cassava is a cash crop for
 
them. 
 On the other hand, rice, maize and cowpea are grown for home
 
consumption. About 75% of the cassava is 
 grow-n as a monocrop and the 
remainder -,,ith various intercropping s stems. The cassava, maize, yam
system is very similar to that used in the Colombian North Coast and 
appears to have been taken from Colombia to Panama by migrants who went
 
in search of land to plant rubber.
 

land is normally prepared mechanically; planting material is 
selected but not treated; the principle planting season is in May but 
some farmers planr in August-October so as to harvest when prices are 
highest. Only about 30% of the farmers use fertilizers for cassava;
those that do fertilize apply 50-150 kg/ha immediately after the first 
weeding. Most farmers weed at 30-45 and 75 days after planting with a 
final weeding just before harvest to prevent weeds from seeding. Forty 
percent of te farmers used gramoxone as a weedkiller before
 
fertilizing.
 

Harvest is generally after 12 months, however 
if the price is high

farmers will harvest as early as 8 months. 
 Yields in monocuiture range

from 9-i3.5 t/ha of roots of which about 1.8 t are not of commercial 
size.
 

Production costs are estimated 
at 360 US$/ha. The breakdown is as
 
fol'iows: 0S$ 95 land preparation; US$ 137 labor for planting, weed
 
control etc.; US$ 92 for labour costs of harvesting and US$ 36 for 
inputs such as fertilizers, and herbicides. This gives production costs 
of the order of US$ 30 - 40/t. Allowing for a conversion ratio of 2.6:1
 
fresh to dry cassava and US$ 30/t for cassava processing and transport 
this gives a final cost of about US$ 
110 - 134 per dry ton. As sorghum
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produced locally is selling at US$ 225/t. There is ample margin for
 
dried casssava to enter the market at less than 80% of the sorghum price
 
or US$ 180/t. (The value of 80% allows for the lower protein content of
 
cassava).
 

The possibility of establishing a small scale assava drying
 
industry was further explored by building a small (500 m ) drying patio 
with the necessary chipper, store and other equipment. In 1984,
 
fourteen tons of dried cassava were produced from 36 t of fresh giving 
the very favorable ratio of 2.42:1. In 1985 a total of 65 t dried 
cassava was produced with ratios of 2.26 - 2.52:1. These ratios are 
very favourable and suggest that the economic analysis made above on the
 
assumption of 2.6:1 is on the conservative side. 

In the IDIAP/CTIAT project attention is being paid to the 
development of improved technology. In the early stages of the project 
the local clone 1razilera (which apF ars identical to M Pan 51 Sabanera, 
the most widely grown clone in Mexico) was selected and multiplied from 
virus-free stock obtained from tissue culture. Propagation facilities 
have been established and materials introduced have been multiplied and 
entered into regional trials. One of the lines introduced from CIAT is 
named Dayana and consistently outyields Brasilera. 

Various agronomic trials have also been established in farmers 
fields. Preliminary results confirm that together Karmex and Lazo is an 
excellent herbicide mixture. 

Mexico
 
Since its inception in 1977, the Mexican cassava program has taken
 

great strides forward, however, the development of a new small scale 
agroindustry is still suffering from teething problems. Most of these 
problems are related to marketing and post-harvest handling. There are 
now approximately 2,500 ha of cassava grown in Mexico with the clone M 
Pan 51 which was introduced from CIAT and selected by the Mexican 
research program. Although this variety has good adaptation and 
tolerance to the savannah conditions, it has only moderate yield 
potential, and excessively long roots which make mechanical harvesting 
nearly impossible. Over the past few years there has been very close 
collaboration between the INIA (Instituto Nacional de Investigaciones 
Agricolas) and tihe CIAT program in the search for improved clones to 
replace M Pan 51 or Sabanera as it is named locally. Two new clones 
(CGM1314-1 and SGM714-5) were selected by the Mexican researchers as 
extremely promising and have done very well in advanced yield trials and 
regional trials (e.g. Table 4). Both of these clones were introduced to 
Mexico as sexual seed and the results obtained indicate that the 
strategy of seed rather than in vitro introduction is effective. If 
yields hold up next year, these clones will be good candidates for 
verification trials on farmers' fields and possibly for release soon
 
after. The advantage of their having been derived from seed
 
introductions is that they have already been selected in trials over
 
three years, and thus have an edge over in vitro introduced material
 
passed directly to advanced yield trials.
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TABLE 4. 
Results of yield trials in Tabasco, Mexico, 1985.
 

Clone 
 Mean root yield (t/ha)
 

CGM 1314-1 29 

SGM 726-2 25 

SGM 714-5 25 

CMM 4183-3 24 

CGM 1312-3 23 

Sabanera (M Pan 51) 15 

Trial mean 18 

Source: J. Acosta, INIA
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The overall management of farmers fields in Mexico is good;
 

however, problems have consistentlv occured with control of the hornworm 
(Erinnvs ello). The entomologist of the Mexican program has recently 
returned to Mexico, after a year's research experience at CIAT, to 
implement a biological cutrol program.
 

The 1080 harvest is expected to be 35-40,0)0G t of cassava. The 
total number of drying plants iow been increased from H) to 17 and in 
addition seven new silos for il age prodLction are being constructed. 
Official >e>:,ican agencies are, however, still worried about their 
ab iitv to eiectivelv hap dl the cassava produced and have requested 
help from (1 AT in impreving the technical and organizational aspects of 

the post-harvuvt h:wndlling operation. 

Peru
 

Thiq vn: Peru has shown renewed interest in cassava. The 
potential exists to revolutionize the marketing of cassava produced in 
the Selva and transported to tLe major urban center of Lima. Activities
 

aimed to this goal are described below.
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FRESH CASSAVA STORAGE PILOT PROJECT, BUCARAMANGA, COLOMBIA
 

Background
 
In the rapidly urbanising courtries of Latin 
America, per capita
 

cassava consumption is higher in 
rural than In 
urban areas. Cassava has
 
not made the transition from being a rural staple to an urban 
convenience food. Recent studies show that the primary reason whycassava is ata sadvantage in urban mar oets is the rapid postharvest
deterioratlon, of the roots. This makes the purchase of cassava a 
risky
procedure, ote rIF.-irket inc margins throtigh the high level of losses
incurred, ind rei lIts in an expensive, inconvenient foodstuff of vari­able uIaillity forciiorrbn ee 
 The greater posthiarvest stabl ity of 
potatoes , rice anId other starc, v'tan les tis makes them a more attrac­
t ive n 'onI en t f'n, tul . . 1cm oe 1ow-cost st orage technology in­
crease.; tie nosrlarves:- Ii e . or " d;avs to two or more weeks.This cons s o! : 1 pos tharvest...Ic I do I treatment to prevent microbial
 
rotting, i oval, h) pIck ocI roots into poI vethvlene bags. Many
quest f ns as to the con siu er acceptahi I ity of stored cassava, the
b)ehav fiur o! the rcots under commercial rk.ting conditions and theopt inca 1 st!I rae %' or achieving: c(mrlerc ilization still remain to be an­
swe red . Thes issns can on1y !),., resolved through the executIon of n
pilot pro ect. n such a projoct the success of cassava storage
techro] oit r In (an: emf-Inatin urbin consumers' adverse reactions to 
cassava; I) relducinc, th, iTrket inp margins and hence consumer price of 
cassaa ; a1d a conseq-uence , (c) ultimately,aim, s increasing demand for 
cassava can , ttsted. 

Bucaram'nga1 ',op. 1985: 70(,000), which has small farmer-dominated 
cassava predIct ion, cones supply ing a population with a tradition of 
cassava consumpt ion, was chosen for a pilot project. Figure I shows the 
Iocati of !ucnr:anca and the main production zones in 
the Department
 
of Santander. 

The pilot procct was des i ,ned to: (a) demonstrate the viability of 
the new cassaa cageFva S teclinol 00' unider commercial conoitIons; (b) to
evaluate and moni tor cons urer ai.cceptance of stored cassava; and (c) to

describe quantitativeir tie t r'pact of the new storage technology on to­
tal demand for fresh cassava, 
 on farm-le el and consumer prices and on
 
the structure .) the freshl cassava market.
 

The project ;s divrided into four phases: production, marketing and
consumption surveys; seriesa of on-farm storage trials designed to fa­
miliarize fa-mers wtith and test the technology under local conditions 
with local varieties; commercial marketing of stored cassava; and mea­
surement of the impact of the new cassava technology on prices, demand 
and market structace. 

The project is being implemented 
by the (MAT Cassava Program and

the Integrated Rural Development (DRI) Program of 
the Colombian Ministry
 
of Agriculture.
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Production, Marketing and Consumption Surveys-Bucaramanga.
 
A survey of cassava producers was carried out in four of the five
 

major municipios serving the Bucaramanga market. (San Vicente de
 
Chucuri, Barrancabermeja, Rio Negro, and El Playon). The other municipio
 
(Saravena) could not be included because of guecr:[lla activity in the 
area. The areas vary from relatively high production zones of around 
1300 m on steep slopes to flat or rolling terrain in the Magdalena river
 
valley. Median farm size is relatively large, as a high percentapa of 
farms tend to group in tne 10 to 50 ha. strata ('able 1). Cassava pro­
duction and consumption in Santander Department is a relatively closed 
system, as little cassava is imported or exported and the market for 
cassava Is dominated by fresh urban consumption in Bucaramanga and the 
smaller towns of Socorro and San GJi.
 

Because of the terrain ard poor soils in the region and the rela­
tively large farm size, farms are extensively managed. Production is 
geared toward cattle and cassava (Table 2). The major portion of farm 
land is devoted to pasture and fallow, with the relatively small area 
that is cultivated being devoted to cassava production systems. There 
is some variation in area planted to cassava be tween the four 
municipios. The two farthest frrm lli :ramanga (fharrancahermeja and El. 
Playon) sow smaller areas of less than 3 ha in cassava while the farmers 
in the municipi-o closest to the cit, plant a significantly larger area 
to casssava, on average over 0 ha. rn terms of land the potential for 
expanding cassava production i 5 signi! i cant. 

Cassava production systems In turn are relatively extensive (Table 
3) . Land Is prepared mannaTu I I ,, primn-rilv because of the sloping 
terrain Only in Barrancahermeja is there an%, land preparation with 
tractors. Nevertheless, aor ti lirit ion 4n cas:nva production -s low, 
rarely averaging over SO mandas per hec tare. ('assava is either sown in 
monocuIture or in association with mIiiai e. No purchased inputs are used. 
Poor soils together with relativel excensivt production systems result 
in low "ieldls. 

)nnti,- isfln-fa-- cw n high, as cassava is the dominant subsistence 
crop in San tander. In the municipios farthest from hucaramanga, i.e. El 

~aven and Larra':ahcrme ja , cassava is grown principallv for on-farm 
con.sumption nithese areas onLy a quarter to a third of the cassava is 
marketed. (n the other hand, in the other two municipios which are 
closer to the citv, cassava is grown principally for sale, as about 
three-quart-ers of the crop is marketed. Marketed cassava goes either to 
Bucaramanga or the l)cal town. The small towns tend to draw cassava 
only from the production area of their own municipalities. 

Farmer marl:eting is based on bagged cassava. Few farmers sell 
cassava unharvested in the let. Tis, in part, reflects the pro'ximity 
of the marklet and the ready suppl': of cassava. Sales are characterized 
by relatively smal lo si;ie (Table !4) and these vary by market access. 
Where the municipality is farthest from the major market (El Playon and 
Barrancabermela) farmers attempt to arrange the sales before harvest­
ing. Farmers in these zones have few options ar.d they reduce the risk 
inherent in restricted market access through prior arrangement with as­
sembly agents. El Playon has probably the most severe marketing 
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problems as reflected in low volumes sold and low prices. Holding 
distance to market constant (Table 5), those farmers who can arrange a 
sale prior to harvest usually sell more and at a higher price, as is 
especiallv obvious in lBarrancahermeja. Finallv, where there is very
good market access, such as in Rio Negro, farmers market the cassava 
themselves, e'en in Bucaramanga. 

Where cassava farmers have good c-rket access, they tend to take 
over more markeing tunctions, thereh. re ucing the number of middlemen. 
The introductior of cassa va stora ge technology should ,-educe marketing 
risk and improyv market ircces., f'armers in t I Pl avon are most in need 
of such a techn ov 'Vever, lio0 if introduction of the technology 
requ tres a rme r s to i110 ' kel l' f inc t i ons, ulp tomarket i ng even 

-whol esal ig inct ioo, t hen farmr in kio Negro ire in a better 
positi[on t:o do so. lioIesa I o t lagged cassava by farmers, will 
require a cont nuous Tpp Iv and ti i is 1I!ni ted by current p ant lag and 
narvast patterns (I i. iii . Jt.wevem, there are no major restrictions 
on p a tin g and 1n ve,; t i or ca Vsavctyear round , apart i rom abor 
shortages dur Ig t(I- ee a;1rv.est , dll no re s cticti n.,s on land 
availabi I i tv. As tL iro ject Moves to the comiiercial ph.ipse, decisions 
wil I have to ie made on area sclect ion, ,'hether farniers ass(ume l _oleial­
iog 1noct is, and wliat clanges are required in cssava! production sys­
tents. 

The mar;et ng and onsirpt ion of cao:a was c ompared with that of
 
potat oes in liowever ere a number of differences
Hcaramanga. there 
betweer the two products, iiich can he at least partIv explained by the 
better s.torninl qualitV o tie potato. (Fi gure I shows the str.icture of 
the general market iog system For iloth crops inl i;ucaramanga) All 
cassava arl Lves at one who Ie sale iarke t San Franc isco) . Each
 
wholesaler 1,ivs an averace -,- i sacks (I sack 6 2 lRg) each week. 
Potatoes arrive at a di. -ferent marketplace, Mid each wholesaler buys 450 
bu I tos /wee k . The links between the w,,holesalers and their clients are 
much stroner for potatoe,- than for cassava ; potato whol e!salers give
cred it:, arrange sa l es in advance and, if a sack turns out to be of bad
 
quality, will replace it. This never happens with cassava.
 

letali, ems eX:*lSt in the four large rnnunicipal marets, the ten small­
er , eI;)o igh;ourhood markets and in numerous ne ighbourhood shops.
Potato re iIIers in the municipal markets are specialized , of ten sell ing 
no other produce , whereas cassava is often found among vegetables: this 
explains the higher potato volumes traded per rtal 1er (Table 6).
Cassava volumes sold in local shops are very small, perhaps because of 
the risk involved in selling thit. perishable crop. I'he retailc's in tAhe 
municipal markets buy cassava and potatoes everyday, many ree fing 
credit. in the neighbourhood markets ani n shops, bowever, retailers 
almost never receive credi.t but most supply it to their c{entos. These 
retailers buy cassava daily, and notatoes only, once or twice a week. 

The 86 c)nsumer; cad their famil ies) interviewed in this survey, 
consumed 46 kg of cassava and 79 kg of potato per capita per year. Con­
sumers buy both potato and cassava on average four times a week, but eat 
potatoes everyday and cassava only five days a week, because of the 
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rapid cassava deterioration which prohibits storage at home from one day 
to 	the next.
 

Consumer attitudes to cassava clearlv show the efiects of deterio­
ration (Table 7). Cassava in seen as beuin, a risky, variable quality 
product wlich cannot be stored. How ever, it is iked, c onisidered neces­
sary in meals and is easy to prepare. The d I advrnntages compared with 
potatoes (those related t:o storage, combined with a less favored nutri­
tionaI qual ity) accoint for the lower cassava consumption. Factor anal­
vsis ((1AT Cassava Annual Report, I1)84) showed that a solution to the 
deterioration and storao problems of cassava would result in at least a 
15-25' increase in cassava consumption in Biucaramanga. 

Tho p,,r,'a',e of scoraile onssavn in pnlvethyl.no bags has several 
possible ad,,ntance for c'nsumers, %cluding lower risk nf deterioration 
loss, improved rOot qualO it': an(d a lower price. Present shopping habits 
will influence consumer acceptance of this new technolory, the necessity 
for frequent purchases heiv., removed. ('rpared witL other Colombian 
cities. Bucarrmnnga Eas a ]a"e rumbor o" marLet:s. 'en in the remotest 
neighborhoods 0' of- ppope nhon {inruarlnt a imrl:et. But there are 

bt'oon J,'' per-centag(e market shoppersdifferences o nihbm e in t!", 
and also in the "requtnc of visits rc markets. Tlose living far away 
will onlv ,isi- a malet once n wu : those Il'ivi closer may go daily. 
This is related to the freqron,' o! cassin purchase, since 78% of 
people buy cassava at markets IW in neighborhood shops; 3% in 
supermarkets).* in Penerri, co numers - 1 not change their shopping 
frequencv just for cassava, and thos, :v, visit dal 1v mav not need the 
advantages of storable cassava. otntoprs, storable at bome for I week 
or more, were nevertheless purchased drill ih\' 4(l; of the people 
quest ined. ine addi it tonal reason behid th I s is that many people do 

tnot have enough money to buy food for : wep at a time: in the five 
poorest neighborhoods sampled, 49 -60)/' oF ibeopie named th is as the major 
reason for frequent shoppi ng. Such consumers mar, however, ibuy r torable 
cassava if the price is lower, and the qali. ty is more reliable. 

Regression analvsis; demonstrated that the differences in consump­
tion between nei ghhorloods (Table 8) can 1argo1v be explained by the 
ease or difficulty of market access, by whether the household owns a 
refrigerator and by whether the person who does the shopping in each 
household is empl ,oed(lable 9). Poor market access decreases cassava 
consumption by IS kg/capita/rear. This is directly related to the 
difficutly of at-home storage of cassava, since people from 
neighborhoods with poor market access shop less frequently than those 
with good access. Ownership of a refrigerator increases consumption by 
7.8 kg/capita/Vear, obviously due to the better storage possibilities. 
Where the principal shopper of a family also works, consumption is 
decreased by 6.8 kg/capita/year, again reflecting the effects of cassava 
deterioration on people who shop less frequently. None of these factors 
were significant in the case of potatoes. Income level did not affect 
consumption level of either crop. 

* 	 Survey data based on 400 questionaires equally divided between 10 

neighbourhoods. 

http:pnlvethyl.no
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Half (48%) of consumers reported that the cassava they buy 
some­
times deteriorates before they prepare it. This is especlally true for 
people who bu , cassava from local neighbourhood shops, where quality is 
poorer (roots are less fresh). These consumers will directl\ benefit 
from storable cassava.
 

Although 807 of hou: eholds interviewed own a refrigerator, many do 
not us e it for s toring cassava (Table 10) because of the large
quati t e involved or because of adverse root quality chang,,os, "spe­
cialiv related to texture, during storage of peeled root sections in the 
freezer. This latter method is the only one which serves for more than 
I week: outs fdc. a refrigerator, storage times are limited to ? 'ys.I 
Although cassavaq bags bein can stored for two weeks, consumers may not 
require a 1onger period than one week, since this is the minimum shop­
ping frequencv encountered.
 

Consumers were forasked their opinion on this new, storable 
cassava (although kithout having seen or experienced it). 54% thought
it was; a ood idea; Q7 had no opinion yet and 27% responded
utnfavounrabv for -i variety of reasons (e.g. possible taste changes, pre­
fer to ;elect roots individuallv or a negative reaction to the chemical 
nature Wo. the root- treatment involved in storage). These factors were 
all takeni into account when designing the consumer taste panels for 
stored -asemai:i.,Ioemers of this panel were selected from interested 
respondent; tro this ,,rvev. Some 85" of the 400 people interviewed were
 
will ing to test stored rassava. 

Storae Experiments in Santander 
A series of storage experiments was set up in San Vicente, the main 

cassava producing region of tho Santander Department using cassava roots 
obtained from small farmers. Three experiments were c')mpleted in this 
zone, each one using a different local variety. 

The re-ul ts of the on-farm storage were positive (Table 11) with 
losses on the IO0-point evaluation scale for total deterioration (phys­
iological. plus microbial.) being below !2, 19 and 6 after 
 two weeks in
 
experiments I, 2 and 2 respectively. Only in e.periment I was any phys­
iological deterioration 
 present, and this never exceeded 3.5%. 5 kg
bags tended to have higher microbial deterioration ratings than I kg
bags. Some varietal differences were apparent, with the local variety
used in experiment 3 (Venezolana), having less mechanically damaged 
roots than the ocher tuo varieties (because of root shape) and thus,
having lower losses due to microbial rotting. Roots were cooked and 
evaluated by farmers after storage. They were uniformly acnepted, even 
in the second week of storage, and substantial farmer interest in the 
storage technology was shown. 

Due to an overnight stop at Socorro where low temperAtures disrupt­
ed the root curing process, cassava transported directly to San Gil 
showed higher losses on the total deterioration evaluation scale. (Table
!2). Losses after 5 and 9 days of storage were higher than those 
normally found because internal rotting hacd developed from the uncured 
damaged areas: Mertect, being a superficial treatment, does not offer 
protection against internal rotting. Losses of 30 and 27 on the total 
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deterioration scale in experiments 1 and 2, respectively after nine days
 
storage were thus too high to be commercially acceptable. Nevertheless,
 
the cassava in good condition was cooked and consumed and rated 
 beingas 
of high quality with no sweet taste discernable (see Utilization 
Section). 

The quality analyses performed on samples sent by air to CIAT 
showed (Table 13) that during the two week storage period there were no 
noticeable changes in root dry matter content, regardless of the method 
of analysis, but that starch content decreased between ,weks 1 and 2 and 
that both reducing and total sugar contents ucreased. loweve,', these 
changes were not, apparently, enough to affect the organoleptic quality 
of the roots as consumed by the farmers. 

A further series of storage trials was carried out in August 1985, 
with the aim of field-testing the aspersion method of Mertect applica­
tion, and of obtaining some details of the extra labor reqnirements and 
costs invol ved in the storage operations. Of the three experiments re­
ported, two were carried out in the vicinity of 1arrancabermeja and one 
in Fl 1)lavon (Table 14). There were ,arge d iffe-ence: in the amount of 
cassava harvested. and treated per persoi, In each of these trials , d. , to 

,the re]ative ease oi difficl tv of harvesting (soi characteristics, 
etc,) and productivitty differerces of the harvesters. For this reason, 
it is d ifficul t to conclude frow this data whether immersion or 
aspersion treatments w.,ere mot Iabor or cost efficient: the relative 
novelty of the treatment operations would aiso have reduced 
productivity. As these trial:, progress, an increase in productivity of 
the treatment operations wiTl, therefore, he expectr ' With the 
fungicide cost at Col..$4,000 Pesos per 1itre and the po thyIene bags 
at (Col.$1.21 Pesos/kg roots (purchased locally), the aspersion treatment 
was the cheaper alternative, because of the lower fu'rgicide costs: an 
average of Col $ 2.9 Pesos (USSO.018) per kg of- roots for treatment, 
labor and polyethylene bags, compared with Col.$4,3 Peso.-; (US$0.029) per 
kg for the immersion method. In these three trials an average of 77% of 
roots harvested were suitable for storage, a further 14/ were not of a 
commercial size, and the rerainder (9X), consisted of roots of 
commercial size but unsuitable for storage either heciuse of excessive 
mechanical damage or their large si-:. 

In two of the experiments, the results were e:xcellent, with minimal 
losses due to either physioiogical or microblal deterioration, although 
some external microbial growth was evident. in the third experiment 
however, losses were higher than usual., due to substantial microbial 
deterioration. This was a con ;equence of two factors: storage in an 
enclosed room where temneratures exceeded /40'C within the microclimate 
of the bags, and the presfnce of rats which opened and contaminated 
several bags.
 

Consumer panel testin of stored cassava in IBucaramanga 
A consumer taste panel was c3et up in Bucaramanga to (a) determine 

consumer quality preferences fo,: cassava in Bucaramanga; (b) to evaluate
 
quality changes occurring during storage; (c) to evluate the relative
 
importance of the various advantages and disadvantages of the cassava
 
storage technology; and (d) to estimate possible consumption changes
 

http:Col.$1.21
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which could occur following the commercial introduction of storage tech­
nology.
 

Table 15 shows tie basic characteristics of the five neighborhoods 
included in the panel. 

Consumers had to discard some of the fresh root sample only In La 
Joya, due ma in1 v to "virula" disease (pre-harvest root rot) (Table 6)
After one week, loS' es were below 1)% in all barrios, and after two 
weeks were acceptably 'ow in all but one barrio (El Bosque/Campestre) 
where , again , internal pre-harvest root rots caused Ins .es These 
losses are probab1v hgl er than would 1,e experienced in pa(' tic e, sice 
consumers could inlyv open bags aft-er I and 2 wreek ; of storatge: _n 
normia l ise, rnors Vould he consumed ,noe frequently and if problems with 
rots arose, the wi:1:,ava be more instead left toi.,ould enter quicl,1v of 
waste I gene -a this cassava cnred weII with damaged areas of the 
roots no1 
 p rod tic' in u either interna phvs m,,ag iCal or nicrobial 

cete rioriii a'n 

The 1-tppea raice t wIo e rin and roots was as goode stored judged 
on a four-point evaI Unation sca 1e and cooking times were sI i gl t Iv better 
for stored than Fres-,h roo Es (Ta 1e 17). Dur ng storage sonie call us or 
even rootlets may , on e'xterior, but this was not asdeve.ap the root seen 

being disadvnntageous,; in i enera, so long as internal root quial ity was
 
maintained.
 

lPfe o[led taste and texture evainat ions of the fresh roots showed 
that they wre of good quality , with a floury, soft texture and no bit­
ter, tweet or deteriorated ("off") taste. A few roots were glassy in 
texture (hard, uneacabe) but this variation in root quality is commonly 
found in fresh roots. Poots were similarly evaluated after I and 2 
weeks of storage, as having a floury, soft tex:ture. A slightly greater 
number of "glassy" roots were found, but this could be due more to sam­
ple variation than nv quality changes on storage. Nost encouragingly, 
no changes in root flavor occurred. The eating qual ity of both fresh 
and stored rcots was thus assessed as good bv these consumers: there 
were no signif icant differences between fresh and stored roots. 

liouueiv; es were asked after experiencing both one and two week­
stored cassava, if they would buy cassa-.a in bags if they were available 
In the market place (Table 18). After one week, 68"' replied positively. 
Aft-r two weeks, 93% were positive if the cassava in bags were sold at 
the same price as normal, fresh cassava; a similar percentage if rassava 
in bags was Col.$5 Pesos per pound cheaper; and 87% if cassava in bags 
was Col.$5 Pesos per pound more expensive than normal cassava. This 
demonstrates that consumers were deflinately impressed by the results of 
cassava storage. Questions were asked on tihe relative importance of 
several advantages and disadvantages of storage (Figures 4 and 5). The 
most important advantages were: (i) that cassava can be stored for two 
weeks: (ii) that purchases can be less frequent and (iii) that the 
cassava is selected. This last point is very important, since a 
disadvantage of selling cassava in bags is that consumers cannot select 
each root individually as at present. They, therefore, have to be 
assured that only high-quality cassava is packed into the bags. The two
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disadvantages of selling cassava In bags which were most important were: 
(I) that cassava qual it" could not be examined, and: (ii ) that roots 
were treated with a chemical. Nelit:her of these were rnted as being much 
more than of little importance bv consm.'er. The necessity of removing 
consumer doubt s about the Cafetv of he thihbendaz Ie treatment is 
c lear. 

Con,;ume!rs were a, ked bow much more cassava they would eat if it 
were ava1la ble or purclase in hags (Table 19)). In general, consumption 
wou Ild inc rease A 1i, ?; i f cassa- , in bags were the same 
price. Col .15 'esos per pound cheaper or AoZ5 Pesos per pound more 
e.pensive t-ha n 'crmNI toose cassava, reqpect ie , . Pi l-erences between 
ni eghbroody were large, however: the two n, ighhohoods hav ing the 
largest inc-en:, (30 , AM were Nac, f i e lowest soc io-economic 
stratum and thl oi miket ,Aces. 'n demr onstrates hat cassava 
5 !:ora ge co u!d directly hoopi t he t nedy tairiba, poor. IThie lowest 
Co Iis un p t i oI 1. ( Ic-e I--e s ''' (,oncordIi ; Iid 1

,a I ova barrios . 
(oncordia hasa munic ' p '.ib. t hin the ne i ;hiol', bood, making daily 
cassava p mrchao'e en-; ' d ka .Joya 1 1e on :N bu,. route to the cheapest, 
central mar.Voi cc rlo in ich Le.; neighborhoods, the 
majority ' - ,'o- < .111 Hdpeespect ,'iv), would prefer to 
turcI,i:.-1' :vI' f -,,I a TIaia v s'ls ho.ve tIiat tIe factors 

a( ,, rator ill tilenf marer n r-fr cwtpr.hfpet and e l11) 1(v 0of1 
louseo Id sl"Ime r "5.p !un.er spi fiant in these consumption 
I igue, 1 .c . s t(o 0 n F rn sav roiloves the constraits oI consumiption 
operain i Present,10 t 

thr tihe'e ihood: 
sample oi (a7sq,., :in nags was -ilso gO.ven t o total of .20 small shop 
keepers, and iA Co'cordia to Five market stal h olders selling cassava. 

In r of r Wi ol (la loy;, Miraflores, Villa Rosa) a 

Total storage losses were 4- after one wee., both root appecrance and 
eatin qualt were rated as good ('. :and 2.1 af!. r one week's 
storage, on ) -;ale). Some 21 of these 25 retailers were :Aterested in 
selling ca sowa 1n bags , ', did not know and I replied negative]v (he 
does not sell ,rasova now either). The five retailers who do not 
presentlv sel l casq oya said the main reason for this was lack of time to 
visit tile market place evervdav to buy the product: four" of them would 
sell cassava in bags. 

If the consumer panel studie- finish with positive results, as ex­
pected, this project will proceed to trial conmercial marketing of 
stored cassava in 1986. 



TABLE 1. Department of Santander, Colombia: 
 farm size distribution by municipio, 1971.
 

San Vicente de Chucuri Rio Negro - El Playon Barrancabermeja
 

Strata 
 No. farms % 
 No. farms 
 % No. farms %
 
(ha)
 

0 - 0.9 129 3.8 60 2.0 226 23.0 

1.0 - 2.9 291 8.8 386 12.0 202 20.0 

3.0 - 4.9 300 9.1 336 10.0 76 8.0 

5.0 - 9.9 521 15.7 534 16.0 72 7.0 

10.0 - 49.9 1417 42.8 1307 40.0 200 20.0 

50.0 - 99.9 396 11.9 373 11.0 102 10.0 

100.0 - 499.9 231 7.0 270 8.0 88 9.0 

500.0 - 999.9 19 0.6 28 0.9 15 2.0 

More than 1000 10 0.3 4 0.1 12 i.0 

Source: 
 DANE (Departamento Administrativo Nacional de Estadistlca), 
Censo Agropecuario, 1971.
 



TABLE 2. Department of Santander, Colombia: characteristics of farms producing cassava, 1985.
 

Characteristic 


Land use (ha):
 

Area in cassava 


Area in other crops 


Area in pasture 


Area in fallow 


Area not utilizable 


Total farm size 


Livestock:
 

% farms having cattle 


Cattle per producing farm 


% Farms having pigs 


Pigs per producing farm 


Land tenure:
 

% Farms with secure tenure 


% Farms with insecure tenure 


N 


San Vicente
 
de Chucuri 


3.1 

0 


18.5 


16.3 


4.3 


42.2 


60 


17 


73 


5 


76 


24 


120 


Barrancabermeja 


1.7 


0.1 


12.2 


4.6 


2.4 


21.0 


83 


21 


94 


7 


89 


11 


54 


El Playor Rio Negro
 

2.7 9-5
 

0.5 0.8
 

3.2 12.1
 

17.3 23.0
 

0.2 6.0
 

23.9 51.4
 

60 68
 

6 17
 

58 55
 

2 3
 

78 78
 

22 22
 

60 62
 



TABLE 3. 	Department of Santander, Colombia: 


on-farm consumption, 1985.
 

Characteristic 


Cassava yield (t/ha) 


Method of land preparation:
 
Manual (% of farms) 


Tractor (% of farms) 


Labor input in cassava (m.d./ha) 


Daily wage (Col$/m.d.) 


Cassava varieties cultivated: 


On-farm subsistance consumption (kg/day):
 
Per capita 

Total 


On-farm animal feeding (kg/day) 


N 


Characteristics of 
cassava production systems and
 

San Vicente
 
de Chucari Barrancabermeja El Playon Rio Negro
 

6.9 	 5.1 3.4 
 3.9
 

100 
 87 100 100
 
- 13
 

65.7 
 54.8 81.6 79.7
 

423 
 390 	 370 395
 

Moradilla 
 Moradilla 
 Varita Coralita
 
Torrana 
 Criolla Moradilla Criolla
 

Mona Blanca Mona Blanca Botona 
 Moradilla
 

1.6 
 1.0 	 1.6 1.8
 
9.6 
 7.7 
 9.6 14.6
 

5.1 
 9.5 
 6.6 12.0
 

120 
 54 
 60 62
 



Table 4. Department of Santander, Colombia: 
 Farmer marketing of cassava, 1985.
 

Characteristic 


% of production that is marketed 


Average volume per sale (kg) 


Average price at last sale 
(Col $/kg) 


Market destination (%):

Bucaramanga 

Municipal 

Other 


Root selection criteria (% farmers):

Skin color 

Starch content 

Root size 

Variety 


Arrange sale prior to harvest (%) 

N 


San Vicente
 
de Chucuri 


75 


875 


11.6 


47 

37 

16 


0 

0 


i00 

34 


120 


Barrancabermeja Playon 
 Rio Negro
 

27 35 
 73
 

1155 190 
 500
 

8.3 5.8 
 11.4
 

46 75 81
 
50 25 
 19
 
4 ­ -


2 100 60
 
23 100 5
 
98 100 92
 
42 100 5
 

49 100 0
 

54 60 
 62
 



TABLE 5. Department of Santander, Colanbia: Sales volunt and price, by place and prior arrangement of harvest, 1985. 

San Vicente de Chuc-uri Barrancabernja El Playon Rio Negro 

Prior No prior prior No prior prior No prior prior No prior
Place of sale arrangement arrangmrent arrangement arrangenent arrangement arranpegnt arrangement arrangenent 

Volume Aold per sale (kg) 

Farm 
 -
 815 1145 665 
 190
 

Roadside 2190 830 
 1250 990 200 -

Local market . 
530 

City market -U- 1500 520 525 

Price received (Col $/kg) 

Farm - 13.6 10.2 6.8 7.2 -

Roadside 12.4 11.6 9.2 5.6 5.7 _ 

Local market - - - -.. 8.2 

City market - 9.3 8.2 12.1 
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TABLE 6. 	Quantity (kg) of 
cassava and potavo sold per week by retailers
 
in Bucaramanga.
 

Cassava Potatoes
 

Municipal market 
 644 1,744
 
Neighbourhood market 250 
 256
 
Shops 162 
 256
 

TABLE 7. 	Consumer attitud2s to cassava and other starchy foodstuffs
 
in Bucaramanga (% of respondants agreeing with statement).
 

Statement 
 Cassava Potato Rice Plantain
 

This product cannot be -tored well 88 35 2 19
 

The quality of this product is very
 

variable 
 92 84 38 56
 

Purchasing this product is always
 

risky because of its quality 90 69 1 8
 

This product i:3 easy to prepare 100 100 99 99
 

This product is necessary in our
 

meals 
 80 93 93 91
 

This product is very tasty 78 91 87 93
 

This product is purchased the day
 

of consumption 59 48
51 	 50
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TABLE 8. Differences in cassava consumption per neighborhood in
 
Bucaramanga.
 

Socio-economic Access to Number of Cassava purchase Average cassava 
stratum market neighborhoods frequency consumption 

(times/week) (kg/capita/year) 

low good 1 5.3 57 

low bad 1 3.1 39 

low-middle bad 3 3.1 36 

middle good 3 3.8 41 

middle-high faira 2 1.4 27 

a Far from market, but own cars. 
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TABLE 9. Factors affecting cassava consumption in Bucaramanga
 
(regression analysis).
 

Consumption change 
Factor due to factor 

(kg/capita/y:;ear) 

Market access bad (no nearby market) - 18 ** 

Market access fair (market in nearby neighborhood) - 10 * 

Market access good (small market in neighborhood) - 6 

Market access excellent (large, central 

market in neighborhood) 0 

Ownership of refrigerator + 8* 

Shopper of household employed - 7 * 

Significance of results: ** = 1% ; * = 5%. 

TABLE 10. 	 Cassava storage methods currently used by consumers in
 
Bucaramanga.
 

Refrigerator 	 33%
 

Freezer 15%
 

Under water 8%
 

Buried 1%
 

Do not store roots 43%
 



Table 11. Results of threee cassava 
storage experiments carried out 
in the region of San
Vicente-Barrancabermeja, Sandander. 
 Results are expressed on the standard deterioration
 
evaluation 
(0-100) scale (CIAT Cassava Program Annual Report, 1983).
 

Storage External Internal 

Experiment 
time 
(weeks) 

Bag size 
(kg) 

microbial 
growth (A) 

microbial 
rotting (B) 

1 1 5 8.6 7.9 
1 1 1 0.6 2.1 

1 2 5 16.5 9.6 
1 2 1 4.7 0.4 

2 1 5 9.2 8.7 
2 1 1 2.0 9.6 

2 2 5 20.3 18.6 
2 2 1 2.5 8.4 

3 1 5 0.9 0.9 
3 1 1 0.5 0.0 

3 2 5 3.3 5.9 
3 2 1 1.3 0.4 

Internal 

physiological 


deterioration (C) 


0.8 

1.5 


2.5 

3.5 


0.0 

0.0 


0.0 

0.0 


0.0 

0.0 


0.0 

0.0 


Total
 
deterioration
 

(BfC)
 

8.7
 
3.6
 

12.1
 
3.9
 

8.7
 
9.6
 

18.6
 
8.4
 

0.9
 
0.0
 

5.9
 
0.4
 



TABLE 12. 	 Results of cassava root storage experiments, after transport through a cold climate
 
region to San Gil for subsequent storage. Results are expressed on the standard
 
deterioration evaluation scale (0-100) (CIAT Cassava Program Annual Report, 1983)
 

Experiment Storage time External Internal Internal Total
 
(days) microbial microbial physiological deterioration
 

growth (A) deterioration (B) deteriorarion (C) (B+C)
 

1 	 3 1.0 2.2 4.2 6.4
 

1 5 10.5 23.2 14.5 37.7 

1 9 22.5 16.4 13.8 30.2 

2 3 0.9 7.2 1.5 8.7
 

2 5 11.1 19.9 0.5 20.4
 

2 9 20.8 26.0 
 1.0 	 27.0
 



TABLE 13. 
 Results of quality analyses of cassava roots from the three storage experiments in San
 
Vicente, Department of Santander.
 

Initial sample

Expt.1 

Expt.2 

Expt.3 


One 	week storage
 

Expt.1 

Expt.2 

Expt.3 


Two 	week storage

Expt.1 

Expt.2 

Expt.3 


Dry 	matter by Dry matter by Starch 
 Reducing Total
specific 
 oven 
 (DM basis) sugars 
 sugars
gravity 	 drying 
 (DN 	basis) (DM basis)

(whole root) (parenchyma)
 

39.8 	 84 0.40 1.31

43.4 


33.6 
 36,5 
 87 	 0.45 
 2.27
30.5 	 37.8 87 0.77 2.91
 

38.3 
 42.3 
 87 	 2.73 
 5.51
32.0 
 36.0 
 88 
 1.36 
 4.96
33.6 
 35.0 
 86 
 1.99 
 3.94
 

38.3 
 42.4 
 81 
 5.67 
 8.64
32.0 
 37.2 
 81 
 6.20 
 8.07
32.0 
 37.1 
 81 
 6.74 
 9.63
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TABLE 14. Cassava storage experiments in the Department Santander,
 
August 1985: Evaluation at two weeks of storage, with
 
treatment costs.
 

Experiment: 1 2 3
 

site: Barrancabermeja El Play6n
 

Treatment method Aspersion Immersion Aspersion
 

kg roots harvested/man/h 22.6 36.2 125.3
 

kg roots treated/man/h 48.0 57.3 71.9
 

cost harvest/kg roots (Col.$) 2.7 1.7 0.5
 

cost treatment (lahor)/kg
 

roots (Col..$' 1.3 1.1 0.9
 

cost treatment (Mertect)/kg
 

roots (Col. $) 0.4 2.0 0.4
 

cost pol-yethylene bag (Col.$/
 

kg roots) 1.2 1.2 1.2
 

cost materials + labor(Col.$/
 

kg roots) 2.9 4.3 2.5
 

% roots stored 80 79 71
 

/ rejected: broken 5 11 11
 

% rejected: non-commercial 15 9 18
 

Storage Evaluation after two weeks in 5 kg-sized bags
 

Microbial growth 11.3 14.8 32.3
 

Microbial deterioration 1.0 0.0 38.3
 

Physiological deterioration 0.0 0.0 0.4
 

Total deterioration 1.0 0.0 38.7
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TABLE 15. 	 The characteristics of the five neighborhoods of Bucaramanga
 
included in the consumer 
test panel 	for stored cassava.
 

Socio-econom Lc Access to Cassava 
Code Name stratum markets consumption 

(kg,/capita/y) 

I La Joya low/middle fair 45
 

2 Villa Rosa low 
 poor 32 

3 Miraflores low poor 39
 

4 Concordia low/middle good 50
 

5 El Bosque/ middle/high fair 25
 

Campestre 

TABLE 16. 
 Consumer testing of stored cassava: storage losses (%).
 

Neighborhood 
 Fresh I week storage 2 weeks storage 

La Joya 	 7.8 
 5.5 5.8
 

Villa Rosa 0.5 2.3 
 9.4
 

Miraflores 	 2.0 7.9 
 9.2
 

Concordia 
 0.5 
 2.3 	 16.0
 

El Bcsque/Campestre 0.0 
 9.8 	 33.0
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TABLE 17. Consumer quality evaluation of stored and fresh cassava.
 

Quality pararmeter Fresh I week stored 2 weeks stored 

a ab22.0 b 

General appearancea 2.32a* 2.23 2b.0 

Cooking time (% normal or less) 67% 82% 80% 

Texture evaluations: 

flouryb 1 . 8 7 a 1 . 6 8 b 1.71 b 

glassy).b 0.19 0.40 0.33 

fibrous 0.15 0.09 0.03 

softb 1.72 1.56 1.51 

hard b 0.13 0.43 0.37 

Taste evaluations
 

a 
 a

hitterb 0.13 0. a 0.09

sweet b 0 .0 5a 0 .0 3a 0.01 a 

"deteriorated b 0 .0 3a 0 .12 ab 0.17 b 

Eating quality
 
generala 2 .25a 2.14a
2 .2 3a 


a Evaluation scale: 
 0 = bad, I = fair, 2 = good, 3 = excellent. 

Values with differen letter superscripts are significantly different
 

(P = 0,05) according to Duncan's Multiple Range Test.
 

b Evaluation scale: 0 none (not present)
 

I little (present to limited degree)
 

2 yes (present)
 

3 much (present, pronounced)
 

floury, soft = too much (present, to excess).
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TABLE 18. Consumer testing of stored cassava: percentage of consumers
 
preferring to purchase cassava in bags (A) rather than
 
cassava sold loose as usual (B)
 

After storing cassava After storing cassava
 
Barrio for I week 
 for 2 weeks
 

A same A $5/pound A $5/pound 
price B cheaper more expen­

than Ba sive than B 

La Joya 75 95 
 95 90
 

Villa Rosa 75 
 100 100 100
 

Miraflores 58 
 95 95 90
 

Concordia 70 84 84 
 68
 

El Bosque/Campestre 60 
 89 89 84
 

Mean 68 93 
 93 86
 

Prices refer to Colombian pesos, November 1985 (Col.$ 
160 = US$ 1).
 

Cassava retail price was Col.$ 
20-25 per pound (0.5kg).
 



TABLE 19. 	 Consumer testing of stored cassava: estimated possible consumption changes due to
 
commercialization of storeable cassava, according to consumers questioned after
 
storing cassava at home for two weeks.
 

Neighborhood Present consumption Estimated consumption change (%) when:
 

Ba
(kg/household/week) A = 	 A $5/pound B A $5/pound B
 

La Jova 4.88 + 7.2 + 9.5 + 2.1
 

Villa Rosa 3.07 + 27.7 + 50.8 + 13.0
 

Miraflores 2.61 + 16.9 + 38.3 + 5.8
 

Concordia 4.30 + 7.6 + 15.1 - 4.7
 

El Bosque 2.40 + 15.0 + 20.0 + 15.0
 

mean 	 3.42 + 14.9 + 26.7 + 8.1
 

a A = Cassava sold in bags.
 

B = Cassava sold loose, as at present.
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Cassava production zone, 

I 	Cassava production zone, 

> 1000 masl. 

COLO BIA 

k'/74 Rionegro 

Barrancabermeja /, 

/ ,/7 * 

BcrmnBucaramanga 

San Vicente 

.: San Gil 

0 Socorro 

Figure 1. Outline map of Santander Department, Coto nbia, showing major cassava production 
regions and urban center mentioned in text. 
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Figure 2. Percentage planted and harvested by month in the major producing
 
areas serving Bucaramanga.
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other city Other I 

Figure 3. The structure of the marketing systemn for cassava and potatoes in, Bucaramanga. 
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5 El Bosque/Molinos 

F... 
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at home 

ADVANTAGES 
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No lived for 

Immediate 

preparation 
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Can) purchase 

less often 
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Figure 4. Consumer testing of stored cassava: evaluation of the importance of several advantages 
of cassava storage by 20 consumers in each of 5 barrios of Bucaramanga. 
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Key to Barrios: See previous Figure. 

Important 
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Purchase Cannot Weighs a lot Has chemical Need more 
of fixed evaluate treatment money for each 

quantity only cassava quality purchase 
inside bag 

DISADVANTAGES 

Figure 5. Consumer testing of stored cassava: evaluation of the importance of several 
disadvantages of cassava storage by 20 consumers in each of 5 barrios of 
Bucaramanga. 
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CASSAVA VARTETAl, IMPROVEMENT IN ASIA 

During the first 10 years of the Cassava Program (1973-1982), CIAT 
had offered cassava germplasm and training/communlcation opportunities 
to Asian cassava researchers. These contributed to the establishment 
and improvement of national cassava research programs in many Asian 
countries. Since the CIAT Cassava Program Regicnal Office was opered in 
Bangkok, Thailand In 1983, our cooperatian with Asian national. program 
has been strengtihened. 

(GermLpI asi 1)istr' bt Ion 
Se:-uaI seed-, have been the major means of germplasm transfer, 

occasiona l sapi by mer.istem culture.eerte1 Fn the past, 
appro: i rite v 1(hvbr1y") Ld seeds from some 2 , 000 crosses were 
di. tr I -Lited Io C:lsava Ireed ing prog ,,ams in Asia (Table I). The 
stratevI" evolved fron sending av Iat in Ameri-can germplasm to any 
inter 7 r,,g ran in the early years to pro:indlng seed populations of 
!Letter defined parents Ior the specific need.- and capacity of each 
nat ional prI ,,ram later on, part icularly after IBS_' . 

!t choul]1 be noted that the cnpacitv to handle sexiial seeds at the 
national pronrar 1 ]e'-el, has !ncreased ennrmousl% in the last few years. 
In manv ia rion 1 progrim ; , thes:e seed populations are regarded as 
sources fer inmediate varietal selecrlon vii programs such as that in 
Thailand, hnve also selected cross parents from the seed populations to 
he used in the ir hvbridi-ation rogram. These materials are being 
processed rhrouch evalunation steps in each nationc. program. 

Thailand
 
The C:ansnva esearch !Program, with headqua r tes at the Ravong Field 

Crop Research Center, :e Id Crop Nesearch nsti tute , Department of 
Agriculture, had deelopel a hi,;hlv comprehensive var- etal improvement 

i';s 
CIAT (Table 7) into its eva hIation scheme (Tab Le 3). From the first 
CIAT seed inr oduc ion in 1073, a clone selected from CN 407 cross (m 
ie:: 55 1 Ven i().', crossed at (C1AT in I97") were released as Rayong 3, 
a high st;rch cu I t i var and !Ravoag 2, a cul.t ivar for snack food, 
respect ivelv . Several clones have been selected from the seed 
populations to be used as parents in hvbr [di/sations and the resulting 
hybrid seeds from Thai :-: local.ly sel.ected (]AT clones and locally 
selected CIAT :.:CIAT clones now constitute the mainstream of breeding 
materials. Extra quantity of promising 

program, 1ii:f1 incorporated massive ge rmpiasm introductions from 

hybr seeds are produced to be 
distributed to other national cassava p1 irams in Asia. 

Rayong 3 seems to be popular among advanced farmers and is 
estimated to be planted in more than 300 ha. Rayong 2, just released, 
attracted a few snack food companies and is being multiplied for 
planting stakes to be used by contract farmers. 

Some clones continued to show their wielding ability to be higher 
than that of the venerable local cultivar Rayong I in on-farm trials 
(Table 4). CMC 76 x V43)21-1 is high yielding and has very high starch 
content, thus, it seems to be better than Rayong 3 nearly in every 

http:local.ly
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aspect, however, the plant type is as bad or worseeven than that of 
Rayong '3 . (VI x R121-8 is high yielding and of excellent plant type
and root shape but is starch co,-tent is not higher than Rayong 1. These 
clones are selections from crosses made before 1980.
 

In regional trials with clones selected ma in Iv from 1979/80 
crosses, CMI 2f3 crosses were evaluated; some clones outvielded Rayong I 
on the average in all locations but the difference was -iot very large 
(Table 5). 

A simi lar result wat ohbtained from advanced trials in which clones 
were selected from ])HU/H1 crosses (CMR 24 crosses), (Table 6). Some 
clones such as (1., 24-14-266, a seiec.,t ion from Ravong 3 x Rayong 1 
cross, showed a favorabI.e combination of high vield with good plant type
and s-oot shape, and reasonable high root dry matter content. 

%lorepronmising mteria!s have come from preliminary trials in which 
clones from I 1/8) cro s c ((0>11K )5 or 0MR25) or 1981/82 seed 
introduction from ( tA'T were eva luated (Table 7). Many clones outyielded
Rayong I and the average Lld of the top Five entries was 48% higher
than that oF RaVong !. I (Jones :;uch as CM 3292-18 or CMR 25-3:2.-5020 seem 
to combine hirh yield witht hii root dry matter content and good plant 
type and root shape. 

Planting cassava at the beginning of wet season (April!/'May) has 
ibeen the standard practice in Thailand but recentlv more and more 
farmers are shifting their plantings toward the end of .qet season 
(September to November). Clonal. evaluation was started ior late season 
planting in 195i3 and now comprehensive set of genotype evaluations are
in progress covering 12 seedling selection :o advanced trials fro late 
season planting are in progress. In all the trials fo': later season
planting so far obtained, selected clones have shown e,-xtrenr.lv promising
results. In one such trial., the average yield of the best 

exceeded that of Rayong 1 by 70% (Table 8).
 

hloe entries 

Philippines
 
In the early years of cassava research program establishment in the
 

Philippines, an introduction of 12 clones from CAT 
 was made through the 
CIAT/SEARCA/IDRC project. After multiplication cycles, these clones
 
were handed to IPB (Institute of Plant Breeding), UPIB (University of 
Philippines at Los Banos) and PRCRTC (Philippine Root Crops Research and 
Training Center), VISCA (Visayan State College of Agriculture), and were
 
later evaluated in regional trials (Philippines Seed Board trials).
After some years of trials, CM 323-52 is being considered for official.
 
release together wi.h C 50-3, a high yielding selection from the TPB 
root crop breeding project based on local germplasm. Several selected
 
clones found their way into the hybridization scheme of PRCRTC as 
cross
 
parents 
(Table 9). Some clones were unofficially released for large
planters in Mindanao and Visayas during 1980 and 1981 (Table 10). They 
are reportedly planted in hundreds of hectares in these areas now. 

Introductions of CIAT cassava hybrid seeds have been made almost 
continuously since 1982 to the 
cassava breeding program of PRCRTC (Table
 

http:e,-xtrenr.lv
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10), while their caraci ty of systematically evaluating 1arge quantity of 

genotypes has been greativ enhanced through cooperation with CIAT in 
recent years (Table II). In many trials selected CIAT clones showed 
highly pren is ing resu I ts In one such t r ia I (in whi ch the e:.perimental 
plot did not receive any icrtili:irer application, irrigation or chemical 
pests control), a group of selected (.1,AT clones; which had .-hown great 
,elding ab, itv in higlhlv Fertilied plots o! the previous year trial, 
also demoi-trated great vield spiieriorirv over local control (Table 12). 

Such c loner as I,. - , . Col 168, :nd CY1C Wi have been actively 
cros.red \' th loca I armad ,iernp the result-ing , hvbr ids have now advanced 
to the I iig I-rn,.: trial , iecent s lect ions from seed introductions are 
also eter ing the hvb rid i. at-i u scheme now. 

Addi rlna lIv, ('1AT ha; been ,onruributing hvbrid seed populations 
Cce - to the cass<q<ava varetal improvement section of [P) and UPI,B, 

(Tab]e I ). .i t tLhe imprvemen t i i evaluation materials of later 
introductious; are bheng evlluated more svs tematicallv ('Iable 14). Many 

promis iu selecrions have resuited from tile cross number above CMl 3000. 

1 ndones ia 
CfIAT's contributien r'- cassava 1\v'brId seeds to the cassava varietal 

improvemenL -- ttion of CR I '1 (CnTtral Research Institute for Food Crops, 
Bogor) started as z'rlv as in 1975. The capacity of CRIFC cassava 
program was 1imited due nt:inly to the very restricted resource allocated 
to cassava, thus germplasm triansfer from C[AT to CR1,PC has been sporadic 

-
(Table l t) nd the rerul ing clones could not be evaluated 
svst en t i r; Iv (labI e !h). 

, ,' ,-the recent development or CRI'C cassava program to carry 
out, a -aj or part F1-its varietal development work at P.T. Umas Jaya 
Farm, I ampunu, Southern Sumatra, using resources of IPTUJF, made it 

possibIc to ovaluate a large (CIA'T seed population in an organized 
fash ion (Fab]e Ii ). The maj oritv of selected clones from the single-row 
trial at P1TF ave a higher root fresh vield than that of the leading 
local cult ivar, .'rete: ( Figure I ) . Root dry matter content and harvest 
index oi- the selected clones were much higher than those of Kretek. The 
best sel ect ion fro, the earlier CRTFC breeding work based on local 

germplasm, "-3!, also showed h:ighly promising results. 

Malaysia
 
Cassava seed introduction to the cassava varietal improvement 

section oFtMARI)I (MalaysIan Agricultural Research and Development 
institute started in 1975 and was continued until 1982 (Table 17). It 
was discontinued thereafter because of the MARDI's decision that they 

had introduced sufficient germplasm variability for the limited 
importance of cassava in their national economy. Though small in size, 

the cassava varietal improvement program of MARDI is well organized and 
highly Functional, thus, the introduced germplasm has been evaluated in 

a well organized fashion (Table 18).
 

Selected CIAT clones occasionally showed yield superiority over the
 
traditional local. cultivar, Black Twigg, however, the difference was not
 
large (Table 19) and in many other trials, selected CIAT clones could
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not demonstrate significantly higher yield levels. Cassava is a minor 
crop in Malaysia, thus, 
new clones must demonstrate a spectacular yield

superiority over the currently 
available cultivar 
to be introduced.
Although promising genotypes are being developed, the results so far 
obtained were not highly convincing. 

In 1080, several CIAT clones were introduced through meristem
culture transfer. The re--ent result of advance trials for these clones was disappointing; none of these directly introduced clones yielded
nearlv as well as Black Twigg or another local control C5 (Table 20).The result suggests that the possibility of finding truely adapted
genotype(s) iom a small number of clonal introductions is very low. 

China
 
Our contact with the cassava 
 research team at SCATC (South ChinaAcader, v of Tropical (rops) , I launn started in 19 8? and CIAT has

contributed hybrid seeds on sever I occasions (Table 21) With CIAT'scooperation their v-rietal evaluaton cleme is rapidly building up and
materials are bein g evaluated in an organized manner (Tabl.e 22). 

Overview of CAT ca.s saa breeding- ma terias in Asia
 
Summnrizing the results 
 of nirierous yield trials in the past, theaverage ro-t dry veld of the top five MHAT selections were compared

with those of tie local cultivar(s) in ench trial to appraise the
superiority (or inferiortv) of selected CfAT clones relative to leading
local cu1 t ivars). An average score of 1507/ suggests an excellent
opportunity for selecting new high yielding cuitivar(s); 100-120%
suggests some but net vrv convincing opportunity; and less than 100 % 
means almost no hope. 

In Thailand, the analyses suggest that we are still struggling forconvincingly higher yielding clones for early scason planting butpromising late season planting selections exist (Table 23). In the
Philippines, cl,%'r genotypes 
 seem to offer magnificent selection
opportunities (Table 24) . In Indonesia, though the number of trials isfar too small to draw a general conclusion, selected CIAT genotypes are

far superior to the current 
 local cultivar(s) (Table 25). In Malaysia,
however, MlAT genotypes so far setected are not offer a convincing
selection opportunity (Table 26). The apparent superiority of CIAT

clones over Iocal. cultjvars in the Phil ippines 
 and [ndonesia may bebecause local cultivars in these countries are adapted to traditional
plantings of a few plants in backyard farming to human consumption and 
not to new ways of planting on larger scale for processing. 

Our experiences indicate that Latin American germplasm in general,
and CIAT hybrid seed populatons in particular, are rich sources of
genetic variability noc only for yield but also, for disease and pest
resistance or root 
 characteristics. 
 CIAT's germplasm offers high

yielding capacity for immediate varietal selection as as
well other
desirable characteristics to be utilized In the long term breeding
endeavors of the Asian national programs. 



Table 1. CIAT cassava F I hybrid seedi distributed to Asian program. 

Year/Country 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 Total 

Thailand 

Indonesia 

Philippines 

China 

Malaysia 

India 

Vietnam 

Rep. China (Taiwan) 

900 

900 

900 

900 

900 

500 

6170 

1500 

7720 

700 

950 

850 

3050 

2050 

1400 

5100 

1250 

7450 

4700 

2300 

4050 

1200 

7900 

4600 

5500 

6100 

1050 

1900 

8000 

2350 

7900 

9300 

6000 

5000 

3500 

51890 

12200 

24500 

11900 

9750 

10700 

1900 

1700 

CD 

Total 5000 7610 10220 5100 7750 19700 27050 18250 23800 124540 
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Table 2. CIAT cassava hybrid seeds supplied to the cassava varietal
 
improvement program, Dept. Agriculture, Thailand. 

Year No. Seeds No. Crosses Principal 
cross No. 

Principal 
parents 

1975 800 16 CM 305 
CM 407 

M Col 22 
M Co] 113 
M Mex 55 

1977 5300 120 Crosses made by 
Charn T. at CIAT 

M Col 1684 
M Mex 17 
M Ven 218 

1978 5400 95 Crosses made b\' 
Somsak nt CIAT 

M Col 16814 
M Ven 218 

CM ,09-4I 

1980 3050 42 CM 1442 - CM 2516 M Ven 62 

CM 430-51 
CM 516-6 

198i 1400 28 Ch 2450 - CM 3305 CM 520-5 

CM 523-7 

CM 727-14 

1.982 7450 128 CM -515 - CM 4234 M Bra 12 

CM 517-1 
CM 523-7 
CM 1103-7 

1983 7900 153 CM 2784 - CM 4284 M Pan 51 

CM 342-170 
CM 681-2 
CM 849--1 

CM 1015-19 

1984 6650 133 CM 3965 - CM 5124 

SM 302 - SM 493 
Some CG and SC 

M Col 1823 

M Col 2207 
CM 681-2 
CM 922-2 
CM 1559-5 

1985 6150 123 CM 3322 - CM 5834 
SM 315 - SM 615 

SG 563 - SG 831 

M Bra 12 
M Cub 31 

CM 1983-2 

CM 847-11 



Table 3. 	Utilization of CIAT seed introduction by the cassava varietal improvement program, Department of
 
Agriculture, Thailand during the past ten years. - Schematic presentation by number of genotypes.
 

75/76 76/77 77/78 78/79 79/80 80/81 81/82 82/83 83/84 84/85 85/86 

Seed introduction 800 5 I0 5400 3050 1400 7450 7900 6650 6150 
No. seeds (No. crosses) (16) (120 (95Y () (2) (128 (158) (133) (123) 

Seedling selection 
 -5816 
 5377 642
 

Single-row trial 
 ". 	 - L.19 1237 568
 

Preliminary trial 
 22 62N (9 

Advanced trial ___ 	 16 

Regional trial 
 I
 

On-farm trial 
 2-- 2 

On farm test 
 2
 

Multiplication 	 I
 

Varietal 1 I 
recommendation (Rayong 3 (Rayong 2)
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Table 4. 
Some results of on-farm trials in Thailand, 1984/85.
 

Root dry yield (t/ha) at Root dry

Huai 
 matter Plant 
 Root
Rayong Pong Sattahip Klang Average content type 
 shape
 

(CMC 76xV43)21-1 8.9 10.6 6.7 
 7.1 8.33 5 2 
 3
 

(VI x R) 21-8 9.7 10.0 4.8 
 8.8 8.33 3 5 
 4
 

Rayong 1 7.7 7.8 5.7 
 6.3 6.88 3 
 5 4
 

Rayong 3 
 9.9 8.3 
 4.2 6.1 7.13 5 2 2
 



Table 5. Result of Regional Trials in Thailand, 1984/85. 

Root dry matter yield (t/ha) at Plant Root Root dry 

type shape matter 
Clone Parents Rayong Khon Kaen karasin Mahasa- Sriracha Average 

content 

rakarm 

CMR 23-128-141 CM 407-9 x CM 309-211 8.2 10.1 13.0 17.4 10.1 11.8 2 4 3 

CMR 23-29-15 CM 407-14 8.5 7.0 13.1 17.9 10.8 11.5 3 2 3 

Rayong 3 M Mex 55 x M Ven 307 8.2 8.2 15.9 16.9 8.0 11.4 2 2 5 

Rayong 1 7.6 6.8 14.1 17.7 10.3 11.3 5 4 3 

CMR 23-149-128 CM 407-24 x M Col 1684 8.4 8.7 15.6 15.2 7.7 11.1 4 5 1 

CMR 23-126-122 CM 407-9 x M Col 1684 8.4 8.3 14.6 15.9 7.2 10.9 4 2 3 

CMR 23-17-251 Kaset x M Col 1684 7.9 6.8 7.3 15.8 8.3 9.2 5 4 3 

CMR 23-08-8 Hanatee x CM 407-24 5.8 4.9 8.2 10.5 7.7 7.4 4 4 2 



Table 6. Results of an advanced trial in Thailand, 1984/85a 

Clone Parents 
Root dry yield (t/ha) at 

Rayong Banmai Khon Kaen Average 

Plant 
type 

Root 
shape 

Root dry 
matter 
content 

CMk 24-23-4 

CMR 24-14-266 

CMR 24-89-65 

OMR 24-07-12 

Rayong 1 

CMR 24-14-532 

CMR 24-14-1038 

Rayong 3 

CM 309-211 x RI 

R3 x Ri 

Ri x M Col 1684 

CM 305-15 

R3 x RI 

R3 x Ri 

M Mex 55 x M Ven 307 

12.3 

12.4 

12.2 

9.7 

11.2 

9.7 

8.5 

12.5 

15.0 

12.9 

12.7 

11.3 

10.3 

11.6 

9.2 

12.9 

9.1 

9.6 

9.6 

11.1 

9.5 

9.2 

8.5 

12.7 

12.1 

11.6 

11.5 

10.7 

10.3 

10.2 

8.7 

4 

4 

4 

5 

3 

3 

2 

5 

4 

4 

5 

4 

3 

3 

2 

3 

3 

3 

3 

3 

4 

4 

5 

0, 

a Entries eliminated at this trial are not shown. 
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a
 
Table 7. Results of a preliminary yield trial at Rayong, Thailand. 1984/85


Root dry Root dry Plant Root 
Clone Parents yield matter type shape 

(t/ha) contents 
(%) 

CM 3281-11 M Bra 12 x M Col 22 14.6 28 5 5 
MKU 2-151 M Col 113 x M Col 22 14.6 24 5 4 
CM 3292-18 CM 825-3 x CM 681-2 14.0 39 3 4 
CMR 25-32-5020 (Vl x R) 20-15 x R3 13.1 39 4 3 
CMR 25-33-157Q R3 x RI 12.5 41 5 3 
MKU 2-162 M Col 113 x M Col 22 12.3 31 2 4 
CMR 25-33-134Q R3 RI 12.0 36 3 4 
CMR 25-32.365Q (vI x R) 20-15 x R3 11.9 35 4 3 
CMR 25-34-112 R3 x M Col 1684 10.9 34 4 2 
OMR 25-05-05 Kaset 10.8 32 5 4 

CMR 25-34-159 R3 x M Col 1684 10.6 32 3 4 
Rayong 3 M Mex 55 x M Ven 307 10.6 35 2 2 
CM 3299-15 CM 849-1 x M Col 22 10.4 32 5 5 
CM 3299-14 C! 849-1 x M Col 22 10.3 31 5 5 
CM 2502-35 M Ven 142 x M Col 1684 10.1 28 5 4 
CMR 25-34-93 R3 x M Col 1684 10.0 35 3 3 
CMR 25-34-242 R3 x M Col 1684 9.8 38 3 3 
CM 2493-37 M Col 1515 x M Col 1684 9.5 29 4 3 
Rayong 1 9.3 32 5 4 
CM 3299-22 CM 849-1 x M Col 22 9.3 32 4 4 

CM 3281-15 M Bra 12 x M Col 22 8.4 33 3 3 
CM 3292-14 CM 825-3 x CM 681-2 8.1 25 5 5 

a Entries eliminated at this trial are not shown. 



Table 8. Result of Preliminary Trial at Rayong, Thailand. 
 Second season, 


Clone Parents Root dry 
yield 

Root dry 
matter 

Plant 
type 

(t/ha) contents 

(%) 

CMR 25-82-88 
CMR 25-93-52 
CM 2504-2 
Rayong 3 
CNR 23-105-47 
CMR 25-105-112 
CMR 25-106-26 
CMR 25-46-1 
C -R25-106-60 
CMR 25-35-18 

CM 309-211 x CM 305-13 
CM 367-34 x M Col 1684 
M Ven 142 x M Col 1684 
M Mex 55 x M Ven 307 
27-77-10 x R3 
27-77-10 x R3 
NiCol 22 x K Col 1684 
CIM 305-13 x RI 
A1Col 22 x M Col 1684 
R3 -,:CM 305-13 

20.0 
18.7 
18.4 
17.5 
17.1 
16.9 
16.9 
16.3 
16.1 
15.5 

39 
31 
35 
38 
37 
37 
37 
29 
31 
37 

4 
4 
4 
2 
2 
5 
5 
4 
5 
4 

CMR 25-50-8 
CMR 25-33.105 
CMR 25-106-56 
CMR 25-11-25 
CMR 25-29-622 
CMR 25-35-78 
CMR 25-56-23 
CMR 25--35-249 
CMR 25-11-37 
CMR 25-31-47 

CM 305-13 x R3 
R3 .'PI 
M Col 22 Y M Col 1684 
Kaset x M Col 22 
(VI x R) 20 -15x CM 305-13 
R3 x CY 305-13 
RI x CM 305-15 
R3 x CM 305-13 
Kaset X M Col 
(VI x R) 20-15 x M Col 1684 

15.5 
15.4 
15.2 
14.9 
14.4 
13.2 
12.5 
12.4 
12.2 
12.2 

34 
37 
33 
29 
35 
36 
34 
35 
35 
32 

3 
4 
3 
4 
5 
4 
4 
2 
1 
5 

CMR 25-52-85 
Rayong I 

CM 305-15 x M Col 
CM 305-15 x M Col 

1684 
1684 

11.9 
10.7 

33 
35 

1 
5 

1984/85.
 

Root Harvest
 
shape index
 

4 .64
 
L .64
 
3 .66
 
3 .63
 
2 .53
 
4 .64
 
3 .64
 
5 .69 
3 .58
 
3 .63
 

3 .63
 
4 .53
 
3 .41
 
4 .52
 
3 .53
 
4 .72
 
2 .51
 
3 .55
 
3 .50 
3 .46
 

3 .42
 
4 .40
 



Table 9. Utilization of CIAT clonal introductions by various institutions in the Philippines. 

Utilization step 1978/79 79/80 80/81 81/82 82/83 82/84 84/85 85/86 

Clonal introduction 12 

(SEARCA/CIAT) 

Multiplication 11 12 
(SEARCA/CIAT) (SEARCA/CIAT) 

CM 323-52 

(PRCRTC) 

Regional trial 
1 

(UPLE) 
n10 

(UPIEB) 
5 

(Philippines 

Seed Board) 

5 
(PSB) (ISE) 

Hybridization 

( v?",CT 

-

(PRCRTC) (PRCRTC) 

Release Unofficial 

CMC 40 

CMC 84 
HMC 4 

Uncfficial 

M Col 1684 

C!-M305-38 
CM 308-197 
CM 323-5"2 
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Table 10. 
 CIAT cassava hybrid seeds supplied to PRCRTC, VISCA Philippines.
 

Date No. Seeds No. Crosses 	 Principal Principal
 

cross no. parents
 

Aug 1976 250 
 5 	 CM 585 M Mex 55
 
CM 690 M Col 638
 

Jan 1982 2200 	 43 
 CM 2450 M Col 22
 

CM 3320 CM 342-170
 
CM 3504 CM 523-7
 
CM 3816 CM 586-1
 

Nov 1982 555U 
 100 
 CM 3341 CM 681-2 

CM 4011 CM 849-1 
CM 4049 CM 922-2 
CM 4234 CM 1015-19 

Jan 1985 2800 	 56 
 CM 4397 M Bra 12 

CM 5371 CM 942-14 
SM 306 CM 1335-4 

SM 418 CM 1523-19 

Oct 1985 3000 
 60 SM 457 - SM 598 	 M Bra 35 

CM 681-2 

CM 2452-5 

M Tai 1 



Table 11. 
 Utilization of CIAT seed introduction by the Cassava Varietal Improvement program, PRCRTC, VISCA,

Philippines. - Schematic presentation by number of genotypes.
 

Year
 
Evaluation step 1976/77 77/78 78/79 79/80 80/81 81/82 82/83 83/84 84/85 
 85/86
 

Seed introduction 250 
 2200 5500 2800 3000

No. seeds (5) 
 (43) (100) (56) (60)


No. crosses
 

Seedling selection ? 
 2105
 

Single-row trial 
 418 819 294
 

Preliminary trial 
 119 147 29
 

Advanced trial 

24 8
 

Regional trial
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Table 12. 	 Result of an advanced trial at PRCRTC, VISCA, Philippines
 

19 8 4- 19 8 5a
 

Root dry Root dry
 
yield matter Plant Root
 

Clone Parents (t/ha) content (%) type shape
 

Selected
 
CM 3380-30 CM 586-1 x CM 523-7 6.9 33 5 4 
CM 3590-1 CM 859-12 M Col 22 6.8 34 5 4 
CM 3504-9 CM 728-2 x CM 523-7 6.1 30 3 4 
CM 3816-4 CM 1191-9 x CM 523-7 5.6 35 3 3 
CM 3340-3 CM 342-170 x CM 586-1 5.5 32 2 3 
CM 3422-3 CM 630-122 x CM 728-2 5.4 33 2 3 
CM 3341-4 CM 342-170 x CM 523-7 5.1 33 3 4 
CM 3320-11 M Bra 12 x CM 523-7 4.6 33 4 2 
CM 3504-8 CM 728-2 x CM 523-7 4.3 36 4 4 

Control 
CM 323-52 M Col 22 x M Mex 59 3.4 32 4 4 
M Col 1684 3.3 29 3 3 
CMC 40 3.0 30 2 4
 
Golden Yellow (local) 1.9 31 5 1
 

a Entries eliminated at this trial are not presented. 



61
 

Table 13. CIAT cassava hybrid seeds supplied to IPB, UPLB, root crop
 
breeding program, Philippines. 

Date No. seeds No. crosses 
Principal 
cross No. 

Principal 
parents 

Feb. 1975 900 18 CM 305 

CM 378 
SM 61 

M Col 22 
M Col 113 
M Mex I 

May 1977 950 19 CM 692 

CM 791 
CM 825 

M Col 638 
M Col 1684 

Jan 1981 1400 28 CM 2098 - CM 3248 M Col 1515 

M Col 1684 
M Ven 77 

Jun 1981 1050 21. CM 2450 - CM 3304 CM 520-5 

CM 523-7 
CM 727-14 

Mar 1982 2500 50 CM 2527 - CM 3906 M Ven 77 

M Bra 12 
CM 342-170 
CM 523-7 

Sept 1984 2350 38 CM 3433 - CM 4238 CM 681-2 

CM 849-1 
CM 922-2 
CM 1015 

Oct 1985 2000 40 SM 425 - SM 520 M Bra 5 

CM 507-37 

CM 681-2 
CM 2088-1 



Table 14. 
 Utilization of CIAT seed introductions by the Cassava Varietal Improvement Program, Institute of

Plant Breeding, UPLB, Philippines. - Schematic presentation by number of genotypes.
 

Year
 
Evaluation step 1976/77 77/78 
 78/79 79/80 80/81 81/82 82/83 
 83/84 84/85 85/86
 

Seed introduction 900 
 950 1400 1050 2500 
 2350 2000
No. seeds 
 (8) (19) (28) (21) (50) (38) 
 (40)

No. crosses
 

Seedling selection 

1208
 

Single-row trial 
 ?? ? _ ? ? 155
 

Preliminary trial 

53 45
 

Advanced trial 
 8
 
')0 -- -> l11 - --

Regional trial
 
I._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 
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Table 15. CIAT cassava hybrid seeds supplied to CRIFC, Bogor, Indonesia. 

Date No.seeds No.crosses 

Principal 
cross no. 

Principal 
parents 

Feb 1975 850 17 CM 305 
CM 407 
CM 690 

M Col 22 
M Col 113 
M Col 638 

May 1978 700 14 CM 1006 
CM 1305 
CM 1371 
CM 1405 

M Col 164 
CM 323-142 
CM 462-1 
CM 499-49 

Jun 1983 4600 80 CM 3341 
CM 3993 
CM 4031 
CM 4049 
CM 4063 

CM 523-7 
CM 681--2 
CM 849-i 
CM 922-2 
CM 1015-19 

Oct 1985 3500 20 SM 446 - SM 598 M Bra 35 
CM 682-2 
CM 2174-7 

M Tai I 

Feb 1986 2000 
(from CIAT) 

50 SM 443 
CM 521 

CM 955-2 
CM 996-6 

2950 
(from Thai/CIAT) 

73 CMR 28-97 
OMR 28-45 

(CM776 x V43)21-1 
CMR 23-149-128 



Table 1b. Utilization of CIAT seed introductions by the Cassava 
Proram of CRIFC/P.T. Umas Jaya Farm, Indonesia. 

- Schematic presentation by number of genotypes -

Varietal Improvement 

1975/76 76/77 77/78 78/79 79/80 801/81 81/82 82/83 83/84 84/85 85/86 

Seed introduction 
No. seeds 

(No. crosses) 

Seedling selection 

Single-row trial 

850 
(17) 

700 
(14) 

4, 

I 

I 

4500 
(80) 

I (PTU_2600 

CPTU J 

3000 
(.0) 

Preliminary trial 
2 0 ' 97 

Advanced trial 2 2 

Regional trial 

2? 
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Table 17. CIAT cassava hybrid seeds supplied to MARDI breeding 	 program, 
Malaysia.
 

Principal Principal 

Date No. seeds No. crosses cross no. parents 

1. Feb 1975 850 17 	 CM 305 M Col 22 
CM 378 M Col 113 
CM 42q M Mex 1 

SM 61 

2. 	May 1977 550 11 (M 621 M Col 618 

CM 845 M Cot iW84 
CM 	942 L Ven 270 

CM 309-37 

3. 	 Sept. 1980 2050 40 CM 1442 M'Col 1684 
CM 1794-CM--2525 M Ven 77 

CM 430-51
 

CM 516-6
 

CM 516-7
 

CM 517-1
 

CM 533-15
 

4. 	 July 1981 1250 25 CM 2674-CM 3303 CM 507-37 

CM 523-7 

CM 727-14 

CH, 825-3 
CM 849-1 

5. 	 March 1982 4050 80 CM 2778-CM 3906 M Col 22 

M Bra 12 
CM 342-170 
CM 523-7 
CM 586-I
 

CM 621-167
 

CH 728-2 
CM 849-1
 



Table 18. Ten years of cassava varietal improvement work at MARDI, Malaysia. 
- Schematic presentation by number of genotypes -

1975/76 76/77 77/78 78/79 79/80 80/81 81/82 82/83 83/84 84/85 85/86 

Seed introduction 
No. seeds 

(No. of crosses) 

CIAT 1 
850 

(17) 

CIAT 2 
550 

(11) 

CIAT 3 
2050 

(40) 

CIAT 4 
1250 

(25) 

CIAT 5 
4050 

(80) 

Seedling selection 2511 

Single-row trial 3
336 

854
854 

Preliminary trial 666 664 159159 

Advanced trial 66 64 

Regional Trial 

Multiplication/ 

release 

12 

13 

12 

13 

: 
-

104 

3 

1? 
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Table 19. Result of Preliminary Yield Trial (CIAT 4, Gp. 1)
 
at MARDI, Serdang, Malaysia. 1984/85.
 

Starch Fresh Starch
 
Clone Parents 
 yield yield coptent H.I.
 

(t/ha) (t/ha) (%)
 

CM 3275 CM 978-28 x CM 523-7 12.5 46.2 26.8 
 .59
 
CM 3275-38 CM 978-28 x CM 523-7 49.1
12.5 25.4 .62
 
CM 3275-6 CM 978-28 x CM 523-7 
 11.5 50.3 22.9 .67
 
CM 3263-10 CM 621-214 c CM 523-7 
 11.2 37.5 29.9 .56
 
CM 3275-32 CM 978-28 x CM 523-7 11.2 41.9 
 26.7 .55
 
C 5 (Control) 
 10.7 43.4 24.5 .49
 
CM 3280-25 CM 1252-12 x CM 91-.3 9.9 39.8 24.8 .68
 
CM 3275-8 CM 978-28 x CM 523-7 
 9.8 38.4 25.6 .64
 
CM-3275-36 CM 978-28 x CM 523-7 
 9.8 38.8 25.2 .54
 
CM 323-3 CM 621-214 x CM 523-7 9.4 37.3 25.3 .49
 

CM 3263-8 CM 621-214 x CM 523-7 9.2 32.2 28.7 .47
 
Black Twig (Control) 
 9.0 32.7 27.6 .45
 
CM 3275-12 CM 978-28 x CM 523-7 
 F.8 32.6 27.0 .50
 
CM 3275-34 CM 978-28 x CM 523-7 8.3 
 40.0 20.9 .51
 
CM 2459-8 CM 727-15 x CM 520-5 8.1 33.7 24.2 
 .51
 
CM 2Y78-20 CM 727-14 x CM 523-7 7.9 29.3 27.0 
 .52
 
CM 2?50.25 CM 727-14 x CM 520-5 
 7.8 29.2 26.6 .44
 
CM 3275-16 CM 978-28 x CM 523-7 
 7.7 30.1 25.5 .72
 
CM 3275-18 CM 978-28 x CM 523-7 
 7.3 27.9 26.2 .52
 
CM 2459-36 CM 727-15 x CM 520-5 7.2 28.9 
 25.4 .56
 

LSD (5%) 
 4.9 19.2 t.6 0.14
 

Data source: Tan Swee Lian, MAIDI.
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Table 20. 
 Result of advanced yield trials for meristem-culture introduction
 
from CIAT at MARDI, Jalan Kebun (on peat soil), Malaysia, i984/85
 

:arch Fresh Starch
 
Clone 	 Parents 
 yield yield content H.I.
 

(t/ha) (t/ha) (%)
 

Black Twig (control) 8.3 32.3 25.9 .57 
C 5 (Control) 7.4 27.1 28.0 .58 
CM 342-55 
CM 462-6 
CM 507-34 
CM 458-2 A 
CM 458-2 B 

M Col 22 x M Col 468 
Llanera x M Ven 270 
Llanera x M Col 1684 
Llanera x M Co] 22 
Llanera x M Col 22 

6.2 
5.9 
5.0 
4.5 
4.3 

26.7 
24.0 
21.0 
18.1 
18.4 

23.3 
24.8 
23.9 
25.2 
23.2 

.62 

.66 

.45 

.72 

.71 
CM 321-188 A M Col 22 x N Ven 270 4.0 16.7 23.6 .64 
CM 321-188 B M Col 22 x M Ven 270 3.7 16.1 24.9 .65 

LSD 2 2 8.9 6.2 .07 

Data source: Tan Swee Lian, MARDI
 

Table 21. 
 CIAT cassava hybrid seeds supplied to SCATC, Hainan, China.
 

Principal Principal

No. seeds No. crosses 
 cross 	 parents
 

June 1982 2300 
 38 CM 3281 - CM 4081 M Col 22
 

M Bra 12
 
CM 523-7
 
CM 849-1
 

Nov 1982 6100 
 !00 	 CM 3009 - CM 4238 CM 523-7
 
SG 504 - SG 709 
 CM 681-2
 

CM 922-2
 
CM 1015-19
 

Oct 1985 2500 
 50 SM 465 - SM 616 	 N Bra 35
 

M Cub 65
 
CM 430-37
 
CM 2452-5
 



Table 22. 
 Utilization of CIAT seed introduction by the Cassava Varietal Improvement program,
SCATC, Hainan, China. - Schematic presentation by number of genotypes -


Year
 
Evaluation step 1981/82 
 82/83 83/84 84/85 85/86 


Seed introduction 2300 6100 
 2500

No. seeds 
 (38) (100) 
 (50)
 

(No. crosses)
 

Seedling selection 2300
 

Single-row trial 
 30 232
 

Preliminary trial 

12
 

Advanced trial
 

86/87 
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Table 23. Performance of top five selections in yield trials relative to
 
local cultivar in Thailand a
 

% local cultivar
 

Root dry
Year No. trial Fresh yield Dry yield matter content
 

1981/82 
 2 109 114 
 109
 

1982/83 12 
 117 108 
 101
 

1983/84-1 14 
 119 121. 102
 

1983/84-11 
 1 151 151 
 102
 

1984/85-1 15 
 115 115 
 104
 

1984/85--11 5 
 145 147 
 99
 

a Local cultivar: Rayong 1
 

Table 24. Performance of top five selections in yield trials relative to
 
a
local cultivar in Philippines
 

% local cultivar
 
Root dry
Year No. trial Fresh yield Dry yield matter content
 

1982/83 4 
 143
 

1983/84 2 
 142 145 108
 

1984/85 
 5 163 177 
 122
 

a Local cultivar: Golden Yellow and Kadabao. 
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Table 25. 	 Performance of top five selections in yield trials relative to
 
local cultivar in Indonesiaa
 

% local cultivar
 
Root dry
 

Year No. trial Fresh yield Dry yield matter content
 

1982/83 1 	 145
 

1983/84 1 	 153 
 199 	 130
 

a Local cultivar: Kretek
 

Table 26. 	 Performance of top five selections in yield trials relative 
to
 
a
local cultivar at MARDI, Malaysia
 

% local cultivar
 
Root dry
 

Year No. trial Fresh yield Dry yield matter content
 

1982/83 3 	 96 
 96 100
 

1983/84 10 114 104 96
 

1984/85 9 105
i5 98
 

Meristem culture 1 66 
 63 95
 
introduction
 

a Local cultivar: Black rwig and C5
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Figure 1. 	Frequency distribution in yield characters of
 
selected clones in a single-row trial at P.T.
 
Umas Jaya Farm, Lampung, Southern Sumatra,1984/85.
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ECONOMICS SECTION
 

Impact Assessment
 
Impact studies represented the first real involvement of the social 

sciences in the evaluation of IARC-generated technology. Most were 
independent observers and framed their research as critique. Studies 
dealt with marketing problems, quality deficiencies, and adoption 
constraints but the principal focus was on the distribution of benefits. 
These studies represented the professional concerns of the period and in 
the end formed an advocacy for the incorporation of social scientists in 
the process of technologv generation at the centers. In hindsight, the 
findings of these early studies were premature but the legacy remains: how 
social scientists can link the process of technology generation and 
evaluation to the socio-economic objectives that were largely defined by 
those first impact studies. 

Impact studies examine the past and essentially ask what can be 
learned about technology characteristics from adoption patterns and 
performance under farmer management and about benefit distribution from 
the additional effect on market prices. Thus impact studie: so viewed 
presuppose technology diffusion and In a sense are an afterthcught to the 
process of technology design and generation. However, if social science 
is to hold technology design (and Its creators) responsible for its 
eventual socioeconomic impact, then a means is needed for assessing impact 
within the actual process of technology generation prior to its diffusion. 
Moreover, since social scientists have been integrated into the centers, 
this responsibility to a very significant degree falls on their shoulders. 
At the IARC's then impact assessment should be a continuous process. 

The economics section has attempted to adopt such an integrative 
approach to impact assessment within the Caassava Program. The following 
dicussion will utilize particular studies to demonstrate how impact 
assessment is a continuous and evolving element of the section's 
activities and how it is incorporated in the technology generation 
process. 

Objectives and Strategy
 
The issue is how to direct the impact of improved technologies
 

without sacrificing optimal potential production and efficiency. The
 
process starts with well defined objectives, that necessarily include
 
expected impact of technology on socio-economic goals, and a strategy
 
whereby those objectives might be obtained. The Cassava Program's
 
objectives have been defined as follows: "The overall goals of the
 
cassava network are to increase small farmers' food supplies and income,
 
as well as to improve food availability for the overall population." The
 
analysis of existing cassava production and consumption patterns that have
 
been carried out helped to define and in turn justify these objectives. 
However, a research strategy whereby new technology can begin to impact
 
on these objectives requires that cassava be analyzed in more of a
 
development context. Considered in this section are studies that have
 
helped to define and/or confirm a cassava research and development
 
strategy.
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A central focus in tile development of a research strategy is the
effect that traditional markets have on the demand for improved production
technology. In TVatiin America, markets for cassava, and therefore tile 
sources of i ncome for cassava producers, are dependent on food markets,
and with the exception of Brazil, these :re essentially markets for the 
fresh root. The per i qha; i Ii t ,, and 1u Ik in ess of fresh roots 1ead to
several h ypotheses about the !iarket1ng and con sumpt ion of ci:;sava. These 
were intensive lV evaluated on the Atlantic Coast of Colombia , the 
principal cassava prodlcing region of the countr\. 

The d fFferenrc in consumpt:ion patterns based on rural-urban residence
between cassava and the other starchy staples is striking (TahIe 1).
Cass:avI , ,,n awjtption declinen preCi) i tLousily from the poirt of production, 
so that c ,-u:)Uti(,n in the lai-g e ci ties is less than 2 ,0 of that of 
ca ssava p rodu C erT . Ne i ther pl anta in or rice show such differencec , and
pot"ato, aIn i por ted commod t y i n the region, exhibits the opposite
pattern . Thee d if ferenc ess in cassava COTnStLmption hased on r,_sidence are 
not due to s ignicantiv di fference in thie manner of utilization in thehome (Table 1). Cassav to, a reaqolal) I c>etent i- eaten at the same mea.i s 
and prepared in the II-MannL, r. Tlt, , i fIference!; airi;e from the number of
meals per week at wihich cassava is served and tle s;i; .e of- the portion per
serving. The primary fac tors result ing in these d i fferences in
consumption of cassava are price and convenience. Cassava is over five
times more expensive in metropolitan areas than the opportunity cost to 
cassava producers. Moreover, implicit cost:; in OuVing cassava daily in 
urban areas makes cassava Farc 1ess of a convenient food than for example, 
rice. 

The price difference between cassava producer and metropolitan 
consumer reflects the very signficant marketing margin for the crop.
These margins derive from a marketing structure which must move a bulky
and perishable crop from many small-scale prodocors to consumers who buy

their cassava in small amounts at convenient locations (Table 3).

basic structure of this marketing system is 

The
 
presented in Table 4 and
 

portrays a process which includes assembly in small packages of 800 kg.

from small-scale producers, breakdown at the wholesale level into very

small lots of 100 kg, and retail distribution. Assembly agents and

wholesalers trade in 
 about the same volumes and have similar margins.
Retailers must recuperate costs with very small volumes and thus have very
high margins. An analysis o' costs (Table 5) suggests that the margins 
are not excessive, especially when viewed in 
terms of net profit.
 

The average time required from harvest to move cassava to consumers 
is 32 hours (Table 6). 
 Such efficiency requires significant coordination
 
and this is achieved principally by arranging sales prior to harvest
(Tables 6 and 7). Seasonal price variation is relatively low in cassava 
due to supply management by storage in the field. However, interyear
price fluctuations are relatively high. The latter is in part due to a
demand price 
elasticity of 0.8 and significant weather variability.

Price variation, quite stringent quality 
requirements, and an inherent
 
rationing of market access, in which the farmer very often cannot 
arrange
 
a sale, all result in making cassava 
a very risky crop to market. A
 
market structure resulting in small volume 
transactions and significant

marketing risk gives 
small farmers a comparative advantage but results in
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farmers limiting this risk by planting a limited area in cassava in
 
relation to farm size (Table 8).
 

The demand for improved technology under such market conditions Is 
limited. The physical root characteristics of varieties, such as skin 
color, are a proxy for other, established quality factors. Since new 
varieties are a risky marketing venture, quality characteristics for 
introduced varieties are stringent ind resuit in a low probability of 
adoption. Moreover, farmers already limit production because of marketing 
constraints (Table 7) and would be resistant to risking higher cash costs 
to expand yields. However, the most important aspect is that not only is 
there little effective demand for improved production technology but such 
technniogy would not achieve the objectives as originalll' outlined. 
Because of the high mareti.ng margin, an v reduction In production costs 
would have .itt le impact on retai I pr i.ces and therefore cassava 
consum)t ion. Moreover, any signficant yield response could easily 
saturate what are very limited markets - given the price elasticity and 
the limited arbitrage possibilities becau.e of time and transport 
constraints - and because of the price decline and/or Lack of market 
access could result in an actual decrease in farmer incomes. 

A cassava research strategy whose eventual goal is impact on farmer 
incomes can not be based on the hypothesis that improved production 
technology is suf ficietu: for that end. TIe strategy necessarily has to 
include processing and/or storage technology and the development of 
alternative markets. The hypotheses underlying a consistent strategy then
 
are: that (D development of an alternarive market based on processed 
cassava increases the size of the market, in most cases has more growth 
potential, and can result in a stable price floor under traditional 
markets; (2) a more expansive market with a stable price floor would 
provide incentives for the adoption of improved production technology; (3) 
small-scale processing technology is most compatible with small-farmer 
production systems ; and (4) wherever possible small-scale cassava
 
producers themselves should do the processing in order to maximize the 
benefits of new market developmenc. The linkage of research objectives to
 
research strategy thus depends on a clear understanding of the commodity 
system with a view to eventual impact.
 

Market Development
 
A fundamental k Awledge of the commodity system honed the research 

strategy, and in most cases in lTatin America the initial intervention 
would be through utilization technology and market development. A hasic 
operational assumption in such intervention is that cassava is already 
competitive with substitutes in many of these markets, especially the 
animal feed concentrate market. That is, there are constraints on the
 
operation of Adam Smith's hidden hand that have prevented development of
 
these markets based on just price signals. In the first place a cassava
 
market basec on just fresh, food consumption is very fractured, consisting
 
of small, independent local markets often with individual supply areas.
 
Prices are subject to local supply and demand and therefore differ between
 
markets. Moreover, there is a difference between the sales price and the
 
implicit price at which farmers would supply roots for industrial uses.
 
This difference on the Colombian Atlantic Coast is based on the 13% of
 
roots that must be discarded at harvest because of size or breakage, the
 

http:mareti.ng
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transport cost3 to rural markets, and the cost of unsold roots (Table 7).Correcting the farmers' price for these factors results ain 24% reduction 
compared to an equivalent price where all roots can be used (Table 7).That is, price incent ives for development of alternative markets are
masked where market structure is based on urban fresh reet markets.Project ,ite selection to avo id local ma rkets wit par t culary high 
prices and : firm understanding of the farmers' supply price are crucial 
to (level 1pmenTr o F It e rat ive markets. 

A !-econd oper;ft i on I principle is that the introduction of processing
capacitv and openin , ol ne, marketLing channels should not require in the 
initial s1ti, ma'- ior )d jutris eitsi in a ava produc tion systems and supply.
That i,; , d ve I ( ,, 1 , .or ld he evoleilt onav\, - i.e. devel-op along a classic
1.ogistic c re -, to acccofwda te the lIearning proce s associLated with 
m11alagemen t op andt-IIo 1)roc es.- ; i 11) t echno I 1 the necd for potentialad.iist iientl oiutpu!t and inplit markets. The small-scale nature of the 
pro(essc i tsiri!oI o and apjroprine desipgn of the diffusion processwonld provide the 11ae :isunrin e, of th i- least ri sky growth path. 

Tile in l p rinciplo i:- t ii market development is a means to
increas i up" i I aIr !r i come. le pave rn i n" a ssimlpt ion i s tha t the 
source t incoene e- . wanld be the pt Out ia to put underutilized 
].and and lab i ,-ini -,'iire! t 'iii t fi Fi-rm1l into (cass- production and so;ava

increas(, c aS'-sa Vi Vi I'fs . 'I'l(. 
 dr ) plants,d'n Pin the processing
teChnolo,': chos-en for tl p -t itilr case of the Atlantic Coast, provide
IccesiS (-)omarlzet ;1ld on lv need t, operate o1 a cost basis -if farmer­

mna1 id. ThLa; led -:o, the concejpt ino tla"!r :t drving plant could be supplied
hy 15 too 0 sma II -;a le producers. Bot:Ii to share the risk of the
investmerit costs and to a upplv lahor !For plant ITnapeint and cassava for 
plant operation, these farmers were org;_1gi sod in nnits, cal led farmer
associations . lhe concept ion then %,asthit these farmer as soc iat ions would 
he self-contLa ned units for production, pro_es.sing, and sales. 

Such a strategy needs testing and the testing bridges research to
development. These principles were tested within the framework of the

Colombian Integrated Rural Development Program (1)RI). In the three 
 years
of the pro ject, the number of plants has grown from I to 7 to 20. An
impact assessment of the 20 plants was undertaken in the 1984-85 
producc ion--proc ess Ing season. Economi c viab Il i tV was already anestabl ished fact since over three thousand tons of dried cassava were
produced in that season. Principal issues in the assessment were the
mechanisms (let ermi n-i nT, income distri bution and whether the original
assumptions underlying the strategy lield true. The former issue will be
covered in some detail in the next and last sections; the point to be
highlighted here is the value of earl v impact assessm ent in the 
modification of assumpti(ons and strategy. 

The notion of the farmer association as a self-contained unit was
overturned by events -,hich had far more utility as a model for income
generation and equitable distribution. First, the potential of the plants
themselves as a source of income generation was underestimated. Each
plant on average paid out over three thousand dollars in wages and almost 
four thousand dollars in net profits to its members. The oldest plant
earned over 16 thousand dollars in net profits. Moreover, this does not 
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cousider the equity accumulation in the plant. Second, on average
 
slightly less than a third of processeu roots were derived from members 
own production. In none of the plants wa. this figure over 50%. The 
plants were drawing on a larger supply area than just those farmers in the 
association. Third, and most importantly, the associations, especially 
those formed in the third year, weie drawing in members with little, if 
any, land resources. Of almost 400 farmers in the associations by 1985, 
only I% had farms over 20 ha. and 42Z (id not have secure tenancy in land 
at all. Mean "farm" size was 4.1 ha. 

The multiple sources of income generation served all its members, 
with the land owners having a strong interest in cassava sales and mobers 
with litt:le or no land, a vested intere., in employment and pr'ofit 
redistribution. Although there was some element of conflict here, the 
associations were bound together by the increasing equity - through 
amortization of loans and plant expansion. Moreover, the pl.ant provided 
an outlet for cassava production of non-members, which served to increase 
the numbe r of beneficiaries even more (see last paragraph). 11ncorporation 
of appropriate technology and operational hypocleses, allsing from an 
understanding of the cassava commodity system, into ap actnal field-level 
project provided a Iine tuning' of the strategy and confirmation that 
cassava could be a means of generatin g income for even the most marginal 
producers in a relatively marlgi, al agricultural area. The principal 
conclusion, however, .s that equitable impact, even as preliminary as in 
this case followed from the initial focus on distri~bltion. 

Market Development and Farmer Response 
Cassava utilization technology associated with market development can 

have a dinect impact on incomes in a region but it is the secondary impact 
on prodaction response that deepens the income generation potential. The 
hypothesis is that the alternative market, in most cases closely linked to 
more stable grain prices, will provide a price floor under cassava and 
because of the reduced price risk, farmers will increase their production 
of cassava. Fn the Icnger term, as processing capacity becomes more 
generalized, a response du to more secure market access would also be 
expected.
 

As in the case of market development, the approach to production 
impact is hypothesis development, modeling or testing of the hypothesis 
and verification within a project framework. The effect of market 
development on farmer response was model-ed in a programming framework 
based on farms typical of many parts of Cordoba and Sucre Departments. 
The impact of the price floor was introduced by truncating the lower tail 
of the price distribution, i.e. expected prices would rise and price 
variance would decline. Evaluation cf the impact of risk reduction led to 
the adoption of a quadratic programming farm model.. Without going into 
detail , the structure of the model included credit availability and the 
role of cattle in financing the capital requirements for crops, 
subsistence needs, cash flow requirements, and rotational patterns as well 
as income and risk objectives. 

The model results (Tables 9 and 10) demonstrate the effect of both 
production and market risk on crcpping pattern and average income. The
 
establishment of a price floor, provided in this case by the support price
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for sorghum (discouited for protein differentials), results in asignificant increase in cassava sales, caused both by some expansion in cassava area and a shft in cassava production system away from yams inthe cropping pattern. The result is a significant increase in farm income
and even a slight reductior in Income variance. 

All farms in the relevant range (up to 15 hectares) respond to theestablishment of the price floor (Table 11). Aowever, large farms tend tohave a greater response, esentially because of morethe abundant landresources available to them. Small-scale farmers of three hectares are
limited as well by the need to maintain cattle as a stock of capital.Assured credit could incr ase farmer responsiveness in the case of the 
very small-scale producer. 

Veri fication started in the third year of the project 1n 1985 whentwo-thirds of the plants had only been operating one season. Some 73% ofplant members aere sampled for cassava plantings in 1984 and 1985.Between the two seasons, area planted increased by 17%. Practically allfarm size groups planted an increased area in cassava in 1985. However,
distinct differences in response were apparent between tenancy types(Table 12). What wais unexpected was the very large response of renters.
Farmers with very few resourc -o were veryresponsive to the establ ishment
of the plants. 'lhis raises questions aint the impact of the expansion ofthe drying industry on the land rental I market, especia]],, if more marginalgroups continue to be brought into the farmer associations. For farmerswith more secure access to land, L:here was something of a dichotomy. Landreform beneficiaries significantly increased their cassava area, whileplanting by traditional landowners actually dec lined. What is influencing
these differences and whether they will continue over time remains to be 
defined.
 

One insight into farmer response comes from relative changes in
average area ;own (Figure 1). Most of 
 the area increase has come fromfarmers whose cassava area 
was well below the optimum as predicted by the

model. There is yet to be much adjustment in planted area larger than
three 
hectares. Constraints on adjustment and the period of adjustmentare questions that need to be answered, since production response time
will. start to become a critical issue as processing capacity continues 
to
 
expand.
 

Impact monitoring is critical 
to a process where major technological

and economic change is introduced into a quite stable small farm economy.Insights into the structure and dynamics of technical chanlge have expanded
the potential of the project, at least in terms of its income distribution
 
consequences. 
 In this crse, the impact of 
the drying plants on non-member

producers, 
the expanded iole of farmers with insecure 
tenancy, and whether

larger farmers will provide the bulk of the production response are issues

that will be 
more fully researched as the project progresses. Such early

impact assessment 
thus allows potential for maximizing objectives.
 

Production Technology and Yield Improvement

The hypothesis 
has been that market development will create 
a
signficant demand 
for improved production technology, which in turn will


fuel the rate of development of alternative markets. 
Market development
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is thus a precondition to the field level definition and testing of' new 
technology and the monitoring of farmer adoption and technology response.
The Cassava Program is presently launching a major effort in this area, 
so there "is no actunl impact to discuss. However, as has been stressed 
throughout. this report, the process s tarts before adoption is ever 
underway.
 

Impact assessment of iproved production technology is at its most 
elementarv Ievel Viel eva I ati OH , 0 L,ec i I J identif-ication of factors 
that are infI uencing ,, i t,I ds. IIn t hi respect cs sava and cassava 
production systems are very d iffe-ent I om lie cereal and legume grains or 
even potatoe,;. Ihi.,( dif ference ar i!-e' froT the fact that there is usualX 
little, if 'In.", 1nput use il ca ssav in ,0atin Americ.a . Nlevertheless, 
there is a very wide range in (';issavi yiclds at the farin-level due, it is 
hypotimes i ze(t, to differences n <ro-c imal t: i condi ions, pests and 
diseases, and maina-igement prictices, I ahor input itself is, theon one 
hand, a very poor pro%:y for tlhose ianagement pract ires and, on the other 
hand , largelv determined hv vield, since there is a i rect correlation 
betwcei vield i and h;arvet thior per hectare. This leads to the very 
difltcult q(lestioi of how tihe impict ofI improved technology , which itself 
consists prilac pa 1.1 " of improved v,rieti, ,; and management practices and 
not inputs, i t) he ea !ated; that is, inl anv cross-sec to[o i analysis 
many of the fictor,-s niow iif!iencing viol d wi I I have to he identified and 
controlled to measre the ,,ieldc ben I i t of t I [e cinol ogy so f 

The one prey ios :ittenpt to dtentifv Jimlting factors and eo'aluate 
tLieir influence on .ield ('instrup-Andersen Lind Diaz, 1977) failed. This 
was relatively earl V in the re sea rcli progr;im and vield-limiting factors 
were not wello defined. The exercise w 's repeated in 1983-8A on the 
Atlantic Const of Cohomhi a. ird-oduction systems and their variatIon in the 
region were a readyv fair wel I descrihed aind c;tic coidit-ions were 
relativel h0F11OnrICelo s. To eons-ure a ,igi-f ici ilt ,flld ,. ir; c,, production 
zones of known h igh and Iow p re rdctli vtiv wei e cho--osen - t he survey was nOt 
randomized - and 1()4 farmers; in 17 tciwn's il en "departments were selected 
and visited to t i- the year. simpifyfive imx du ring production To an 
already compe x process-, any pIots with noticeable disease or pest problems 
were e1imina ted earl.v nil f ron the sample. 

The sampl irng achieved its objective oF getting a wide yield range 
(Figure 2), as yield varied from '3 to 22 t/ha with half the farmers 
producing yields over 9 t:/ha. The major vield derermining factors which 
were measured and include(] in the model (Table !13 were cropping system, 
method of soil preparaticn, number of and time of weeding, time of 
planting and time of harvest, soil fertility, rotation, and irrigation. 
No purchased inputs were applied -in the sample . The soil fertility 
variables were based on critical response levels (CIAT Cassava Program
Annual Report, 1982); the time of planting and harvest were based on the 
known rainfall distribution and yield response from previous experimental 
trials in the area; and weeding was related to timing. The resulting 
equation (Table 14) largely failed to define yield-limiting factors. The
 
only variables that were statistically signficant and of correct sign (in
 
accordance with experimental data) were the yield depressing effect of yam
 
in the cropping system, and thc; yield augmenting influence of irrigation
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in the one region where it was used ­ this area had an advantageous

marketing position in Barranquilla, the largest urban market.
 

More refined specification and measurement of management practices
and yields moves the process to some form of on-farm trial. The 
experience of the cassava economics section in such trials for anyparticular region has beern tiat treatment response across farms is often
variable yield variation between farms is usually greater than that 
between treatments, and any artempts to begin to explain these differences
 
is usually constrained by the 
limited degrees of freedom. The two methods

taken together would seem to imply that standardized on-farm trials be
carried out across a large number of site.. These ar. costly, often 
limited by seed availability where n new variety is 
a comp "nt, and beset

by problems of how much firmer participation to allow in celation to the
ability to measure non-treatment variables. 
 However, future resolution of

this issue wil ne critical to defining where and if new technology has 
had an impact.
 

Measurement of Benefits
 
Ru4-;2a rch output at the IARC's in general, and within the CIAT Cassava

Program in particular, is measured by its eventual impact on production
and income generation. Very few agricultural research programs are

evaluated h% such stringent criteria; in most, research productivity is
measured by more intermediate outpts. That research should be so clearly

focused on eventual 
 impnct builds in certain biases in how scarce 
resources are allocated: that applied research will be preferred over more

basic research, that projects with shorter-term pay-off with be preferred
over those with longer-term ?ay-off, and that research will attempt to
integrate etension and/or development activ:ities within its strategy.
Correctives can be built in through long-term planning, but the primary
Gordian 
 knot remains that, if the research progiam is to be held 
accountable for impoct, agricultural research necessarily must take a more 
activist role in (> 'elnpmept. 

Impact assess :wn 
 in this context thus becomes a monitoring device to
 
ensure 
 that research is appropriaLelv 
 targeted on the development

objectives 
that have been defined. 
 The role of monitoring is particularly

exigent where intone distribution 
 is built into program objectives.

Figures 3 and 4 summarize the impact of the drying plants on benefit 
distribution for members of 
the farmers associations in tha 1984-85 drying
 
season. The major portion of the 
 benefits were distributed to the

population with few land resources, principaly because of the make-up of

the associations. On an individual basis 
benefits increased with farm
size, as income sources 
shifted away from wages and distributed profits to
 
cassava sales. 
 Thus, the income generation potential of the project still

depends critically on 
access to land resources. However, the significant

innovation is that 
the farmer associations could be 
a vehicle for bringing
the most marginal economic population into the growth process. The key
organizational insight here is that these farmer organizations are closed,

they generate multiple income sources within the plant operation, and each
 
member maintains a significant economic stake 
 in the shared equity

capital.
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The pl-ants, however, did not depend on only members' cassava
 
production but rather supplies from non-members. For every member there
 
were five non-member vendors of cassava. Moreover, these sellers were 
concentrated in the more marginal economic populatlo, on the coast; for 
example, a third were renters (Table 15). The plants signficantly 
expanded the nomV ar of beneficiaries far beyond that originally conceived. 
Although the per capita beiiefit, were not large, the benefits were not 
insignificant for this rather marginIl popi! Ia o s inLce II te LhC 
cassava was of low qua I i tVy and, therefore, of low opportunitv cost, or the 
plants provided a salcs out:'et when capital was required. However, the 
principal find ing wacz that tl i,; sales pattern ,as dependent on close 
physical (Figure 5) and socia'l (Table 16) distance to the plant. Those 
few plants where large ]andovners or intermediaries were important were 
these reTative distant or isolated from cassava production zones. Plant 
location :.hus became a pri.maiy determinant of benefit distribution. Plant 
location in the beginning pl'a,sos of the project was determined by the 
criteria of institut-ions within the project, but in the future the plant 
location effect on inc-,,e d istrihution could be maintained though 
screen 4 -',-. of credit ipplicat.ions for plant investment, especially where, 
as in tL,_ case, credit is alreaidy rationed. 

The conclusion here [s that the impact achieved in this case was 
dependent as much on institutional or organizational innovations as it was 
on new utilization or production techniques. More to the point, impact 
depended on the integration of both types of innovations, with each 
influencing the other. Nlor cnaa -it be clearly demarcated where research 
ended a'-d development began, since certainly in the case of organization 
innovations, the laboratory is provided by actual field-level projects. 

Development of an alternative market can introduce quite radical 
changes in the local agricultural economy. What these changes will be can 
only be forseen by modelling of the commoditv system. As a further tool 
for directing impact, a simulation model of the cassava economy on the 
Colombian Atlantic coast was constructed. The model. incorporates 
significant detail on cassava production, marketing ano consumption and 
estimates equilibrium, market-clearing prices in a significant number of 
inter-dependent markets. Tle model has a stochastic element to simulate 
weather and can inicorporate various assumptions concerning yield response, 
sorghum prices, and the rate of investment in drying plants. The model 
runs for a ten-year period and can estimate the discounted economic 
benefits of the development of a cassava drying industry. 

The first outcome Of the model is that the cassava economv without 
the development of a dry cassava industry essentially stagnates at current 
production anid consumption levels over the next ten years, since 
rural-urban migration and the "convenience" factor counter the effect of 
increasing population (Tables 17 and 18). Such an effect describes what 
has, alrcadv happened in a country such as Venezuela. However, the 
development of a drying industry significantly changes that prognosis. In 
this case cassava production increases at the very respectable rate of
 
3.7% per annum, primarily on farms of less than 20 hectares.
 

The development of a dried cassava industry has the expected effect
 
on reducing variation in producer prices and in consumer prices. Both
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area planted and yields increase, due essentially to improved price 
stability. The differential yield response by farm size due to reduced 
market risk comes out of the quadratic programming model and reflects the 
stronger shift to monoculture systems on the part of large farmers. The 
difference in area response reflects the degree of land constraint faced 
by the different sized farmers. hat was not included in the model was 
non-producing farmers coming into production, especia1.y renters. This 
requires model1 ing of the land market and remains a future research 
activi tv. 

Varying yield ant investment response assumptions provide useful 
insights Lnto the development of the cassava economy. An important 
conclusion is that the devel opient of the cassava industry and overall 
production response is quire sensitive to cassava yields. Improved 
production technology can pr-vide an important stimulus to the growth of 
the dried cassiva ndustrv. On the c,ther hand, increas-ing the rate of 
investment in drvin, plants is also stimulusa to increased cassava 
roduction, p:rti alv through the further reductl on in price variation. 

The expected henef ts in the development of a dried cas sava industry 
over the 10-year period are , ignificant (Table 19). Benefits are captured 
by producers but with the important cor Kderation thnt there is little 
negative impact on consumer" welfare. Prc ."cer benefits are expected beto 
distributed more or less proportional lv according to farm size. 
Employment in the cssavn sector is expected to increase at about 2.7% per 
annum, due in part to increased labor utilizat ion in the drying plants but 
principally to intensifi.cation of farm production. This is about the rate 
of population growth and although sigoificart is not expected to put 
pressure on wages in the region. Finally, the production of dried cassava 
will be replacing imported sorghum, resn'ting in a reduction in foreign 
exchange outflows. 

Models reflect the current understanding of the cassava commodity 
system and the expected adjustments in the development of an alternative 
market. In one respect, thev represent a standard against which progress
within the projec can he measured. On the other hand, when the model 
results are compared to actual adjustment patterns and benefit streams, 
the interply provides a basis for improvig understanding of that 
process. Understo:-ding change in a rural economy thus becomes an 
interactive process be tween model formulation and verification. It is 
this mechanism which provides the means, particularly through
organizational and inst Vtional of directing impactu changes, toward the 
defined objectives 

Conclusions
 
Impact assessment serves a valuable role within the international 

centers but only if it is an integral part of an on-going research 
program. Ex-post-facto impact evaluation, in and of itself, makes
 
interesting history but is of little use to 
decision-making within a
 
research program, especially where one of the objectives is income
 
distribution. An 
interesting question is the effect that the innumerable
 
impact studies of improved rice and wheat varieties has had on research at
 
the International Rice Research Institute (IRRI) and the Centro
 
Internacional de Mejoramiento de Maiz y Trigo (CIMMYT). 
 Impact assessment
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can play a more active role in a research program but that role must begin

before actual impact is even detectable.
 

Such a rote for impact assessment, however, presupposes that there 
are a].teinatives in researn-h design and in their consequent impact. The
focus of the C(,IAR svstem's objectives on increased food production by the 
small farmer and increased food consumption by the poor consumer, suggests
that there are such alternatives. The argument, however, can be made that 
these objectives are reflected only in terms of the commodity choice and
the country priorities;. Actual decisions within the commodity research 
program can then he isol ated from such concerns :iout impact, and in fact,
the recent bandwagon amiong social ,cientists for the scale neutrality of
improved varieties represents anj apparent acceptance of this point of 
view.
 

However, rommod It:, reearch programs cannot have it both ways,
Either, resea-ch i s (defined h) prelyv te chn i cal criteria and the
prio rit ies the ar;iot wit-hin part I cui aI disc ip 1 nec and the respective
literature, in vihich case potent itl impact becomes essentially unknown, o­
research is married to devel n,ment objectives and research alternatives 
are assessed accordinglv '1 ,c point is not iust a c;a.se of "truth in 
advertising" but undcnn tall af Iect s huw the research program is
organized and how closel it is linked t,;what are seemingly development
activities. In particular, if the )r(,raas obectives include income 
distributiona l goals , then resea h a t i,it ies no ce s sariIy us t be 
integrated ILth field-level , deve I op:,ne.t ) o c ts 

The success of the dwarf rice and wheat varieties in Asia has tended 
to narrow the conception of the types of innovations chat IARC's produce 
to essentially varieties. 
 The far greater misconception, however, is that 
improved varieties alone are sufficient for impact. While this may be 
true for s,.ome commodity programs, the argument for the case of cassava in

Latin America is that 'warloties hy themselves will have little 
 potential.
for increasing production and utjl-i ration. This has moved the Cassava

Program to search for innovations 
 not only in production techniques bu
 
also in post-harvest 
 and utl, ization technology and even organizational
and institutional innovations. BIuttan (1984) has recently argued that the

latter is a primary 
 output of social science research. In the case of
 
cassava, it is difficult to divine 
 which type of innovation sill have the 
greater impact and, therefore, which should he the principal concern of 
the research program. Br- etension, restricting an IARC's mandate to just
germplasm can in some cases be unproductive. 

Th,, case of ca,ssava exemplifies a commodity approach to income­
generation and development. 
 rhe role of commodity "booms" in agricultural

development is often underplayed but such 
examples as coffee, and later
 
soybeans, in Brazil, or 
rubber and later oil palm in Malaysia, highlight

the commodity as a growth source. A commodity approach 
to research is a
 

b 
 The Colombian Integrated Rural Development Program (DRI) should be
 

given primary credit for the innovations inherent in the farmer
 
associations.
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logical solution to the difficulties in focus and problem identification 
in applied research. 
 However, a commodity focus also has a potential role

in development and it can be easily linked to agricultural research, on
the one hand, and to agricultural policy on the other. A commodity
approach to identifying the key interventions that lead io income growth
and equitable distribution thus has certain merits. Such an approach
slices the world in a different way than, say, farming systems research.
Whereas the latter adopts a regional, production, and often farm strata
locus in rder to delimit the system universe, a commodity system is
defined " 0ss a variety of andvstem levels, including farm, marketing
consumpt i- systems. The recent search for 
 hol isum ia agricultural

research is , need not in all cases sacrif-ice a commodity focus. The 
question t ne evaluated is which is the most efficient means to impact ? 

Finallv, cassava is not necessarily a paradigm for the organization
of researcn 
in other commodity programs, just as wheat and rice are unique
 
cases as we]. What is apparent, however, is 
th.t the focus and structure

of the research program follows from a clear specification of potential
qi:.act. That IARC's shoul(d he measured by their impact thus Lis obuious 
benefits but in many cases th is moves commodi tv research programs
from a singular focus on breeding and forces 

away 
links with development

activities. 
 That IARC 's serve onyiv national research organizatinns thus 
becomes too limi ting 
 and instead rhere is a natural tendency to

collaborate with that institution or complex of institutions which best 
assures impact. Nevertheless, since 
crop development creates demand for
 
improved production technology, this process 
 in the end strengthens
national commodity research programs. 
 Impact throa:gh research, thus, has
 
its own organization] logic; 
either IARC's are made responsible for it or
 
they are not, 
each vith its resultant implications.
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Table 1. Atlantic Coast, Colombia: 
 average consumption (kg/capita/year)

of some starchy food crops by rural-urban residence, 1983.
 

Number of
 
Rice Potato 
 Cassava Plantain Yam observations
 

Metropolitan 69.4 36.6 
 30.5 64.4 
 30.5 80
 
urban area
 

Intermediate 71.4 35.0 53.5 
 76.6 30.8 
 80
 
urban areas
 

Rural 66.9 24.2 82.9 
 67.8 41.9 
 160
 
areas
 

Cassava 68.7 8.9 
 170.4 79.0 
 85.7 160
 
producers
 

Source: Cassava consumption surveys among purchasers and producers, 1983.
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Table 2. Atlantic Coast, Colombia: distribution of cassava consumption
 
over the different meals, by rural-urban residence, 1983.
 

Metropolitan Intermediate Rural
 
urban areas urban areas areas Producers 

% of cassava consumed 30.0 53.5 50.2 42.3
 
at breakfast
 

Most important form of boiled boiled 
 boiled boiled
 
preparation
 

% of cassava consumed 69.0 43.6 39.7 49.1
 
at lunch
 

Most important form of in soup in soup in soup 
 in soup
 
preparation
 

% of cassavw consumed 1.0 	 10.0
3.0 8.6
 
at dinner
 

Most important form of boiled/ boiled/ boiled/ 
 boiled/
 
preparation fried fried fried fried
 

Number of meals per 	 4.9 
 6.3 8.3 11.0
 
week with c-assava
 

Average portion of cassava 118 158 191 
 313
 
served per person (grams)
 

Price (US-$/kg) 0.45 0.27 0.26 0.08
 

Number of observations 
 80 	 80 160 160
 

Source: 	 Cassava consumption survey among purchasers and producers, 1983,
 
CIAT.
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Table 3. Atlantic Coast, Colombia: purchasing habits of fresh cassava and
 
other starchy staples, 1983. 

Metropolitan 

urban areas 
Intermediate 

urban areas 
Rural 
areas 

Quantity purchased (kg): 

Cassava 
Potato 
Plantain 
Yam 
Rico 

0.86 
2.01 
3.2 
1.49 
5.92 

1.85 
2.41 
5.43 
3.76 
9.11 

1.74 
1.57 
4.3 
6.29 
5.59 

Location of cassava purchase (%) 

Market place 
Neighbourhood shop 
Street 
Supermarket 
Othor (among with farms) 

12.3 
43.2 

19.7 
19.7 
5.1 

27.5 
36.3 

26.3 
2.5 
7.4 

21.3 
20.6 

36.2 
-

21.9 

Reason for buying cassava in 
certain outlet (%): 

a 

C> se 
P,. everything there 
1,.xpensive 

60 
17 
-

r8 
17 
-

59 
12 
14 

Type -f cassava purchased 
determined by (%): 

Availability 
Quality 

73 
26 

40 
49 

52 
35 

More important cassava quality 
characteristics mentioned (%): 

- High starch content 
- Slowly deteriorating 
- Taste 

24 
48 
48 

38 
35 
34 

42 
52 
30 

Estimation of % cassava 
deterioration before consumption 15 5 5 

Sample size 80 80 160 

Source: Cassava consumption surveys, 1983, CIAT. 



Table 4. Atlantic Coast, Colombia: characteristics of the market structure for fresh cassava, 1983. 

Rural assembly IVoleslers/ 
agents distriutors Retailersa 

Number of middlemen per municipality 

Rural 7-20 1-8 1 retailer per 200-400 

Urban inhabitants 
15-40 1 retailer per 200-300 

Purchasing price (US-$/kg) inhabitants0.098 0.129Sales price (US-$/kg) 0.182
0.139 0.180Sales price as % of farm gate price 0.309

141 
 183
Size of purchasing transactions (kg) 800 
315 

750 68Size of sales transaction (kg) 750 100 1.55
Volume traded per week (kg) of 
cassava 9600 7340 320
Tun-over in cassava/year
(US-dollars) 55600 64120Number of suppliers per day 4320

3.7 

Number of purchasers per day 3.9 

1.77 1.0
 

Capital goods available: 
13.4 36.6

Warehouse - 25% Warehouse - 30% Shop: 40% 
truck - 11% 
 truck - 12% 
 _
 

% with income from outside trading 42 18 
Average number of months per year 

23 

selling cassava 
 9.1 
 11.0 
 10.3
 

Information means: Xisiting farmers, personal Telephone, contacts with Contacts with 
contacts with wholesalers retailers and assembly agents wholesalers 

Socio-economic class Tcw/middle low Tow/middle low T-/middle lowAverage years in business 
 8.6 
 n.a 
 n.a
Sample size 136 83 252 

a Supermarkets are excluded. 

Source: Market agents survey, 1983. 



Table 5. Atlantic Coast, Colombia: fresh cassav? 


Rural assembly 


agents 


Marketing margin (US $ cents/kg) 4.10 


Estimated handling costs
 
(US $ cents/kg) 
 3.65 


of which:
 

Labor 
 0.97 


Transport 
 1.51 


Deterioration 
 0.20 


Packing material 0.1 


Equipment 
 0.25 


Working capital 
 0.22 


Government fees 
 0.38 


Estimated net profit per year
 
(US-$) 
 1804 


Source: Market agents survey, 1983, CIAT.
 

-drketing costs, 1983.
 

Wholesalers/ 


distributors 


5.10 


4.65 


1.16 


0.60 


1.03 


-1
 

0.60 


0.38 


0.88 


1866 


Retailers 


12.70
 

9.78 


5.60 


1.25 


1.82 


0.60 


0.26 


0.25 


439
 

Costs as a
 
% of total
 

margin
 

83
 

35
 

(0 
15
 

14
 

7
 

4
 

7
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Table 6. Atlantic Coast, Colombia: characteristics of fresh cassava market
 
conduct , 1983. 

Rural assembly 
agents 

Wholesalers 
distributors Retailersa 

% that determines traded volume 
according to: 
- Prior arrangements 
- Available supply 

- Available working capital 
- Time of the year/day of the week 

39 

-

-
61 

18 

62 

13 
-

-

31 

-
69 

% that determines sales 
according to: 
- Prior arrangements 
- Available supply 
- Fixed margins 

price 

21 
52 
26 

2 

75 
21 

-
72 
28 

Moment of purchase payment 
- Advanced 
- Cash 

- Delayed 

30 

56 
4 

15 

42 
37 

26 

56 
15 

% that arranges purchases 
. advance i00 45 19 

% that sells cassava at 
purchasing 

day of 

19 76 75 

Post-harvest age of cassava at 
moment of sale (hours) 19 25 32 

% that has frequent problems with 
deterioration 31 70 66 

Use of deteriorated cassava: 
- Animal feed or processing 
- Waste 

59 

41 
60 

28 
51 

49 

Important aspects in quality control Size, 

skin colcur 

Size, 

freshness 

Size, 

freshness 

Purchasing price (US-$/kg) 0.098 0.129 0.182 

Sales price (US-$/kg) 0.139 0.180 0.309 

Sales price as % of farm gate price 141 183 315 

Sample size 136 83 252 

a Supermarkets are excluded. 

Source: Markets Agents Survey, 1983, CIAT.
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Table 7. Atlantic Coast, Colombia: Marketing characteristics of cassava
 
producers by department, 1983. 

Atlantico Bolivar Cordoba Sucre 

% farmers that arrange sales 
before harvesting 81 62 79 64 

% farmers who wanted to sell 
but could not find a buyer 60 42 61 64 

% farmers that retailed 
cassava - 7 7 

Major sales period October to March to June to October to 
December June September January 

% farmers that sell cassava: 

In the farm 35 33 54 58 
In rural market 43 39 19 28 
In regional market 22 28 27 14 

Average transaction nize (kg) 70) 579 1712 342 

Reasons why farmers do not 
plant more cassava 
(% of farmers): 

Lack of land 43 31 41 35 
Lack of credit 15 8 11 9 
Tack of labor 6 15 - -
Difficult to sell - 36 13 40 
Low prices 23 10 33 14 
Other reasons 17 - 2 -

Average percentage of 
unmarketable roots: 20.0 17.8 10.0 5.4 

Producer price (US-$/kg): 

Actual price received 0.092 0.093 0.089 0.069 
Farm gate price 

corrected for losses 
and transport costs u.070 0.071 0.068 0.065 

Sample Size 40 38 74 57 

Source: Production and farm marketing survey, 1983, CIAT
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Table 8. 
Atlantic Coast, Colombia: land utilization by cassava producers
 
by department, 1983.
 

Atlantico Bolivar Cordoba 
 Sucre
 

Farm size (ha) 
 6.1 11.2 9.7 
 7.4
 

% farms with crop land 
 100 100 
 100 100
 

Land under crops (ha) 
 2.7 3.3 
 3.3 2.8
 

Area under crops in cassava (ha) 2.0 1.7 
 2.1 1.5
 

Area under crops in maize (ha) 2.6 3.1 3.1 2.5
 

% farms with pasture land 50 
 42.4 74.8 
 66.4
 

Area in pastures (ha) 2.2 3.7 4.5 
 3.9
 

Number of cows 
 1.5 1.6 
 4.2 3.4
 

Liters of milk/day 5.9 4.8 10.9 
 9.0
 

% farms with land in fallow 46 
 58 58 31
 

Area in fallow (ha) 
 1.2 4.1 1.8 
 0.7
 

Sample size 
 60 
 65 153 134
 

Source: Production and farm marketing survey, 1983, CIAT.
 



Table 9. Sucre, Colombia: 
 Optimal farm plan in different market risk situations for a three hectare farm,
 
1985.
 

Area planted in (ha):
 

Cassava/maize/yam 


Cassava/maize 


Cassava 


Maize
 

Pastures 


Cattle stock (no.) 


Credit needed (US-$) 


Dual value of credit 


Family employment (mandays) 


Contracted labor (mandays) 


Total employment (mandays) 


Cassava sales (kg) 


Maize sales (kg) 


Yam sales (kg) 


Dual value of rented land (US-S) 


Farm income (US-$) 


Coefficient of variation of income 


a
 
Maximum value.
 

Farm plan 


without 

considering 


risk 


1.76 


1.24 


2.13 


a
250


2.14 


181 


39 


220 


11314 


1020 


6445 


436 


2217 


0.330 


Present 

farm 


plan 


1.76 


-


1.24 


2.13 


a
250


0.27 


181 


39 


220 


11314 


1020 


6445 


229 


2217 


0.330 


Farm plan with 

stabilized 


prices 


1.53 


0.19 


0.08 


1.20 


2.08 


a
250
 

0.80 


177 


39 


216 


12180 


1026 


5504 


284 


2187 


0.276 


Farm plan when
 

drying industry
 
would support
 

prices
 

0.91
 

1.02
 

-


1.07
 

1.88
 

a
250


0.74
 

178
 

36
 

214
 

14353
 

1410
 

3025
 

281
 

2321
 

0.ct88
 

Source: Quadratic Programming Models.
 



Table 10. Sucre, Colombia: 
 optimal farm plan in different market risk situations for eight hectare farm,
 
19F5.
 

Farz; plan with Farm plan when
 
Farm plan without Present stabilized drying industry
 

ccnsidering farm 
 cas.ava would support
 
risk plan prices prices
 

Area planted in (ha):
 

Cassavaimaize/yam 
 0.25 2.77 
 2.08 1.25
 
Cassava/maize 
 4.46 0.07 
 0.20 1.68
 
Cassava 
 1.29 ­ 2.38 1.06
 

Maize _ _ _
 

Pastures 
 2 5.16 3.33 4.01
 
Cattle stock (no.) 
 3.6 8.65 5.73 6.8
 

Credit needed (US-$) 
 F7 5a 354 665 328
 
Family employment (mandays) 373 360 343 
 355
 
Contracted labor (mandays) 184 
 92 154 1i4
 
Total employm'ent (mandays) 557 452 497 469
 
Cassava sales (kg) 
 54739 19189 41375 
 34428
 
Maize sales (kg) 
 4663 1975 1525 
 2450
 
Yam sales (kg) 385 
 10476 7745 
 4406
 
Dual value of rented land (US-$/ha) 226 145 173 177
 
Farm income (US-S) 5126 
 3942 4920 4746
 
Coefficient of variation of income 
 0.440 0.312 0.303 
 0.305
 

a Maximum value.
 

Source: Quadratic Programming Models.
 



Table 11. 	 Atlantic Coast, Colombia: 


cassava industry, 1985.
 

Present 

situation 


Small farm (3 	ha)
 

Area planted (ha) 	 1.76 


Expected supply (kg) 11314 


Middle- sized 	farm (8 ha) 


Area planted (ha) 2.84 


Expected supply (kg) 19189 


Large farm (15 ha):
 

Area planted (ha) 3.08 


Expected supply (kg) 22353 


model results of farmer response to the development of a dried
 

Situation 

with price 
sustained by 

drying industry Difference 

Explained 
by price 
increase 

Expl-ined 
by risk 

decrease 

Estimated supply 

price elasticity 
(area or 

production) 

1.93 

14353 

10% 

27% 

4% 

12% 

6% 

i5% 

0.28 

0.65 

CD
a' 

3.97 

34428 

40% 

79% 

11% 

22% 

20% 

57% 

1.03 

2.05 

4.25 

42459 

38% 

90% 

12% 

35% 

26% 

65% 

1.12 

3.27 

Source: Market risk questionaire, quadratic programming models, CIAT.
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Table 12. Atlantic Coast, Colombia: actual increase in area planted
 
to cassava by farmer association members, 1984-85.
 

Land tenancy 
Nu-mber of 
members 

Cassava planted 
in 1984 

Cassava planted 
in 1985 

(ha) (ha) 

Land reform 53 131 177 

Land owner 69 93 77 

Communal plot 20 32 31 

Renter 58 48 71 

Share cropper 6 7 9 

Pasture improvement 11 23 26 

Land invasion 1 2 2 

Kin's plot 48 68 78 

No data 20 - -

Total 286 404 471 



Table 13. Atlantic Coast, Colombia: characterization of yield-limiting or yield augnenting
 
factors in cassava production systems, 1983-84.
 

Yield-limiting factor Variable specification 

Cropping System 

Monoculture Dummy = 0 
Cassava-maize 
Cassava-yam-other crops 

Dummy = 
Dummy = 

1 
1 

Land preparation 

Manual Dummy = 0 
Mechanized Dummy = I 

Weeding 

First weeding 
Second weeding 
Third weeding 

No. of months after planting. 
No. of months after first weeding. 
Dummy = 1 if done. 

W 

Irrigation Number of irrigations. 

Time of planting and harvest 

Plant March-April; Harvest 8 months (wet season) Dummy = 1 
Plant March-April; Harvest 8 months (dry season) Dummy = 0 
Plant May-June; Harvest 7 months (wet seascn) Dummy = 1 
Plant May-June; 7 months Harvest 12 months (dry season) Dummy = 1 
Plant May-June; Harvest 12 months (wet season) Dummy = 1 
Plant July-Oct. Dummy = I 

Soil Factors 

Phosphorus 6.0 ppm., Bray II Dummy = 1 if this level. 
Potassium 0.15 meq. Dummy = 1 if this level. 
Interaction, P 6.0 ppm. and K 0.15 meq. Dummy = I if this level. 
Organic Matter, Percentage Level 
Years plot planted continously to cassava No. of years. 
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Table 14. Atlantic Coast, Colombia: effect on cassava yields of
 
management and soil factors, 1983-84.
 

Yield limiting factor Estimated yield incrementb
 

Intercept 
 4513 *
 

Cropping System
 

Cassava-maize over monoculture 1010 ns
 
Cassava-yam over monoculture - 2395 *** 

land Preparation
 

Mechani,:ed over manual - 172 ns 

Weeding 

Loss per month delay in first weeding - 16 ns 
T,oss per month delay in second weeding 411 ns 
Effect of third weeding 986 ns
-


Irrigation
 

Effect per irrigation 
 1992 *** 

Time of Planting and Harvesta 

Plant Mar-Apr; early harvest 
 2H77 *
 
Plant May-June; early harvest 
 1108 ns
 
Plant May-June; harvest in dry season 
 2089 ns
 
Plant May-June; late harvest 
 1233 ns
 
Late planting 
 2939 ** 

Soil factors 

Insufficient phosphorus 1348 ns
 
Insufficient potassium 
 2301 **
 
P x K Interactf.on 
 - 270 ns
 
Response per ' of organic matter 
 291 ns
 
Effect per year of previous cassava planting 275 ns
 

a Yield advantage over planting at beginning of the rains and harvest
 
after eight months.
 

b R - square of the equation was 0.39; significance levels are as
 

follows: ***P 0.01; ** P 0.05; * P 
 0.10.
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Table 15. 
 Atlantic Coast, Colombia: 
 number of vendors and quantity sold by Non-members of
 
farmers associations by tenancy, 1984-85. 

Tenancy 
Number of 
vendors 

Percent of all 
vendors 

(%) 

Cassava 
sold 

(tons) 

Percent of all 
cassava 

(%) 

Average sold 

(kg/capita) 

Land reform 

Land reform-small plot 

Land owner-small scale 

Communal plot 

Renter 

Share cropper 

Land invasion 

Kin's plot 

Landowner-large scale 

Intermediary 

Total 

93 

86 

303 

128 

546 

151 

3 

214 

34 

25 

1582 

6 

5 

19 

8 

35 

9 

0.2 

13 

2 

2 

223.3 

378.5 

783.6 

405.4 

887.1 

80.1 

2.3 

223.0 

157.3 

233.4 

3374.0 

7 

11 

23 

12 

26 

2 

0.1 

7 

5 

7 

2411 

4401 

2590 

3162 

1625 

533 

682 

1044 

4639 

9190 

2132 

CD 
CD 



Table 16. Atlantic Coast, Colombia: cassava sold by non-members of the farmer associations by
 
social relation.
 

Social 

relationship 


Kin 


Friend 


Known Acquaintance 


Unknown Person 


No data 


Total 


Number of Percent of all Cassava Percent of all
 
vendors vendors sold cassava sold Average sold
 

(%) (tons) (%) (kg/capita)
 

439 24 589.9 17 1344
 

710 38 1322.1 38 1863
 

415 22 1048.5 30 2528
 

275 15 494.8 14 1797
 

12 1 1.2 1 101
 

1851 3456.5 1868
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Table 17. 	 Atlantic Coast, Colombia: simulation of production
 
characteristics of the cassava economy, 1994.
 

Aa Ba BIa
Situation a B3a
 

in 1985
 

Yields (t/ha):
 

Small farms 6.81 6.98 7.73 8.50 7.40 7.89
 

Mejium farms 6.83 7.10 8.51 8.49
8.29 7.34 


Large farms 6.83 7.23 8.52 8.50 7.18 8.69
 

Area (ha):
 

Small farms 22502 22344 23699 23583 24059 23983
 

Medium farms 21142 20916 24472 25433
24708 25426 


Large farms 26801 26398 32496 32078 33768 33710
 

Production:
 

Total(t) 480878 496001 682471 698738
666137 	 607713 


C.V. 0.13 	 0.13 0.120.13 	 7.14 0.12
 

Producers' price:
 

US-$/t 84.7 75.9 80.7 84.5
82.3 	 87.4 


C.V. 0.27 	 0.17 0.120.29 0.19 	 0.10
 

a
 
A = Present situation develops as expected without a growing drying
 

industry or fresh cassava storage.
 
B = Drying industry develops.
 

B I = Establishment of drying industry increases yields unifornly over 
the
 
farm types by 25%.
 

B 2 = Establishment of drying industry does not increase yield levels at
 
all.
 

B 3 = 
Drying industry grows at double the estimated rate.
 



Table 18. 
 Atlantic Coast, Colombia: simulation of consumption
 
characteristics of cassava economy, 1994. 

Situation 
in 1985 A a B a BI a B2a B3a 

Fresh cassava consumption: 
(kg/head) 

Metropolitan 
area 29.9 21.6 21.1 21.2 20.7 21.0 

Intermediate 
urban area 53.5 46.5 45.0 45.4 43.9 44.5 

Rural area 80.6 63.7 62.2 62.6 61.0 61.7 

Producers 164.0 158.5 152.4 153.9 152.5 150.2 

Fresh cassava prices: 
(US-$/ton) 

Metropolitan 
area 404 387 399 396 409 404 

C.V. cassava 
price in 
metropolitan 
area 0.11 0.11 0.07 0.07 0.05 0.04 

Intermediate 

urban area 252 236 247 244 256 251 

Rural area 243 228 239 236 248 243 

Dried cassava: 

Total 
consumption 
() 4089 4681 80108 84880 62667 95797 

Price 
(US-$/t) 221 199 215 211 228 220 

C.V. of total 
consumption 0.46 0.25 0.29 0.29 0.33 0.26 

% utilization 
of drying 
capacity 0.82 0.94 0.74 0.75 0.67 0.64 

a For explanatory notes on the different simulations reported, see
 

Table 17.
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Table 19. Atlantic Coast, Colombia: simulation of social benefits to
 
the development of a dried cassava industry. 

Situation 
in 1985 Aa B a BI a B2a B3a 

EmploymentI in 1994: 
(man-years) 

Rural 
employment 21608 21541 27422 27530 26936 28597 

Urban 
employment 4404 4365 4363 4366 4348 4363 

Foreigni exchange saved in 1994: 

Millions US-$ 0.56 0.65 11.05 11.71 8.65 13.22 

Increase in pro ducrs surplus: 
(million IIS-S) 

Small farms n.a. - 8.4 9.8 10.9 12.8 
Medium farms n.a. - 11.8 11.3 12.4 18.1 
Large farms n.a. - 17.1 15.2 16.1 26.1 

Increase in consumers surplus: 
(million US-$) 

Metropolitan 
consumers n.a. - -1.1 4 -0.9 -2.0 -1.7 

intermediate 
urban 
consumers n.a. - -0.9 -0.7 -1.6 -1.3 

Rural 
consumers n.a. - -3.5 -2.7 -6.2 -5.2 

Animal feed 
industry n.a. - 8.6 9.7 5.4 10.3 

Increase in total benefits: 

(million US-$) 

Producers n.a. - 33.3 33.1 32.3 50.8 
Consumers n.a. - -5.7 -4.3 -9.9 -8.3 
Industry n.a. - 7.2 8.5 3.1 8.1 
Total n.a. - 34.8 37.4 25.5 50.6 

a For explanatory notes on the different simulations reported, see
 

Table 17.
 



Figure 1. 	Atlantic Cost, Colombia: increase in cassava area planted in 1985
 
over 1984 according to average cassava area planted in 1984.
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Figure 2. 
Atlantic Coast, Colombia: yield distribution of cassava for
 
sample of producers, 1983-84.
 



Figure 3. Atlantic Coast, Colombia: total benefits received by members of farmer 
associations by farm size, 1984-85. 
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Figure 4. Atlantic Coast, Colombia: 
by farm size, 1984-85. 
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FIGURE 5. FARM-TO-PROCESSiNG PLANT DISTANCE FOR NON-=MBEP SELLERS
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CASSAVA UTILIZATION
 

Fresh Cassava for Human Consumption 

The simple storage scstem for fresh cassava roots developed and 
tested in previous years (CIAT Cassava Annual Reports, 1983, 1984)
formed the basis for this year's work. The system has been further 
refined to reduce co -ss,and testing in different edaphoclimatic zones 
continued a qi e ser"'o o r in Peru- and Bucaramanga,tralas around 
CoIoub i1.
 

Ref]Tn o 'U't Ui: storarqc SV:]toI! 

Th, itip) 1e I' .: root s to()ra Re sv:-; tem consists of (a) root 
treaPiont wi It 1 tb:ia1end;zo Ie-lhase( i t, ic-tde to control. microbial 
rotti ('v (1)) suosequentlpa lktiop of t['tted roots into polyethylenea(d 


bags w'khih z-e tl-her sealed tn obtain th- tiph temperature and humidity 
rTeces :,irv to iche e rapH-i toundbhelin (curing), which prevents the 
onset of po!t-harvet pht'Violooe-cal dettcioration. The cassava roots 
a-e tr-d with the thlahcndazole B immersion (five minute dip in a 
0.4% .,;sIltjonl of Mert ?ct, Ciba-(;i, , Colombi.a) An alterunative method 
of treatment , name ,v hv so ray ing the fIn : Ci de sou tion onto roots 
already placeod ins ide th, (, -yethyIen, a , was tested as a means of 
reducing the qulant i t': a ! fuiigicide required, and hence of reducing 
costs. 

The root curing process requircs temperatures in excess of 30'C 
inside the polye thylene hap. In some of the colder zones of cassava 
cultivation, these temperatures are not reached, and curing is 
incomplete. LTosses can, therefore, 1),, high under these conditions 
(Cassava Anua I eport, 191(4) . The same problem was also observed this 
year, whore caissava t eated and paked in a tropical zone and 
t.ransported immediat _,, :o a cool c 'TIate urban centre for storage. 
Therefore, e::erimento; were conducrted to determine how many days of 
storage co, ica C:O.c repa ired to complete curing beforeIloaditions were 
transport t, i d :3t rUU., in cooler c]imaties. 

ThiabendazfI]e treatment: aspersion tested against immersion. The 
two different treattent methods were compared. The standard immersion 
(dipping) method required a 5 minute dip followed Iy a 15-30 minute wait 
before packiup, roots into the bags , to allow for excess moisture 
removal. ''e aspersion treatment consisted of placing roots immediately 
after harvest into the bags, and spraying using a backpack sprayer with 
the nozzle inside the hag. Roots were evenly sprayed with the 0.4% 
solution of thi;thendazoie, and any excess was drained off before sealing 
the bags.
 

Table I gives the raw results for experiment I with M Col 22 and 
CMC40 in which bth treatments gave good control of external microbial 
growth and inter:ial rotting, -lthough the aspersion treatment gave 
rather high losses after two weeks in M Col 22. However, statistical 
analysis showed that there was no significant difference between the two 
treatments (Table 3). In experiment 2 with M Col 22, both treatments 
also gave good control of rotting and microbial growth (Table 2), but
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statistical analysis showed that aspersion was significantly better than
 
-immersion in preventing microbial rotting. From these two experiments,
 
either thiabendazole treatment method seems to provide good control of
 
postharvest losses in the two cultivars tested. Table 4 shows that the
 
aspersion treatment method allows maintenance of root quality at a 
significantly better level than the immersion treatment. The loss of 
starch and consequent build up of both total and reducing sugars is 
slower in the roots treated by spraying than in roots treated by dipping 
in both cultivars tested over the two week storage period. 

The implications of these results are that the aspersion method is 
preferable to the former method of treatment by immersion, becatse 
although the control of postharvest losses is equivalent in both meth­
ods, aspersion is much easier, faster and simpler to carry out, uses 
less water (a limiting [actor in some areas) and less fungicide. 
Semi-commercial trials of the method have shown that treatment costs can 
be reduced from 1.2 cents t!S$/kg roots by immersion to at most 0.4 cents 
US$/kg roots by aspersion, simply because less fungicide is used per 
kilo of roots treated. An extra advantage is that when spraying roots a 
clean solution is :Ilways used, whereas cn stant dipping gradually 
contaminates the fungicide sClution, slowly reducing its effectiveness. 
The procedures to be followed for the two different methods are shown 
below: the greater simplicitv of the aspersion method can be readily 
appreciated, since only one packing operation is now required. The 
aspersion method has now been adopted as standard in all storage trials 
as of mid-1985. 

MERTECT TREATMENT PROCEDURES
 

1. IMMERSION 2. ASPERSION
 

HARVEST HARVEST
 

SELECTION SELECTION
 

PACK INTO SISAL SACK PACK INTO PLASTIC BAGS
 

TRANSPORT TO TREAfMENT SITE TREAT WITH MERTECT: PRAY
 

TREAT WITH MERTECT: IMMERSION (5 min) REMOVE EXCESS LIQUID
 

SPREAD OUT TO DRY (15-30 min) SEAL AND STORE
 

PACK 	INTO PLASTIC BAGS
 

SEAL AND STORE
 

Determination of time needed for root curing before transport to
 
climatic regions. In order to determine the length of time
 

required by cassava roots to complete the curing process in warm,
 
tropical climates before transport to cooler cliwates can be safely
 
recommended, the following experiment was conducted. Roots of CMC40
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were harvested and packed at CIAT-Palmira (1,000 masl, 24°C) using the
 
aspersion method of thiabendazole application. Roots were packed Into
 
five kg sized bags, which were divided into five treatment groups. The 
first group of five bags was transported to a site 50 km distant at an 
altitude of 1950 mas]. with a mean temperature of 17'C. At this site, 
called Km 18, the bags were stored for two weeks before evaluation. On 
each of the succeeding five days, a further group of bags was 
transferred to the coo) climate site, thus providing cassava with 
.,torage time from zero to six days in conditions where curing can 
proceed rapidly. The remainder of the two week period was thus spent in 
the cooler conditions of Km 18. A control group of bags was stored for 
the entire two week period at CIAT. 

The results showed the importance of curing to the success ful out­
come of cassavA root storage: roots which were stored from the ourset at 
Km 18 had losses of 1-.8 and 17 .8/ from microbial and physiological de­
terioration respectively. Roots stored at CIAT for two weeks suffered 
only 4.0 and 4.2% losses respectively (Figure 1). Thus a period in con­
ditions in which curing can rapidly develop is essential for the suc­
cessful storage of cassava. The incidence of both forms of deterio­
ration decreased with increasing time at CIAT before transport to Km 18. 
Only treatments with zero and one day's storage at CIAT were signifi­
cantly hig'ier than :he CIAT-stored control treatment as regards total 
deterioration after two weeks, suggesting that only one day of curing is 
required before transport. l~ooking at each deterioration component sep­
arately, however, a one or two day storage period at CIAT was required 
for control. of physiological deterioration and microbial deterioration 
when considered separately (Table 5). This variation in significance 
depending on the whether each type of deterioration is considered sepa­
rately or together, suggests that the longer of the two times, i.e. two 
days, is the safest option. The excellent results obtained from the
 
treatments with four and five days of storage at CiAT before transport
 
to the cool climate storage site suggests that as long as curing is com­
pleted before transportation, storage times of two weeks or more are
 
readily achievable in these conditions.
 

Cassava Storage Trials in Peru (Partially Financed by USAID, Lima)
 
Cassava is widely grown in the jungle or "selva" region of Peru, 

where it is a staple foodstuff. The majority of the population, howev­
er, inhabits the coastal region, separated from the selva by the Andes.
 
Lima has a rapidly growing population (6,000,000, 1985) and a problem of
 
providing a sufficient food supply from the neighboring desert coastal
 
or high mountain agricultural regions. Consumption of cassava by Lima's
 
inhabitants is low (3 kg/capita/year) because the majority of the popu­
lation has a tradition of potato consumption and partly because of the 
problems encountered in transporting the crop across the Andes from the
 
main production regions in the selva. Supplying Lima with cassava from
 
the Selva currently presents several problems:
 

(I) The cold, low humidity climate during the journey (see Figure 2) 
encourages the development of physiological deterioration, through 
the loss of root moisture, and can lead to root chilling damage. 
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(2) 	 The poor road communications, especially during the rainy sea­
son(s), 
can produce journey times of 24-72 hrs (if landslides oc­
cur) in a nora.&l 8-12 hr journey. This can, and frequently does,
lead to the loss of an entire truckload of cassava en route to
Lima. 

3) 	 The two factors above combine to reduce the qual ity Of the cassava 
arriving at the wholesale market in lima. Cassava is so]d at two 
priceas depending on the fre Thuce's/qual ity of the roots.: this dis­
count can very adversev affect rhe farmers /traders. 

Through the uis of the (71A[ :nd the00eveTFMIpeal 1opmn et Research 
Institutt. ('1)R ) , developed 1rip , torqice tec l:no logy, the above 
proh] em:s ot' I be resolved: !_1i 1 po ft ill c.sava treated with 
thi: lanIe d Ipacked into l ] vetlhy cIue !)ags would prevent
deter orat io divelop Lu; during the 'ourlev to l iia shouldand provide
protectioi a'.linst chill ing damage 'Ind -,rhumiditv environments. The 
folowil. advantage',; would be apparent iii I Ln,: 

(1) 	 The quoilitv ( 1 oKness, of cassa'vi should lramiaticaliv improve. 

(2) 	 The wholesale ind retail ma rgins should decrease, as losses are 
greatly reducud. 

(3) 	 The consumer price should decrease as a consequence of 2, while 
demand may increase as the quality improves (and risk of purchasing 
had cassava decreases). 

Storage trials. Three trials were carried out in different farms 
of the San Ramon. Satipo region of the central selva district of Peru.
 
at 800-500 ma,] in this area. The 
 cassava was harvested b the farmers 
themselves, and was all of good quality for human consumption. Between 
80 and 95" of harvested roots were sulitable for storage. Roots were
treated with thiabenda,,,ole using the imnmersion method, and then packed
into 5 kg-sired polvethylene bags. These were stored in San Ramon 
before being transported on to Lim a. The three trial.s were set up on 
successive clays, to provide differing lengths of storage time in the 
warm climate of San Ramon for root curing to develop, before being
transported together through the col' clim'-te Andean regions to Jima. 
Table 6 gives the detii.1s of each experi:rent, and Figure 2 shows in 
profile the route taken from San Ramon to lima . Roots were all
transported to Jima in an open truck on 18 Mny,, taking 1(0 hours to make 
the journey. The highest point on route was snow-covered. 

Each experiment was evaluated 2, 6 and 10 days after transporta­
tion. The length of the storage time varied between experiments, since 
they were set up on different days. 

The results (Table 7) show that the mean total deterioration eval­
uations of treated roots were of 7, 18 and 17 on a 0-100 scale for eval­
uations 1, 2 and 3, respectively. Losses due to external growth of 
fungi were much lower. Untreated roots suffered substantially higher
losses (13, 45 
 and 65 in each evaluation, respectively). The
 
thiabendazole treatment 
thus 
served to limit losses from microbial
 

http:detii.1s
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deterioration. However, the losses were higher than those experienced 
in Colombia, suggesting that curing was not completed before roots were 
transported through the cold climate regions to Lima. This could be 
because ambient temperatures at San Ramon, where roots were stored prior 
to transport, were not adequate, '-pecially at night, to allow curing to 
proceed rapidly. A storage site closer to the cassava production area 
itself might have produced better results. Nevertheless, the great ma­
joritv oF roots did store successfullv in Lima. The quality of the 
stored roots, evaluated informally by a group of housewives, was rated 
as excellent, and the uper onritv of these roots over those available in 
tim market was widelyil rmar!,ed. (2hilng damage, which did not occur in 
roots packed in bags, s eem to ,oal<e cassava difif cult to cook, producing 
a hard tex-ture on Boil. fg. This adverse qualitI characteristic was not 
encountered in these stored roots. 

Ec onomi 1 c 'easa b i t v Inh coSt of t he fungi Cide and polyethylene 
bags amountd to 25BTISes: ()Sf0 .0)5) per kg of cassava roots treated in 
Mar "85. Figure 3 shows the pr eval Ing on- farm, wholesa1e and retail 
price!; at thfq tjinie. Althiic h the cost of treatinent is c:quaI to the 
actual on-farm price of ,ra,:'av, it represents only I (:' of the final 
consumer price: 06 , of t hi price is due to the large margins of both 
wholesaler and -,otailer. TI1ese margInn should be red cd by the 
introduction of storage technology, since post-harvest loss es, and the 
risk of such losses, n 11 1'e1 ,reatlv decreased. If margins are reduced 
by 5 ,, t0he nt roduc t ion 't iorage technology woul d resul t in a fall of 
16' in the final price (or an increase in the on-farm price). Given an 
improvement in root quality, an increase in demand should also occur. 
In Peru, the farmer frequently takes the cassava to fima himself, rather 
than relying on a rural transporter as in Col ombia. Thus, he directly 
experiences the adverse consequences of deterioration losses so that 
obtaining farmer cooperation in storage trials should be facilitated. 
The existence in the Lima wholesale market of a price discount for low 
quality cassava (i.e. deteriorating roots) is another economic Incentive 
for the adoption of this tehnrnlog. 

Studies on Fresh Cassava Root Quality0 

In last year's CIAT Cassava Annual Report, experiments were 
reported in which correlations between various root quality parameters, 
both chemical, physical and subjective, were found. Specifically, a
 
series of correlations between the various chemical parameters (starch, 
sugar, ,11CN, fibre contEnts) were significant, and these were related to 
char.es in root hardnes;s. as .,easured by a penetrometer. A further 
exp imenL this year, using 4 clones (CMC40, HMCI, M Cal 22 and M Ven 
21P harvested at monthly intervals from 7 to 12 months of age was 
cari -,d out to study the variation in these parameters, and obtain more 
information on the relationships between the various quality factors. 
Some parameters showed a marked variation with the different harvest 
ages in all 4 clones (e.g. deterioration Z; cooking time, whIch tended 
to increase with pjant age, and starch content) , other parameters were 
more stable (e.g. penetration and dry matter content, Table 8).
 

a Carried out in cooperation with the Tropical Development Research
 

Institute, london.
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Regression analysis produced no consistently significant correlations 
between these qualiry factors 
across all clones. For example, in
 
contrast to previous results, deterioration did not correlate with DM or
 
starch content; penetration readings did not correlate with DM, starch,
 
sugars, cooking time or taste/texture evaluations. These rather unhe1p­
ful. results could he 
due to the sampling procedure employed, since In
 
this experiment for the first time, large amounts of roots from each
 
experimental plot were pooled before each sub-sample was removed. if
 
the variation in root qualftv was large within a given plot, the lack of
 
correlations between the quaifty characteristics found here would be
 
explained. 

With tihis In mind, an experiment was designed to examine in detail 
the variatior, in root qual ity within a particultur field plot of one 
clone. Add itionallv, the best method of sampl1ing for the penetration 
measurement was examined, since accirate and valid data on this parame­
ter could aid selection of good quality cassava roots If reliable corre­
lation with other parameters exist. Spec ifI callv, Lt was hoped that 
through taking penetration readings; at different points along the root, 
an improve-i s;ampling me thodology could he devised. Advantage was taken 
of one field plot in whichCCMC4() plaints 8 m of age had been planted at 
the same time and given the same management. Nevertheless there were 
substantial differences in plant: habit, especial \, as regards plant 
height. Ten plants of greater than average height and ten of less than 
average height were selected for inclu-,ion in the experiment, in the 
hope that this would facilitate the e:pression of different root quality 
characteristics. Tab]e ) shows the general characteristics of these 
plants. The taller plants, besides having a greater mean height, also
 
weighed more both as regards uhe stem and foliage and total root weight.
 
Three- medium sized commercial roots were sampled from each plant: thus,
 
roots selectad from the smaller plants w..,e not of an obviously poorer
 
qual-itv, and in fact had a s1ightlv higher mean weight per root. Each
 
root was ind1vi.:1ua[lv labelled, peeled cnd sampled as in Figure 4. 

A section of the root was removed from the distal and the proximal
 
ends, and a series of penetrometer readings tak-en from each section.
 
Four readings were taken from each of the outer (A), intermediate (B) 
and inner (C) zones of the root, as sho-i above. The remainder of the 
peeled root was divided into two equal parts. One was diced, freeze 
dried and later analysed for starch and sugar contents; the other half 
was boiled and evaluated for various organoleptic characteristics 
(taste, texture, fibre and glassyness). Special importance was placed 
on this last evaluation, since one of the objectives of the experiment 
was to determine if it were possible to predict the occurence of this 
phenomenon (a glassy or crystalline texture when boiled) in the uncooked
 
roots through the use of penetration readings.
 

The results of the organoleptic evaluations (Table i) showed that
 
roots from tall and short plants were very different, despite superfi­
cially being of the same size, weight etc. Only one of the thirty roots
 
from tall plants showed any sign of bad organoleptic quality, whereas
 
the 28 of the 30 roots from short plants were rated with one or more
 
negative factors. Interestingly, not one of the roots from tall plants
 
had any trace of glassyness, but 19 of the 30 roots from the shorter
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did. The starch and sugar analyses also produced differences (Table 
11). Tall plants had roots with significantly higher starch and lower 
total sugar contents, although these was no difference in reducing sugar
 
content. Thus, both chemical and organoleptic quality of cassava roots
 
from taller, unstressed plants was high-r than from shorter, stressed
 
plants, even though roots were selected , be of approximately the same 
weight in both groups. 

Although root quality can be assessed through the chemical analy­
ses, a simpler and more rapid alternative is required if the large nun­
ber of samples produced through a breeding program, for example, are to 
be analysed. The penetrometer offers just such a possibility. Since 
the previous experiment did not produce any consistent correlations 
between penetration readings and other root characteristics, the 
detailed sampling method for penetration readings in this experiment, 
was designed to find the optimum 1procedure fo-" using this instrument for 
rapidly predicting root quality from the uncooked root. 

The mean readings (penetration in nm in a 20 second time interval) 
showed significant differences between roots from tall and short plants, 
as did all the individual "alues for each root section and zone (Table
12). The proximal and distal means were also significantly different, 
as were the readlngs from the three different ZoneS (outer, A; interme­
diate B; and inner C). The penetration values increased from the outer 
to the inner root zones (i.e. root hardness decreased), and the distal 
section had higher readings than the proximal. The shorter plants con­
sistentv had higher values than the taller plant roots, suggesting a 
good fit with the starch content results, since roots with a higher 
starch content would be expected to have a firmer texture (or less pene­
tration) chan low starch content roots. The fact that all the pene­
tration readings from eZ-ch root section and zone produced significant
 
differences between till and 
 short plants, suggests that this evaluation 
has great potential 1or distinguishing certain root quality characteris­
tics.
 

The penetration values rhemselves correlated well with each other: 
all 15 correlations in the correlation mat:rix of these parameters were 
significant, 13 of them at P = 0.001. Several significant correlations
 
between the different penetration readings and the starch and sugar 
analyses were also found (Table 13). The correlations between the pene­
tration values and starch content were consistently negative, suggesting
 
that ease of penetration increases as starch content falls. The con­
verse 
was true of total sugar content, which changed inversely with
 
starch content.
 

Correlations were found more consistently with the penetration 
readings from zones B and C of the root, suggesting that the changes in 
starch content which cause changes in root texture occur first in the 
central area of the root. This 
seems reasonable from a phyioLogical
 
standpoint, since mobilization or deposition of starch reserves may be
 
most rapid closer to the central vascular bundles (zone (4. This sug­
gests that penetration readings should be concentrated in zone C to
 
detect changes in starch content. This may explain why previous
 
attempts to use penetration values to show changes in root starch
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content iave not always been successful, since readings were taken
 
equally from zones A, B and C, and then averaged.
 

This experiment also attempted to determine to what extent the
 
penetration values could be used to 
 predict the quality of the cassava
 
when cooked. Since 29 of the 30 roots studied frot the tall plants were
 
of good eating quality, with no negative scores Ior taste, texture,
 
fibre or glassyness, anc 28 of 
the )0 roots from tle short plants did 
have at least one negative scc;re for these factors, these results can be 
used to test the suftabl 1 of' the penetrati-i n measurement for predict­
ing root quality. Tab I e 14 ' esents the !fea:", maximum and ininmum val­
ues for each of the different penetrat;.on reading,-s (B root sectfion and 
zone) far to I.!and short p1 ant: separately. \ thene::1Ifferenices, te 

in maximi-,I. minimum and maen values between tailaand ,;here plants were
 
great C n the distaI than In -hoe proximal sectIons, and were rea tr In 
the zones in the order minner, intermediate, :-'Ater I.e. the greatestdifference,- ;-.'ere found in the Osi ,sl root sect ion LIL the inn (C) eone 

whoro almost no ovei- Ia oc1vire 1 h etween tae short and tal plant root
 
value ! 5 siti] isowa
cure o:,'s : requenc%' (IIadram). Thu. , the pene­
tv'atjo: real.gs t, :r(:: tfI ' paIrticulkar region showed an en:celent
 
relationship '-..t ooet it I , I 
 m- allIca root-rn, from tal. 1
 
plan, s had so ;ne0ti,: Uii I I mm and U'; of the W) root:., from

short plants ha-d s:xi a 1 vi' mm. Tlhls separ:-': on also app lies to
 
root (u0 It2ty: oat- oi- i, ':!!I,- I root:; eval lated for (11:11 Ity do not fit
 
this same t:e1et I rat ion readings from tb is root zone
pate rn , 
would thus enable a p, ! in ro(ot calit',' with a 9- sAccess rate(icr ol 

in this e-xperiine:t. - The i - 1, Inner par-t of te cassaya root appears
 
to be the most se trant: j tress;es
s: tve t_7 .h 'Ich a ffect root quality
 
(starch reserves from thls 
 rea are prohabv the first to Ibemobilized),
 
thtu: I t t - the most accurate si to or tbe imeasurement of root hardness
 
thrurouig the penetrome ter. Further er::n c' l-eats 
 are ohv','iousl v necessarv 
.in order' to test the resu (to and cocluslo:Isn of this experiment. 

One fm:tto. e::perimeiit onI rcot qua!i i ' was carried out in 1985.* 
The studx' Wa,,",Irested at the , phtenomenon r:ent:'oned earlier.;:ssvn e ss 
It attempted 
to ,Ieto r<.'nn hich of the other rhemical and physical. 
characteristic of t:he ,assava root cu ld be correlatad with giassyness 
with the aTi of find it, p evaluation in the uncooked root.aid me thod 
Advantage ,,as taken of the fact- that on pruning the aerial parts of the 
cassava plant , the p. assv'ne-;! phenomenon develops with a time of 
two-three weels as a result of plant stress (CIAT Cassava Annual Recior, 
1982). Plants of three clones CM 523-7, CM 681-2, HI.CI were pruned and 
harvested on six dates of a four week period, to obtain roots in various
 
stages of glassyness. Roots were sampled In the three different root 
zones separately (inner, intermediate, outer) for a range of chemical 
analyses (MM, starch, sugar). Samples were also cooked and evaluated 
subjectively for taste, texture (and g lassyness) sweetness arid 
bitterness.
 

Roots of all clones gradually developed the glassy phenomenon on
 
cooking after the third harvest, with the final two harvests having very
 

* Leo van Zanten, 1985. (CIAT Cassava Annual Report, 1982).
 

http:penetrat;.on
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poor quality roots. Alongside this change in quality, the starch and DM 
contents decreased significantly, and the sugar content increased (Table 
15). This was as expected from previous results. (CTAT Cassava Program 
Annual Report, 1982). The penetration readings also increased 
significantly, further demonstrating the ability of this maasurement to 
reflect changes in root chemical composition. Conscldering each root 
zone separately (Table 16), the penetration readings were significantly 
higher In che inner and outermost zones than the intermediate. The 
starch aind sugar ccntents were correspondingly lower in these two zones. 
The correlation matri: for all these evaluations and analyses (Figure 6) 
reveals that ?' assyness correlates with almost every other parameter: 
positivelv witi v-eetneIs Flavor, te.ture, sugar content, cooking time 
and penetrarIon; w, DMngatIvI)M and starch. These results suggest 
that, since the onset of g]assyness is associated with significant 
changes in almo:st alt the the root quality characteristics, the 
posibility of' developing, a rapid evaLuation method is good, perhaps 
using the pencetratIon readings as a basis. 

A short .tLud wa-' m-de aI the possibiilfyt of using a microwave cvcen 
to shorten cooking times, and hence increase the number of samples eval­
uated per day. Cook.:ing - )oiling takes from 20-40 minutes per sample, 
and a maximum ot 6 samples can be screened at a time. By heating root 
pieces, contained In a small plasttc bag, inside a microwave oven for 4 
minutes, a considerable increase In output can be obtaiined. Roots from 
20 cionas; were cooked using both methods, and the resrlts compared. The 
overall agreement between the two methods was 65%; s1ufficient for 
screening a large number of lines early in a selecrion psogram, but not 
enough to be nble to replace the "household" bo ling method in more ad­
vanced si:ages. The agreement between methods Vas better for sweetness 
and bitterness than for texture/glassyness evaluations. 

CASSAVA DRYING 

Research on drying during 1985 has been orientated towards back­
stopping the Atlantic Coast and Cassava Flour projects and has concen­
trated cn three areas: 

(1) 	 The comparison of three 
types of cassava chipping machines.
 

(2) 	 The pilot plant evaluation of a through circulation bin dryer cou­
pled to a flat plate solar air heater.
 

(3) 	 The comparison of three fuel sources for the artificial drying of 
cassava chips. 

Comparison of cassava chipping machines 
For small to medium scale cassava drying enterprises, there exist 

three types of cassava chipping machines: Thai, Malaysian and 
Brazilian, named after their country of origin. With the cbjective of
 
determining which type of machine is the most appropriate for use either
 
in natural or artificial drying plants, studies were undertaken to eval­
uate both the mechanical performance of the machines and the drying 
characteristics of the chips they produce. 
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The Thai type chi-pping machine consists of a frame that supports a 
feed hopper and a cutting disc. The frame is constructed of welded an-­
gle iron and covered with sheet steel. The feed hopper is joined to the 
structure at an angle of between 40' and 450 which allows the cassava 
roots to falJ by gravitv toward!:: the cutting disc. The 910 mm diameter 
cutting disc i; cons;tructed frou eet steel and strengthened by an ex­
ternal ring aiid 1,iteraI ve in:. On tie disc, s ix rows of cutting 
elements are formed b, hatin , and expandi.ing the metail u ing a specially 
d s gned too I . Power is t raasmi t ted through V bel t and pulley mounted 
on the same axe 1 t; the cut( in:, disc to give a speed of 500 rpm. 

The Malasian type (h ippli ssc similar the Thai type,Liiis to 
differing only in the design o, the cutt Ing disc which is constructed of 
10 mm steel plate wLiti four radial recrr anguar openings to which four 
interchangeal Iaeca-rrutgated steel blades are bolted. 

'I'll !:'iL _ e ch..ipiing machine cons:ist:, of a 430 mm diameter 
drui, open at the K,-r-nt t al1ow the feeding of the roots, with an in­
ternal rotr ini,, d7 - t( which three radial paddles are attached. The 
paddles prc,pel 0e ,iin.t one 2)(1 mm wide horizontal stationaryt -, 

blade and then igaiig-it :! :Utwof 17 vertical, serraited, circular, rotat­
ing blades separat e( HI) ;1: 1 - 1-on the other" which terminate the cut
and eject the chip-: from 1 11 or: ine . Th whole assembly is supported 

by a welded, anle iion !icne. Power is transmitted through hexagonal 
belts and pi]ilev, to give a dr;w ,peed of 500 rpm. 

Capacitv and power consumption 
The capacity and power consumption of the three models are shown in 

Table 17. Per unit of power consumed, the Malaysian model has the 
greatest capacity, followed by the Thai and Brar-ilian machines. 

Chip form, geometry and size distribution
 
Table 18 shows the form and geometry of the chips that ideally 

should be produced from each machine, together with the distribution 
between whole chips, broken and thin chips and fine particles that are 
actually produced. None of the machines produces more than 507, of whole
 
chips due to factors such as variability in the feed rate and size of 
the fresh roots and deficiencies in the adjustment of the individual 
machines. The size distribution of the chips produced by the Thai and 
Brazilian machines is similar, wherea,, the Malaysian machine produces 
fewer whole chips and a greater percentage of fine chips.
 

Chip drying characteristics
 
The drying characteristics of the three types of chip were compared
 

using three different drying methods: concrete floors, inclined mesh
 
bottcmed trays and a through circulation bin drier.
 

Figure 7 compares the net drying times of the chips at varying 
loading densities (kg of fresh chips per unit area of drying surface) 
dried on the concrete floor and in inclined trays. Comparing the two 
drying methods employed, at each loading density, all three types of 
chips dried faster in trays than on the concrete floor. On the concrete 
floor, the Malaysian chips dried faster than the Brazilian and Thai 
chips respectively, although the results are not significantly different 
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(P = O.Oi). In tray s there was no significant difference between 
Malaysian nrd Bra("!lian chips , however the Thai chips dried considerably 
slower at all loading densities. 

Using the t it icial through s irculation hin dryer, no significant 
difference (P --: 7".01i was found o drying time hetween the different 
tyvpe,: of ciip, ailthough the Thai clhip tended to t:a;ke longer to dry at 
aJl ioadIns, depoities (Figure P-). At the lilgler Iotdiing (ens!t _ies(150 
and )') 1£/m) compacting ot the hed ,,s observed whtei i'..hi. the 
Hat a'sltun chip, and LhIs p!)hai v accounts nr the Ionge- ,icving times 

thie 'iian clipscol paired with !,ra t thes:e densities. 

C\ 1)1 d e e 1 1 iuat i ol
igur presents the fisaI total c van de content of Tha i and 

Brazilian ty pe ' ho !e root cliins as a function of drying time. Toe graph 
indicates th i the lo,nr the dryng time the greater the elimination of 
c1v-n1de1 . llo'r , ler a i drying t: ime , - il 1e cyanide elimination is 
greater on conce Ct Ioor t hanl on incl ined travs It p;iear-; to be in­
dependent 0K C' a",,r with interIMediate cvanide con­c! type. v II i ',ri an 
tent, such "Is C'M 9/t)- 15 d o tillhis e.peciment, drying on inclined 
trays produces a product , l !.eve]. ol cyv.illide greater than 100 ppm 
which is the o tv stindard ,-set- fo aini.r0 teed. 

Construction, maintenance and costs 
The Thal and Balaysian model!: reg uire .40 man hours construction 

time and can be made in a'workshup wi th basic facilities. The Brazilian 
model requires 480 man hours constructi"n time, skilled labour and q 
workshop with machine torls. The cost of the Brazilian model is the, 
fore approximately double the cost of the other two models. 

At present the Thai cutting disc is produced without difficulty in 
Colombian work shops. However, a number of problems have been experi­
enced in reproducing the Malaysian type interchangeable cutting blades 
and they are riot commercially available. Given adequate workshop facil­
ities, the blades for the Brazi'lian model present no production problems 
and are considerably more duralle, requiring less maintenance than the 
blades of the other two models. 

Overall assessment 
in terms of chip characteristics (size distribution and drying per­

formance), the BIlrazilian model. is marginally superior to both the Thai 
and Malaysian models. However, the advantages of the Thai and Malaysian 
models, with respect to ease of construction and maintenance and lower 
cost, appear to outweigh the improved performance of the Brazilian 
model. Other factors, such as dry rhip bulk density, milling and 
handling characteristics are being evaluated, 

Pilot plant evailuation of a through circulation dryer 
last year the results of the evaluation of a through circulation 

bin dryer coupled to a flat plate solar air heater were reported. The 
principal conclusion of the work was that this type of drying system 
does not offer any advantage in terms of cost, product quality and op­
erating period (months) compared with natural drying on concrete floors.
 
However, the operation of the bin dryer and solar air heater combined 
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with the drying floor showed that it Is possible to increase the capaci­
ty of both systems and, at the same time, introduce a certain degree of 
flexibilitv Into ihr operation of a drying plant. The trials that have 
been undertal, en this year live concentrated on trving to reduce the 
costs (both capitai and operat fnj) of the combined drrig ,;ystem. 

The combined drving_ svstei 
TIhe inII rastructre- of the I system con!.lsts of a dry­cmb imd lfg 

ing fl 10r :lu the bin rer (do.;crlbed in the C(TAT Cassava Annual 
Report, 9 ':). In order to redict ope ratIng (fue I and maintenance) 
cost s, tht 3I(p gas Ioe motor used I t year i¢a, replaced by a lhp
electric mot-or. in addition, the heigcht of the .w IIs of the solar air 
heater were reduced 6rm(ri ii)t ?0 c tliis n;iling a considerable 
savinm, in -

The qurnt t , oot- i-equired for LrIaJl was chipped
at ar ound 0J6:. e,,or'q ad the c hip. spread on the concrete floor at a 
loadiTnirt ,n At 18(0 f.ors the chips were collected and 
loaded i it_ th,:' d vin fi)il.n The lolwing di v at 06:00 hours drying in 
:he bin wa 'ta d ,-.,id cootiliuer ,: it . the product was dry. During the 
pe',',; tohlt ips w& tin o1r 'er' two hour, on the concrete floor and 
evrorv !our hours in the dyi n hi i 

Two k Y k ,tIP' 0,,:t,,V i cArried out. The first: group aimedwas 

at determ!i!Izt ,,:: imui cui ct, , ot 
 the diving system that would give 
a total d:-'rv t , tt'u fr,'s (or 24 hours net drying time) using the 
solar air 1eat i, riinal configuration, i.e. galvanized iron 
sheets painted m:itf: and ceered by polyethylene sheet. The second
 
group of trl wA aimed at determ ining the rimaxinimn capacity of the 
drying system using the sol.ar a:ir heater in a modified form, i.e. with 
the polyethylene sheet removed and tie galvanized iron sheets plac ,d on 
top of the walls of the solar heater. This c(nfiguration sImul ates the 
collection of solar radiation from roof tops. 

Solar collector performance and dryOr capacity 
Table 19 show, the air temperature increa.ses and efficiency of the 

solar air heater with and,{ without the polyethylene cover. The removal 
of the pol.'thyl ene reduced the thermal efficiency from 55 to 51%. The 
lower temperatu-re increment (4.0"C versus 4.8C) observed using the so­
lar a!-c heater without the polythene over is caused only in part by the 
reduced efficiency since a lower solar radiatior) value was recorded for 
the period under study (0.67 versus 0.76 cal/cm".min) . The cost of the 
so) ar air beater is reduced by about 40Z by the elimination of the 
polyethylene cover. 

Despite the reduced drying air temperature achieved on removing the
 
polyethylene 
 cover, there was no appreciable difference in drier
 
capacity (Table 20). In both configurations the maximum capacity for 
the combined system was 1,800 kg of fresh 
cassava chips per day (greater
 
quantities did not dry within the 
two day period). During the first 
day's drying on the concrete floor the moisture content of the fresh
 
chips was reduced From 607, to 38%. The resulting 1,200 kg of partially
 
dried chips that were 
then loaded into the bin took approximately 11
 
hours during the second day to complete the drying process.
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Operating and investment costs 
The labour requirement for the combined drying system is 8.2 man 

hours per ton of fresh cassava which Ls higher than that required for 
concrete floor drying (7 ..4 man hours). The energ'y consumnption of the 
electric motor averaged 12.4 l.:wh per ton of fresh cassava which repre­
sents a cost of Col . $152 per ton of dry cassava chlps. last year an 
average of Cc .$, 6()0 per ton of oiy chips was spent on fuel and main­
tenance oi the gasoliLt irotor. 

Table N compare the oeshtruotion cost of a natural concrete floor 
dry ing plas, with that G! cNWned concrete floor/bin dryer-siar air 
heater drvi ng pla[nt. T iloat ions have been made on the basis of a 
pr.cessL.g capriv -F !M ,) iresh cassava every two days (the actual 
capacity of tie pilr plant described here). 

Th (tI,:rving pignu c, is Ain m of cooncrete floor, and 
costs 'i( M (M .l .r . Thei. t ile.l ui n n soists W- 1 0 m" ofconcrete floo , 10 m- of M ar Aii W ter, 6imii.[ of , bin and a fan 

'i ,.qv 	 he, ost of theand( motor ar wn] o: :,.,,A 0 or I . ie 
ntural r vi, Pl ii t K, '-it of t np so t'r aii l{ ovatcr represents i7X 
of the tot" : ItrW' t : .i I,I, i the rerryvi1 10 th. polyethylene 
cover red ucn tht :-.t o i 1 mr hv W, , the ort ion in (,.t of the 
n''tew ''oril is "n K r "!e ,:'moo: v iteLM Of S systemn is 
the : rd ,. 'o r'e air (rying tempera ture (+:, tie r.i ivelv lo.w 

3 5 OC) '0r.e vlmeii of air are required t.o assure a reaisoinob dryer 
caimacity. 

Concltusions ot t]he use of solnra r" [ng systems for passava 
aviN1 ape rate( ti7e 1 n dr'er/sola t <fllector svstem at the pilot 

planc level during two drN'!nlop seasons the fol lowing conclusions have 
beeni r eache-" 

1) 	 D)eep bed drying of cassava chips in bins vitr ;olar heated air is 
technicayiv feasible hut results in Itrrgher capital andt operating 
costs c roi d'ipw " nii tur dtrying. nni f] oors.Ol ctncrete 

2) 	 Pre-cdyin-g of cassaaa r i pchparn cnncrete flcMrs followed by drying 
in bins with solair heated air, increases the capacity of both the 
natural and solar nss Is,ted s\vtetn. However, the capital. and op­
erating ccst s per ten of dry product processed remain higher than 
those for natural drying ,alone. 

3) Bin drivng of ca:s ava chips with solar heated air is characterized 
by a lo. urving aiEr tempteratuitre and high airflow rate. This re­
sults in n and 	 costsighn vet:ent operating of the air moving 
equipment. 

4) 	 To achieve continuous producti , of dry cassava throughout the year 
it will he necessary to heat the drying air by artificial means to 
temperatures between 50-60'C. At these temperatures airflow re­
quirements are reduced and the drying svstem becomes totally in­
dependent of the climatic conditions. 
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5) 	 Fuel costs of fully artificial drying systems could be reduced by

pre-heating the air in 
a solar air heater. It is estimated that
 
the savings would be in the order of 
15-20%.
 

6) 	 The use of polyethylene covers on solar air heaters that operate 
with high airflow ra.es and loi," air temperature increments is not 
justified in terms of increaised collector efficiency. This type of
 
heater could therefore be incorporated into the roofs of the drying
 
plant, thereby substantialIy redxcing construction costs.
 

Cost 	comparison of three 
 fuel sources for the artificial drying of 
cassava chips in bins 

Although it is possible o estimate fuel consumption costs with a 
fair degree of precision by estimating the efficiency of heat and mass 
transfer in the total drying system and by kowing the calorific value 
of the specific fuels, when evaluating or promoting relatively novel 
fuel sources, (such as coal in Colombia), and burner designs, it is as 
well to have re1i able cost comparisons with more conventional fuel 
sources (such -s oll and propane gas). For this reason, three fuel­
fired air heaters were evaluated for drying cassava chips in a thick bed 
through circulat:ion drier (Table 2M). The results of this ovaluation 
(Table 23) cleanrv show the cost advantage, in the Colombian situation, 
of using coal compared with oil 
and propane gas fired systems. Although

this advantage is reduced when applying 
higher airflow rates (for

shorter drying times), reflecting the lower efficiency of the coal fired
 
air heater, the margin is still substantial.
 

Joint CIAT/IIT/Univalle Weat-cassava Composite Flour Project
 

The objective of this project is to determine The technical and 
economic conditions required for the development of a rural cassava
 
flour industry in Colombia. The methodological framework and principal
 
activities that are to be carried out during the life of the project
 
were described in the CIAT 
Cassava Annual Report, 1984. These are
 
summarized in Figure 10. 
 In the following sections a brief presentation

is given of the results that have been obtained during the first year of
 
the project.
 

Economic Studies
 
Consumption and demand for wheat-based food products: bread and
 
pasta
 
In 1981, a national was
consumer budget survey of 9000 households 


carried out by DANE/DRI-PAN (Departamento Administrativo Nacional de
 
Estadistica/Programa 
de Desarrollo Rural Integrado-Plan de Alimentacion
 
y Nutricion). The data 
tape was made available to CIAT for analysis

which has allowed a very exact analysis of consumption patterns for
 
bread and pasta.
 

Consumption patterns 
for bread in Colombia are significancly dif­
ferent from those for 
pasta (Table 24). Average annual consumption of
 
bread is 11.9 kg/capita compared 
to 6.2 kg for pastas. Bread consump­
tion is highly concentrated, with urban consumption being three 
times
 
higher than rural consumption, and consumption in the highest income
 
quintile being three 
times higher than the lowest income quintile.
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Bread consumption is highest in Bogota, Cali and the urban areas of the
 
eastern region. By contrast, pasta consumption is more evenly dis­
tributed throughout the coLntry and, in particular, is more important 
than bread in the rural a;-eas.
 

Wheat products are important but do not dominate in the national 
diet. Bread contributes on av,_rage III calories and 3.0 grams of pro­
tein or about 4.,)% total calorie intake and 4.4% of total protein. 
Pastas contribute 60 calories (2.2Z) and 1.8 grams of protein (2.7%). 
In terms of average calorie intake, cassava and bread make equal 
contributions, though the distribution of consumption is almost exactly 
reversed. Cassava is more important in rural areas, in the Atlantic 
Coast region and in the lower income strata. Bread and pasta make the 
largest contribution to the diet in Bogota. There bread contributes an 
average of 7.3% of daily prote'n intake with a maximum of 8.7% in the 
lowest income strata. It is only in Bogota where the impact of the in­
clusion of cassava flour on the protein content of bread becomes a nu­
tritional issue. In all other regions, bread makes up less than 4% of 
average daily protein intake. However, since the maximum substitution 
rate of cassava flour i 15% (see section on Baking Trials), the poten­
tial decrease in daily protein intake is 1.3% for the lowest income
 
quintile in the highest bread consuming region (Table 25). In all other
 
areas the impact on daily protein intake is negligable for the low 
income quintile.
 

However, the other area in which composite flour can potentially 
have an impact on nutrition is by lowering the cost of the product and 
thereby increasing consumption. This impact, however, will depend, 
among other things, on how responsive consumers are to price change. 
The impact of price changes on consumption behavior is measured through 
a price elasticity, and these were estimated for bread and pastas by 
income strata (Table 26). All the price elasticity estimates are 
significant, of appropriate sign, and within a reasonable range. In 
general, bread is more price elastic than pastas, except in the lowest 
income quintile, where consumers would consume slightly more pasta with
 
a percentage reduction in price. Of course, the other two factors that
 
would determine the impact on nutrition would be the level of price
 
decline - where pasta would have the edge because of the higher possible 
admixture rates, and the absolute importance of the product in total 
consumption where pasta would have the advantage in rural areas and 
bread in urban areas. Moreover, the principal benefits from a reduction 
in bread prices will be garnered by the high income strata in urban 
areas. 

On-farm trials
 
The development of a new market for cassava based on composite
 

flour may require marked changes in the production technology and
 
cassava production systems. In the first place yield increasing and
 
cost-decreasing technology may be necessary in order to make the whole
 
enterprise economically viable. Raw material makes up by far the major
 
portion of production costs of cassava flour and in the end cassava
 
flour must be cheaper than wheat flour. Root production costs are thus
 
critical to the overall economic viability of a composite flour program.
 
Second, cassava flour will probably have to be produced year round,
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since continuous supplies are necessary to motivate investments within
 
the flour milling industry. Continuous root supplies, in many cases,
 
will require changes in the temporal organization of cassava production
 
systems.
 

The above issues motivated first an evaluation of the current farm­
ing system (see below) and second the estab shment of on-farm trials to 
evaluate changes in both the production system and in technology. The 
trials involving changes in production systems focused on an evaluation 
of changes in planting and harvest dates to assure a continuous supply 
of roots and an analysis of stake storage to evaluate adequate supplies 
of planting material. The trials involving improved technology focused 
on the introduction of nco variet es, intensification of the 
intercrpping system, and an evaluation of fertilizer and crop rotation 
svstems in the maintenance of soil fertility. 

Continuous Productioa Systems: Cassava production on the Atlantic 
Coast of Colombia is seasonal, especiallv in particular production 
zones. The seasonality is partly due t2 the rainfall distribution (a 
single rainy period of varying intensity lasting from April to November 
and a dry season from December ro April), and partly to the demands of 
the intercropping sv-teim widely practiced in the western part of the 
coast. Most of the cassava is planted at the beginning of the rains in 
April to June. Certain regions also plant cassava towards the end of 
the rains in September and October but this practice Is limited in many 
areas tvq varietal response and by the desire to plant cassava in an 
intercropping system with vyr: and maize which must be planted at the 
beginning of the rains. 

To evaluate the viability of a continuous production system, dif­
ferent varieties, the local and an introduction, were planted on four
 
difi-rent farms in April, to be harvested in December (210 days), 
Febru­
ary (280 days) and April (360 days), and the same varieties were planted 
again in August to be harvested in June (300 days), September (375 days)
and November (430 days). Such a system would provide a relatively 
continuous production of roots. The results, as presented in Table 27,
 
demonstrate that a major constraint on planting in 
the second season is
 
the significantly 
 lower yields of the local variety Venezolana. 
However, as the trials indicate, M Ven 25 offers significant scope for 
planting in the second season without significant reductions in yield, 
even 
though in the first season there is no yield advantage with the
 
introduced variety over the local variety.
 

Motivating expansion of planting in the second semester will re­
quire, at least in the initial periods, availability of sufficient seed
 
material. One alternative is to store the stakes from the harvest peri­
od to the next planting period. Different lengths of storage were eval­
uated to gauge how long stakes could be stored. The results (Table 28)
 
suggest that up to 3 months has little impact on germination and yield.
 
However, five months results in significant reductions in both
 
germination and yield.
 

Intensification of the (assava-Maize Intercropping 
 System:
 
Small-scale farmers commonly utilize multiple cropping as a means of
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reducing production risk, insuring a more continuous cash flow and max­
imizing income per hectare. On the Atlantic Coast of Colombia, maize is
 
the most common intercrop in cassava cropping systems. Moreover, recent
 
research on cassava cropping, systems has suggested the possibility Qf 
increasing the total yield of traditionna cassava/malze systems through 
changes in the spatial arrangement of the cassava and increases in the 
plant population of the maize. To evaluate wlether these results remain 
valid under different prod&ition conditions, cassava/maize Jo' ercropping 
trials were established In different departments on the Atlantic Coast. 

The objective. was to evaluate the potential for intensifying the 
farmer's inrercropping -ystem. The trials were mounted in the 
Departments of Cordoba * Sucre, Atlantico, and Magdalena. In Cordoba and 
Sucre., the farme,1's System cons,isted of planting cassava in a 1.40 x 
1.40 meter arrangement (5,100 plants/lhi) and the maize in a 2.80 :x 2.80 
meter pattern four 1 hill plants/ha) . Inwith plnt-s per (10,200 
Atlantico and Magdaieiia, !_he farmer's svs ten consisted of a 1 x I meter 
cassava arrangement (10,00( plants/ha) and a 2 : I meter maize pattern 
with four plants per hill (20,000 plants/ha) . The [armer's system was 
then compared with a more incensive system where the cassava was planted 
at a distance ol- 1.6 x 0.0 meters (10,200 plants/ha) and the maize at 
1.6 x 0.3 meters w]lth tw,:o plants per hill (41,667 plants/ha). In 
effect, the only changes, wera in spatial arrangement and planting 
density. 

The results were somewhat variable (Table 29) . In all cases there 
was an increase in maize yields. Tn Betulia and Momil, maize yields 
more than doubled, while in Pivijay and Sabanalarga they only increased 
by a third. However, this came at a trade-off in cassava yields. Whore 
maize yields increased most dramatically, cassava yields declined most 
markedly, especially in Betulia. In Carrano, Pivijay and Sabanalarga 
there was little, if any, decline in cassava yields, supporting the con­
clusions of the original research done at CTAT. However, in the Cordoba
 
and Sucre area, there was also a significant decline in average root 
size to the point that a high percentage of roots were not saleabe for 
the fresh market, although they would be suitable for the drying plants. 

Changes in spatial arrangement and plant population are not a means 
of increasing productivity of cassava intercropping systems under all 
circumstances. The optimum system will depend on relative prices 
11tween maize and cassava, quality characteristics in the principal mar­
kets, and agro-climatic conditions. Plant type may also play a role
 
since a late branching type such as CM 922-2 showed least variance in 
yield between the two systems. Adaptive research is required in each
 
micro-region to define the most profitable system.
 

Soil Fertility and Crop Rotation: Farmer demand for new technology 
and, therefore, higher yield levels, depends critically on assured 
access to markets. With the creation of a more expansive market such as 
that for composite flour, the expectation is that farmers will begin to 
intensify their production of cassava. A primary concern in such a
 
process is the maintenance of soil fertility. To understand the changes
 
in the cropping system that might be required both to increase cassava
 
yields and to maintain soil fertility, on-farm trials were planted to 
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evaluate the relative role of fertilizer and crop rotation with cereal
 
and legume crops on cassava yield. The trials will require three years
 
to complete and are only in their second year. 
 Preliminary results are
 
thus left until the next report.
 

Design and Development of Processing Equlnment 
In Colombia, cassava Is predominantly grown on small to medium 

sized farms. It is a highly perishable crop and due to its bulkiness 
t:ansport costs to urban centres are high. Taking into account these
factors, the development of processing plants and equipment is being 
based on a batch or s erii-batch modular design, with each module having a 
capacity to produce appro:.:iMateiy one ton of cassava flour per day. At 
this scale, the processing technolocv should be suitable for operation
by f ramer cooperatives and'or small to medium agro-entrepreneurs, with 
the processing plants being located as close to the areas of cassava 
production as possible. For the establishment of the industry it is 
proposed co closely follow the steps taken in 
the successful development

of the production of dry cassava for animal feed in the Atlantic Coast 
region of Colombia (see International Cooperation, Colombia). 

The operations involved in processing cassava roots to flour are 
shown In the flow diagram, Figure 11. Research and equipment
development work has been centred on: (1) the design and tenting of a
 
continuous washing/peelin, machine; (2) the evaluation of three types of 
chipping machine; (3) the development of natural and artificial drying 
systems; (4) the selection and testing of milling equipment; (5) the 
selection of packing materials apd storage conditions. The advances in 
each of these areas are summarized below.
 

Washing and peeling. The original aim was to develop a machine 
that would botn, wash and peel the cassava roots. After a careful study
of the equipment available, it was decided to adapt a design by 
Odigboh
 

The machine consists 
of a rotating cylinder whose surface is con­
structed in expanded mesh. Internal deflecting paddles insure that the
 
residence time in the machine is sufficient for peeling to take place.

A water spray is provided through a mounting axle that passes concen­
trically through the cylinder. Prototype testing of this machine showed
 
that it was possible to remove approximately 75% of the cassava bark
 
however the losses of parenchima tissue was unacceptably high at around
 
20-40%. Also the expanded mesh surface rapidly rusted and lost its
 
abrasive prcperties. The machine is row being modified to act solely 
as
 
a washing machine by replacing the expanded mesh with a perforated steel
 
sheet. Recent advances in research into roller milling of dry 
cassava
 
chips have shown that it is possible to separate both bark and fibrous 
matter from the flour, thus obviating the need to achieve a peeled root.
 

Chipping. The work that has been carried out in evaluating three 
types of cassava chipping machine is described in Section B on Cassava
 
Drying.
 

a Odigboh, E.U. 1978.
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Drving. The dlevelopment of sui tabl e drying systems has 
concentrated on collecting cost information for natural drying on 
incl ined mesh bottomed tra'..'s (see CIAT Cassava Program Annun! Report,
1976) and the development of a thick bed through circulatior bin dryer 
(see CIAT Ca'ssava Program Annual R-nr t , 1)8 ' and Sect-ion M1. 
Preliminary trials are now underwav to evaluate semihatcti drying in 
trays inI both a vert ial flow cIbinet dryer and n crosscurre, It flow 
tunnl dr-e r, 

.i I I i n . A r)r : I im iniarv ev;,lution of hammer, plate and knife type 
m 'ills wi- indt-rak:en. The resu ts [dic;,t:ed that of these three mills 
the at ,,cii 11 to the, iost appropriate in terms of capital.iiappeared be 
cost, local : , ai abi I tv, thruch,11,it nid floui yield and therefore a 
more thoroi ch euc,," i n.t o I his t"pe o f cinl a unldertaken. (Ising a 
smal indu;t r Ma 'ill v.t a cpmcvVitv t proces s between )0 and I ,3100 
kg/ih of CelI cra p, '-icc cl-,ctoriSt I,. were determined at 4 
peripheral i,,irmir pei.ds, -5;croon Si, 'e. ainc " tpes of dry cassava chip(with and ,'it h ut 1,['Cel cassava 


(frac ti on 


e . l i ih t (5 0. of flour 
Ie ci, () ic r ; was o 1)a i Ied by miIl ic, iinpeeled chips
 

at ,.he h~i~hest p - loi t ' r 0d (( 0 m/") a t , u 
 in the spial Iest
 
screen sire (. 
 . eev ri te greite. t mill ini f1-iencv (53%)
 
measured in t e -i off t ;i 
 ti t of t i oIr produced p r k i 1o. t -t-hour 

bt IIconsuiie d , was ic. d 1c1! I peeiesd h p at th lowe t p;eripheral
 
hammer speed ('37.7 tii/ :i(! c'ing the larmest screen size (12.70 mam).

Further stuidie- ore he in ii ted out to try and inciease 
 the yield of
 
cassava I .our, 
 which, at a I 1.I f 5 , i's lo' and could negatively

affect the economic feasibilitY of the process as a whole. Designs of
 
suitable screening methods 
 for the ciil led cassava are being studied. 

Exploratory milling trials have a]so been carried out using roller
 
mills sicmil,'r to the ones employed in the wheat milling 
 industry. The 
initial resuts are very promising; no technical problems have been 
encountered and yields of cassava flour of between 80 and 907%have been 
obtained. An important di scover% is that cassava bark and fibrous 
tissue pass thr'ough the mill without being disintegrated and may be 
removed by screening. The ramifications of these findings are two-fold: 
(a) milling of dry cassava chips can be carried out at the wheat mill,
obviating the need to install milling and screening equipment at the 
cassava drying plant; and (*-) there appears to be no need to peel the 
cassava before chipping and drying, thus eliminating a step that is 
technically problematical and which consumes large quantities of water.
 

Packing and storage. Trials are underway to observe the effect of
 
storage conditions and packing material on the quality 
of both dry
 
cassava chips and cassava flour. Experiments are also planned to deter­
mine whether segregation of wheat/cassava flour mixtures is likely 
to
 
occur.
 

Baking trials
 
Thc Laking trials that have been undertaken during the first year 

of the project have been orientated towards determining whether cassava 
variety rnd plant age have an effect on bread characteristics. Flours 
were prepared from four cassava varieties, M Col 22, CM 976-15, M Col 
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1684 and M Ven 25, at each of four harvest dates, 8, 10, 12 and 14 
months. The proximal analysis and cyanide content of the flours are 
presented in Table 30. 11 bread formula,iking uld was 85% wheat 
flour, 12 ca:;ssava floulr 
 and 1s va flour. No additives were 
incorporated and the cempos ite iounr ; '.pared ai'rust a 10(07 wheat 
flour controlI using: , the s:tandard A.. C .( . P.thod No. 1010, 

In crri:l15 carried out , / iar' of rhe four v.irietite harvested 
at 12 m'itb, the road ti Ntcivx rt ihihest specific v.olume was
 
that C,,ut i ing >',iCo1 ?21 f l oir r iTa le 
 Thiq was 
mar-,inll -upe"tr in termF , i r& -ci 're th othe r 

'[). bread also 
si the 


breads pr'ar-d cps' - but
fr-': t r, Vineio' to t". bread score 
of the IM"l . ea t: cio:i!. :i- so l tim 1%, trfi:s u 'in,M Col 22 
flour prep -ay at to.,,foui r ,,,-? s'ho edK thlot both ,jr Fic vol­
ume and ir .,d sc',, improve with incr : ino pliant :,e (Table 3). 

Pre l-,....n ... ..... ii''' q;''- 'f Lht WhvNl%,Su,'s-V1: Composi te Hlour
 
systema, fad i to 1n t rh n, ' Yr'r-at-
 so'. flour su tantially
reduces the mar .',th.r t igit:;a . o ,i 1'' tbo inht-itution of 152Z 
wheat flour I[ :i d i c!>ro-, . .... or , tli incorporation of soya flour 
appears to n'iti ''.'eiv aofpr ,0 pi-ic VOlue: and br-ad score in 
wheat/cassnpv'n'voa f.our MI:to -r ,pareld v'at h wheat/cassava flour mix­
cures (Tal-e . q3 Over that the rui -tionai effects of rplar'ing 15% 
wheat flour h i-na f Inur tui the total prMte in co'nsumtion of the 
Colombian popuintip n is muni :i, it w;a: decided to eliminate tip use of 
soya Hlour in i- co'psitp o ur Ytiri,s. 

Com.plementary baking trials, usinr the variet that had given the 
best result.s in the previous experiments and the varietv M Ven 25 which 
in agronomic trials (on the Atlantic Coast has outperformed the best lo­
cal variety, coni rmed the superiority of i (Mil 22 fIour (Table 34) . 
However, loaf quality deteriorated iarkedlv on using the flours of both 
varieties harvested at 14 months. This re:.ult is the reverse of what 
was found when soy/i flour was incorporated in the breadmaking formula. 
Further research will have to be carried out to investigate these appar­
ent changes in cassava flour qual ity, both 
 between varieties and 
different plant ages. 
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TABLE 1. Experiment 1. A comparison of storage losses using two
 
different cassava root thiahendazole treatment methods and two
 
cultivars over a two week storage time, Storage losses for
 
each parameter are evaluated on a 0-100 scale.
 

Varietv M Col 22 CMC-40 

Storage time (weeks) 1 1 2 

External microbial growth 

Control 19.6 38.4 21.8 41.4 

Immersion 0.0 2.0 0.4 2.0 

Aspersion 0.2 2.0 0.0 2.4 

Internal microbial rotting
 

Control. 22.8 40.4 26.4 58.6
 

Immersion 2.6 1.8 1.8 2.6
 

Aspersion 7,0 13.6 0.2 1.4
 

Internal physiological deterioration
 

Control 0.0 5.6 0.0 0.0
 

Immersion 0.4 0.2 1.4 0.0
 

Aspersion 3.4 0.0 0.8 0.0
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TABLE 2. 
Experiment 2. A comparison of storage losses using two
 
different cassava 
(M Col 22) root thiabendazole treatment
 
methods on M Col 22 over a two week storage period. 
Storage

losses for each parameter are evaluated 
on a 0-100 scale
 

External 
 Internal 
 Internal
 

microbial microbial physiological 

growth rotting deterioration 

Storage time (weeks) 1 2 1 2 1 2 

Control 
 22.0 39.4 
 19.8 21.6 
 2.8 4.4
 

Immersion 
 0.6 8.2 4.6 
 14.0 0.2 
 1.6
 

Aspersion 1.0 7.6 1.2 0.8 0.8 1.8
 



TABLE 3. Statistical analysis of treatment means of Experiments 1 and 2, comparing different
 
cassava root thiabendazole treatment methods.
 

Thiabendazole 
 Losses due to internal
 
treatment 
 Losses due to external 
 Losses due to internal physiological

method microbial growth 
 microbial rutting deterioration
 

Experiment 1
 

Control 31.0 a * 37.1 a 1.4a
 

Immersion 1.1b 2.2b 0.5a
 

Aspersion 1.2b 5 .5b 0 .5a
 

Experiment 2
 

Control 3 0 .7a 2 0 .7a 
 3 .6a
 

Immersion 4.4b 9.3b 0.9a
 

Aspersion 4.3b 1 .0c 1 .3 a
 

* Values with different letters are significantly different (P = 0.05) according to Duncan's
 

Multiple Range Test.
 



TABLE 4. Differences in cassava root characteristics between the different thiabendazole root 
treatment methods from Experiment 1 (Table 1) over a two week storage period. The data 
refer to treatment means 

Sugar content 

Dry mater content Starch content (% drv matter hasis) 

(oven drying) (% dry matter basis) Reducing Total 

a * 	 5.09a
 Control 3 6 .5 4 8 2 .0 5a 1 .6 1a 


Immersion 3 6 .6 4a 8 6 .15b 1 .0 6b 4 .9 0a
 

c c

Aspersion 3 7 .72a 	 89.75 0.56 3.82 b
 

* 	 Values with different letters are significantly different (P = 0.05) according to Duncan's Multiple 

Range Test. 

http:89.750.56
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TABLE 5. Significant differences between storage treatment for each
 
deterioration component (number of day, at each storage site)
obtained using Duncan's Mul tipl.,! Range Test (P1 = 0.05).
Treatments with different letter's are significantly different. 

Time at each 

storage site (days) 
 Microbial Physiological Total
 

CIAT Km 18 deterioration der..rioration deterioration
 

0 14 A 
 A A
 

1 13 BA 
 B A
 

2 12 BC 
 BC 
 B
 

3 11 
 C DC B
 

4 10 C 
 DC B
 

5 9 
 C D 
 B
 

14 0 
 C DC B
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TABLE 6. Experimental design of the cassava storage trials carried out
 
in Peru. 

Experiment Experiment Experiment 

1 23 

Starting date May 14 May 15 May 16 

Harve;st site Kirinaki Huaro Santa Ana 

Plant age (months) 10 12 8-10 

Time between harvest and packing (h) 1.5-3 2-3 1-2 

Number of days cassava keeps 4 2-3 1-2 

(accrrding to farmer) 

Number of days stored at San Ram6n 4 3 2 

Number of 5 kg bags packed: treated 18 20 20 

untreated 3 3 3 
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TABLE 7. 	Results of storage experiments in Lima, for each of three
 
trials at three evaluation dates. Results are expressed as
 
losses on 	 the standard evaluation scale (0-100) for 
physiological deterioration (PD); microbial deterioration 
(MD) and external microbial growth (MG). Total Deteriora­
tion (TD) 	 is the sum of PD and MD 

Evaluation I Evaluation 2 Evaluation 3
 

2(0 May 2 4 May 28 May
 

Treated Untreated Treated Untreated Troated Untreated
 

Experiment I (harvested, 14 May) 

MG 2.4 17.0 5.6 40.0 11.4 46.6 

MD 3.6 14.6 20.0 55.0 16.0 90.0 

PD 6.4 2.2 2.2 2.6 0.4 0.0
 

TD 10.0 16.8 22.2 57.6 16.4 90.0 

Experiment 2 (harvested, 15 May)
 

MC 0.5 12.2 1.4 18.0 7.4 34.0
 

MfD 0.5 11.1 14.8 33.0 13.6 24.0
 

PD 6.3 0.0 1.8 0.0 0.0 0.0
 

TD 6.8 11.1 16.6 33.0 13.6 24.0 

Experiment 3 (harvested, 16 May)
 

MG 0.0 1.2.0 0 6 20.0 4.2 80.0 

MD 0.3 8.0 14.8 40.0 17.6 80.0
 

PD 4.1 2.0 1.4 3.4 3.8 0.0
 

TD 4.4 10.0 16.2 43.4 21.4 80.0
 

Mean ID 7.1 12.6 18.3 44.7 17.1 64.7
 

Note: 	 Control roots, untreated and stored at arbient conditions (i.e.
 

not packed into bags, were totally deteriorated at the first
 

evaluation date.
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TABLE 8. 
Results of cassava root quality evaluations of four clones
 
harvested at six different plant ages at CIAT.
 

Plant age at harvest (months)
 
7 8 9 10 ii 12
 

CMC-40
 
Starch (% DM) 71 91 85 84
87 79 
Total sugar (% DM) 2.1 2.4 2.2 1.8 2.0 2.3 
DM 39 42 43 
 41 41 41

Penetration (mm) 1.8 1.8 1.8 1.91.9 1.8 

Det. % 33 40 18 1764 24 

Cooking time (min) 15 17 
 21 26 25 20

Taste/texture 0 0.50 1 0.25 0 

M Col 22
 
Starch (% D) 70 86 
 91 84 83 92

Total sugar (% DM) 1.3 2.1 2.1 2.0 1.3 1.4
DM 40 44 4446 43 44
Penetration (mm) 1.7 1.8 1.6 1.61.5 1.7 
Det. % 80 89 90 46 46 43
 
Cooking time (min) 18 25
19 25 24 22
 
Taste/texture 0 0 0 1
0 0.25 


M Ven 18
 
Starch (K DM) 83 87
87 90 87 88
Total sugar (Q DM) 1.8 1.9 2.6 1.32.3 1.4 

DM 
 43 
 45 45 42 42 43

Penetration (mm) 1.8 1.81.7 1.6 1.7 1.8
 
Det. % 69 74 49 11 30 
 39
 
Cooking time (min) 23 17 25 22 21
23 

Taste/te.ture 0.25 
 0.5 2 0.05 0.75 1.5
 

HMC-]
 
Starch (j DM) 78 83
88 
Total sugar (% D) 2.3 1.7 1.7 1.4 1.5 1.4 
DM 41 43 42 
 41 43 42

Penetration (mm) 1.7 1.7 
 1.8 1.7 1.8 1.7
 
Det. % 60 61 35 39
54 44 

Coucking time (min) 16 
 17 26 21 25 27
 
Taste/texture 0 1
0 
 0.5 1.25 1.25
 

Note: The taste-texture evaluations 
are presented on a 0-3 scale.
 
0 = excellent; 3 = bad.
 



137
 

TABLE 9. General characteristics of the plants of CMC40 harvested for
 
later quality evaluations from one experimental plot.
 

Character 
 Plant Type 

Tall Short 

Plant height (m) 3.16 1.46
 

Weight of aerial plant parts (kg) 
 5.19 1.15
 

Total root weight/plant (kg) 4.79 2.27
 

Mean weight of sampled roots (g) 382 461
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TABLE 10. 
 Taste and texture quality comparison between roots of "tall"
 
and "short" plants. 30 roots evaluated per plant type.

Values represent number of roots wit-h each quality score
 

Tall plants Short plants
 

Quality evaluation 0 a 
 1 2 3 0 1 2 


Taste 
 29 1 
 6 22 2
 

Texture 
 29 1 
 4 25 1
 

Glassynessb 30 
 11 18 1
 

Fibre 
 30 
 13 14 3
 

a Roots evaluated on a four point scale, 0 
= excellent, 3 = bad for
 

each :aracteristic.
 

b Glassyness is 
a hard texture phenomenon encountered on boiling
 

roots, when texture becomes crystaline or 'glassy'. See CIAT Cassava
 

Annual Report, 1984.
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TABLE 11. 	 Results of starch and sugar analyses (on a dry matter Ls)
 
for roots from tall and short plants of CMC40 In one experi­
mental. plot.
 

Plant type
 

Tall Short
 

Starch (%) 82.73 77.97
 

Reducing sugars (%) 0.41 ns 0.57
 

Total sugars (%) 1.84 2.64
 

*** Means 	significantly different at P = 0.001. 
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TABLE 12. The results of penetrometer evaluations 
(in mm penetration'
 
of root sections taken from tall 
and short plants of CMC40.
 
Significant differences between tall and short plants are
 
shown at P = 0.001 (***). Significant differences between
 
mean values, shown by different letter superscripts
 
(Duncan's multiple range P 0.05)
 

Root Root 
 Plant type
 

section zone 
 Tall 
 Short Mean
 

Proximal 
 A 1.93 
 2.20
 

Iroximal 
 B 1.82 
 2.42
 

Proximal 
 C 2.02 
 2.90
 

Distal A 
 2.18 
 2.65
 

Distal B 
 2.22 
 3.23
 

Distal 
 C 2.68 
 3.74
 

Mean A 2.06 2.43 2.24 a
 

Mean 
 B 2.02 2.83 2.42b
 

Mean C 2.35 e
3.32 2.84


Proximal Mean 
 1.92 2.50 
 2 .2 1a
 

Distal Mean 2.36 b
3.21 2.79
 

Mean Mean 2.14 
 2.85
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TABLE 13. 	 Coefficient of correlations, and their significance, between
 

penetration readings and root starch and total sugar
 

contents.
 

Penetration value Starch Total sugars
 

Section Zone 
 (DM basis) 	 (DM basis)
 

Proximal A 
 NS 
 NS
 

Proximal B 
 -0.28 * a 0.21 *
 

Proximal 
 C 	 0.35 ** NS
 

Distal A 
 NS 
 0.29 * 

Distal B 
 -0.30 * 0.36 ** 

Distal 
 C -0.27 * 	 0.31 * 

a Significance of correlations: P = 0.05, *; P = 0.01, **; not 

significant, NS.
 

NOTE: 	 No significant correlations found with reducing sugar content,
 

hence results not included in Table. 
 For each corelation, n = 60
 



142
 

TABLE 14. Maximum, minimum and mean penetration values for each root
 
one (A, B, C) and region (proximal, distal) for roots from
 

tall and short plants
 

Root Section Proximal 
 Distal
 

Root zone A B A C
C B 


Roots from tall plants (29 roots no negative score; I root with negative
 

score)
 

Maximum 2.3 2.4 2.6 2.5 2.9 3.1
 

Minimum 1.4 1.5 1.5 1.7 1.7 2.0 

Mean 1.9 1.8 2.0 2.22.1 2.7 

Roots from short plants (2 roots no negative score, 28 roots with
 

negative score)
 

Maximum 2.7 3.6 4.2 4.Z
3.5 4.5
 

Minimum 1.9 1.8 1.8 2.21.9 2.8 

Mean 2.2 2.4 2.9 2.7 3.2 3.7 
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TABLE 15. 	 Results of root quality analyses and evaluations of an
 
experiment to induce glassyness in roots through pre­
harvest pruning
 

Root quality evaluation
 

Time between Total
 

pruning and Dry Starch % sugars % _enetration Glassyness
 

harvest (days) matter (DM basis) (DM basis) (mm)
 

0 37.4a 8 7 .3a 2 .5 3b 2.53 b 1
 

a
3 3 5 .9ab 8 6 .4a 1.8 2a 1.8 2 0
 

8 3 5 .9ab 8 6 .8a 
b 


2 .7 2 2.72 b 0
 

b c16 34.4 85.9 b 3.6 C 3 .62 1.3 

c23 3 3 . 2 8 2 .3b 5 . 1 3 d 5.13 d 2 
b30 33.4 79.7 4 . 9 7 d 4.97d 2.3 

a Glassyness evaluated on a 0-3 subjective scale, 0 = no glassyness
 

3 = completely glassy.
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TABLE 16. 	 Results of root quality evaluations and analyses, of the
 
different root zones (A, B, C)
 

Quality
 

parameter 
 Inner(A) Intermediate(B) Outer(C)
 

a *  	 c bDry matter, Z 	 31.5 3 7 .5 36.0 

aStarch 7, DM basis 	 8 3 .6a 8 6 .5
b 84.0 

Total sugars /, DM basis 3 .8 2a 	
b 3.54 a 

3 . 0 3 

Penetration (mm) 2.28a 1.1 . 8 4 b 	 9 2 b 

Significant (P 0.05) differences shown by different letter
 

superscripts, after analysis with Duncan's Multiple Range test.
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TABLE 17. 	 Capacity and power consumption of three types of cassava
 
chipping machines.
 

Power Ratio capacity/
 

Model Capacity consumption Power consumption
 

t/h hp
 

Thai 	 4.8 
 3.1 1.6 

Malaysian 5.0 2.8 1.8
 

Brazilian 3.9 	 3.3 
 1.2
 

TABLE 18. 	 Geometry, dimensions and size distribution of three types
 
of cassava chips.
 

Size distribution, %
 

Geometry and W,.ole Thin or Fine
 

Machine dimensions of chip 
 chips broken chips particles
 

Thai Slices 42 34 24 

7 x 30 x 80 mm 

Malaysian Strips 35 29 36
 

6 x 6 x 80 mm
 

Brazilian Rectangular bars 45 35 20 

5 x 10 x 70 mm 



TABLE 19. Solar collector performance, a with and without polyethylene cover
 

Solar collector 
 -Ambient air conditions Air flow rate Air temperature 


configuration 
 T RH Rad. Solar increase 

23o
 

0C % cal/cm2.min m /min 0C 


Galvanized iron sheets
 

with polyethylene cover 31 61 0.76 
 110 4.8 


Galvanized iron sheets
 

without polyethylene cover 31 61 0.67 110 4.0 


a 
26 daily observations for each collector configuration from 07:00 to 17:30.
 

Solar collector
 

efficiency
 

%
 

55
 

51
 



TABLE 20. Evaluation of a combined concrete floor 
- through circulation bin dryer/solar air heater system
 

Concrete floor drying a 
 Bin drying
 

Fresh chips Partially dry chips Total net 
Solar collector Floor Initial Moisture Moisture Bin Airflow Drying drying 

configuration area loadingb content Weight content lcading rate time time 

2 kg kg % kg/m 2 m3/min.t h h 

Galvanized iron sheets 150 1,800 59.0 1,190 
 38 198 82 10.8 22.8
 

with polyethylene cover
 

Galvanized iron sheets 150 1,800 61.0 
 1,30 38 188 
 82 10.7 22.7
 

without polyethylene cover
 

a Net drying time on concrete floor 12 hours.
 

2 .
b Loading density on concrete floor 12 kg/m
 

c Airflow rate in m3 /min per ton of fresh cassava.
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TABLE 21. Comparison of investment costs of natural concrete floor and
 
combined concrete floor/solar-assisted bin drying systems
 
with a capacity to process 3,600 kg fresh cassava chips in
 
two days
 

Component System 

Drying system Components cost cost 

Col.$ a Col.$ 

A. Natural drying 1) 300 n2 Concrete floor 186,000 186,000 

B. Combined 1) 150 m2 Concrete floor 93,000 

natural and 2) 30 m2 Solar air heater 57,000 

solar assisted 3) 6 m 2 Drying bin 65,590 

oin drying 4) 100 m3/min Fan 125,600 341,190 

a US$1.00 = Col.$140. 



TABLE 22. Technical details of three fuel-fired air heaters used to dry cassava chips 

Fuel source Type of heater 

Type of heat 

exchanger 

Make and 

mociel 

Heat output 

Btu/h 

Air heater 

efficiency, % 

Coal 

Oil 

Indirect 

Indirect 

Single finned 

tube 

Multiple tube 

CIAT designed a 

Benson EM60 

78,500 

205,000 

50-60 

80 

(D 

Propane Direct Farm Fans DH16 215,000 95 

a See CIAT Cassava Annual Report, 1984 for a full description of this air heater. 
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TABLE 23. 	 Consumption and cost of three fuels used in through
 
circulation bin drying of cassava chips at 50*C
 

Airflow Drying Consumption and cost per ton of dry product
 

Coala Oilb Propane gas c
rate time 


3 td
 
m /min.t h kg Col.$ gl Col.$ kg Col.$
 

130 10 250 1,120 52 4,940 104 2,500
 

190 8 380 1,730 55 5,230 123 2,950
 

a Cost of coal: 4,500 Col.$/t.
 

b Cost of oil : 95 Col.$/gl.
 

c Cost of propane gas : 24 Col.$/kg.
 

d Cubic meters per minute per ton of fresh cassava.
 



TABLE 24. 	 Annual per capita consumption of bread and pasta by income strata and rural urban
 
residence, 1981
 

Bread Pasta
 

Region Residence I II fIi IV V Average I II III IV V Average
 

kg/capita/year
 

Atlantic 	 Urban 3.7 7.1 9.5 12.8 17.1 3.6 3.2 5.4 6.2 5.5
8.0 5.0 
Rural 0.9 2.7 3.1 5.6 7.1 2.6 3.4 5.0 7.4 11.7 

Eastern 	 Urban 12.8 17.5 24.0 28.6 29.6 7.2 7.1 10.6 10.4 10.9 9.&
16.0 	 9.6 
Rural 4.3 10.2 11.9 18.7 12.7 5.4 9.3 14.0 13.3 10.1 

Bogota Urban 11.8 14.3 19.1 23.0 24.0 20.4 5.1 6.4 8.1 9.3 8.5 8.0 

Central Urban 2.7 5.8 7.4 10.4 9.1 2.5 3.6 3.3 5.0 4.0 
Rural 1.2 2.1 1.7 3.1 3.4 2.8 3.8 3.9 5.4 5.2 

Pacific 	 Urban 11.6 11.9 19.9 24.5 26.9 4.2 4.7 6.2 7.4 7.0
 
Rural 2.8 5.7 6.1 8.1 7.3 4.1 6.2 8.8 7.7 7.4
 

Total 	 Urban 7.3 10.4 14.9 18.8 20.1 4.1 4.8 6.4 7.4 6.7 
Rural 2.5 5.2 5.7 9.2 7.6 3.8 5.9 7.8 8.6 3.5 

01 



TABLE 25. Impact of the use of 
a 85% wheat 15% 
cassava composite flour in breadmaking on the protein intake of the population
 

Protein consumption with 100% wheat flour bread Protein consumption with 85:15 composite wheat: 
Region Quintile I II III 

grams/day 

IV V Average cassava flour breadQuintile I II III 

grams/day 

IV V Average 

Atlantic Bread 
Total 

0.51 
41.05 

1.19 
63.04 

1.70 
77.89 

2.81 
84.70 

3.88 
91.19 

2.04 
72.28 

Bread 

Total 
0.43 

40.97 
1.01 

62.86 
1.45 

77.64 
2.39 

84.28 
3.30 

90.61 
1.73 

71.97 

Percentage 1.24% 1.89% 2.18% 3.32 4.25% 2.82% 
Reduction in 
the total -0.19% -0.28% -0.33% -0.50% -0.64% -0.42% 

Eastern Bread 

Total 
1.76 

44.77 
3.28 

63.96 
4.59 

79.09 
6.19 

86.00 
5.79 

84.87 
4.02 

68.25 
Bread 

Total 
1.50 

44.51 
2.79 

63.47 
3.90 

78.40 
5.26 

85.07 
4.92 

85.07 
3.42 

67.65 

Percentage 3.93% 5.13% 5.80% 7.20% 6.82% 5.89% 
Reduction in 
the total -0,59% -0.77% -G.87 -1.08% -1.02% -0.88% 

Bogota Bread 
Total 

2.97 
34.00 

3.58 
49.34 

4.81 
65.06 

5.78 
75.62 

5.99 
86.59 

5.10 
69.73 

Bread 
Total 

2.52 
33.55 

3.04 
48.80 

4.09 
64.30 

4.91 
71.75 

5.09 
85.69 

4.34 
68.97 

Percentage 8.74% 7.26% 7.40% 7.64% 6.92% 7.31% 
Reduction in 
the total -1.31% -1.09% -1.11% -1.15% -1.04% -1.10% 

Central Bread 

Total 
0.53 

38.97 
1.04 

60.40 
1.37 

72.10 
2.14 

83.02 
2.10 

73.16 
1.39 

64.57 
Bread 

Total 
0.45 

38.89 
0.88 

60.24 
1.16 

71.89 
1.82 

82.70 
1.79 

72.85 
1.18 

54.36 
Percentage 1.36% 1.72% 1.90% 2.58% 2.87% 2.15% 

Reduction in 
the total -0.20% -0.26% -0.29% -0.39% -0 43% -0.32% 

Pacific Bread 

Total 
1.48 

39.69 
2.20 

59.37 
3.65 

75.49 
5.43 

84.33 
6.80 

83.26 
3.90 

70.28 
Bread 

Total 
1.26 

39.38 
1.87 

59.04 
3.10 

74.94 
4.62 

83.52 
5.78 

92.24 
3.32 

69.70 

Percentage 3.74% 3.71% 4.84% 6.44% 7.29% 5.55% 
Reduction in 
the total -0.56% -0.56% -0.73% -0.97% -1.05% -0.32% 

4V)
 



TABLE 26. Price and income elasticity for bread and pastas in Colombia
 

Bread 
 Pastas
 
Quintile 
 Price Income 
 Price Income
 

1 

Coefficient 

P 0.01 

-0.76 

1% 

0.67 

-0.06 

90% 

0.66 

-0.79 

1% 

0.55 

0.97 

2% 

0.54 

2 

Coefficient 

P 0.01 

R2 

-0.83 

1% 

0.54 

0.15 

80% 

0.52 

-0.77 

1% 

0.78 

0.32 

38% 

0.78 

3 

Coefficient 

P 0.01 

R 2 

1.08 

1% 

0.40 

0.43 

51% 

0.38 

-0.84 

1% 

0.38 

-0.25 

54% 

0.37 

4 

Coefficient 

P 0.01 

R2 

-0.86 

1% 

0.56 

0.73 

17% 

0.54 

-0.79 

1% 

0.31 

0.29 

29% 

0.30 

5 

Coefficient 

P 0.01 

R2 

-0.84 

1% 

0.79 

0.47 

4% 

0.79 

-0.78 

1% 

0.63 

0.14 

40% 

0.62 



TABLE 27. Evaluation of the potential for producing cassava during all the year
 

Variety 


Ist Semester sowing a
 

M Ven 25 


Venezolana 


2nd Semester sowing a
 

M Ven 25 


Venezolana 


a 
Average values for trials 


First harvest Second harvest Third harvest 
Yield D.M. Yield D.M. Yield D.M. 

t/ha % t/ha % t/ha % 

16.6 36.0 18.0 36.3 17.1 33.8 

16.1 37.9 17.0 36.4 20.2 34.6 

11.1 33.0 15.2 34.9 17.3 37.8 
6.8 35.8 9.1 37.0 7.5 38.3 

sown in 4 different locations. 



TABLE 28. 
 Evaluation of the effect of stake storage on subsequent crop yield
 

Fertilized 
 Unfertilized
 
Storage period Variety Plants lost 
 Yield Dry matter Plants lost Yield 
 Dry matter
 

Days 
 % t/ha % t/ha % 

149 M Ven 25 71 
 6.4 36.0 
 68 6.5 36.4 
Venezolana 54 016.9 37.9 
 55 7.0 38.2 Ln
 

85 M Ven 25 
 11 11.8 37.5 11 
 12.3 37.4
 
Venezolana 
 8 12.8 38.0 4 
 11.7 37.9
 

20 M Ven 25 7 
 8.1 37.2 
 7 9.7 37.4
 
Venezolana 
 3 11.6 38.0 
 3 11.9 37.5
 



TABLE 29. A comparison of cassava and maize yields in farmer's intercropping system and intensive system.
 

System Cassava Cassava Maize 
 Cassava Maize Cassava 
 Maize
 
variety yield yield 
 vield yield yield yield
 

t/ha %D.M. t/ha t/ha %D.M. t/ha t/ha %D.M. t/ha
 

Albania, Sucre 
 Butulia, Sucre Carranzo, Cordoba
 

Farmer's system Venezolana 9.9 37.3 0.46 11.9 36.3 0.97 7.2 35.1 
 0.56
 
CM-681-2 10.4 35.5 0.46 11.1 35.3 0.81 3.3 33.2 
 0.40
 
CM-922-2 8.6 35.8 0.33 10.8 
 36.1 0.86 3.1 35.9 0.51
 

Average 9.6 36.2 0.42 11.3 35.9 0.88 4.5 34.7 
 0.49
 

Intensive system Venezolana 9.0 37.0 0.76 
 6.1 35.2 2.38 5.1 37.0 0.94
 
CM-681-2 
 8.7 34.3 0.78 6.0 36.1 2.43 
 4.7 34.7 0.78
 
CM-922-2 7.2 35.7 0.97 
 8.4 34.1 2.22 3.9 34.8 0.97 
 Ci 

Average 8.3 35.7 0.84 
 6.8 35.1 2.34 4.6 35.5 0.90
 

Momil, Cordoba 
 Pivijay, Magdalena Sabanalarga,
 
Atiantico
 

Farmer's system Venezolana 9.8 35.7 0.45 15.9 28.9 1.0 8.4 32.0 
 1.3
 

Variousa 7.4 32.0 0.46 12.0 30.7 
 1.3 18.9 28.4 1.0
 
Variousb 10.6 35.2 
 0.50 11.9 29.8 
 1.3 13.7 29.4 1.3
 

Average 9.3 34.3 0.48 13.3 29.8 1.2 
 11.5 29.9 1.2
 

Intensive system Venezolana 7.7 35.2 0.90 13.6 32.9 
 1.5 8.6 29.4 1.5
 

Variousa 6.9 35.1 1.31 16.1 28.9 1.8 15.3 
 27.3 1.5
 
Variousb 9.1 34.8 1.59 9.9 29.9 1.6 
 15.7 32.3 2.1
 

Average 7.9 35.0 1.27 13.2 30.5 
 1.6 12.3 29.8 1.6
 

a Momil, CM-681-2; Pivijay, CM-981-8; Sabanalarga, M. Col. 22.
 

b Momil, CM-922-2; Pivijay, M. Col. 2216; Sabanalarga, M. Ven. 25.
 



TABLE 30. Chemical composition of cassava flour a of 4 varieties as affected by plant age b
 

Plant 
 Total Reducing Ether Crude 
 Total Free
Variety age DM 
 Starch sugars sugars Protein extract fibre Ash cyanide cyanide

months % % 
 % % % % 
 % % mg/kg mg/kg
 

M Col 22 8 
 97 1.85 0.45 5.64 
 0.57 1.47 1.57 59 
 7

10 
 90 1.54 0.23 5.71 0.65 1.66 
 1.74 39 6
12 94 1.47 0.45 5.08 0.64 1.58 1.77 34 7
14 95 2.42 0.37 5.15 0.93 1.51 1.88 48 
 9
Mean 94 1.82 0.37 5.39 0.70 1.55 1.74 
 45 7
 

CM 976-15 8 
 95 1.71 0.35 4.33 0.51 1.98 2.38 92 6

10 
 86 2.17 0.54 4.67 0.51 2.05 2.16 

12 91 2.01 0.62 3.61 1.02 1.39 2.03 

96 7
 

14 87 1.99 0.45 3.70 0.81 1.76 2.15 
97 3
 

145 6
Mean 
 90 1.97 0.49 4.08 0.71 1.79 2.18 
 107 6
 

M Col 1684 8 
 87 1.19 0.26 4.43 0.70 2.85 17
2.30 276 

10 80 4.19 0.76 4.77 0.85 2.40 2.64 
 378 14

12 
 89 2.51 0.66 4.43 0.83 2.27 2.82 
 358 10

14 
 90 3.29 0.55 4.14 1.03 1.89 2.32 
 323 7
Mean 86 2.80 0.56 
 4.44 0.85 2.35 2.64 
 334 12
 

M Ven 25 8 
 90 2.04 0.52 5.47 0.88 2.73 1.86 906 
 37
 
10 86 3.36 0.96 5.15 0,88 1.68 1.79 1110 9
12 87 2.59 0.65 4.98 0.78 2.03 1.73 967 

14 85 1.94 0.50 4-69 0.97 2.07 1.73 

16
 
719 12
Mean 87 2.48 0.65 5.07 0.88 2.13 1.78 
 925 18
 

a Peeled, chipped roots dried at 60*C.
b 
Each monthly value is the average of six replications. All values on 
a dry matter basis.
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TABLE 31. Effect of cassava variety on loaf characteristics a
 

Specific Bread 
Variety volme score 

cm /g max.100 

M Col 22 4.36 84.0
 
CM 976-15 4.27 83.0
 
M Col 1684 4.21 76.8
 
M Ven 25 4.24 82.4
 

Control 4.26 92.0
 

Bread formula: 85% wheat flour, 12% 
cassava flour, 3% soya flour.
 
All varieties harvested at 12 months.
 

TABLE 32. Effect of plant age on loaf characteristics a
 

Specific Bread 
Plant age volme score 

cm /g max.100 

8 3.84 75.0
 
10 3.87 76.0
 
12 4.21 82.0
 
14 4.38 81.0
 

Control 4.37 92.5
 

Bread formula: 85% wheat flour, 12% 
casgava flour, 3% soya flour.
 
Cassava flour prepared from the variety M Col 22.
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TABLE 33. Effect of the level of addition of cassava and soya flour
 
on loaf characteristics a
 

Breadmaking formula Specific Volume Bread Score 

Wheat flour Cassava flour Soya flour 

3cm/g max.100 

85 12 
 3 4.20 84.0
 

80 18 2 
 4.29 71.0 

85 15 ­ 4.72 86.5
 

100 ­ - 4.68 92.5 

a Variety M Col 22 harvested at 12 months plant age. 
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TABLE 34. Effect of plant age and cassava variety on loaf 
characteristics a 

Plant age Variety 

months M Col 22 M Ven 25 

Specific Bread Specific Bread 

volumeb score b volume b b 

cm3 /g max.100 cm 3/g max.100 

8 4 .3 9c 8 4 .5b 3 .9 9c 73.7 b 

10 4.48 b 
8 9 .0b 4 .0 0 

c 73.5 b 

12 4 .7 2a 86.5 b 4.21b 72.7 b 

14 4 .1 2d 6 6 .2c 4 .0 5c 5 9 .7c 

Control 4 .6 8a 9 2 .5a 4.68 9 2 .5a 
DMS 0.07 5.9 0.07 5.9 

a Breadmaking formula: 85% wheat flour, 15% 
cassava flour.
 
b Values with the 
same letter are not significantly different at the
 

99% confidence level.
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Figure 4. Sampling scheme for individual root quality evaluations (Peeled roots). 
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Figure 6. Correlation matrix of root quality analyses and evaluations.
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Figure 8. 
Drying times of Thai, Malaysian and Brazilian-type cassava chips
in a through circulation bin dryer at 600C.
 



Figure 9. 
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F GLYE 10. PRINCIPAL ACTIVITIES IN THE CASSAVA BAKING FLOUR PROJECT 

Year 

Research Year 1 Year 2 

Area 

ECONOMICEVALUATION PREFEASIBILITY STUDY 
FEASIBILITY STUDY 

CIAT/IIT 1. Ma'o analisis 2. Cassava 3. Wheat miil 4. BaKer and 1. On farm trials 
of the wheat production survey consumer 2. Composite flour production
market survey survey cost determination 

EQUIPMENT DESIGN AND DEVELOPMENT
 
DESIGN AND 1. Development of 2. Developmen-i of 3. Evaluation of mill-
 PILOT CASSAVA
 

DEVELOPMENT 
 washing, peeling and dri,ng systems ing equipment ano PLANT FLOUR
 

OF PROCESSING cutting eqUipment 
 stotage conditions STUDIES PRODUCTION 
PLANT PUV/CIAT 

VARIETY AND AGE TRIALS COMPOSITE FLOUR 

1. Cassava production 2. Flour production 
BAKERY PRODUCT
 

DEVELOPMENT IBAKER
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OPTIMIZATION OF BAKING PROCEDURES 
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FIGURE 11. FLOW DIAGRAM OF CASSAVA FLOUR PROCESSING PLANT 
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SOIL MANAGEMENT AND PLANT NUTRITION
 

During 1985 research on cassava soil management and plant nutrition
 
focused on the following aspects:
 

1) Screening of germplasm for adaptation to low P and acid soil.
 
2) The effect of alternating wet and dry seasons on cassava growth,
 

nutrient absorption and mycorrhizal infection.
 
3) Long term effect of cassava on soil fertility.
 
4) Use of green manures.
 
5) Fertilizer response of cassava on sandy soils of the
 

Colombian No vti, Coa,:t. 
6) Erosion control for cassava 
gron on steep slopes.
 
7) Plant population and varieties for 
cassava forage production.
 
8) Effect of mycorrhiza. 

Screening of Cassava Germplasm for Adaptation to Vow P and Acid Soils.
 

As in previous years, a large number of varieties from the germplasm
 
bank and breeding lines were evaluated in CIAT- Quilichao and Mondomo for
 
adaptation to low-P soil, and in Carimagua for adaptation to low-P and 
high levels of soil acidity. In Quilichao, 677 materials were planted in
 
single rows in large plots with either no P or 75 kg P/ha applied as 
banded diammonium phosphate (D)AP). All plants received 100 kg N and 150
 
kg K/ha, band applied as DAP or urea and KC. respectively. The high and
 
low P plots had Bray IT extractable P levels of 17.5 and 3.4 ppm at the 
time of planting. After 12 months the average yields were 39.2 and 31.2
 
t/ha in the plots with and without P applications. Table I shows the 
yield and low-P adaptation indices for the 20 most tolerant varieties. 
These varieties will be further tested 
for their low-P tolerance in
 
replicated yield trials,
 

In one of the latter trials, 77 of the most well. adapted varieties 
selected 
from single row trials were planted in subplots of 30 plants
 
with two replications in large plots with either zero or 
75 kg P/ha, band
 
applied as DAP as -escribed above; at the 
onset of the trial (the fourth
 
planting in the sane location) these plots contained 11.9 and 4.6 ppm
Bray II P, respectively. Eventhough the months of June, July and 
September were unusually dry this year, the yields were very high, even 
without P application. Average yields in the same field have been
 
increasing with each consecutive cassava planting as follows:
 

Bray IT-P (ppm) Cassava yield (t/ha)
 

op 75P op 75P
 

1981 1.4 
 - 16.7 27.2
 
1982 2.2 
 8.7 16.2 27.7
 
1983 4.8 22.0 24.9 31.1
 
1984 4.6 
 11.9 34.0 
 36.6
 
1985 1.8 4.0 - ­
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This increase in yield, with or without applied P, is 
probably due
 
to an increased mycorrhizal population, stimulated by a gradually

improved soil fertility and abundant cassava root growth. Table 
2 shows
 
the yield and low-P adaptation 
indices of the 13 most adapted varieties
 
compared with two standard check 
varieties. It is clear that some 
varieties are very well adapted to acid low-P soils, producing about 50 
t/ha of fresh roots in a soil with pH 4.0 and only 4.6 ppm Bray II 
extractable 
P. Thus, in areas where diseases and pest problems are
 
minimal, adequate soil management and maintenance of soil fertility can
 
not only maintatin but actually increase yields of consecutively grown 
cassava crops. In the same acid "infertile" soil of CIAT-Quilichao a 
yield trial of eight local varieties from the Mondomo area produced
yields Vetween 30 and 84 t/ha in only 11 months. These cold climate 
varieties, adapted to extremely infertile soils, are not only early but 
also very productive under warmer 
and more favorable soil conditions.
 

Another set of varieties and breeding lines adapted to the high
altitude tropics (Edapho-climatic zone V) was screened for low-P 
tolerance in Mondomo. The varieties were planted in subplots in two main
 
plots with 0 and 100 kg P/ha band applied as TSP. Table 3 shows the
yields obtained and the 1ow-Il adaptation indices. There was an extreme 
response to P in all varieties, increasing yields on tile average from 2.9 
to 16.1 t/ha, in a soil with 1.8 twoppm Bray IT-P. Most adapted were 

local varieties, Region..lI 
 Amar illa and Negrita and two germplasm
accessions, M Col 113 and M Col 2019. Some breeding lines selected in 
Popayan were also well. -dapted, while some warm-climate varieties like 
CMC UO1 :amhed to severe anthracnose problems. 

As in previous years, a group of 60 varieties and breeding lines
 
were evaluated for tolerance to Low P and high 
 acidity in Carimagua by
planting each iiithree large plots that received either no P, no lime, or 
both lime and P. Table 4 shows the root yield and adaptation indices of 
the most adapted varieties as well as those of four standard varieties.
 
Average yields without P were only 2.3 t/ha, while those without lime 
were 10.9 t/ha and with both lime and P 9.4 t/ha. Thus, yields were 
actually higher 'iLihout lime, eventhough these plots had 82 percent Al 
saturation, indicating the extreme tolerance to soil acidity of these 
materials. Of the five Brasi.iqn accessions included, all were highly
adapted to acid ]ow-'P soils, p:ro,,ablv due to similar conditions in their 
region of origin. On the other hand, the local variety, Ilanera, was 
completely unadapted and succumbed under the present high disease and 
pest pressure in Carimagua. 

Effect of wet and dry seasons on cassava growth, nutrient absorption and 
mycorrhizal infection.
 
To determine the effect of the dry season on cassava growth and nutrient
 
absorption a trial was stablished in Carimagua 
in October 1984, towards
 
the end of the rainy season. The variety M Ven 77 was planted in large

plots of 169 plants, either with or without fertilization, and with four
 
replications. The fertilized plots received 
I t/ha of dolomitic lime, I 
t/ha 10-20-20, 10 kg Zn/ha as ZnO, 1 kg B/ha as Borax and 10 kg S/ha as 
elemental sulphur, all broadcast and incorporated before planting.
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Figu:e I shows that, compared with the li-year average, this year
the dry season was unusually long and dry, while rainfall during the wet 
season was unusually high, with a maximum of 463 mm during May. During
the long dry season plants defoliated almost completely, while full 
foliage was reestablished with the first rains of April. These drastic 
changes between extreme dry and extreme wet had a profound effect on 
plant growth, nutrient concentrat ions In the plant, and in the soil, as 
well as the rircorrhi;:al popiulat ion;. 

Fiwlre 2 show!s; t-he total and root dry matter production for 
fertilized and unfert I Jedplantcs during the !1-month growth cycle. Due 
to the lon( dry .<ason ( from N,,oember P-5 to April 15 it rained only 86 
1m) crop rwt:h was Vc, rv reduced lut inni the first six months, but
increased rap~idlI," wit'i the onsiet- em rain in April and Iar.thein 

ferti ized paints ;:ot:i l rv Mtter (1). , increased until harvest at 1i 
months, while in no ert 1 i:d 1)att 5; tot:i I (Irr mat ter product.on was less 
and actuiial ly decre ,;ed I 12hty tlie two:,, hiring last months. Root growth 
wa-. Slow d -ing the j iri t i :.:moiilis , but increased rapidly in the second 
half of tll(e growtI c Ic At- I I montleh;, fresh root vield was 11.0 t/ha 
for unfertilizedL an/! "-2. t / i_ oI iertj IL(.: plant.s. L Figire 3 shows the 
dynamics of drf mtte trii ,iit iou 1)etwe,,n roots, stem, leaves and 
fallene leave1 I fortiI i I., pJ:lnts. Initial II , 1eaf growth 
predominnited; hloweer, dlurin ,,clit, dry seasn most of the leaves fel . At 

1i
the onset )I r s there w,,a"i verv rapid rcirowth of leaves, reaching a 
maximum of iT/pl at ill one moth, fo1 Iowed by rapid growth of roots 
and 
 stem.
 

Figure 4 shows tihe cha-ige in nutr1eat concentriati on in youngest 
fully expanded leaf (YfI:'I,) h1ades . Con centrations of N, 1) and K 
decreased (luring the dry season and increased markedly at tile onset of 
rains, reaching a maximum at the si::th month. During the seventh month 
nutrient absorption rates still increased but the sudden increase in 
growth (especially leaves) resulted in a decrease in nutrient 
concentrations in YFE.-blades. It i.s clear that due to these drastic 
changes in nutrient concentrations, for diagnostic purposes leaves should 
not be sampled during the dry season, nor during the first two months of 
rain, but rather at: reinitiation of leaf fall,at about the eighth month, 
or three months after the start of the rainv season. Even at this time, 
leaf analysis in this trial did not give a good indication of nutrient 
deficiency (Figure. 2). 

Figure 5 shows the effect of dry and wet season on total root 
length, on Vesicular arbuscular mycorrhiza, VAM-infection and spore 
numbers. Root length in the top 20 cm of soil decreased during the dry 
seasou, while the % VAM infection initially increased up to the third 
mor.th and then decreased due to drought. Spore numbers, on the other 
hand, increased markedly during the dry season. During the first two 
months of rain, root length in the top 20 cms increased from 1.2 to 37
 
meters/plant, after which it decreased markedly again. 
At the same time,
 
the percentage of root infection increased 
from 5 to nearly 25%. Thus,
 
at the end of May plants had on the average about 7.5 meters of VAM
 
infected roots. This increase in root 
infection was accompanied by a
 
marked decrease in spore numbers as spores germinated in response to
 

http:product.on
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increased root activity. Following this flush of to; and root growth at 
the beginning of the rainy season, root growth and VAM infection 
decreased, while spore numbers again increased. Towards the end of the 
rainy season root length stabilized while percentage of infection again 
increased.
 

Figure 6 shows the changes in soil nutrient contents. Available P 
concentrations nearly doubled during the dry season both in f2rtilized 
and unfertilized plots. Fertilization wIth I t/ha of 10-20-20 resulted 
in an available P content of 38 ppm compared with 8 ppm without 
fertilization. Siiilarly;, K contents increased during the dry season,
while inorganic N initf.allv decreased and then Increased markedlv towards 
the end of the dry season due to a build up of both NO3 and Ni14--N. At 
the onset of riiini at t1e end of April, N, 1) and K contents in the soil 
decreased rapidly,due t:o leaching and increaised plant growth and nutrient 
absorption. 

oI top root nutrient 

off or decreased. Nutrient 


After the 11h1)f and growth, ab.sorption leveled 
levels in the soil more or less stabilized 

around the seventh to e i'i th montlI. Fert i. 1ize d plots had cons is ten tl% 
higler leve.s of P and K, while the effect on norganic N'had essential.y

disappeared after the s:i:.h month.- in unfertLlJi.ed plots there was
 
essential1 v no net 
 change in avai able 11, there was a slight huild up of 
inorganic N and a considera i: decline in exchangeable K during the 
course of one crop cycle. Only with the application of 167 kg K/ha did K 
contents in the soil return to their original level of 0.11 me/100 gin.
At the time of harvest there was a total K absorption of 122 kg/ha, of 
which 66 kg were ronr.ived in the roots. 

long-term elfeet of cassava on soil fertility 
A long term fertility trial, initiated in 1977 in CIAT-Quilichao, 
completed its seventh consecutive cassava crop. Main plits had a total 
of 35 treatments, three levels of N, P and K applied only in 1977 in all 
possible combinations and eight additional treatments which 
were applied

annually with each crop. As of 
the sixth crop each plot was divided in 
two, with one half refertilized annually and the other half without 
further applications. Figure 7 shows the average response of CMC 40 to 
application of 
N, P, and K, either the residual effect of fertilizers
 
applied in 1977 or after reapplication in the 6th and 7th year. During
 
seven years of continuous cassava 
cropping the initial fertilizer
 
application had completely lost its residual effect. 
 The yield of the
 
absolute check was 17 t/ha, down from 31 t/ha in the 
second crop.

Reapplication of fertilizers 
In the 6th and 7th crop resulted in a small
 
response to N and P, and a very significant response to K. Potassium
 
application with the last two crops increased 
yields from 23.0 to 43.7
 
t/ha. There 
was a good relation between the K content of YFET,-blades at
 
4 months 
and final root yield, maximum yields being obtained with more
 
than 1.5% K in YFEI,-blades.
 

Figure 8 shows that the reapplication of fertilizers in the 6th and
 
7th year completely restored the productivity of the soil, exhausted of K
 
after 5 consecutive cassava 
crops with only one fertilizer application in
 
1977, On the other hand, the lack of fertilizers in the 6th and 7th year
 
after five annual applications resulted in a drastic 
yield decline,
 

http:unfertLlJi.ed
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especially at the intermediate leve? of application. Thus, 
to maintain
 
high cassava yields in soils low in K-supplying minerals, it is essential
 
to reapply K with every planting, since a root yield of 40-45 t/ha 
extracts at least 150 kg K in 
the root harvest. On the other hand, once 
the P content of the soil is brought up above the critical level of 4-6
 
ppm, this element is not depleted to a great extcnt by leaching or plant

uptake and future applications can he greatly reduced while maintaining 
productivit V.
 

Sim lar results were obtained in to'w N, 1P,K, trials, located side 
h side in CMAT-Quili:hno, 
one in an anunally fertilized soil and one in 
a soil exhau-ted by four consec,;tive regional trials without 
fertil.zation. Figure UA shows that in the exhausted soil there was a 
small but non-significanut response to application of N and P, and a
highly significant response to V, which increased vie.d s from 15. 7 to 
36.4 t/ha. With the second ve.r applicat ion of 100 kg K/ha, the 
productivity was almost as high ;i, in the continuousiv fertilized soil 
(Figure 9B), which produced yields of a bout 40 t/ha. On the other hand, 
the lack of I application in theK, fertilized plots reduced yields to 36 
t/ha in the first year and to '/ h/hain the second year. Thus, again K 
is the critical elprient for ;lssava grown continuously on acid infertile 
soils witth 5w KI pplying pow'.,'er. 

Cassava farmers tradi tiona l l y try to maintain soil fertil ity by
leaving plots in fall ow for 5--10 years after 1-2 crops of cassava, after 
which they cut and burn the vegetation to plant another 1-2 crops of 
cassava without fert 11 izer appiication. Thus, they rotate cassava plots
continuously, clearing and burning new plots every year, often cut of 
necessity, on very ,taep slopes, caus;ing 
severe erosion.
 

The Cassava Fconomics iect ion has studied the effect rf fallowing by
planting three consecutive crssava crops , variouswith levels of
 
fertilization in seven different farms in the Mondomo area on plots that
 
had 1-2, 4-5, 
7-10 or more than 15 years (of fallow before the first
 
cassava crop. I.gure 10 
 shows that the 1engt h o f fa llow had no 
significant effect on yield in any inof the three plantings. In fact,

the first two plantings the shortest Fall.ow 
period produced the highest

yield of unfertilized cassava. 'rhus , it appears that on 
these extremely

infertile and eroded so is the regrowth of weeds and hushes does not 
accumulate sufficient nutrients to have a significant ef fect on the
 
following cas sava crop. ApplIcat ion of P , especiatLy as triple supcr­
phosphate f'lSP), markedly increansed yields, but these vield increases 
were even more pronounced in combhina, ion with an &nnual application of 
100 kg/ha of N and K. Figure 11 shows the average yield response to P in 
the seven locations during the three consecutive plantings (in presence
of N and K). 
 Maximum yields were obtained with the application of 50 kg

P/ha as TSP, but in the third year there was only a significant response 
up to 25 kg P/ha. Huila rock phosphate was much less effective than TSP
 
in the first two years, but its effectiveness approached that of TSP in 
the third year. Also, with adequate fertilization (100 kg N, 25 kg P,
100 kg K/ha) cassava yields increased year after year due to improved
soil fertility and probably a better mycorrhizai population. Thus, it is
 
clear that in these highly infertile soils the traditional fallow system

cannot maintain soil fertility and sustain high yields, while annual 
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fertilizer applications improve soil fertility and increase yields when
 
cassava is grown for several years in the 
same plots. By intensification
 
of crop management, especially fertilization, cassava can be grown almost
 
continuously on the most productive and flattest fields, leaving 
steep

slopes in permanent pasture or forest vegetation. Under these conditions
 
yields as high as 60 t/ha have been obtained in the fourth year of 
continuous cropping with fertilization in Mondomo, compared with 5-8 t/ha

that farmers obtain with the 
traditional cassava-fillow rotations.
 

Use of Green Manures
 
An alternative to the cassava-fallow rotation would be to plant a green 
manure crop for one semeste7 and Incorporate the vegetative material into
 
the soil before planting cassava. Unfortunately, many traditional green
 
manure crops are susceptible to Al-toxicity in acid soils, requiring
large lime inputs for optimum growth, while cassava requires no lime or 
only small applications. To test the tolerance of several green manure 
species to 
soil acidity 40 different accessions were grown in single rows
 
at 
lime levels of 0, 0.5, 2 and 6 t/ha in CIAT-Quilichao. 

The highest level of application increased pH from 6.1 to 4.4, while
 
decreasing the Al saturation from 79 to 41 per cent. 
 Figure 12 shows the 
lime response of 10 selected species. Crotalaria juncea, a highly
productive green manure on slightly acid and neutral soils, was the most 
susceptibte to soil acididty, responding markedly to lime application.
Other Crotalaria species, such as C. qectabilis, C. mucronata, and 
several unidentified species were highly acid-soil tolernt as well as
 
much more productive 
 than C. juncea. Other highly tolerant materials 
include some Mucuna (formerly Styzolium) species, Calanus cajan and 
Desmodium distortum, while Canavalia ensiformis and cowpea were very acid
 
soil tolerant but not very productive. The most promising materials 
are
 
being re-evaluated in larger plots in Quilichao and will also be tested
 
in a cooler climate in Mondomo to evaluate their potential for Improving
 
soil fertility to replace the traditional fallow system of natural
 
regrowth.
 

In the very sandy soils of Media Iuna on the Colombian North Coast 
the response of cassava to fertilization have often been erratic and not
 
very marked. To determine whether incorporation of green manures 
can
 
replace or complement the effect of chemical fertilizers, a trial was
 
planted with eight green manures in a soil with 82% sand, 16% clay and 2%
 
silt, pH 5.3 and 0.5% organic matter, 6.5 ppm P and 0.06 me K/lOC gm.

After 2, 3, or 
4 months the above ground vegetative material was chopped
 
up and incorporated. Cassava was planted four months after the green
 
manures, either without chemical fertilizers, with 500 kg/ha 15-15-15
 
band applied at planting, or with foliar application of Nitrofoska at 60,
 
90 and 120 days after planting.
 

Table 5 shows the production of dry matter by the various green
 
manures 
and the effect on soil chemical characteristics two months after
 
incorporation of the green manures. Indigophera and peanut were 
most
 
productive, followed by the native weeds, consisting of tall grasses and
 
many creeping legumes. 
 The latter had a marked effect on the inorganic N
 
content of the soil, while also 
slightly improving the exchangeable K
 
content. 
 Canavalia ensiformis (sword bean) was intermediately productive
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but had the greatest effect on the level of inorganic N, P and K, as well
 
as Ca and Mg. The check plots, from which weeds were removed before 
planting, had the lowest levels of NO, 
- N, K, Ca and Mg. 

Figure 13 shows the effect of the green manures on cassava yield in 
combination with the three fertil izer treatments. In both cassava 
varieties, but especial]%, in the hlig ]y produc ive variety M Ven 25, 
there was a significant response to the green manure treatments in the 
:bsence of' soil appJied fei tilizers. When fertil i ::er were applied 
yields increased from 19.5 to 34.3 t/ha without any further increase due 
to green manures. Foliar NI apo] ications (Nitrofoska) slihtly 
increased yields to 21:.9 t/ha but some green manures increased se 
yields up to ft.I t/ha. In the absence of any chemical fertilizers, -he 
incorporation of nat-ive weed!, , Or some green a,,nures such Canavalia,as 
peonut and velvet bean increased yields from 19.5 to as miuch as 34.4 
t /ha . Thus, on th"is sand low O.M. soil the incorporation of the local 
weeds or some ,reen manures can markedl, increase yields to the same 
levels as those obtained with chemical forti] [:zersl applied to the sol!; 
foliar applicati,.ii:s were not very effective. ()f the green manures, 
Canavalia ensiformls had the greatest effect on soil fertility and 
cassava yielcd, whl e Crotaiariaa juncea was least productive and least 
effective.
 

Effect of Chemical Fertiljzers in Media Tuna 
On the same sandy soil described above, another trial was planted with 
the saine two varieties to evaluate several alternatives of chemical 
fertilizers. Figure 14 shows the response to several. levels of 
15-15-15, band applied at planting, as well as some other alternative 
sources and methods of fertilizer application. Again M Ven 25, planted 
with stakes from CdAT, produced much higher yields than M Col 2215, 
planted with local]v produced stakes. There was a significant response 
up to 750 kg/ha of 15-] 5-15 with a negative response to higher
applications In tile case ] Vn 25. Hfighest yields, however, were 
obtained with a combination . 500 kg/ha soil applied 15-15-15 and three 
foliar applications of urea at 60, 90 and 120 days. 'here was a good 
response to application of 75 kg N/ha to the soil. as urea, but no 
response to application of P and only a minor response to K. Foliar 
application by itself with either urea, KNO 3 or Nitrofoska had no 
significant effect on yield. Thus, on the sandy soils of Media Luna high
 
cassava yields can 1e 
 obtained using good planting material of
 
high--yielding varieties and an 
15-15-15 to the soil , possibly in 

intermediate 
addition to 

application of urea or 
foliar applications with 

urea. 

Soil Management for Erosion Control in Cassava
 
When cassava is grown on steep slopes special precautions should be taken
 
to prevent soil erosion. Due to its wide planting distance and slow
 
establishment, a large percentage 
of the soil surface remains exposed
 
after planting, which often results in severe soil losses due to water 
erosion.
 

In two previous trials (see CIAT Cassava Program, Annual Reports
 
1982, 1983) maximum soil losses of 105 and 36 t/ha were reported, while
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erosion was markedly reduced by the application cf mulch, by miniaium or 
zero tillage, by fertilization and the planting of live barriers.
 

This year a third trial co .,pared in more detail the effect of land 
preparation, methods of weed control, intercrops or live barriers, and 
the use of fertilizers on erosion and cassava yield. The methodology was 
essentially the same as that described in 1982 and 1981. 

Table 6 shows the effect of treatments on sol,. loss and yield. 
While the trial was planted on a steep sl.ope of 40% and rainfall was 
abundant througilout the year (2421 "m in 14 months) soil- erosion was 
minimal, reaching a maximum cf 3.71 r/ha in 13 months. This is due to a
 
rather stable sol' 
(a silt loam wttl, 11% O.M.), and minimum soil prepara­
tion of one pass with a oxen-drawn plow, which left a rough blocky
surface. When soil preparation was even further reduced, such as hand 
preparation of 1 meter wide strips, alternated with unprepared strips, or 
by planting without any preparation, soil. losses declined even more. 
These treatmen had a slight negative effect on yield. Yields in 
general. were very low because of severe weed competition, as weeds were 
controlled only by machete (eight cuts). 

When weeds were controlled with herbicides or by hoeing (4
weedings), increased slightly but yields improved markedly. Thus, in 
cassava, adequate weed control, generally with herbicides and hoe, is 
extremely important. LTive barriers of lemon grass, Phaseolus beans, and 
Imperial (Ax:onopus escoparius) or Brachiaria decumbens grass also 
markedly decreased erosion, while having some negative effect on yield.
Beans were grmm in double rows between double rows of cassava, and were 
fertilized with 2 t/ha of lime and 750 kg/ha of 10-30-10. Growth was
 
vigorous and the yield of BAT 1297 was 
 649 kg/ha. The barrier of 
Imperial grass was highly effective -in controlling erosion and the 
cut-and-carry forage can be used to feed a horse or cow. As in previous
trials, the use of fertilizers decreased soil erosion by providing a more 
rapid soil cover. Fertilization also had a most dramatic effect on 
yields, which increased from 0.3 to 9.3 t/ha. Thus, it may be concluded
 
that by the use of simple agronomic pr'actices, such as fertilization,
 
minimum tillage, live barriers or intercrops, erosion can be reduced to
 
very acceptable levels, while at the same time maintaining or increasing 
cassava yields.
 

Cassava Forage Production
 
While cassava roots contain only about 2.3% crude protein, the tops, and
 
especially the upper leaves, may contain as much as 
25-30% protein, which 
is higher than alfalfa and most other forage legumes. Thus, there may be 
great potential for using cassava tops as supplemental forage for 
animals, o- your.g cassava leaves as a vegetable for human consumption.
To determine the dry matter and protein production potential two trials
 
were established, one in Carimagua and 
one in Quilichao. In each
 
location four vigorous and well-adapted varieties were planted, each at
 
four planting distances of 70x70, 60x60, 50x50, and 40x40 cm
 
corresponding to populations of 20.4, 
 27.8, 40.0 and 62.5 thousand
 
plants/ha.
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Plants were fertilized with I t/ha of 15-15-15, band applied at 
planting. The unlignified part of the tops were cut every 3-4 months, or
 
when 	 the first bottom leaves started to fall. Figure 15 shows the total 
dry matter and crude protein production in 3 cuts during 13 months in 
Carimagua. Of the four varieties CM 507-37 produced the highest average 
yield of 4.3 t dry matter/ha, with a crude protein production of 0.89 
t/ha. The average crude protein content decreased from 25% in the first 
to 21% in the third cut. Due to the long dry season In Carimagua there 
was a six month Interval between the second and third cut. The best 

6 0 planting distance was x 6 0 a and there was no beneficial effect in 
further Increasing the plant population. 

Figure 16 shows similar data fnr CIAT-Quilichao, in this case the 
sum of seven cuts during 24 month!, as well as the final root harvest. 
Highest total dry forage production of nearly 24 t/ha was obtained with 
the variety Regional Amrilla, planted at 60x6) cm, closely foillowed by 
CMC-92 t the same planting distance. Both are cold-climate varieties 
which produce extremely vigorous top growth when planted at lower 
elevations. Much less productive were the warm-climate varieties HMC 2 
and CMC 40, which did not have the same capacity to resprout quickly 
after each cut. However, those varliaties le-' productive in forage 
production were more productive in root yield, especiallv 1MC 2 which 
produced as much as 52 t/ha fresh roots as well as 16 t/ha of dry forage 
in two years. Figure 17 shows that the quantity and quality of forage 
production Is highly dependent on rainfall. During the dry seasons dry 
matter production decreased while the crude protein content increased,
 
while the opposite occured during the wet season. Only during the last
 
cut was there both a decrease in dry matter production and protein 
content. Thus, while dry matter production var:ed according to wet and 
dry seasons, the amount of crude protein produced was fairly constant
 
throughout the year. Total crude protein production varied from 2.0 
 t/ha 
with CMC 40 to 3.67 t/ha with Regional Amarilla in a two-year period. 
The latter level of productivity is close to that of well managed alfalfa 
in the U.S. (where maximum yieldq of 4 t/ha of crude protein have been 
obtained In one year). Wile this trial was harvested after two years, 
there is no reason to believe that forage production can not continue for 
one or more years without having to replant. With the application of I 
t/ha of 15-15-15 at planting, there was no indication of soil exhaustion, 
as the soil nutrient levels had actually increased after two years. 

It may be concluded that vorieties differ greatly in their ability 
to withstand continuous cutt i nys , and that some cold-climate varieties 
seem 	very promising for cassava forage production. A plant population of
 
28,000 planL:/ha, planted at 60x60 cm, was the most productive in both 
Carimagua and Quilichao. No replanting may be necessary for several 
years.
 

Effect of Mycorrhiza
 
Greenhouse trials were conducted 
to determine the effectiveness of
 
mycorrhizal strains, the effect of soil acidity, and the development of 
mycorrhizal infection in cassava.
 

a) 	 Effectiveness of mycorrhizal strains.
 
The effectiveness of 15 strains from the CIAT mycorrhizal collection
 



181
 

was evaluated by inoculating rooted cassava plantlets grown in 
sterilized Quilichao soil. The soil was fertilized with 50 kg P/ha 
as incorporated Huila rockphosphate. After 2-1/2 months plants were 
harvested. Table 7 shows the total. dry weight produced (tops + 
fibrous and thickened roots), the total fibrous root length, and 
percentage infection. Most effective In increasing dry matter 
production were two Giomus species (C-i-i and C-3-16) followed by 
two ecotypes of Entrophospora colombiana (C-24-5 and C-25-6), 

These species were also effective in increasing root length and root
 
infection. In general, there was a highly significant correlation
 
between dry matter production of tops and either total root length
 
(r=0.78) or percentage infection (r=0.66).
 

b) 	 Effect of soil. acidity. 
Two soils, from Carimaga and Quilichao, were incubated with 
different levels of elemental sulphur (S) and lime to decrease and
 
increase, respectively, the natural pl of the soil. Figure 18 shows
 
the effect of these soil amendments on p11 and exchangeable Al 
content. Application of 2 t/ha of S decreased the p1H of tlhe 
Carimagua soil to 3.7 and increasecd the Al content to 7.6 me/0O gir. 
Both S and lime applications hid a more marked effect on pH and Al 
in the Carimagua than the Quilichao soil, intdicating the greater 
buffer capacity of the latter due to its hig'i; organic matI-r 
content. 

Figure 19 shows the dry matter production of tops of two month 
old cassava plants inoculated with four VAM strains and grown in 
sterilized soil. Dry matter production was seriously affected by 
both low and high pH, the latter mainly due tn induction of severe 
Zn deficiency. Maximum dry matter production was generally attained 
at p-1 4.8-5.0. C-I-i and C-10 were relatively tolerant of severe 
soil acidity (pH 4.5) and were the most effective species in most of 
the p1l range studied. Acaulospora mellea (C-15-2) was quite 
tolerant of low pl but noc as effective as C-i-i and C-JO at higher 
pH. C-30-1 was quite ineffe-tive at low pH and the only of medium 
effectivity at higher pH (pl1 5). Figure 20 shows that percentage of 
root infection was equally dependent on soil p1H in both soils, but 
that this relation varied for each VAM species. From this 
relationship the following critical pH values for VAM infection were
 
determined for each species; 4.4 for C-i-i, 4.5 for C-15-2 and 4.8 
for C-1O. While all these three species are well adapted to acid 
soils, C--I'-] (Glomus manihotis) seems to have the greatest 
tolerance. Glomus mosseae (C-30-1) was not at all adapted and its 
percentage of infection was not well correlated with soil pH. In 
the three tolerant species per centage of infection was better 
correlated with soil pH than with percentage of Al. saturation or Ca
 
content.
 

c) 	 Development of root infection
 
Plantlets of M Ven 77 were either inoculated with C-i-i or not
 
inoculated, and grown for 12 weeks in unsterilized Quilichao soil.
 
Every I or 2 weeks some plants were harvested and rooes were
 
observed under the microscope for the presence of hyphae, vesicles
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or arbuscles. Figure 
21A shows that VAM infection had already

initiated after one week as indicated by 
the presence of hyphae.

Infection by hyphe increased every week, reaching a maximum of 
94%
 
at 
seven weeks after which it declined slightly. Vesicle infection
 
initiated after two weeks and that of 
arbuscles after three. 
 Both
 
reached a maximum infection of 70-80% after 6-7 
weeks, after which
 
it eitber declined or remained approximately constant.
 

Leng'ch o fibrous roots increased sigmoidally during the first 
eight weeks, reaching a maximum of 70 meters/plant after which it 
slightly declined. At this time about 90% of the root 
system was
 
infected with yvphae, about 
60-70% with vesicles and 75-80% with
 
arbuscles.
 

Spore numbers declined consistently during the first six weeks,

while t he 
roots became infected. 
 Once roots were almost totally

infected the reproductive phase reinitiated with formation of new
 
spore3
 

Three field experiments were conducted on 
the effect of mycorrhizal

inoculation, one in Mondomo 
and two in Carimagua. In Mondomo, the
 
efficiency of seven strains 
was tested in a soil with 
ppm P to which

either 0 or 50 kg P/ha was applied as TSP. The soil had been 
in cassava

for two years followed by one year of various green manure legumes and
weeds. The average yield of the local variety Sata Dovio was 18.4 t/ha
while that of the ICA hybrid HMC 2 was 58.8 t/ha. There was neither a
Tesponse to P nor to mycorrhizal inoculation, since both the fertility
and native mycorrhizal population had been build u- by previous croppings
 
and fertilization.
 

In Carimagua, the efficiency of 14 strains 
was evaluated in a soil
 
with 1.3 ppm P to which 100 kg P/ha was applied as Huila rock phosphate.

Inoculation generally increased yields of both varieties, M Ven 77 and M

Ecu 82. However, only in M Eca 82 
was the inoculation effect significant

(Figure 22). Inoculation with strain C-4-8 (Acaulospora sp.) increased
 
yields 47% from 9.9 to 14.6 t/ha. 
 Thus, in an infertile soil with low
 
native mycorrhyzal populations (only 46 spores /100 gr at 4 months after
 
:lanting), yields tend to 
 be low, but these can be significantly
 
increased by mycorrhizal inoculation.
 

In another trial in Carimagua, different methods of inoculation with
 
strain C-1-1 were evaluated, either 
with band applied TSP or broadcast
 
basic slag, both applied at 100 kg P/ha. In both varieties (M Ven 77 and
M Bra 5) incorporation of Huila 
rock phosphate was superior to banded
 
TSP, but 
there was no inoculation treatment 
by P source interaction.
 
Figure 23 shows that all methods of inoculation increased yields compared

with the uninocilated check, but that the 
 use of soil inoculum
 
(ccntaining root pieces with hyphae and 
spores) was more effective than
 
the use of only 2 or 10 gr of root inoculum. However, mixing 
10 gr. of
 
root inoculum with 100 gr of sand, to 
improve the spatial distribution of

propagules under the stake, was 
as effective 
as the use of 200 or 500 gr

of soil inoculum. Although 
root inoculum is more difficult to produce

than soil inoculum it has the advantage that only 150 kilos per hectare
 
would have to be transported, compared with 3.1 
ton when using 200 gr per
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plant of soil inoculum. The other alternative of producing inoculum at
 
the farm level is presently being investigated. This trial again showed
 
that with an effective inoculation technique yields in Carimagua can be
 
improved significantly (30%) by mycorrhizai inoculation.
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TABLE 1. Cassava root yield and low P adaptatiou indices of the 20 most
 
adapted and some standard varieties in a single row screening of 630
 
germplasm accessions i CIAT-Quilichao.
 

Root Yield (kg/m 2) Low P 
oP 75P Adapt. index 

CM 1794-1 10.5 11.3 9.71
 

M Col 720 6.2 12.2 6.20
 

M Col i85f 5.8 12.9 6.12
 

CM 2174-4 6.2 11.2 5.64
 

M'Ven 118 6.5 10.4 5.53
 

M Bra 97 9.1 7.1 5.27
 

CM 996-6 5.3 11.9 5.16
 

M Col 188 8.3 7.5 5.08
 

M Bra 349 6.2 9.8 4.96
 

SM 301-3 7.0 8.5 4.84
 

M Col 1387 5.8 9.8 4.62
 

M Col 1185 7.2 7.8 4.58
 

CM 533-6 6.9 8.1 4.52
 

M Bra 304 7.1 7.7 4.46
 

M Per 206 5.4 10.0 4.43
 

M Col 2019 5.7 9.1 4.27
 

M Col 100A 7.3 7.0 4.17
 

CM 2368-4 4.8 10.1 3.98
 

M Col 86 5.7 8.5 3.92
 

M Col 679 5.7 8.3 3.87
 

M Col 22 2.1 2.1 
 0.34
 

CMC 40 1.5 5.1 0.63
 

M Col 1684 4.0 3.9 1.27
 

M Ven 77 2.9 4.5 1.06 

a Low P adaptation index = Yield oP x yield 75P 

X yield oP x X yield 75P
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TABLE 2. 	Root yield and low P adaptation index of 13 varieties most adapted
 
and two siandard varieties in a screening of 77 germplasm accessions
 
in CIAT-Quilichao.
 

Cassava root yield (t/ha) Low P
 
Variety oP 75P Adapt. index
 

M Ecu 68 50.2 57.1 	 2.30
 

M Bra 41 47.5 57.0 	 2.17
 

M Col 2061 49.5 44.7 	 1.78
 

M Bra 226 49.2 44.7 	 1.77
 

M Col 213 48.2 44.8 	 1.73
 

M Ven 205 48.3 42.8 	 1.66
 

M Bra 234 37.2 55.3 	 1.65
 

M Bra 278 41.1 47.8 	 1.58
 

M Ptr 8 40.7 48.3 	 1.58
 

M Col 118 40.1 46.3 	 1.49
 

M Ptr 26 41.1 44.4 	 1.47
 

M Col 346 39.8 45.5 	 1.45
 

M Col 157 41.4 43.2 	 1.44
 

M Col 1684 44.1 47.5 	 1.68
 

M Col 22 31.9 38.6 	 0.99
 

a Low P adaptation index = Yield oP x yield 75P 

X yield oP x X yield 75P 
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TABLE 3. Effect of P application on the root yield of 20 cassava cultivars
 
in Tas Pilas, Mondomo, Cauca. 

Root vield (t/ha) P adaptation
CULTIVAR oP 
 100 P Index
 

Regional Negrita 5.1 26.6 2.90
 

Regional Amarilla 6.8 16.3 2.3/
 

M Col 113 
 3.7 20.3 1.60
 

M Col 2019 2.9 
 24.1 1.50
 

Sata Dovio 3.3 
 20.3 1.43
 

Batata 3.4 
 17.6 1.28
 

CG 406-6 3.3 
 17.6 1.24
 

M Col 2016 3.7 15.4 1.22
 

CMC 92 2.6 
 21.2 1.18
 

CC 487-2 2.8 19.6 1.17
 

CC 401-3 2.5 21.5 
 1.15
 

Americana 2.5 
 19.3 1.03
 

Algodona 2.9 
 12.8 0.79
 

HMC 2 3.5 
 9.4 0.70
 

CG 406-5 2.2 
 14.6 0.68
 

CC 403-18 J 3 
 18.6 0.52
 

CG 354-2 1.5 13.3 0.43
 

Seleccion 40 1.9 5.8 
 0.23
 

M Col 2006 0.4 
 6.7 0.06
 

CMC 40 1.5 
 1.0 0.03
 

Average 
 2.9 16.1
 
1Soil with 1.8 ppm P (Bray II)
 
b P adaptation index Yield oP x yield OOP
 

X yield oP x X yield 1OOP
 



TABLE 4. Cassava yields and adaptation indices to low P and high acidity of the highly adapted and four
 
standard varieties evaluated during 1984-85 in Carimagua.
 

Root Yield (t/ha) _____Adaptation 
 indax to
 
Variety oP 0 Lime Lime + P 
 Low P high acidity
 

M Bra 41 7.2 18.4 10.6 3.60 
 1.90
 
SM 301-3 5.1 
 17.1 13.4 
 3.19 2.23
 
CM 523-7 
 4.6 14.6 14.5 3.15 2.07
 
CM 507-37 
 4.6 13.9 14.3 3.10 
 1.92
 

CM 2298-3 6.1 16.8 
 9.8 2.80 1.60
 
CM 996-6 3.3 11.9 16.7 2.61 1.94
 

CM 2177-2 2.5 16.3 22.1 2.56 3.49
 
* Bra 5 3.6 21.2 14.2 2.43 
 2.93
 
* Bra 29 3.8 
 12.4 11.8 
 2.13 1.43
 

CM 2118-2 3.0 11.5 14.9 2.09 
 1.66
 
" Bra 20 2.9 
 19.7 15.4 
 2.07 2.95
 
" Bra 36 
 4.5 12.4 9.7 2.05 1.18
 

CMC 40 
 1.8 13.1 10.0 0.85 1.26
 
" Ven 77 2.9 14.3 11.0 1.48 1.53 
M Col 1684 2.9 10.6 7.9 1.06 
 0.81
 
Llanera 0.1 
 3.2 2.1 
 0.01 0.06
 



TABLE 5. Dry matter (DM) production of several green manures and their effect on 
soil fertility two months
 
after their incorpor2tion in a sandy soil of Media Luna.
 

SOIL ANALYSES
 
ppm me/100 grir


Days to DM prod.
 
TREATMENT harvest 
 t/ha NH4-N NO3-N P 
 K Ca Mg
 

Check 
 -
 - 3.5 1.5 5.7 .03 
 .40 .10
 
Native weeds 
 120 4.73 4.9 2.4 
 4.7 .05 .64 .22
 
Crotalaria juncea 60 
 1.71 3.4 1.7 4.8 
 .04 .50 .15
 

Cajanus cajan 
 120 3.93 3.3 1.9 6.8 
 .04 .47 .15
 
Canavalia ensiformis 
 90 3.29 4.6 2.6 7.3 .06 
 .71 .20
 
Vigna unguiculata 60 
 2.93 3.1 1.7 
 5.6 .04 .48 .15
 
Mucuna 
 90 2.50 3.3 2.1 6.3 
 .03 .45 .13
 
Indigofera 
 90 6.00 3.3 2.5 5.4 .04 
 .46 .14
 
Peanut 
 120 6.56 3.3 2.1 
 5.7 .05 .50 .17
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TABLE 6. Effect of soil and crop management on erosion and yield.
 

5 Soil loss Cassava yieldb 
t/ha t/ha 

A. Effect of land preparation: 

1) Planting holes 3.08 8.9 
2) Oxen with reversible plot 2.96 9.5 
3) Oxen with chisel plow 2.90 5.7 

4) Preparation of 1 meter strips, 

leaving I meter without preparation 2.32 8.1 

5) Without preparation 1.59 7.9 

B. Effect of methods of weed control: 

1) With hoe 3.71 15.3 
2) With herbicides 3.55 11.3 

3) With machete 2.96 9.3 

C. Effect of intercrop or live-barriers: 

1) No intercrop or barriers 2.96 9.3 
2) Barriers of lemon grqss 2.64 7.7 
3) Intercropped with beans 2.16 7.8 
4) Barriers of Imperial grass 1.88 7.0 
5) Barriers of Brachiaria ci:cumbens 1.82 6.2 

D. Effect of fertilizers: 

!) Without fertilizers 3.50 0.3 
2) With fertilizers 2.96 9.3 

a 

b 

Dry soil eroded during 13 months in cassava planted on 
Fresh root yield of Sata Dovio after 12 mo hs. 

40% slope. 
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TABLE 7. The effect of inoculation with different VAM strains on 
total dry
 
matter (DM) production, root length and par cent root infection
 
of cassava plants grown in sterilized Quilichao soil.
 

DM. tops Root %
 
g/plant length-m Infection
 

Native strainsa 5.9 40 66
 
C-i-i (Glomus manihotis) 20.3 96 
 76 

C-3-16 (Glomus sp) 20.8 96 23
 

C-3-19 (Acaul. sp) 13.1 54 
 32
 

C-4-10 (Acaul. 007) 12.1 67 61 
C-15-3 (Acaul. longula) 10.5 44 18 

C-16-2 (Entr. colombiana) 7.5 41 38 

C-19-4/5 (Goiomus sp.) 7.0 52 44 
C-19-6 (Acaul. appendicula) 4.3 17 33 

C-20-4 (Acaul. 007) 10.6 111 47 

C-20-5 (Acau]. sp.) 9.2 81 35 

C-21 (;igaspora margarita) 1.1 6 1 
C-18-6 'Entr. colombiana) 1.0 5 
 1 

C-24-1 (Acaul. morrowii) 8.4 44 36 

C-24-5 (Entro. colombiana) 15.4 
 58 63
 

C-25-6 (Entr. colombiana) 18.8 
 58 86
 

Uninoculated check 1.8 10 0 

a Uninoculated plants in unsterilized soil.
 



500 1 N I D J 
- 1984 -1985 

I F I M A M I J J A I S f 0 1 N 1 

E 

400- = 

= 

1984-85 

11 year average 

g 3e0 

, 

L. 

>. 

.-

0 

200 

C 

100­

0
0 2 4 6 8 10 12 

Months after planting 
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Figure 3. 	 Dry matter distribution between different plant parts of cassava,
M Ven 77, during an 11 month growth cycle in fertilized soil in 
C3rimaqoa. 
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Figure 6. 	 Changes in nutrient content of fertilized and 
unfertilized soil during an 11 month growth 
cycle of cassava, M Ven 77, in Carimagua. 
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Figure 19. 	 Effect of soil pH on dry matter production of tops of two month old cassava, 
M Ven 77, inoculated with four VAM species and grown in sterilized soil from 
Quilichao and Carimagua. 
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Effect of different levels and methods of inoculation with mycor­
rhizal strain C-1-1 on the average yield of two cassava varieties 
grown with 100 kg P/ha as band applied triple superphosphate or 
incorporated Huila rock phosphate in Carimagua. 
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MYCORRHIZA PROJECT 

During 1985 research activities were continued for:
 

(a) collection and characteriz2tion of mycorrhizal fungi
 

(b) field inoculation trials and observation of persistence of
 
inoculated fungal species 

(c) on-farm inoculum production 

A. Collection and characterization of mycorrhizal fungE-i 
The mycorrhizal. fungi collection was almost doubled from 420 to 800 

pure cultures. The number of cold room stored isolates increased from 
272 to about 700. One net,' species of a VA mycorrhizal. fungus was 
described: Acaulospora :nvriocap Spain, Sieverding et Schenck. This 
species had the code 007 in earlier reports. Also, from pure pot
 
cultures of the CTA'i collection it: was possible to demonstrate that
 
Entrophospora iNfrequens; forms VA invcorrhiza, a 
 fact that was unknown up 
to now. ihis finding suh:mtates the opinion that the genus 
Entrophospora belongs to the fa milyt ndogonaceae. 

Characterization of isoisares in the greenhouse
 
A collection of 34 iso54 tes from acidic soils were tested for
 

effectiviness following the screening procedures 
 for Test I conditions
 
(see ('AT Cassava Program Annual Report, 1(84). Highly effective
 
isolates were found within the species A. apendicuia (Isolates C-44-1,
 
C--29-0), A. laevis (C-12.-1 A), A. m(rIocarpa (C-29-4), Acaulospora 
sp. (C- 21- 3)_, GComus claru (C-I-5 A), G. occultuin (C-45-4 B) and 
Glomus sp. (C-71-I, (772-2, C-73-2, C-127-1 A). 

Another collec!rion of '13 isolates from fertile soils (CIAT Palmira 
and Caicedonia, Valle) were also tested for effectiviness under Test I 
conditions using as test subsrrate a fertile soil from Palmira. Eight
isolates were highly effective. These are C-30-I, C-30--2, C-30-13, 
C-116-5 (all C. mosseac) and C-30--10, C-116-4, C--116-114, C-116-18 (four 
different Clomus spp.). 

B. Field inoculation trials
 
Cassava/heans intercroppin ana inoculation trials 
Two trials were conducted in the Mondomo area where cassava (cv. 

Algodona) was inte:-cropped with beans (cv. Carioca). The trials were 
undertaken to define whether inoculation of the beans alone increased 
cassava yields. In this case field inoculation would be technically 
easier. Cassava was planted at a distance of I x I m and beans were 
sown in two rows (50 cm distance) between cassava rows, with a distance 
of 10 cm within each row. In Mondomito ".only the beans were inoculated 
with G. manihotis (CIAT isolate C-i-1). Inoculum was applied under the 
bean seed at the rate of 200 g per linear meter. In Pescador beans 
or/and cassava were inoculated. 

In Mondomito significant increases in bean yields were found when
 
inoculation was combined with lime or lime and triple superphosphate
 
(TSP) application (Table 1). Cassava yields were increased b7
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inoculation of beans when triple superphosphate was applied without 
lime. It is clear from Table I that under those conditions TSP 
applications decreased cassava yields due to severe competition from the 
more vigorous beans. Similarly, in the presence of lime inoculation 
significantly increased bean yield, which in turn had a detrimental 
effect on cassava vields, ppicat ion of lime and F markedly increased 
bean vields, which due to competition resulted in a decrease in cassava 
yie].ds. in this c.at.e, inoculation further increased bean yields without 
affecting the growth of ' avii. Thus, dependiig on the fertilization 
level onlv. one p1nt !pe(ie,, res pe)nded t:, P.rtve orrhi zal field inoculation 
due to itnttepee re.; c ; pt Ii eJn. 

At l'escadr ' t io entire was ferti1ized uniformlyiw trial 
with I t: In Ctf I Ie,I t," n 1i,11 a C)kphon) hate , 5() k( P /ha as TSP, 
50( kg N/ha as urea, 50 kg, !/hia as (t I l,,kgiha Zn and I kg/ha B were 
applied, Loder those conditio.,,; t ield i nicti]at ion of beans and/or
 
cassava tended to increase tHie Yield of case aa
 

It may, he c nrii 'I ided I re IIeI e t r ,-I . t it i11 ( t ili ' etIs 

cropped Ceger-het w tjh c a i 11:1j -,-j tl i f lit' "10cu it t ion procedure. 
For planting., !alTbeain rr, . h. fljWI,_ anyway i t i CI)'h :ivmorth i 

JTOCul1 1 7ti 0 d ther 01e tLhe
Ti p17 il Cwev r, 1 tri a 1 s n lv of 
associated : T( !,, 1 ponde d to in c't I at f.Lti l, dependin on tie 
ferti] i:,' t ion I (t, e . 

Annual inociilation Oi c:Issva 
A f e 1d tri:,o i e st11 i shed in I 98'3 to compare tie res 4 i . 

effect of this initial iln1ulatIon with that of an annual inoculation, 
Bef,ore the plant ing (of ech of t he two cassava crops, 50 kg P/,1ha as 

lhui a rnepho.sFhatc wcit in:orpora ted in the soil; 50 kg N as urea and 
50 kg K as, fo I .ere a pplied each venr in side bands to the cassava 
stakes. .(11 sit-tate intected with C. ianihotis (C-I-!) was used as 
inoculun. 

The results (Table ') show that inorctating twice durinp the growth 
cycle was most ef!ective in tihe first year. fn the second year an 
inoculation response was ot!und only when the field either had not been 
inoculated in the first year or had been inoculated only once in the 
first year. hus, once the introduced strain is well established, its 
presence has a residual effect on the following cassava crop, and 
reinoculation in that case has no further benefitial effect. 

Persistance of introduced fungi in the field 
The persistence of G. manihotis, E. colombiana and G. occultum in 

the field was investigated one or two years after their introduction to
 
the field, corresponding with one or two crop cycles of cassava. The
 
relative numbers of spores of these species in the inoculated and in the
 
uninoculated trial plots was takcn an
as index for their persistence.
 
At the four sites that were observed, G. manihotis was persistent when
 
rockphosphate ha6 been applied. The relative presence of G. manihotis
 
decreased by TSP fertilization. Persistence of the other two species
 
was site specific and dependend on the applied P fertilizer source as
 
well as on the composition of the indigenous fungal species. These
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findings indicate that G. manihotis probably competes well with the
 
indigenous mycorrhiza when inoculation Is combined with rock phosphate
 
application.
 

C. On-farm incculum production
 
In last year's CIAT Cassava Program Annual Report, a strategy was 

presented for production of large a.ounts of inoculum on-farm. This 
year soil sterilants, were tested for effe ctiviness to erradicate the 
native mvcorrhi, .ii population under natural conditions; also, the 
suitab I ity o' Biachiaria decumbens to multiply G. manihotis under field 
conditiors in tiose treated field plots was investigated. 

Two siOtes ("Don Fidel" and "La Ange1ita") ,,ere selected in the
 
Mondomo area, ihe soils differed in tex-ture (clay and sandy loam) and
 
organic' mat ter content 
 (5.671 and 16?,). Both scil s had previously been 
in faillow vegetaition. The s;oils were prepared by hoe and gifferent
 
cor imercia ;o iI s terier 1 ait ; ,, appi ed . Fornol (150 ml/m of Formol
 
46%) and )i-Trape:,: (7 5,.,)niC ) were applied after dilutig with/n surf'ace 
water; Baanid (6( g/n') ,,asi erprated to a depth of 15-20 cm. After 
application ofqthese rduct; t-li, ph)s ware irrigated with about0 20 1 
of water per m and covered lp,,it,li;tic. ,thyl bromLde (80 g/nr ) was
applied to plot-s nlrealdv sea 1ed with pla,,ti c. There was an untreated 
but plastic ;ealed ceatrol. Ten davs; it ter treatment the plastic was
 
removed and the soil was left fer aertion.
 

Table 4 show; that the m\-corrhizal infectilon potential (MIP defined 
as percentage root infCction in a two Months bioassV with tropical 
Kudzu) decreased by application of Di-Trapex, Basamid and methyl. 
bromide. No s:.1,ni fcant differences were found in the hLiP when soil was 
sampled 3 or 14 days after starting soil aeration. Howcver, by handling
the soil for the MIP test, the soil may have been additionally aerated, 
so that the data may not represent the natural field conditions. 

At 24 day,s after startiang soil aeration, hal4 of the field plots at 
the "Den Fidel" site were inoculated with 250 g/m- of soil substrate 
which contained a pu-e culture of G. manihotis (C-I-I). Sexual seed of 
Brachiaria decumbens was 
sown as a host plant for reproduction of the
 
fungus. Two months after planting, (MAP) root infection was zero or 
very low in non-inoculated plots which had been treated with Basamid or 
miethyl bromide (Table 5). Inoculation increased root infection from 12% 
to 67% on the average of all soil treatments. At " and 4 MAP in 
unirioculated plots, total spore population of mrcorrhiza] fungi was 
lower iT treated than untreated soil, with the lowest number of spores 
found in plots treated with Basamid or methyl bromide at 4 MAP. In 
these plots highest reproduction rate,3 of the introduced G. manihotis 
were obtained. At 4 MAP, in all treated and inoculated plots, spore 
numbers of G manihotis represented 95-99% of the total mycorrhizal spore 
population. 

From the trial it may be concluded that in heavy soils all soil • 
sterilants may be useful for reduction of the indigenous mycorrhizal 
population. Technically, the granular product "Basamid" is safest and
 
most convenient to handle. 
 Four months of growth of B. decumbens
 
is apparently long enough for producing an inoculum with high spore
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density. Future trials are needed to9 show whether the amount of starter
 
inoculum (at the present 6.25 kg/25 m-) can be reduced. This inoculum
 
production technique will also have to be tested for multiplication of
 
other highly effective mycorrhizal fungi.
 

D. Other activities
 
Training courses 
The Mycorrhiza Project participated in the conduction of three
 

courses on "Methodology to investigate VA mycorrhiza for practical use
 
in agriculture" outside CIAT.
 

a) In Costa Rica a "Workshop on techniques to investigate mycorrhiza"
 
was organized by the International Foundation of Science (IFS),
 
from 18 to 28 September, 1985. 22 researchers from 11 Latinamerican
 
countries participated in this course.
 

b) In Mexico, 15 participants were trained in a course organized 
together with the Colegio de Postgraduados at Chapingo, from I to 8 
November, 1985. 

c) In Pasto, Colombia, 17 profesionals and university professors were
 
trained in a 5 day course from 25 to 29 November 1985.
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TABLE 1. 	Effect of field inoculation of Lbeans in a cassava/beans
 
intercropping trial on dry grain yields of beans and fresh
 
root yields of cassava in Mondomito.
 

Grain yields beans (kg/ha) Root yields cassava (t/ha) 
Beans not Beans Beans not Beans 

Fertilizationa inoculated inoculated inoculated inoculated
 

0 	 378 524 24.5 25.7
 

+ P 	 620 539 19.3 23.1
 

Lime 608 801 23.3 20.6 

+ P + Lime 	 1)08 1112 
 19.5 20.9
 

a 0 = 	 Basic fertilization: 100 kg N/ha, 100 kg K/ha, 10 kg Mg/ha, 

5 kg Zn/ha, 1 kg B/ha, I t Iluila rock phosphate/ha 

+ 	 P = Basic fertili'ation plus 100 kg P/ha as triple superphosphate,
 
broadcast and incorporat ,d.
 

+ 	 Lime = Basic fertilization plus 3 t/l.a lime. 
All fertilizers broadcast and incorporated 

* Response to inoculation was significant at P = 0.05. 



219
 

TABLE 2. Effect of field inoculation of beans and/or cassava in 
a
 
bean/cassava intercropping trial on grain yields of beans and
 
fresh root yields of cassava, in Pescador.
 

Inoculation ofa 
 Grain yield of beans Root yield of cassava
 
Beans Cassava (kg/ha) 
 (t/ha)
 

280 6.9
 

+ 128 8.9
 

+ 216 10.8
 

+ + 
 261 
 9.9
 

a
 
- Not inoculated 

+ Inoculated with 250 g inoculum (G. manihotis, C-i-i) per linear
 
meter (beans) or with 500 g under each cassava stake; when both
 
plant species were inoculated each plant received half of
 
inoculum.
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TABLE 3. 	Residual effect of field inoculation on cassava (cv Algodona)
 
root yield at Mondomito (Cauca), compared with that of 
an
 
annual inoculation.
 

Fresh root yield3 (t/ha)
 
Field inoculationa 
 Sum cf
 

Ist and 2nd
 
Ist cycle 2nd cycle Ist cycle 2nd cycle crop cycle
 

20.5 	 34.0
 

13.5
 

- (2x) 24.3 37.8
 

+ (Ix) ­ 21.6 	 38.5
 

16.9
 

+ (x) + (lx) 	 24.1 41.0
 

+ (2x) 
 -	 21.0 19.6 40.6 

+ (2x) + (2x) 
 20.4 	 41.4
 

a: not inoculated
 

+ (x): 
 Inoculated with G. manihotis (C-i-i); application of 500 g
 
infected soil under each stake at planting.
 

+ (2x): Inoculated with G. manihotis; 
500 g infected soil per plant;
 
'alf of inoculum applied under the stake at planting and
 
other half at 5 MAP in bands alongside each plant.
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TABLE 4. Effect of soil sterilants on the mycorrhizal infection
 
potential (MTP)a in the field.
 

Soil treatment
 
Date ofb Methyl-


Site sampling Untreated Formol Di-Irapex Basamid bromide
 

Don Fidel 3 days 60.7 54.7 20.2 27.0 16.1
 
14 days 43.4 43.2 31..4 34.2 9.0
 

Mean 52.1 49.0 25.8 30.6 12.6
 

La Angelita 3 days 36.2 42.3 18.7 6.7 11.6
 
14 days 42.5 39.3 10.0 8.2 11.5
 

Mean 39.4 40.8 14.4 7.5 11.6
 

Overall average 
 45.7 44.9 20.1 19.0 12.1 

a Percentage root infection in a biossy with tropical kudzu, after a
 
two month growth period in these treated soils.
 

b Days after starting soil airation.
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TABLE 5. Spore production of mycorrhizal fungi on-farm after treating
 
soil with different soil sterilants and planting of B.
 
ecumbens at: "Don Fidel", Mondomito, Cauca.
 

Four months after
 

Two months after planting planting
 

Root No. 	of spores/ No. of spores/

b
 

Soil Inoc. infec. 100 g 100 g dry soil
 

treatment treatment a MAN Others c d MAN Others c 

Untreated 	 Not inoc. 26.0 24 833 ( 2.8) 86 996 ( 8.0) 
Inoc. MAN 62.4 647 436 (60.0) 506 252 (67.0) 

Formol 	 Not inoc. 19.7 4 350 ( 1.1) ]5 313 ( 5.0)

Inoc. MAN 71.4 504 232 (68.5) ,338 132 (97.0)
 

Basamid 	 Not mnoc. 0.0 6 400 ( 1.5) 38 83 (31.0)
 
Tnoc. MAN 61.8 538 413 (56.6) 7930 70 (99.0)
 

Di-Trapex 	 Not inoc. 14.0 18 528 (31.0) 16 549 (3.0)
 
Inoc. MAN 53.0 292 364 (44.5) 3335 181 (95.0)
 

Methyl-brom. Not inoc. 2.5 6 387 ( 1.5) 8 102 ( 7.0)
 
Inoc. MAN 86.6 962 335 (74.2) 12803 83 (99.0)
 

a Inoculated with G. manihotis (MAN); 10 g of infected soil vas applied
 
to each of 25 pianting holes per square meter.
 

b Spore number in soil horizon of 0-15 cm; No./100 g dry soil.
 

Other species of mycorrhizal fungi were: G. fasciculatum, Acaulospora
 
sp. A. myriocarpa, A. mellea, E. colombiana, A. foveata, Acaulospora
 
sp. "FRIJ" G. mosseae, G. occultum and two Giasor_a spp.
 

d Data in parenthesis indicate the relation: Spore number of MAN/Total
 

spore number 	x 1.00.
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ENTOMO ILOGY 

Cassava entomology research during 1985 concentrated on four pests:
 
Mealybugs, mites, the cassava hornworm and Cvrtomenus berpi. Exploration
 
for additional predators of the cassava mites resulted in identifying 
more than 25 species KS Phvtoseiidae in CoIombia. Five of these species 
have been forwarded to CIBC (Commonwealth Institute of Biological 
Control)> in England for eventua! sh iment to IiTA in , igeiia. Basic 
hionomic studies of the most important of these species were initiated. 

Mea1 bu~p 
Mealybug attacks in Africa ( Phenaro,:'n, manlhot!) and the Brazilian 

Northeast (P. hierreni have co;lmed severe crop losses. In recent years, 
considerable researt21 effort has gone into tryiLung to control these pests. 
Most of this effort has centered around the search, study', mass rearing 
and release of naurnal enemies. Re search sit CIAT with P. herreni has 
involved biolo1 and ecolog,,y of the pe;t nml its natural enemies, yield 
loss studies and host plant resistance. 

Mass Rearing. Successful biological control and host plant resistance 
research often depends on bay ing a i iob1 e at all times asn adequate 
supply of the pest. CIAT has been able to establish a good working 
colony of P. herreni in the greenhouse. Every week 30 five week old 
cassava p ants, growing in pots, are infeste& with siy mealybug ovisacs.
 
These are protected from parasites and predators with small leaf cages 
and the plants are placed in large (1 v 2 meter) fine nylon screened 
cages. This provides meaivbugs at all stages of development at any given 
moment and 1000 mealybug ovisacs are produced weekly for use in
 
1i0--control or host plant resistance studies.
 

Population Dynamics. The population fluctuations of P. herreni were 
studied in cassava fields in Carimagua. Groups of plants of the variety 
M Ven 77 were randomly selected and the total number of infested 
terminals was determined every 15 days throughout the growing season. In 
addition, a 3 cm portion of one terminal per plant was studied in the 
laboratory to assess the stages of P. herreni present. 

Results show a strong tendency for an increase in mealybug
 
infestation as precipitation decreases (Fig. 1). During the months when
 
precipitation was above 200 ma, the percentage of infested terminals
 
remained belo'' 207. As rainfall decreased during the June to December
 
period, mealybug infestation increased to 60% of the terminals infested.
 
Bi-monthly examinations of the 3 cm of terminal resulted in a high
 
correlation between the number of infested terminals and the population
 
of various stages of the P. herreni females.
 

Biological Control Studies. There are numerous parasites and predators
 
of cassava neaiybugs; at CIAT-Palmira and Carimagua five species of
 
parasites of P. herreni have been recorded. There are: Acerophagus
 
cocoois Smith (CIAT), Epidinocarsis diversicornis Kerrich (CIAT),
 
Anagyrus putonophils Compere (CTAT) and Anagyrus insolitus Howard
 
(Carimagua). During 1985, the parasite Anagyrus insolitus Howard was
 
found parasitizing the mealybug found on cassava in Papaloapan, Mexico.
 



224
 

A colony of A. coccois and E. diversicornis have been established at 
CIAT. The biology and behavior of both species are being

studied. 
 These studies include: (1) the stage of P. herrenj most 
preferred by both parasites; (2) host mortality caused by ovipositor
penetration; (3) encapsulation of the immature stages of the parasite by
the host; (4) the effect of temperature on the development of the
 
parasite; (5) th.-, development curve of the parasite: and (6) the
 
preference of each parasite for two mealylug species.
 

i) 	 Preference of mealybug stage by 
 parasites: Epidinocarsis 
diversicornis showed a clear preference for parasitizing the adult
 
female and 3rd. nymphal instar of the female, the least preferred
being the male stages. This is probably due to the host morphology
in that the 3rd. instar and adult female are q iiescenu and 
corpulent, while cite male stages are covered with a cottony cap that 
hinders the paras:te. In contrast, A. coccois showed a. preference
for the male cocoon (which includes, the 3rd and 4th instars), the 
adult female and ?nd instar female. 

2) 
 Host mortality caused by parasite cvipositor penetration: 
Ovipositor penetration by E. diversicornis caused mortality in all 
deve]opmental stages o P. Lherreni; however, the highest mortality

13.2% was T) the Ist nvmphal instar. The parasite A. coccois did 
not cause mortalit, due to ovipositor penetration. 

3) 	 Encapsulation of immature stages of the parasite by the hcst: 
Encapsulation is a defense mechanism by the host mealbug to isolate
 
and 	 incapacitate the developing parasite withi'n the host. This 
phenomenon is frequentlv observed when E. diversicornis parasitises
P. 	 herrreni. Studies done during 1985 show that encapsulation
decreases as the temperaLure increases. At 25°C, 14% of the 2nd 
nymphal irstars, and 7.7% of the 3rd and adult females, displayed 
encapsulation. This decreased to 4.4 and 2.7% respectively at 30C 
C. These results also indicate that encapsulation decreases with 
age of the host. Encapsulation is easily observed tHro,.,ghout the 
mealybug body because of 
the black spots that are formed. There are
 
no determined sites nor number of spots formed. E. diversicornis 
also parasitizes P. gossypii but no encapsulation was observed at 
the two temperatures evaluated. Likewise, parasitism by A. coccois
 
resulted in no encapsulation with both mealybug species.
 

4) 	 The effect of temperature on parasite development: Temperature has a
 
marked effect 
 on the time and rate of development of E.
 
diversicornis. At 200C the total development time was 35.7 days;
this decreased 
 to 20.1 days at 25°C and to 18.1 at 30 C.
 
Temperature also influences the time and rate 
of development of A.
 
coccois. At 20°C total developmental time was 39.4 days; this
 
decreased to 18.5 at 250 C and 19.7 at 300 C.
 

5) 	 The development curve 
of the parasite: Tracing a temperature curve 
vs the rate of development results, in a sigmoid graph where the
 
central point is an approximation 
where the rate of development

behaves proportional to the temperature. 
The extension of this line
 
cuts the horizontal axis which 
corresponds to the temperature. In
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the case 
of both garasite species, the interval used was from 200 C.
 
The results at 30 C suggest that the rate of 
development begins to
 
decrease.
 

For E. diversicornis the minimal development threshold was
 
13.5 C for the total development period (Fig. 2). 
 For A. coccols
 
the minimal development threshold was 015.6 C for the total
 
development period. 
The day degrees or "physiological time" was
 
calculated for both 
parasite species. For E. diversicornis the
 
total development time was 231 day degrees (Fig. 2). 
 For A. coccois
 
the total development was 175 day degrees, 
 These results indicate
 
that the parasite A. coccois requires less dJay degrees than E. 
diversicornis even though A. coccois has a longer average
development time; however its 
 minimal temperature threshold is 
greater than '. diversico-nis and, therefore, its degree days or 
physiological time is less. 

6) The preference of each parnsit,, species for two mealvbug species: 
a) Epidinocarsis diversicornis vs. P. herre, and P. ospi.

Results show that-. divers icorns clearly prefers to parasitize
P. herreni over 1P.gossypii. (Table 1). This preference occurs 
during the localization phase (1?.7 vs. 5.3), the intent to 
oviposit phase (5.7 vs 1.0) 
 .d the ovipositional phase (3.3 vs 
1.6). These results indicate that E. diversicornis may be very
specific for P. herreni and helps explain the negative results in 
trials with P. manihoti. 

b) Acerophagus coccois 
vs. P. herreni and P. gossypii. 
Results show a very strong preference of this parasite to
 
parasitize P. gossypii when given the choice (Table 2). 
 The
 
differences were dramatic; localization phase 10.2 vs 1.8; intent
 
to oviposit phase 7 v. 0,7; and oviposition phase 2.7 vs 0.0.
 
A. coccois will parasitize P. lierreni as evidenced in previous
 
experiments, however, when given a choice it clearly prefers P.
 
gossypii, thereby reducing the potential of this parasite in a
 
biological control program for P. herreni when both hosts are
 
present.
 

Mites
 
Mites are a universal pest of cassavo,; representatives of the more
 

than 46 species already identified are found feeding on cassava wherever
 
the crop is grown. In agroeccsystems where rainfall is adequate and well
 
dispersed throughout the year, mite populations usually :,-.:ain below
 
economic injury levels. However, 
in low rainfall areas with a well
 
defined dry season in excess of 
three months, mite populations t,ill build
 
up to economic 
injury levels and cause root yield reduction. Control of
 
mites with pesticide applications can be 
costly and often ineffective;

due to their short genetation time, mites 
readily develop resistance to
 
pesticides.
 

A complimentary system, linking host plant resistance and biological

control is an attainable goal for effective mite control. 
 CIAT research
 
on mite resistance is ;ell documented 
in previous CIAT Cassava Annual
 
Reports; efforts during 
1985 continued to emphasize biological control.
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Mite sampling 
The accurate eval itation of mite populations and their nntural 

enemies in the field, requires an efficient and quantitative system of 
sampling the Mononvche lus mite Studies were done t a adapt the 
presence /absence sampling scheme for the .MoonvcheI Iis ml te ; this 
technique was ori pinallv .1eveloped for s.mpling tle Tetrairtvchus mite in 
cotton. The st-udv was conducted in the field at (:I AT with three 
variet:ies o C asava. 

Since tie c1) sava p rows itlin a ,;nChrnni::e l 1orn, the Ieaves of 
comparab e nodes on the m, in brn)anc hes are the same' e. The Node wi th 
the first comp letel y open Ieaf I dos ignated bhe firt o,de. Normal lV 
the plant does not have more than 5W fiodes wiH i:,w; oi: n one branch. 
In those few cases where there v cre more th;--I, , ; I I were grouped 
together as the 50)th node. Eoch group was e-:.uined Ie f lv leaf for the 
presence or absence of the Mononvcheh II n sp. A well t:rained person can 
do this eval nat ion, withouc the aid , f It eroscnpe. The inspect ion of 
the leaves -it ea h nede for each p Int re.l tLed in the proportion of 
leaves infested at rode X. '(i)X. A inc m-ush tomachine, designed 
remove the mites and distri iute tlhem uniformiv: over a.p lass plate, was 
used to brush mites on ;i'l tIe Iaves f rolv: ,ach ,roin onto a single 
plate. The plate w;o covered wlth a tht in f 11 0f minerl 1 il to 
immoilize and preserve the mi-, t,:; for count-, whi ch were made by p lacing 
the glass plate over a metallic plate, divided into I2 s-ections. Mites 
were counted from four sec t ions .i tlh the ai d o a ste reoscope and 
mul t ipI ied by a. factor to est:imate thie number of mi -ec per sample. These 
counts gave the ave rage numb er of Yononcel m i te 1ea f at nodele IIU per 
X, X. 

Since the possil t y exists thiat the efficiency of the mite 
brushing machine might vary with the number of mites per leaf and the 
number of leaves per sample, an experiment was (lone to measure its 
efficiency. The comparison between the direct mite count on the lepves 
and the sub-sample of four of the glass plates resul ted in an r- of 
0.993, indicating that the sub-sample is accurate in estimnting tile total 
number of Mononvchellus sp. 

The relationslip was such that the subsample result needs to be 
multiplied by 3.22 to give the real result. In tbe presence/absence 
study done during the dry season, it was observed that plants seldom had 
more than 15 nodes with leaves. Therefore it is required that the 
selected node for sampling be between I and 15. The best regressions 
were obtained for nodes I and 2. The equations are:
 

P(i) Ie -.212X
 

- 1 -e -' 174XP(i) 

2
 

The r are .950 and .963 respectively. The regression for the
 
first node can be observed in Figure 3. For the point of view of pest 
management, the average number of Monon ',hellus spp. per leaf is less 
informative than the average density (D/m To calculate the D/m , the 
conversion of P1(i)co X, and later X to D/m is: 
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D/m 2 -1 X 

is that portion of the total population of mites that found at a 
sampling node. A comparison between the model and field data was made 
(Table 3). The percentage of error between 4 and 15% is acceptable when 
trying to predict the .dhensit of the population that can vary between C 
and more than 50,000/m". 

Presence/absence is a system that requires knowledge of plant 
structure. tle dis;tribution of mites un LWe plant and the relationship 
P(i) , .- :K. (Ona of the advantages of presence/' absence is its 
efficiency. rin the peak of infestations, direct counts required 180 
man hour, per plot. in contrast, the inspection of leaf sample, in the 
field required approximntel' 10 minutes per plot. The presence/,.bsence 
is precise and sensitive to changes in the level of mite population in 
the field. An additional advantage is that no sophisticated equipment Is 
requi red. 

Biological ControI 
The study of the complex of insect anti mite predators of cassava 

phytophago,.s mites was continued during 1985. A systematic exploration 
of cassava fields in the Department of Valle, Colombia, was completed.
This expi rati on resulted in the ident ifi cation of 25 species of 
Phytosei d mite predators Jeeding on the cassava complex (Table 4). 
These were represented Qy 8 genera: Ablyseius, Euseius , Galendromus, 
Neoseiulus, Proprioselopsis, Typhl odromalus, Typh Iod romina, and 
Iphiseiodes. They were found feeding on six species of phytophagus 
mites. However, the t,o major species were Mononyche)lelus tanajoa and 
Oligonvchus peruvianus (Table 4). 

The m7o1s important species -f phytoseiids identified, in terms of 
number of local ities (municipalities) where they were found, were: 
Tvphlodromalus lim"nicus (found in 41 of the 42 localities explored); 
Neoseiulus anonvmus (found in 21 or 507 of the localities explored); 
Galendrow is annectens (present in 2 .0%) and Euseius concordis (present 
in 337) (Fig. 4). All four of these species plus Amlvseius ideaus were 
shipped to C[BC and IITA for con-equent study in the African situation. 
Typhlodromalus sp. is a new species not yet named. About half of the 25 
species were ony present in one or two sites and, therefore, probably 
not very important in a cassava mite biological control program. A 
morphological description and distribution register has been developed 
for each of the 25 species Aimilar to that for T. iimonicus (Fig. 5). 

The biology and behavior of the five aforementioned species that 
were sent to ITA are being studied. The developmental biology of T. 
limonicus and N. anonymus at four different temperature regimes was 
completed using the methodology described in the CIAT 1984 Annual Report. 

T. limonicus.
 
-Thedevelopment of T. limonicus was studied at 150, 200, 23 , and 

25 C feedin; on M. tanajoa. 

Results indicate that the temperature inversely effects the rate of
 
development of this species. 
At lower temperatures developmental time is
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longer (Table 5). At -5°C the total developmental time of egg to adult 
was 14.7 days, white at 25()C it was only 4.8 days. The minimum 
temperatu'-e threshold for development was calculated at 9.6°C with a 
constant thermal temperature (day degrees) of 79.1 (Fig. 6). 

Addit ional s tudies were done to determine the predation capacity of 
T. limonicus . During its adult stage it can consume an average of 4.0 
eggs, 10.6 larvae, h.6 protonvmphs and 34 deutonymphs or adults. These 
results affirm that: this spec s prefe-rs feeding on M. tanajoa adults and 
only secondirily on the immatu,'e stages. In trying to establish colonies 
of this species it was observed thi it will also feed and reproduce on 
poll en of Ric inn comeonis and Rosa sp; it is frequentlv found also on 
leave ' infested tv b(1 i ur manihotis aind probab 11v consumes its spores. It 
is Found on plaints being ttacked b',' mealybugs (Phenacoccus sp.), 
poss iblv feeding on t-he "horev dew" excrement of the mevlybugs. It was
previous] v -itin(d t litn r . 1 M0r1in s 1)nrefers not to feed on the 
Tetranvchu ; mite dae t t ee webb ini of this species; however, 
when offered cleaned e ,.- ot 'I ur- icae, they were rrc-dflv consummed 
These :iid otlier observations indicate that T. 1inomicis has a tendency to 
be a faci tat ve or general feeder in t lint it ,an consume severa] kinds 
of food. This i. :i favorable condition ,'{cie it is iblc to survive on 
alternti ve fool sources during pertods when !,;.tanaj,.-, its preferred 
host, mig.:ht be in short supplv. 

Previou; stiles have shown that M. tanaJ oa at 28 + 2 C and 40 to 
701%re atI e hiumidi ty comp 1etes irs cycle in 8.5 to 10. 1 days. If we 
coirpare the deveIopmen. of T. limonicus at about the same temperature
(25 C) it can be seen that T. ILmoaicus will complete two generations to 
the e o ofW . tanajoa (Fig. 7). This is an advantageous ratio in a 
biologicalI control progi am. 

Neoseiulus anonymus 
The develoiment of N. anonvinus was studied at four temperatures 20 

°
230, 25 and 30"C feeding on tanajoa. 

The results obtained confirm that the rate of development of the 
different biological stages are temperature dependent; a temperature
increase resulted in a shorter or faster development rate, while at lower 
temperatures the rate decreased for al biological stages (Table 6). At 
200C the developmental time of egg to adult was 8.9 days and decreased to 
4.0 days at 300C (Table 7). The minimum temperature threshold for 
development was calculated at 1I.0°0C and the thermal constant (Day 
Degrees) was 73.5 (Fig. 8). 

The population capacity of N. anonymus was determined on two
 
phytnphagous mite species, M. tanajoa and T. urticae. Previous studies 
determined that the developmental time of N. anonymus was the same 
regardless of the mite species offered (CIAT Cassava Annual Report 1984).
 
However, results from present studies show a preference for feeding on
 
the eggs of T. urticae (Table 8). Feeding preference on the immature and
 
adult stages was about the same. 
 The short generation time of N.
 
anonymus, 4.0 days at 300C, 
means that it can achieve two generations
 
during the period that either of two phytophagous species complete one
 
generation.
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Cassava Hfornworm Ern=is ello.
 

Adult hornworm populations were monitored daily using light tra,.s
(black liht tvpe BIB) from October, 1984 to October 1985 at CIAT, 
Palmira, and ClAT-Quil ichao, Cauca . At the same time that adult 
populat:ions were being monitored, hornworm oviposition and egg parasitism
 
were also being evaluated by sainpling 100 random plants every 15 days.
 

In p -!eral, hornworm populations were low throughout the year at 
both site.:;. Peak adult populations occurred at CIAT-Palmira during
February, April and .Tu v-Au.i,u! t and at o uilicihao during October-November, 
1984. Egg ovinosition was aso highest diirin' these months at both sites 
(Fig. 9). liornworm eggs were parasiti,.ed by Trichogramma sp. and
Telenomul s . Telenomis, ia a i t 1ism .as ver lcw at C A-Pa 1 l ra and only
sight] y higher at Quilichao. Trichor ma! parasitism is considerably 
higher . Total egg pa ra! i t i"s ,as hi gher at Ot iIi chao , (855,,) than at
CIAT-Pa I'i'ra, ((1 11/'). 

New Paras-ites
 
In field cage studies at CIAT-Palmira two add]tional species 
 of 

parasites have been otbserved parasitizing Erinnvis ello eggs. These have 
beer, identified h-. the Commonwealth Institute of En :omology as: 

Order: ti\tme;opterian 
Family: Encyrt idae 
genus: Ooencvvtus 
Species: Ooencvrtus submetalicus Howard 

Ooencvrtu ; sp. 

This constitutes the first report of these s pecies parasitizing E. ello 
eggs. Preliminary observations indicate that the development time of the 
parasite within the hornworm egg for 0. submetalicus is 13 to 18 days
and adult duration is ! to 27 days, resulting, in a total cycle of 27 to 
44 days.
 

The Effects of Pestinrides ert iological Control. 

The effect of pesticides on the action of biological control agents 
is often a limiting, factor in implementing and maintaining effective pest
 
management programs. 
 The rassanva Hornworm, E. ello, has numerous natural
 
enemies that are imo,rtant in maintaining hormworm populations below
 
economic injury level ; more than 30 
species of parasites, predators and
 
pathogens have been identified (see previous MAT Annual Reports 
for 
details). During severe hornworm outbreaks, farmers have the tendency to 
apply pesticides for control. Many of these pesticides can have an
 
adverse 
effect on the natural enemies. A thesis research project was
 
designed to study and evaluate the effect of several pesticides on the
 
action of three hornworm parasites. The parasites selected 
for the study
 
were Trichogramma exigum and 
Telenomus sphingis, both egg parasites, and
 
Apanteles congregatus a parasite of the hornworm larvae.
 

The pesticide products 
tested were: (1) Ethyl Parathion (1.5 cc/i of
 
water), (2) Dipterex (Tricloform) (2.5 gr/l water), (3) 
 Dimilin
 
(diflubenzaron 
 W.P.) (1.5 gr/l water); and (4) Dipel (Bacillus
 

http:parasiti,.ed
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churingiLensis) (3.0 gr/.i. water). Dimi in is a growth inhibitor and 
prevents hornworm larvae passing Irom one instar to the following. Dipel
is a bacterial nsecte.icde . Both products have been evaluated, as 
effective i in hrniwo rm control (:see previous Cl AT Annu.,alI Reports). 

The ef fects of these products on liAras itism were tested in several 
ways. In one experiment the pestici.de product , were applied to E. elo 
eggs and tlhe eggs were then exps ed to the Trichogran-ma and Telenomus 
parasites . The effect Of thoe; preducts on female parasites that emerged
I.rom the treated e gp,s was e::ami ned h) evaluating their abil itv to paras t i'o ho rnwor-n Zp: , lhes e p roduc t s wore a 1so applied to 
pa ras it i-ed iornw ri e,,e an( their ef- ect on l,,ar, si te deve Iopment and 
emergence was- recorded. ai:iddition, all products were applied directly 
to the adults of the two egg parn it as well as Apantees, the larval 
parasite. Pesticides were els- applied to recently forried pupa of A. 
congrega tus. Studies we re done to eva ua te parasi te behavior at three 

20temperatures, , .'5" ind '30 C. 

Result- sliow that app] i(:it ions of Dipe I and lim I ii E .on ello eggs
(lid not affect p!rtsi ti: by '. exiguum. Parasitism of untreated eggs 
(contro I , ,.... wh il e with ) imi I in and Pipel it was 78 and 80% 
respectirely ( t 9) . Tb or,1 were no significant differences in the 
number of egps paras itied per female bet en the uncreated, Dimiilin and 
Dipel treated eggs. ipterex treatment did not significantly reduce egg
parasitism (68") but the number of eggs porasitized, 1 .4 per female, was 
significantly .educed. Parathion resulted in being highly toxic, only a 
14% parasitism and 1.0 eggs per female were parasitized. 

There was no significant difference in number of adults produced per
female parzite between the untreated (/46), iDimilii (39) and Dipel (44)
(Table 9) . Dipterex and Ethyl!-parathion treatments reduced the number of 
adults produced. The number of Tnerasite adul ts produced per parasitized 
eggs were statistically the same for the unItreated (15.5) and the Dimilin 
(14.7), Dipel (17.1), and Dipt-ere:x (15.7) trearments, but greatly reduced 
with the parathion (2. 7) treatment. Adults longevity was greatly reduced 
due to p t erex. and Ethy L-para thion treatments; only 34 and 0% 
respectivc v of the adult parasites produced survived 24 hours, while 94,

88 and 821 of the untreated, Dimilin and Dipel treated adults 
 survived 
(Table 9) . This '-urvival reduction undoubtedly affected the number of 
eggs parasi t.izedi. The Ethyl-parathion treatment also significantly 
reduced the uumber of eggs that produced adults. 

The parasitic ability of female parasites that emerged from treated 
eggs was also studied. The percentage of females capable of parasitism 
was reduced by Dipetex (56.7) and Dimilin (42%) but not by Dipel (72%)
when compared to the untreated (85%). Ethyl--parathlon treated eggs did 
not produce enough females to study their parasitic ability. The 
number of eggs parasitized per female was significantly reduced only by
the Dipterex treatment. There was no significant difference in the 
number of adults produced per female nor the number produced per
 
parasitized egg.
 

Results of tests with Telenomus sphitgis were similar to those of
 
Trichogramma except 
 that T. Sphingis appears to be more adversely
 

http:pestici.de
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affected by Dipel applicac Lons than Trichogramma. The percentage of 
female parasites that were able to parasitize treated eggs were reduced 
by Dipel (777) , Dipterex- (537 ) and Paratb ion (57) ,'hen compared to the 
untreated (1(0)( and Mm ili n (977 ) treated (Table [0). Ethyl-parathion 
andI)iptore× treatment .egalf[icant] v affected the heh vlor and reduced 
tile parasitic actions o! Tel enomus in most aspect,; studied. Dimi I in 
treatment had the Ieas eflI ect en the paraisit~ic ab.- i tv of Telenomus and 
Lipel was ir t PrnemcI iate in th t there was some reduction -in parasitic 
effect ivene,-s: hbut. iot ;i.-a drast Ic .s the chemical pesticides treatments. 

Mien the se.cond generation oi "etenomus was stud ted , that is, when 
adults produced irom paras i ti ;ed eggs thaL had been -eated by the 
aforementioned products were eva.ua t d , D1)ipe . was less toxic than 
Dimi 1 in. The percentage of females capahle of parasitism from Dimil-ir 
treated eggs was on] v 6)' compared to 97,7" for the untreated and Dipel 
treated. The number of parasit:izedeggs female, the number of adultsper 
produced per female, and adult: femal.e longev~ity were also reduced by the 
0imilin treatment. 

The effect of these products on eol. eggs that were parasitized
prior to treatment was also studied. The applications of Dipel and 
Dimil In. on para i tjzed hornworm eggs had no detrimental effect on 
Telemonus nor Trichogramna in a] I aspects studied (Table It & 12). The 
direct appl icat ion of these products to adult Tel enomus and Trichoramma 
resulted in a raptd and high mortalitv rate with Ethyl-parathion and 
Dipterex, a moderate level of mortality with Ilimilin and none with Dipel. 

In general , the rest-lts of thlese experiments indicate that the 
application of Dtpel and Dimlin are compatible with Trichogramma and 
Telenomus egg parasitism in a hornworm pest management pragram, whereas 
applications of Diptere:.: and Parathion would greaItly reduce parasitic 
action.
 

The effect oF these products on the pupal development, adult 
emergence and adult longevity ol Apanteles confgregatus was also studied. 
Results show that there was no reduction in adult Apanteles emergence 
from the pupal case when l)ipel and Dimilin were applied, but emergence 
was reduced by more than 907 following applications of Dipterex and 
Parathion. Likewise, adult mortality was greatly reduced (100%, 6 hours 
after apolic.'ation) with aplications of Dipterex and Ethyl-parathion and 
only moderately reduced by Dipel and Dimilin (18 and 24% respectively 
after 48 hours). 

The effect of temperature on parasitism and development was studied 
for both Trichogramma and Telenomus. Tr Ichogramma parasitized the 
greatest number of eggs at 2-0 per female) (Table(4.? 13). The 
greatest percentage of females that achieved parasitism, was at 25 and
30 C, however at 30 0C only 69% of the parasitized eggs produced adults, 
considerably lower than at 20 and 25 C. The number of parasite adults 
produced per Trichogramma female was highest at 20 0C and lowest at 300C 
(28%). The number of adult parasites produced per egg was equal at all 
three temperatures, however at 30 C, 7.6 females were produced per male, 
while at 200 C this ratio was only 1.5. 
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The results for Telenonus differred; the greatest number of eggs 

parasitized per female was at 31) 0 C (6.2) and the fewest was at 90°C (3.1)
(Table 14) . The percentage of females that achieved parasitism and the 
percentage cf eggs that produced adults, were both greatest at 25°C. The 
greatest number of adul t paras produced per female Telenomus was at 
25 C (21.9) and 30°C (14.8), while the "highest number of adults produced 
per egg recurred at 32.5 C. There was; no c:gnificant diff.erence in the 
sex ratio at the four tempe'ratures. 

Thee It l ate i Telenomus bei d indi r hIt may more efficient oract, t;itan "ir chogramma at Ii gIi er temperatures , while lrichogramma 
prefers tHe ,'r umera urer. Further analy sis of the data si .'. that 
i:or 'Frichog-ramma th Minimum thre.shnid development occurs, at I3. V , with 
a thermal requiremin of 9 5.6('C degree davs. Fol. Telcinolun; the minima]
thresho 1.d developcet is /4. , tlie maimum i-30)C with thermal
 
requirements of 123. I 
 dCe ree dv.. It: shlould he noted, however, that 
these result,- ma 1.-v e!; spec i ic and similar studieo shiouId be done 
on additional I ;ecie
ie. h f c , inv cene:-:i I i.7at ii .nsare made 

Cyrtomenus berg f
 

Ntivigis and adults of this subterranean sucking insect can greatly
reduce the commercial. value of cassava roots. The insect feeding action, 
the Insect stylet entering into the fleshy root, combined with soil. 
pathogens, results in brown to black spotting of the roor. 

1) Starch losses.
 
Previous studies have measured vi ted losses in terms of loss in 
commercial value of the root. lleavi;v damaged roots, those roots 
with considerable spotting, are refused at the market level by the 
consumer, at the farm bv the middlreman, and also by the processor. 
An attempt was made to determine the quality losses that occur in 
damaged roots. A damaged scale of i to 5 was defined as follows: 

I = 0% damage to roots surface (ne spotting) 
2 = 1-25Z of root- surface with spotting 
3 = 26-50% of root surface with spotting 
4 = 51-75% of root surface with spotting 
5 = 76-100% of root surface with spotting 

Roots of all f;ve categcries were analyzed to determine losses in 
starch content. Results show that from levels " to 5, that is, when 
25 to 100% of the root surface is covered with brown to black spots, 
there is a dramatic reduction in starch content (Table 15). With 
less than 25% surface damage there is no reduction in starch 
content. 

At damage level 3 and 4, ctarch reduction is 33% and at 5 it is 55%.
 
A difference in starch color was also detected at the higher damage
 
levels (4 and 5). The normally white starch takes on a yellow brown
 
tone. At 
the lower damage levels there was no visual difference in
 
coloration.
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2) Population fluctuations
 
For the third straight crop cycle the dynamics of C. bergi 

populations were determined at CIAT-Quilichao from October 1984 to 
May 1985. Two varieties, CMC 40 (low Cynanide (HCN) content) and M 
Mex 59 (intermediate HCN content) were periodical]y harvested and 
root damage and C. !ergi populations were assessed. 

Results show that adults and nymphs of C berli begin attacking 
roots during the first month of crop growth (Fig. 10) and continue 
feeding on roots throughout the crop cycle. Damage was considerably
higher on CMC 40, the low cyanide variety, reaching 60% of the root 
damage after 8 months. Insect populations were considerably greater 
on CMC 40 than M Mex 59 (Fig. 11) supporting data from previou,, 
studies. Insect populations flictuated during the early months and 
inceased dramaticalIv from months 5 through 8. 

3) Critical growth period vs insect attack.
 
Two emperiments were designed to determine what 
 stage of plant 

growth W most sensicive or su.sceptlble to pesr attack and damage.
In one trial, (. beri was permitted to at tack cassava roots for 
increasing I 1onger pe ri od, , up to . months (ie. protection
beginning at the first month to harvest; protocticn from the second 
month to harvest etc.) . The second experiment was inverse to the 
first triaL (pesticide protection until the first month, protection 
until the second month, etc.). 

Results show that there is no critical point in plant growth 
for control of thin pest. In the first trial, the percentage of 
heavily damaged commerc:ial roc ts (grade 3-5) fluctuated from a low 
of 15% during the 8th ienth to a high of 38% during the seventh 
month (Table 16). Damage levels in the second trial were generally
lower but as in the first trial no trend could be detected. The 
damage levels :n the ,on-commmercial roots (smaller roots) were much 
higher than the commerc i al roots. An :avera~e of 68% of non 
commercial roots were he:c.viiv dam,aged l in Se first trial and 36.8% 
in the second trial vs. 27.3 and 11 .2 for commercial roots in the 
first and second trial respectively. 

4) High vs low HCN varieties. 
Previous studies ((IAT Annual Reports 1983, 1984) show a 

preference of C. bergi for feeding on low 1iCN or "sweet" varieties. 
A stud; was designed to evaluate the ability of using a high HCN 
variety as a barrier t., prevent damage to low HCN varieties. Plots 
of 144 plants (12 x 12) of the high HCN variety, M Col 684, were 
planted; the center 16 plants of each plot were planted to CMC 40, a 
low HCN variety. Results indicate that a high HCN variety does not 
impede C. bergi attack; at harvest 80Z of tile CM 40 roots were 
damaged and 33% of M Col 1684 roots were damaged. 

5) Intercropping Canavalia encifnrmis: Canavalia was intercropped with 
cassava and compared with cassava monoculture for control. of C. 
bergi. Canavalia is k1own o possess insecticide qualities for 
certain pests. Results show that Canavalia has no insecticide or 
repellent effect on C. berg. In cassava monoculture, 79% of the 



234
 

roots were damaged vs. 71% root damage in cassava 
intercropped with
 
Canavalia.
 

Cassava Pest Complex
 

An evaluation of the insect 
and mite complex at CIAT has been
 
carried out for the fifth consecutive 
crop cycle. The four varieties
 
used in the experiment were 
CMC 40, M Col 113, M Col 22 and M Col 1684.
 
Four 36 plant 
plots of each variety received insecticide treatment and
 
four plots received no treatment. Monthly evaluations of insect and mite
 
populations and plant damage were 
made and root yield was recorded.
 

Insect populations and damage, Ki general, were higher than the 
previous year. 
 The major pests that attacked these varieties throughout
the 1985 growing cycle were trips, mites (5ononvchellus sp., Tetranychus 
sp., and Oligonvchus sp.) and lacebugs (Fig. 12). Whitefly population
(Aleurotrachewlus socialis and Trialeurodes variabilis) were 
observed but
 
were very low 
throughout the year. Mealybug (Phenacoccus herreni)
populations and damage much lowerwas than in previous years. In terms 
of damage levels, thrips were the most important pest. 

All four varieties suffered some yield reduction; this reduction was
 
greatest with the variety M Col 1684 (49%) and lowest with M Col. 113 
(17.4%). The varieties M Col 22 and CMC 40 were intcr.mediate, with 27.2
 
and 2!.8% respectively (Table 17). 
 Mite and thrips damage on M Col 1684
 
was high during most of the growth 
cycle and was probably most
 
responsible for the yield reduction (Fig. 12). 
 M Col 113 is resistant to
 
thrips and therefore damage remained low (Fig. 13). 
 A considerable
 
reduction in planting material was also recorded for M Col 1684 (49.3%)
 
(Table 17).
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TABLE 1. 	Ovipositional preference of Epidinocarsis diversicornis for
 
two nealybug species, Phenacoccus herreni and P. gossypii
 
1985.
 

No.
 
Event 	 Mealybug Species Rep.
 

Localization P. herreni 	 10 12.7 A
 
P. gossypii 	 10 5.3 B
 

Intent to P. herreni 10 5.7 A
 
oviposit P. gossypii 10 1.0 B
 

Oviposition P. herreni 	 10 3.3 A
 
P. gossypii 	 10 1.6 B
 

Numbers followed by the same letters are not significantly different
 
at the 0.05 level.
 

TABLE 2. 	Ovipositional preference of Acerophagus coccois for two
 
mealybug species, Phenacoccus herreni and P. gossypii (1985).
 

No.
 
Event Mealybug Species Rep.
 

Localization P. gossypii 	 10 10.0 A
 
P. herreni 	 10 1.8 B
 

Intent to P. gossypii 10 6.7 A
 
oviposit P. herreni 10 0.7 B
 

Oviposition P. gossypii 	 10 2.7 A
 
P. herreni 	 10 0.0 B
 

Numbers followed by the same letters are not significantly different at
 
the 0.05 level.
 



TABLE 3. A comparison of results predicted by the model P(i) = 1 -e with field data. 

Variety Node P(i) Field D/m Model 
thousand 

D/m2 Field 
thousand 

Col 22 1 
2 

1.00 
1.00 

42.7 
51.8 

48.6 
48.6 

Bra 12 1 

i 
2 
2 

0.23 

0.37 
0.50 
0.58 

14.3 

0.3 
10.4 
0.3 

12.3 

0.4 
12.3 
0.4 

CG5-79 1 
2 
2 

0.14 
0.18 
1.00 

0.2 
0.2 

51.8 

0.2 
0.2 

55.8 

% Error
 

12.0
 
6.7
 

C)
15.6
 

14.4
 
15.3
 
14.4
 

4.4
 
9.8
 
7.1
 



TABLE 4. Species of Phytoseiidae and Phytophagous mites associated with 
cassava in Colombia.
 

Associated Phvtophagous Species 

Phytoseiidae Species T. urticae M. tanajoa M. caribbeanae 0. peruvianus Tenuipalpidae Eriophydae 

Amblyiseius aerialis X X 
A. chiapensis X X X 
A. aff. coffeae 
A. near curiosus 

X 
X 

X 
X 

A. herbicolus X X 
A. largoensis X 
Euseius alatus X X 
E. caseariae X 
E. concordis 

E. naindaimei 
X X 

K 
X X X 

E. sibelius 
galendromus anneetens 
G. helveolus 

Iphiseiodes zuluagai 
Neoseiulus anonymus 

N. chilenensis 
Proprioseiopsis carinaensis 

X 

X 

X 

X 
X 

X 

X 

X 

X 

X 
X 

X 
X 

X 

X 
X 

X 
X 

X 

X 

X 

X 

X 

X 

P. aff. neotropicus 
Typhlodromalus aripo 
T. limonicus 

T. peregrinus 
Typhlodromalus n. sp. 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 

X 
X 

X 

X 
X 

X 

Typhlodromina subtropica X 
T. tropica aristidesi 

X 



TABLE 5. 
The effect of four temperatures on the development of Typhlodromalus limonicus.
 
Feeding on 


Temperature 

( C) 

15 

20 


23 

25 


15 

20 


23 

25 


15 

20 


23 

25 


15 

20 


23 

25 


Mononychellus tanajoa.
 

Development 

time (days) 


(Y) 


5.2 

2.1 


2.7 

1.5 


3.3 

1.6 


1.1 

1.1 


2.2 

1.6 


1.5 

0.9 


4.1 
1.7 

1.5 
1.3 

Rate of 

development 


(I/Y) 


EGG
 

19.3
 
46.6 


37.6
 
67.0
 

LARVAE
 

30.3
 
62.6 


90.5
 
89.4
 

PROTONYMPH 

45.0
 
64.3 


65.8
 
106.3
 

DEUTONYMPH 

24.5 
59.0 

64.8 
79.4 

Minimum 
temperature 

( C) 

9.9 


10.0 


7.1 


9.9 

Day 
degrees 

( D) 

25.3
 

15.6
 

19.5
 

19.0 



TABLE 6. The effect of four temperatures on the development of Neoseiulus anonymus feeding on
 
Mononychellus tanajoa.
 

Temperature 


( C) 

20 

23 


25 

30 


20 

23 

25 

30 


20 

23 

25 


30 


20 

23 


25 

30 


Development

time (days) 


(Y) 


3.87 

2.91 


2.13 

1.73 


1.15 

0.70 

0.55 

0.39 


1.75 

1.17 

0.85 


0.90 


2.14 

1.34 

1.22 

1.10 


Rate of
development 


(I/Y) 


EGGS
 

25.7
 
34.3 

46.9
 
57.5
 

LARVAE
 

86.6
 
141.3 

181.4
 
258.0
 

PROTONYMPH
 

56.9
 
85.0 

116.3
 

124.2
 

DEUTONYMPH
 

46.7
 
74.5 

81.8
 
90.8
 

Minimumtemperature Dayde rees 

( C) ( D) 

11.8 30.7 

14.7 5.83 

10.3 14.8 

6.66 24.2 
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TABLE 7. The effect of temperature on the development of Neoseiulus anonymus
 

Time of Rate of Minimum Day
Temperature development development temperature de rees
 
( C) (Days) (Y) (1/Y) ( C) ( D) 

Total Development of Egg to Adult
 

20 8.9 11.2
 

23 
 6.1 16.3 11.02 73.5
 

25 4.7 20.9
 

30 4.0 24.8
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TABLE 8. Average consumption rate of adult female Neosiulus anonymus during

its ovipositional period feeding on Mononychelus tanajoa and
 
Tetranvchus urticae. 

Mononychellus tanajoa 

Stages consumed n Minimum Maximum Average 

Eggs 46 0 26 10.78 

Larvae 46 0 20 5.15 

Nymphs 46 0 9.0 1.91 

Adults 46 0 21.0 5.39 

Tetranychus urticae 

Stages consumed n Minimum Maximum Average 

Eggs 50 28.0 138.0 78.28 

Tarvae 50 0 11.0 2.80 

Nymphs 50 0 23.0 5.10 

Adults 50 0 1.4.0 4.74 



TABLE 9. The effect of several pesticides on 
the parasitism of Erinnyis ello eggs by Trichogramma exiguum.
 

% No. No. No. . 
Of females Eggs Adults Adults Eggs that
 
achieving parasitized produced produced Females* Eggs produce


TREATMENT parasitism per female 
 per female per egg survival parasitized adults
 

8 2
Control a 2 .5 a 
 46 a 15.5 a 94 a 19 a 
 96 a
 

Dimilin 80 a 2 .9 a 39 a 14 .7 a 88 a 2 5 a 35 a 

Dipel 
 78 a 3.4 a 44 ab 17.1 a 82 a 21 a 87 a
 

Dipterex 
 68 a 1.4 b 20 b 15.7 a 34 a 9 b 88 a
 

E. Parathion 14 b 1.0 b 
 3 c 2.7 b 0 c I c 30 b
 

* Values with the same letters are not significantly different at the 0.05 level.
 

1 Products applied to eggs prior to their exposure to T. exiguum.
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TABLE 10. The effect of several pesticides on the parasitism of Erinnyis ello eggs by Telenomus sphingis.
 

% No. No. %
 
Females No. Adults Adults Female % Eggs
 

achieving Eggs produced produced longevity 
 Eggs producing

TREATMENT parasitism parasitized per female per egg (days) parasitized adults
 

Control 
 100 a 5.5 a 21.4 a 3.9 a 10.7 
- a 30.0 a 98.7 a 

Dimilin 97 a 6.4 a 
 15.6 a 3.5 b 11.2 - a 34.0 a 70.2 c
 

Dipel 77 b 4.5 a 14.2 b 3.7 a 
 8.3 - b 13.9 b 85.8 b 

Dipeterex 53 bc 2.4 b 0.5 
c 1.6 c 1.2 - c 7.3 c 5.0 d 

E. Parathion 5 c 1.0 b 0.0 c 1.0 c 2.3 
- d 0.0 e 3.7 e 

* Values with the same letters are not significantly different at the 0.05 levels. 

1 Pesticides applied to eggs prior to their exposure to Telenomus sphingis
 



TABLE 11. 
 The effect of several pesticides on Erinnyis ello eggs paratized by Trichogramma exiguum 48 hours
 
prior to pesticide application.
 

% 

Eggs 

No. No.
that Adiilts emerging Parasits not
TREATMENT 
 produce adults 
 per egg 
 per cgg 
 Sex ratio
 

6.3 : 1 a
 

Control 98 a 24.7 a 1.4 b 5.9 : 1 a 

Dipel 100 a 24.4 a 0.3 b 6.7 : I a 
Dimilin 100 a 26.9 a 1.7 b 5.5 : I a 
Dipterex 30 b 20.1 a 16.9 a 12.5 : I b 
E. parathion 20 b 12.0 b 19.8 a 

Values with the same letters are not significantly different at 
the 0.05 level.
 



TABLE 12. 
 The effect of several pesticides on ErLnnyis ello eggs parasitized by Telenomus sphingis 72 hours
 
prior to pesticide application.
 

No.
 
% Adults No.
 

Of eggs emerging Parc iites
TREATMENT producing 
 per egg not emerging Sex ratio
 

Control 
 98 a 
 4.5 a 
 0.4 b 
 1.5 : 1 ab 

Dimilin 
 98 a 
 4.6 a 0.3 b 2.2 : 1 a 

Dipel 
 96 a 
 4.0 a 
 0.3 b 1.9 : Iab 

Dipterex 
 9 b 
 1.3 b 
 4.3 a 
 0.4 : 1 b
 

E. Parathion 
 4 b 
 1.0 b 
 5.5 a 
 0.4 : 1 b 

Values with the same letters are not significantly different at the 0.05 level.
 



TABLE 13. 
 Parasitism and development of Trichogramma exiguum on Erinnyis ello eggs at three temperatures.
 

% % 
 Adults
Eggs Females 
 Eggs Adults produced

parasitized achieving 
 producing prcduced
TEMPERATURE per female per hornworm Sex
parasitism adults 
 per female egg 
 ratio
 

20 4.2 a 66 b 98 a 
 59.4 a 14.5 a 1.5 : 1 b 

25 2.5 b 92 a 96 a 
 41.2 ab 16.2 a 7.4 : I a 

30 2.4 b 90 a 
 69 b 28.4 b 17.2 a 7.6 : 1 a 

Values with the 
same letters are not significantly different at 
the 0.05 level.
 



TABLE 14. Parasitism and development of Telenomus sphingis 
on Erinnyis ello eggs at three temperatures.
 

% % 
 Adults
 
Eggs Females Eggs 
 Adults produced
 

parasitized achieving producing produced per hornworm 
 Sex
 
TEMPERATURE per female parasitism 
 adults per female 
 egg ratio
 

20 3.1 b 76.7 b 32.7 c 
 3.0 d 3.0 a 
 2.0 : 1 a
 

25 
 5.9 a 100.0 a 98.7 a 21.9 a 
 3.7 a 1.4 : 1 a
 

30 6.2 a 76.7 b 68.7 b 14.8 b 
 3.5 a 1.2 1 a
 

32.5 
 4.3 ab 80.7 ab 31.0 c 5.1 c 
 4.1 b 1.7 1 a
 

Values with the same letters are not significantly different at the 0.05 level.
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TABLE 15. 
 The effect of C. bergi damage on the starch content of cassava
 
roots of the variety CMC-40.
 

% of root 
Damage surface Starch a % Difference 
grade affected dry weight Starch % 

1 
 0 1IU.3 22.9
 

2 
 1 - 25 124.3 24.9 + 8.0
 

3 26 - 50 76.5 15.3 33.0
 

4 51 - 75 75.8 15.2 
 33.7
 

5 76 - 100 51.4 10.3 55.0
 

a Sample (f 500 grs of peeled cassava.
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TABLE 16. Damage to cassava roots under progressive attack C. bergi.
 

Months 
of 

Experiment I b 
% roots with 3-5 damage grade 
Commercial- Non-commercial 

Experiment II 
% roots with 3-5 damage grade 
Commercial Ncn-commercial 

attack roots roots roots roots 

1 18.5 70.0 21.5 60.0
 

2 16.5 67.0 8.0 
 16.5
 

3 28.0 69.0 13.5 
 40.0
 

4 35.0 60.5 15.0 20.0
 

5 25.0 66.5 18.5 
 58.5
 

6 33.0 58.0 3.5 25.0
 

7 38.5 79.8 22.0 
 56.5
 

8 15.0 61.5 13.5 43.5
 

9 36.5 78.5 3.5 
 11.5
 

a Sample of 20 roots
 

b Dimethoate 2 cc/l H20 folliage application
 



TABLE 17. 


Variety 


CMC 40 


M Col 113 


M Col 22 


M Col 1684 


The effect of the CIAT 
cassava pest complex on 
the root yield and production of planting material
 
of four cassava varieties.
 

Treatment 


With insecticide 


Without insecticide 


With insecticide 


Without insecticide 


With insecticide 


Without insecticide 


With insecticide 


Without insecticide 


Roots yield 
Total % Starch Production 

production difference content av. number 
t/ha yield (%) (%) per plant 

37.8 30.5 11.3 

22.8 

29.2 31.4 11.8 

29.9 29.2 8.4 

17.4 
24.7 27.7 6.8 

37.2 36.4 9.9 

27.2 
27.1 34.8 8.5 

35.5 30.0 7.1 

49.0 
18.1 31.3 3.6 

Planting mat.
 
difference
 

in stake prod. %
 

- 4.4 

19.0
 

14.0
 

0 

49.3 
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TETRANYCHIDAE 	 PHYTOSEIIDAE 

Mononychellus tanajoa 7'yphlodronaluslimonicus 

10.0 Days 

0 
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8.5 - 10.1 Byrne et al (1982) 	 4.8 dys 

Figure 	7. Comparison of development duration between a Phytoseiid mite 
predator and a phytophagous mites. 
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PATHOLOGY
 

Research on several fungal diseases of cassava continued during

1985, with special emphasis on root rots 
induced by Diplodia manihotis
 
and Fusarium spp. These pathogens are inducing severe losses in several
 
cassava production areas of the Americas, where cassava 
is cultivated on
 
the same land for several cycles. Emphasis was also given to research 
on fluorescent pseudomonads, especially on the identification of more
 
efficient strains and their role in natural protection against cassava 
pathogens. Work on quality of cuttings was also continued this year.
Two new cassava production problemnw -- one induced by a parasitic plant 
species and the other by clonal contaminants -- were also identified.
 

I. Pat hogeni _problems 
A. 	 Anchracnosis
 

Continuing the taxonomic studies initiated last year (CIAT 
Cassava Annual Report, 1984) 
 the three reported species of 
Colietotrichum pathogenic to cassava have been differentiated on 
the basis of (a) morphological and symptomatological features; and
 
(b) according to their pathogenic ability to attack cassava or 
other differential crop species (Table 1). Generally, the isolated 
strains of C. Eosporioides were more aggressive than those of 
C. 	 gloeosporioides f. sp. manihotis and C. graminicola. All 
strains required at least 24 h of high R11 (more than 90%) after 
inoculation through plant wounds to create conditions for their 
establishment. Studies with strains 
of each of the above species
 
are 	 under way in order to establish their relationships with 
cassava clones.
 

B. 	 Diplodia root rots
 
Diplodia root rot has been found 
in three of the five
 

edaphoclimatic zones where CIAT is 
working. It has not been fodnd
 
in zones IV (Popayan) and V (F'lorencia), but it is a very important
 
disease in zones I (Media Luna) and III (CIAT), and of moderate
 
importance in zone II (Carimagua). In Media Luna, for example,
 
losses on establishment ranged this year from 10 
to 85% in farmers'
 
fields planted with the regional clone Venezolana 1 (Cofiito). A
 
survey of the sanitary conditions of long cuttings (approximately
 
Im long) stored for two months in two farmers' fields showed that 
from 	83 to 
100% were affected by Diplodia manihotis.
 

As the control of this disease by varietal resistance appears
 
to be very promising, a system for clona! evaluation was
 
investigated. This work included research on:
 

1. Inoculum infectivity
 
The inoculum (pycniospores produced on Petri dishes with
 
acid-PDA) were infective for more 
than six months when stored
 
under growth chamber conditions (150 C + 30 C, 80% RH). These
 
results were consistent throughout several replications with
 
different isolates. This indicates 
 a relatively good
 
pathogenic stability of cultures after a long period of
 
storage.
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2. Spore production

The highest number of pycnidia per cm (12 pycnidia /cm2 of
 

surface-medium) and pycniospore production (5 X 104
 
pycniospores/g of fungal growth) were obtained on acid-PDA 
medium incubated for 12 days under continuous exposure to
 
fluorescent light. Darkness and CO2 concentration appear to
 
inhibit the formation of pycnidia.
 

3. Inoculum concentration
 
A very high reduction in the bud germination of susceptible
 
clones (between 95 to 100%) and almost 
toral invasion of
 
inoculated cuttings 
occurred when inoculum concentrations were 
higher than 4 X 10' pycniospores/ml. At lower concentrations 
the germination of buds and invasion of cuttings were lower.
 

4. Incubation period
 
Satisfactory inoculation of cuttings (15-cm long cuttings
 
taken from 10 to 12-month-old plants) was obtained by the dip

inoculaticn method. Cuttings were dipped into the inoculum 
for 20 min and maintained for 72 h at 100% RH and 25°C ( + 
8C). They were then kept under a glasshouse (25°C + 8°C, 
80-95% RH and 12 h photoperiod) before planting in plastic
 
pots filled with sandy soil. Readings were taken 30 days

afterward in relation to the number 
of infected plants/clone
 
obtained per number of inoculated cuttings and the percentage
 
of affected area/cutting/clone.
 

5. Screening for resistance
 
Resistance to 
D. manihotis has been reported, but "resistant"
 
clones have later shown instability after several cycles of
 
continuous cultivation in regions where this pathogen is
 
endemic. When cuttings of five 
clones taken from different
 
sources were inoculat:ed with D. manihotis, different levels of
 
resistance (based inhibition
on of bud germination) were
 
recorded on three of the inoculated clones when their cuttings
 
were collected from farmers' fields (Table 2). 
 Inoculated
 
cuttings from plants of the 
above clones originated from
 
meristem cultures or from farmers' fields, and although they
 
were disinfested with Na-hypochlorite they were highly
 
susceptible (Table 2). Inoculations of cuttings from fields
 
farmers of these 
or other clones gave inconsistent results.
 

Fluorescent pseudomonads (P. putida and P. fluorescens) and
 
bacilli species were isolated from washed suspensions of the
 
epidermis of cuttings from farmers' fields. 
 A large number of
 
these isolates inhibited D. manihotis in vitro. 
 In contrast,
 
most of the microorganisms obtained in suspension from washed
 
epidermis of the cuttings from meristem cultured plants were
 
fungi, some of which were of a pathogenic nature; fluorescent
 
pseudomonads 
or bacilli bacteria were found occasionally but
 
at very low concentrations.
 

We suggest that the beneficial epiphytic bacteria play an
 
important role in protecting the plants against D. manihotis.
 
This effect masks the direct genetically controlled resistance
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mechanism of cassava 
to this pathogen, and can result in the
 
misidentification of "r~sistant" 
 clones if not taken into
 
account.
 

Consequently for screening purposes, several clones were
 
inoculated with D. manihotis, but half the cuttings of 
each
 
clone were disinfested with Na-hypochlorite before inoculation
 
to eliminate 
 the effect ot beneficial bacteria on the
 
establishment of the pathogen. The reactions of 
the clones
 
that showed the most variable rating to D. manihotis 30 days

after inoculation are presented 
 In Table 3. From these
 
results the following conclusions were drawn:
 

1. Beneficial epiphytic bacteria assert 
a strong protective

effect against the establishment of D. manihotis in cassava.
 

2. An ample range to
of clones ranging from susceptible 

resistant to D. manihotis exist 
iT.cassava.
 

3. Two mechanisms of resistance to 
1). manihotis appear to
 
exist in cassava: 
 (a) a direct one related to the
 
host-pathogen relationships, and (b) another related 
to the
 
host-beneficial bacterial 
 association 
 which could retard
 
colonization, nutritional association and survival 
 of D.
 
manihotis; i.e. clones CG-1-61, CM 2546-I and M Ven 
25 showed
 
higher percentage of bacterial protection than clones 
 CM
 
2806.-2, CG-7-66 and CG-595 (Table 3).
 

4. The uneven protection of cuttings belonging to the same
 
plant appears to indicate differences in the distribution of
 
the beneficial bacterial cells on the epidermis 
of the whole
 
plant. This could be related to factors such as stem or plant

aging, the initial sites of establishment for the beneficial
 
bacteria, effects 
of climatic stress on bacterial survival,
 
quantity and quality 
of inoculum, and differences in the
 
quality and/or quantity of plant exudates in relation to each
 
clone. Further research on these 
topics will be conducted in
 
the future.
 

C. Fusarium root rot
 
Fusarium solani was found affecting around 4,000 ha of cassava
 

in the state of Sergipe, Brazil, where 
cassava has been cultivated
 
for many years. The lack of either cutting selection and treatment
 
or crop rotation favored dissemination and the occurrence 
of an
 
actual outbreak. The control of this problem was studied using the
 
following cultural practices:
 

1. Cutting selection
 
Cuttings taken from diseased plants were affected in 
a range

of 25 to 78%. Germination decreased 
on an average of 71%;
 
and plants from infected cuttings showed wilting 1 to 9
 
months after planting, depending on the intensity of infection
 
at planting. As F. solani is systemic, the selection of only

healthy cuttings for planting is crucial to avoid its
 
dissemination and incidence.
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2. Planting system
 
The pathogen normally penetrates plants (grown from healthy
 
cuttings) through young stem tissues that are in contact with
 
infested soils; roots are apparently resistant to this
 
penetration. Young tissues are produced after cuttings sprout
 
and are in contact with soils when cuttings are planted
 
horizontally. The level of plant infection was 33% when
 
healthy cuttings were planted horizontally in infested soils
 
vs only 1.5% infection when they were planted vertically.
 
Lesions on horizontally planted plants always started at the
 
base of the sprouts during the first two months after
 
planting. On vertically planted plants, the base of the
 
sprouts (the most susceptible tissues) were not in contact
 
with infested soils since the germinated buds were not under­
ground. Penetration nearly always occurs during the rainy
 
season.
 

3. Crop rotation
 
In plots with more than 10 years of continuous cultivation 68%
 
of the plants were affected versus 2.7% plant infection on
 
similar plots with a rotation the previous year.
 
Simultaneously, a system for vaoiietal evaluation for
 
resistance to this pathogen was developed. The system is
 
similar to the one reported for evaluating resistance to D.
 
manihotis; however, as most strains of F. solani lose their
 
pathogenicity a few days after storage in test tubes, care
 
should be taken to maintain their level of aggressiveness.
 
Similarly, around 96 h of 90-100% RH is necessary for fungal
 
establishment on the host cuttings. Satisfactory inoculation
 
was obtained by the dip inoculation system, dipping thg
 
cuttings for 20 min in a fungal suspension (5-6 X 10
 
conidia/ml produced on acid-PDA medium after 14 days of growth
 
at 27*C); cuttings were then stored for 96 h in sealed plastic
 
bags before planting in plastic pots. They were maintained in
 
a glasshouse (25°'8'C; 80% RI1 and 12h photoperiod). Readings
 
were taken 30 days after planting according to the percentage
 
of plant establishment in relation to inoculated cuttings.
 
Preliminary results on clonal resistance have shown that F.
 
oxysporum is less aggressive than F. solani and that the
 
resistance to both pathogens is independent in cassava.
 
Research on large scale screening for resistance to these two
 
pathogens is under way.
 

D. Effect of fluorescent pseudomonads on cassava
 
A total of 137 isolates of fluorescent pseudomonads were
 

collected from the cassava rhizosphere of several clones from eight
 
different cassava-growing areas. Frequency of isolation was higher
 
for Pseudomonas fluorescens than for P. pucida in Carimagua; but in
 
the other areas, P. putida was isolated more frequently (Table 4).
 
Generally, there were more isolates able to inhibit pathogenic
 
bacteria than fungi; but among all isolates collected, those of P.
 
fluorescens showed broader inhibition ability in vitro to the
 
bacterial and fungal species tested than P. putida (Table 4).
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Summarizing the above results, four groups of fluorescent
 
pseudomonadas were identified according 
to their inhibition in
 
vitro of both pathogenic bacteria and fungi; (I) a group of
 
isolates unable to induce or inducing very mild inhibition of
 
pathogenic bacteria and/or fungi; (II) isolates that 
effect a
 
strongly inhibit pathogenic bacteria, but with no or very mild
 
inhibition of fungi; (III) isolates 
causing very strong inhibition
 
of fungi, but have no or very mild inhibition of bacteria; and (IV)
 
isolates inducing strong inhibition of both fungi and bacteria
 

Some strains of these groups of fluorescent pseudoinonads were
 
used during various experiments directed to control different
 
pathogenic problems of cassava with the following results:
 

1. Effect of cassava bacterial blight
 
Strains of group II, which in vitro induced the highest
 
inhibition to Xanthomonas campestris pv. manihotis, were used
 
to spray plots of susceptible, intermediate resistant and
 
resistant clones planted at Carimagua, where cassava bacterial
 
blight is epidemic. Results of these treatments are shown in
 
Tables 6 and 7. Both the number of leaf
angular spots/leaf
 
and the number of blighted leaves/plant were significantly
 
reduced by foliar applications of P. putida to susceptible
 
clones during two growing cycles (1984 and 1985) (Table 5).

Yield of the susceptible clone (M Col 22) also increased 2.7
 
times (Table 6), but did not increase in either the
 
intermediate resistant or resistant 
 clones; this also
 
illustrates the 
great advantage of using CBB-resistant clones
 
in areas where this disease is epidemic.
 

2. Effect on root rots induced by fungal pathogens
 
Strains of P. fluorescens (belonging to group III)
 
were able to protect cuttings against D. manibotis (Tables 7
 
and 8). The protection effect was evident when cuttings were
 
treated witn the bacterial suspension before or after fungal
 
inoculations; this 
protection was related to bud germination
 
and fungal establishment and invasion through the tissues of
 
the cuttings (Table 8). The above protection was also evident
 
for three clones, on both inoculated cuttings from farmers'
 
fields and from meristem plants; the bacterial protection was
 
nearly as efficient as that obtained with 
the best fungicidal
 
treatment available to control this pathogen (Table 8). 
 These
 
results open the possibility of replacing fungicidal
 
treatments with beneficial bacterial treatments to obtain root
 
rot protection before planting. Yield 
 of fresh rgots
 
increased when the base of 
plants was watered with 10 cm of
 
a bacterial suspension of a beneficial strain of P.
 
fluorescens. The increased yield values 
were higher as 
watering was repeated monthly (Table 9). However, such yield 
increase values varied in relation to inoculated clones, which 
may indicate clonal differences to the bacterial strains used 
or differences in susceptibility to the pathogens that these 
beneficial bacteria were affecting. 
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3. Effect on postharvest deterioration (work carried out
 
jointly with Utilization Section)
 

Research was conducted to investigate the effect of P. putida
 
and P. fluorescens on postharvest microbial deterioration of
 
casc,ava storage roots. Additionally, a strain of Bacillus sp.
 
was included as well as combinations of Bacillus sp. with P.
 
putida.
 

An inoculum suspension of 1.1 X 10. cells/ml was prepared for
 
each strain of bacteria; roots were treated by immersion for
 
10 minutes in the suspension, followed by a 15 minute wait in
 
order to remove the excess moisture before packing into sealed
 
plastic bagc;. Roots were evaluated according to standard
 
procedures after 
1, 2 or 3 weeks of storage at ambient
 
conditions. Tables 11 and 12 
 show the results for all
 
experiments conducted so far, in which 
a total of eight
 
strains of P. fluorescens and P. putida and one of a Bacillus
 
sp. were used. The Mertect treatment was included as a
 
reference point for the various bacterial 
treatments. A
 
treatment was considered successful 
if equal to or better than
 
the Mertect treatment.
 

The bacillus strain alone was 
never as effective as Mertect,
 
nor were pseudomonad strains Pp. c4b, Pf. c88, Pp. c5b or Pp.
 
c7b. Strains Pp. F-56 and Pp. F-44 gave variable results,
 
when mixed with the bacillus strain. However, the strain Pf.
 
c5a gave consistently good control of rotting during the first
 
two weeks of storage only failing in the third week in one
 
experiment (Tables 10 and 11).
 

Research will continue on testing the effectiveness of strain
 
Pf. 5a, on screening for more effective strains and 
 on
 
improving methods for inoculum production. The eventual aim
 
of using a biological rather than a chemical means for
 
controlling postharvest microbial deterioration in cassava
 
will require a lot of adaptive and applied research in 
order
 
to develop a practical method for on-farm use.
 

E. A disease caused by a parasitic higher plant
 
A disease caused by a parasitic higher plant was found
 

affecting 53% of the plants on a plantation in the Cauca Valley.

Most plants had more than three parasitic plants/plant at different
 
stages of development. Affected plants showed dieback or leaf
 
yellowing on the branch 
plant or part after the attachment of the
 
parasite.
 

The plant parasite was classified as Phthirusa pyrifolia, a
 
species belonging to Ioranthaceae. This evergreen, parasitic plant
 
has well-developed leaves and stems that are 
sometimes more than
 
lOcm in diameter. It produces typical green leaves that can carry
 
on photosynthesis, dioecious flowers, 
 and berrylike fruits
 
containing a single seed. It produces haustorial suckers which
 
grow on branches and 
stems of trees in order to absorb water and
 
nutrients from them. Seeds are spread 
by birds that eat the
 
seed-containing berries and excrete the sticky seeds on the top of
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host cassava. 
 When a seed lands on and becomes attached to the
 
b.irk of a twig or a branch of a susceptible host, it germinates and
 
produces a germ tube or radicle. 
 This grows along the bark surface
 
until it meets a bud 
or a leaf base, at which point the radicle
 
becomes broad and flattened on the side 
of the bark. A rootlike
 
haustoriunm is then produced from the center of the flattened area 
of the radicle, which penetrates the bark directly and reaches the
 
phloem and tihe cambium. The parasite removes nutrients from the 
host, thereby starving and killing the portion of the branch laying
beyond the point of infection. it also saps the vitality of the 
branch; and, when sufficiently abundant, that of the whole plant.
Furthermore, 
it upsets the balance of hormonal substances of the 
host in the infected arez, causing hypertrophy and hyperplasia of 
the cells and esulting in swelling and deformation of various 
shapes on the branches. 

The only means of control is by physical removal of
 
the parasite, which can be done either by pruning infected branches
 
or by cutting and removing entire infected plants. Removal of the
 
parasite from other host species around plantations is -dvisable to
 
eliminate foci of infection.
 

II. 	Selection of cuttings according to yield/plant

The effect of using selected cuttings 
on yield/plant was reported


last year (CIAT Cassava Annual Report, 1984); this year, results showed
 
that the advantage of this selection method much
is more positive when
 
planting material is selected from clones that 
have been more affected
 
by different production constraints (susceptible) than those that appear

to have more stable resistance. Clones Venezolana I and Secundina,

considered as susceptible to constraints at Media .una, and CMC 40,

considered to have intermediate resistance 
to production constraints at
 
both CIAT and Carimagua, showed the highest increase in yield when
 
cuttings were selected from 
plants with higher yield than the plot
 
average (Table 12). These results stress the 
importance of selecting

clones with stable type resistance to yield constraints in each location
 
for the stabilization of higher yields.
 



Table 1. General differential features of Colletourichum species pathogenic to cassava.
 

Characteristics 


Seta 


Conidia 


Appresoria 


Pathogenicity 


Symptoms 


C. graminicola 


Abundant and large 

(66 -	 96 x 3-4 ) 

12- 35 x A-6 , 

falcate, fusiform 


12 - 18 x 10-13 , 

irregular, some are 
subglobose 

On cassa -, sorghum, 

sugarcane, corn and 


several grasses
 

Acervuli superficially 

arranged as concentric 

rings 


a Data taken from cultures on Ac-PDA medium.
 

C. gloeosDorioides 


Only produced by a few strains 
but they are smaller (46 - 97x 

3-5 ) 

6 - 20 -- 3-6.5 , oblong, 

cuneiform or cviindrical 

6 - 9 , 5- , subglobose or 


globose, clavate, ellipsoidal 


On cassava and fruits of papa­
ya, mango and orange 


Acervuili are subepidermal with 

with irregular arrangements 

on the epidermis 


C. 	gloeosporioides
 
?v. manihotis
 

Produced bv some strains
 
(37 -	 93 x 3-A
 

6 - 20 x 3-6.5 , oblong 

cuneifornr.,
 

6 - 9 a 5-7 , subglobose 

or globose, clavate, 
ellipsoidal 

Only on cassava
 

Acervuli are subepidermal
 
with irregular arrange­
ments on the epidermis
 



Table 2. 
Percentage of bud germination of cuttings of five cassava clones from different sources 
30 days after inocula­
tion with Diplodia manihotis.
 

Inoculated clones
 

M Col 113 
 CMC 40 
 M Col 172 
 M Col 1684 
 M Ven 77
 

b.g a.a b.g a.a 
 b.g
Cutting source (%) (%) (%) a.a b.g a.a b.g a.a(12 ) (% (%) (2% 
 (%) (%)
 

From farmers' fields 
 95 24 
 60 74 
 50 64 0 
 100 
 0 I00
 

From farmers' fields, but
 
disinfested with Na
 
hvpochlorite (3% for 10
min) 
 0 100 
 0 100 
 0 100 0 
 100 
 0 100
 
From meristem culture 
 0 100 
 0 100 
 0 100 
 0 100 
 0 100
 

Uninoculated cuttings
 
from farmers' fields
 
but disinfested with
 
Na-hvpochlorite, and
meristem culture 
 i00 0 
 100 
 0 100 
 0 100 0 
 100 0
 

a . 
.g= bud germination; 
a.a= averaged affected area/utting. 
Data taken from approximately 40 cuttings/clone/treatment.


Significant differences were found by the logit (X ) system.
 



Table 3. Percentage of establishment of cuttings fi-m different clones which were 
collected from field plots and
 
disinfested or not with Na-hvochlorite (2% for 


Establishment of 


Clone Non-disinfested 


a
M Col 22 0 (,0)
 
CG-2612 0 (100) 

N Ven 23 0 (100) 


CM 2806-2 30 (86) 

CC 7-66 20 (92) 

CC 5-95 40 (73) 


CC 1-61 80 (75) 

CM 2546-1 90 (57) 

14Ven 25 80 (50) 


M M 1 1 90 (55) 
CM 1890-2 100 (23) 
CM 2777-8 90 (53) 

CM 1305-3 80 (53) 

1 Cub 74 90 (37) 

M Ven 185 100 (36) 

CC 138-9 100 (30) 


30 min) before inoculation with Diplodia manihotis.
 

cuttings (%) treatment
 

Disinfested 
 Control
 

0 (100) 100 (3)
 
0 (100) 100 (6)
 
0 (100) 100 (6)
 

0 (100) 100 (8.5)
 
0 (100) 100 (2)
 
0 (100) 100 (4)
 

0 (100) 100 (20)
 
0 (100) 100 (5)
 
0 (100) 100 (0)
 

60 (76) 100 (7)
 
20 (91) 100 (0)
 
60 (80) 90 (16)
 

70 (63) 100 (0)
 
80 (43) 100 (0)
 
80 (56) 100 (13)
 
80 (51) 100 ( 6)
 

a Results taken from 10 cuttings inoculated/treatment/clone. In parentheses is the average percentage of area affected
 

30 days after inoculation. Controls were not inoculated.
 



Table 4. In vitro inhibition of several bacterial and fungal pathogens by 
some isolates of Pseudomonas fluorescens
 
(Ps.f.) and P. Dutida (Ps.p.).
 

No. of strains able to 
inhibit bacterial
 
and fungal pathogens
 

Total i cf
 
Beneficial bacterial 
 collected


Origin 
 species strains a 
a b c d e 
 g h
 

Media Luna 
 Ps.f. 
 8 ,b 5 2 
 1 7 5 
 7
 
Ps.p. 20 
 0 7 0 
 3 0 17 12 8-


Carimagua 
 Ps.f. 10 3 3 2 3 
 6 5 4 
 5

Ps.p. 7 0 2 0 
 0 1 2 
 1. 4
 

Quilichao 
 Ps.f. 
 4 1 2 2 0 
 3 1 2 
 3

Ps.p. 
 8 1 1 2 0 0 
 5 3 6
 

Nataima 
 Ps.f. 
 2 0 0 
 0 0 0 2 
 1 1
 
Ps.p. 13 
 1 7 0 
 0 1 9 
 6 5
 

Caicedonia 
 Ps.f. U 1 2 1 0 
 2 2 4 
 3

Ps.p. 10 1 2 0 
 i 0 4 
 6 7
 

Palmira 
 Ps.f. 
 6 1 1 1 0 
 1 4 3 
 4

Ps.p. 
 11 1 1 0 1 0 5 
 5 6
 

Popavan 
 Ps.f. 
 5 1 0 
 0 0 1 
 2 2 3
Ps.p. 10 0 
 5 0 0 
 0 7 5 
 8
 
Ouilcace 
 Ps.f. 
 0 0 0 
 0 0 0 
 0 0 0


Ps.p. 17 2 2 1 
 0 1 9 
 7 7
 
Subtotal 
 Ps.f. 
 41 9 13 7 5 
 14 23 21 
 26
 

Ps.p. 
 96 6 27 3 
 5 3 58 48 51
 
Total 
 137 15 O 10 10 
 17 81 89 
 77
 

Percentage 
 i00 10.9 29.2 
 7.3 7.3 12.4 59.1 50.4 56.2
 

a=Fusarium oxvsnorum; b=DiDiodia manihotis; c=Corticium rofssL; d=Pvthium sp.; e=Rhizoctonia solani: f=Xanthomonas
 
b 
 campestris pv. manihotis; g=Ervinia carotovora pv. carotovora; and h=Pseudomonas solanacearum.
Average of 5 replicates/pathogen. Inhibition effect: 
 strong ir.hibitorv halo of more 
than 10= width.
 



Table 5. Control of cassava bacterial blight by foliar applications of Pseudomonas putida (strain F-44 and F-88) on 
two
 
suszeptible clones during 1984 and 
1985.
 

Year of control/strain number
 

1984 
 1985
 

Clone 
 Scoring system 
 F-44 
 F-44 
 F-88
 

M Col 22 
 Angular leaf spots/leafb 2.5a
I.ac 

Number of blighted leaves/plant 1.Oa c 1.5a 

2.5a
 

1.Oa
 
Controls 
 7.Ob 
 5.7b 
 5.7b ,
 

M Col 72 
 Angular leaf spots/leaf 
 4 .3a .2a

,umber of blighted leaves/plant 
 -.la 2 .3a
 

Controls 
 9.Ob 
 9.Ob
 

Plants received six foliar applications of a I x 10 
 cells/ml suspension of the respective strain of P putida at
15-day intervals. 
Contr-l plants were sprayed with distilled water.
 

b Average number of leaf spots/leaf on 15 leaves/plot (three leaves from each of 
five different plants) . Plots
 
contained 36 plants with three replications.
 
Average number of blighted leaves/plant on five plants/plot. Plots contained 
36 plarts ith three replications.
 
Numbers followed by the same 
letter are not significantly different at 
a 0.05 level of the Duncan Multiple Range
 
Test.
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Table 6. 	Yield of a CBB-susceptible (M Col 22), incermediate
 
resistant (CM 523-7), and resistant (M Ven-77)

clone after foliar applic ations of Pseudomonas
 
putida (strain F-44).
 

Yield (t of fresh roots/ha)a
 

Clones 	 Sprayed plots Control plots
 

M Col 22 
 6.8 a* 
 2.5 b
 

CM 	523-7 
 14.7 a 
 14.0 a
 

M Ven 77 
 9.6 
a 	 9.1 a
 

a 	Yield was recorded from three replicated plots of 30 plants
 
each. Border plants were eliminated.
 

* Yields 	followed by the same letter(s) 	are not significantly
 
difFerent 	at 
the 0.05 level of the Duncan Multiple Range Test.
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Table 7. 	Fffect of Pseudomonas fluorescens (strain Pf. c5a) on bud
 
germination of cuttings (clone M Co] 
1684) after inoculation
 
with l)ip]odia manihotis (Di.). 

Bud germination 
 Cutting infection

Treatments 
 (%) 	 (% of invaded tissues) 

10 min in 	Pf. c5aa 
 10 0b 16 b*
 

20 min in Din.
 

10 min in 	 D 10 
 97 a
 
20 mii ir,L'n..
 

18 h in Din. 
 1.0. 
 36 b
 
20 mr in 'f. c5a 

18 h in Din. 40 
 85 a
 
20 m in 	 I) H 0

2 

20 min in 	Dm. 
 0 
 100 a
 

20 min in D H20 or Pf. c5a 100 
 0 c
 

a Dip treatment in suspensions of 
1.1 x 109 	cells/ml of P. fluorescens
 

(strain Pf. c5a) of D-water followed by a dip treatment in a
 

suspension of 5.8 x 104 pycniospores/ml of D. manihotis 
(Dm.) or
 

viceversa.
 

Data taken from 20 cuttings/treatment 
a month after planting in pots
 
with sterile soils maintained in a glasshouse at 
25°C ( + 8C), 80% RH
 
and 12 h photoperiod. Significant differences in germination were
 

9found by the logit (X) system.
 

Cutting infection data followed by the 
same 
letter are not significant­

ly different at 
the 0.05 level of the Duncan Multiple Range Test.
 



Table 8. 
 Effect of Pseudomonas fluorescens (strain PF-88) on bud germination of cuttings of three clones collected
 
from farmers' fields 
(FF) and from meristem plants (MP) and inoculated with Diplodia manihotis (Dm).
 

Germination percentage in relation to treatments
 

10 min PF-88b 10 min fungicidal mixture Source of

Clone cuttings 20 min Dm 20 min Dm 
 20 min Dm Controls
 

M Col 113 FF 80 (48)**** 100 (29) 100 (5) 
 100 (4)

NP 0 (100) 100 (29) 100 
(26) 100 (17) 

M Col 72 FF 60 (47) 90 (22) 100 (0) 100 (8)

MP 10 (93) 70 (37) 
 80 (15) 100 (2)
 

M Col 1468 FF 20 (87) 100 (0) 100 (0) 
 100 (0)

MP 10 (98) 100 (2) 
 100 (1. 100 (9)
 

a Cuttings from meristem plants (1P) were obtained from meristem cultures.
 

b Dip treatments in suspensions of 5.3 x 104 pygniospoies/ml of D. manihotis or 
1 x 109 cells/ml of P. fluorescens
 
(PF-88)***. The fungicide mixture was 
a water suspension of CaptaniBCM (3,000 ppm each).
 

c Data taken from 40 cuttings/clone/source treated. 
 In parenthes is the average percentage of tissue showing
 
fungal invasion after treatments. Readings were 
taken a month a.:er growing the cuttings in pots with sterile
 
soils maintained under glasshouse conditions.
 



Table 9. Average yield of fresh roots of several clones planted in Carimagua, Media Luna and CIAT, in relation to
 
treatments with Pseudomonas fluorescens (PF-88).
 

in relation to bacterial 	treatmentsa
Yield (t/ha) 


Location Clone 	 0 
 1 	 2 3
 

Carimagua M Col 1914 	 12 .!bb 14.5b 
 16.5a 	 17.6a
 
A-Col 1916 11.2b 	 14.5b 15.7a 17.7a
 
M1Pan 19 	 10.7a 10.1a 12.Oa 12.3a
 
M Ven 77 	 14.5b 14.5b 18.1a 
 21.6a
 

Media Luna 	 CM 342-170 9.Ob 11.lab 11.3ab 12.5a
 
M1Col 72 12.5b 16.Oa 16.3a 
 18.3a
 
Venezolana 10.3b 
 ti.3b 	 12.3ab 13.3a
 

CIAT-Palmira 	 M Cul 1468 
 38.1b L'0.2b 44.5ab 49.3a
 
M Col 72 42.1b 46.6ab 46.8ab 4
 7.0a
 

Bacterial treatments: 10 ul of a bacterial suspension (1.1 
x 109 cells/ml) were poured on 
the base of each plant at:
 
I= one month; 2= one and two months, and 3= one, two and three months after planting the cuttings.
 

b Data taken from three 	replicates of 30 plants each/location/cine and treatment. Border plants were eliminated.
 

Yield data followed by the same letter(s) are not significantly different at the 0.05 level of the Duncan Multiple
 
Range Test.
 



Table 10. 
Effect of six strains of Pseudomonas putida (Pp.), 
two of P. fluorescens (Pf.) 
and one of Bacillus (Bsp.) on

postharvest deterioration of 
cassava.
 

Root deterioration (%)/clone after weeks of storage
 

CMC 40 
 HMC-I CMC 40 
 M Col 22
 

Bacterial strain
 
number 
 Ia 
 2 
 1 
 2 
 2
 

Pp. f-56 
 0 .6b 30.5 7.0 
 18.0
 
Pp. f-44 
 8.8 10.0 
 7.3 23.0
 

Bsp. 15.2 
 32.5 15.3 25.0
Bsp.+Pp. f-56 
 6.6 23.5 
 7.8 28.5 
 00

Bsp.+Pp. f-44 7.0 9.0 7.6 16.0 0 

Pf. c-5a 
0.0 10.0 4.5 9.9 38.0Pp. c-7a 
 20.4
 

Pp. c-4b 

7.8 14.8
Pf. c-88 


11.0 47.3
 
Pp. c-5b
 
Pp. c-7c 
 5.0
7.0 16.518.0Mertect 8.6 13.5 4.8 15.0 1.8 4.0 2.0 8.4Control 10.3 34.5 5.6

13.8 74.5 
 32.5 77.0 
 18.0 64.0 00.0 

a Readings taken after 1, 2 and/or 3 weeks of storage.
 

b Averaged data taken from 50 
roots of approximately one pound each. Score of 0-100.
 



Table 11. 
Effect of six strains of Pseudomonas iutida (pp.), twc of P. fluorescens k-'f.), and one of a Bacillus sp.
 
(Bsp.) on external fungal growth of storage 
cassava roots.-


Percentage of external fungal growth/clone after weeks of storage
 

CMC 40 HMC-1 CMC 40 
 M Col 22
 

Bacterial strain
 
number Ia 2 1 2 
 2 3 1 2 3
 

Pp. f-56 12b 37 7 30
 
Pp. f-44 II 26 14 37
 

Bsp. 11 46 20 32
 
Bsp. + Pp. f-56 10 38 
 16 31
 
Bsp. + Pp. f-44 10 20 13 
 21
 

Pf. c-5a 
 5 8 7 
 19 26
 
Pp. c-7a 
 63

Pp. c-4b 
 20 27 20 27
Pf. c-88 
 26 47 
 26 47

Pp. c-5b 


11 27

Pp. c-7c 


11 19

Mertect 6 16 4 20 
 7 14 1 8 
 12

Control 19 44 12 74 
 31 74 21 69 
 87
 

a Readings taken after 1, 2 and/or 3 weeks of storage. 

b Averaged data taken from 50 roots of approximately one pound each. Score of 0--i00.
 



Table 12. 
Effect of cutting selection (according to yield/plant) in three different locations in relation 
to clonal

resistance/susceptibility to 
production constraints in each location.
 

Yield (t/ha)/location
 

Cultivar 
 Source of cuttings 	 Media Luna 
 CIAT 	 Carimagua
 

Venezolana 2 	 Hb 
 7.1a
 
(Verdecita) 
 L 	 7 .Oa (1)C 

Venezolana 1a 
 M 
 10.3a
 
(Cofiito) 
 L 	 6.8b (52)
 

Secundinaa 
 H 
 1O.2a
 
L 6.Ob (64
 

M Col 113 
 H 	 18.7a 
 M 
L 17.7a (6) 	 CO 

M Col 
22a 	 h 
 38.9a
 
L 
 33.3b (17)
 

CMC 	40 a 
 H 	 2
9.5a 
 9.6a
 
L 18.6b k58) 5.8b (64)
 

M Pan 19 
 H 

9.Oa
 

L 	 7 .5a (21)
 

M Ven 77 
 H 

13.5a
 

L 

12.2a (21)
 

a 	 Clones which were evaluated as susceptible to production constraints in the respective locations.H= percentage of plants with higher yield than the plot average; L=percentage plants uith lower yield than 
the 	plot average.

Data taken from four replicate plots of 
30 plants each. In parentheses is the percentage of yield increase
 
obtained by using cuttings from high yielding plants.

The 	figures on the same 
column are not significantly different at 
0.05 level of the Duncan Multiple Range Test.
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VIROLOGY 

Method for the detection of double-stranded ribonucleic 
acid (dsRNA) in
 
virus-infected cassava
 

Many plant viruses produce detectable levels of viral specific
dsRNA during their replication cycle in the plant cell. The presence of 
dsRNA in a plant is a convenient marker for detecting viral infections 
in many crop species including cossava. Since the technique does not 
require prior knowledge of the viral pathogen it is particularly suited 
for detecting unknown viruses or for viruses which lack a sensitive 
indexing m.Kthod. The dsRNA analysis technique has been developed for 
cassava as a useful supplement to conventional serological and graft 
inde-ing methods now i, service at CIAT. 

The standard procedure in. 1tides all e.xtraction, column 
chromatography, nucle tse digestion and electrophoresis step (Table 1).
Routinely 16 samples -'pi be processed at a time with resvits available 
in 2 to 3 days. liquid nitrogen should be used in the first step to aid 
in tissue homogenization and cell disruption. The extraction buffer -I 
6.8) contains: SDS ka detergent protein denaturant), bentonite (a pote..

ribonuclease inhibitor); 2-mercapt:oethanot (a reducing 
 agent to prevent

oxidation) ; 
 phenol (an organic protein denaturant) , chloroform (a
membrane denaturant); and iso-amyl alcohol (an anti-frothing agent). The 
above additives aid in the isolation of undegraded plant nucleic acids 
relatively free from contaminating proteins and other cell components. 

Since this total nuc? ;ic acid preparation contains cassava 
single-stranded RNA (ssRNA) , K)NA as well as any viral-specific dsRNA,

it is necessary to isolate 
 te dsRNA from any host nucleic acids. This
 
is accomplished by exploiti,,g 
 ? unique propertv of the dsRNA molecule;
the reversible binding to cellulose fibers in the presence of 15 to 18% 
ethanol. Cassava .;sRNA :and DNA do not blInd to cellulose at the same
 
ethanol. concentration. Using column chromatography it is possible 
 to
 
elute or wash away cassava 
 ssRNA and DNA wicA a buffer containing 16.5% 
ethanol while retaining the dsRNA Lacund to 
the cel lulose. Following the 
washing step the dsRNA can be eluted from the column in buffer without
 
ethanol. As a precaution, it is advisable to treat the 
 dsRNA sample
with nucleases that degrade any trace amounts of host ssRNA and DNA
 
still present. The final sampler can be analyzed for the presence of
 
dsRNA quickly (in 3 to 4 hr) nnd easily on a horizontal agarose gel.
Any dsRNA in the gel can be visualized on a UV light box after staining
with ethidium bromide - a fluorescent nucleic acid stain. Although

dsRNA analysis is a useful 
 indexing tool, the procedure is lengthy thus 
limiting the number of plants that can be processed. This test is most 
suitable for the production of small numbers of virus-tested mother 
plants r multiplication (i.e. elite breeding lines) 
 or for the
 
confirmation of suspected viral diseases. The rather sophisticated 
equipment, reagents, and specialized training required to do the test
 
may restrict its application to fully-equipped laboratories in institu­
tions with the task of producing certified virus-free cassava germplasm.
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The use of an antiserum to a symptomless potexvirus of cassava for virus
 
indexing.
 

Virologists at the Scottish Crop Research Institute (SCRI)
invergowrie, Scotland, are collaborating with CIAT scientists on a 
project to iden'-ify the etiological agents of several important
virus-!.ike diseases of cassava in Iatin America. The SCRI contingent
includes Dr. Bryan ). Harrison, Dr. Ange Ia M. lTennon, and Maud M. 
Aiton. The project was initiated on March 1, 1984 to last three years
until March 31, 1987. The Fr ject has been mutually beneficial and very 
productive as evi dent, !'rom the characterization and production ofantiserum to a naovel sympLogmless potexvirus of cassava within the first
 
year of te project (B.1). 
 Harrison and A.M. Tennon, personal 
communication). 

In 1983, C[AT scientists mechanically transmitted a similar virus 
from cassava (cv. Secundina) exhibiting a severe leaf mosaic and mild 
frogskin disease ( FSI)) root symiptoms, to the virus indicator hosts 
Nicot lana benthamiana and Chenopodium amaranticolor (CIAT Cassava Annual 
Report, i983) . A virus des Lgnated WF was puri fied from 
svsremicallv-infected N. benthamiana and shown to be serologicaily
related to several isolates of cassava common mosaic virus (CCMV) (CIAT
Cassava Annual Report, 198" ). A symptomless potexvirus was recently 
isolated at SCRI from 151) affected cassava collected in the Quilcac
region of Cauca, Colombia. The SCRI virus produced local lesions on C. 
guinoa and war also purified from svstemicallv--infected N. benthamiana. 
Purified virus was used for the production of an antiserum. The virus 
was shown to be serologicallv related to several members of the plant 
potexvirus group, which include a distant relationship to CCMV. The 
S'CRI virus produced a symptomless infection wheni transmitted back to 
cassava (cv. Secundina). 

In recent tests at CIAT the original WF virus and the symptomless 
potexvirus were compared seroiogicall,, and biologicaily on several virus 
indicator plants. Both viruses produced identical symptoms on C.
 
murale, C. quinoa and N. benthamiana, and were symptomless in cassava
 
(cv. Secundina) fol lowing mechanical or graft t:ransmission. likewise a
 
very close serological relationship was demonstrated in the direct 
EJISA 
test (Table 2) . Since the WF virus and the symptomless potexvirus are
 
the same virus, the W designation should be dropped to avoid
 
unnecessary confusion.
 

Symptomless potexvirus antiserum was used for indexing plants grown
in an F) endemic area near Quilcac6 (Table 3). The virus was detectLd
 
in at least one plant for each of 
the clones tested. However, the virus
 
was found in both FSD-affected and apparently healthy plants leaving in 
question the role of the symptomless potexvirus in the etiology of FSD. 
No seed transmission was detected in any of the 
over 300 seedlings
 
sampled (Table 3).
 

This antiserum also reacted with an as yet uncharacterized latent 
viral agent of cassava (CIAT Cassava Annual Report, 1982 and 1984) 
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(Tab]e 2) isolated from cv. M Col 33. The exact relationship K- tween the 
symptomless potexvirus and the M Col 33 virus is under invest:igntion. 

Compar ison of geographical isol aLtes of cassaVa common inosai c vi rus. 
VC2i is found -throughout the c,.s va-grawi"g regi on of Latin 

America. A compar i son of sp'eral geograph ical isolates was contducted to 
deterwine if (CM' e:ist- as hoilogical (hiost: rangoec or serological 
strains. T. occ11--nce of dlistinct nt ci is .,ould mal<e Virus iinde'"in, 
didficult lheccuse mot cin one evt I't ranrq plants or N range of 
ant iso ra would le ,.,-i'pd. caI 7so1ateqs, oU from 
Brazil , 1i- B i ab romt Pa rathree t ad d one ay were i nocnl ] ted onto 
a set of difiFPe !I host m o [ic ::v (Table 4). 

All the iso Oto in Lecrd each t e hosts ioculated. However the 
Paragua'an isolit e c i'n; 1teat l' p)re ioted tie most s'evere react ion on 
cassav , . ei titti ina, aid R U\1jIm coouwl , wheres Ci l o| ianp isolate 
U prodlc d(1 the i -st reia!t i'on inul' I 11(1itt. a t ( !, ,'5 vmpvon infect: ion onil 
ca'ssava. There are ur icI tr ,i t re cc" to maintta in eipar tw i soiat: e 
deign nt- o t-s and C, lombian !! o o therh at,1un.v isolites * ' n, 

Nieves, ft I and Pl 1 " 
 ''- range react otis .,eretf ,,, s;li at to he 
maintaincd ai selract iso cIates. An tiserum develotpud i t lAT to the 
,Niex as i solate in c:,pab Ie of detoct-inr :ll tHie i solat es; in infected 
cassava and isa-o t iielv tse, for virus inde-:io , 

E~feot i i natttglate on the incidence of a severe leaf mosaic 
disase on the ca ziav c one .:tc ndt 1 i in .ulcace , t.Ca 
The cassava c Iop'" Stcttd ima s nat ive to the %orth Coast of 

Colombia, where t pr zY acceptable , I ds until the outbreak of the
 
Caribbean mosaic hiae . (, 
 D t (FIAT (C iv, Annuil Re ,ort, 1981).
 
Secundina is extremelv susceptille to CM) i foction (CIAT Cassava Annua?
 
Report, 199V) and 
 so tfor is the only clone to exhibit lUaf mosaic
 
symptoms on the (olo 
 bian N'rth oasat I -er trials demonstrated the
 
extreme suisceptihib ilv of 
 Secund -m to other viruses and virus-like
 
agents including CCIV, a latent disease (C1AT Cassava Annual Report,
 
1983) , and the FSI) (CTAT Cassava Annual Report, 1.982) . The unusual.
 
susceptiblity of Secundina has bean exploited by using stakes 
 of this 
cione as virus indicator scions in graft indexing. When Secundina was 
planted in a FS) endemic area it was one of a few cloneq that produced
aboveground symptoms and the only clone to e:-:press a severe leaf mosaic. 
The ocour-_nce of leaf symptoms on Secundina was not always correlated 
with the -xpression of FS1) root symptoms. 

Secundina was included in a planting date trial in an FSD endemic 
area near Quilcace, Cauca, to: (1) observe the incidence and rate of 
dissemination of the severe leaf mosaic agent; and (2) to cuiipdre the 
incidence of FSD in Secundina to other clones planted in surrounding 
trials. The first planting date was on April 5, 1984 followed by
approximate monthly plantings (with the exception of January 1985) until 
March 20, 1985. The incidence of leaf mosaic was assessed at least two 
times for each planting date. 

Disease incidence varied from month to month but the dissemination 
rate over the course of the experiment was rapid (Table 5). Nearly 100%
 
of the stakes planted between April and August, 1984 were infected
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within 3 1/2 monthr. The rate of infection appeared to slow between 
September 1984 and March 1985. Disease incidence in these plots did not
 
reach 100% even after 6 1/2 months (February 13/85 planting). However,
 
the final incidence was still at 
least 60% (March 20/85 planting).
 

Results from prior expei iments suggested the role of whiteflies in 
the transmission of FSD (C(AT Cassava Annual Report, 1982) and the 
Secundina leaf mosaic (CIAT Cassava Annual Repoet, 1984) . The 
population of adult whiteflies was estimated at the time of planting and 
on each evalation date. Whiteflies were consistently observed in the 
trial but rtere was not a clear correlation between the estimated 
populatio, and disease incidence. Whitefly counts should have been taken 
at WP-K1 V intervals t o more accurately account for population
fluctuation hut the distant location of the trial prevented more 
frequent sampl ing dates. 

Root symptoms of FSD were identified on only two plants in the 
entire trial at the time of harvest. The incidence of FSD in adjacent 
plots of susceptible clones was also low with the exception 
of cv M Col
 
113. The role, if any, of the apparently vector-borne Secundina mosaic 
agent in the etiology of FSD is not known at this time. The incidence 
of the mosaic disease is many-times higher than the incidence of FSD in 
the area. If the mosaic agent were the sole cause of FSD one would 
expect a higher 1S1) incidence. Since this is not the case the mosaic 
agent is either not involved in the etiology of FSD or part of a viral 
complex. The latter hypothesis (CIAT Cassava Annual Report, 1983) can 
now be tested with the availability of the symptomless potexvirus
 
antiserum and the identification of 
the mosaic disease on Secundina.
 

Proposed cassava virus nomenclature in light of recent information.
 
Virus nomenclature evolves as the level of characterization for 

each pathogen increases. Such is the case with the cassava viruses 
under investigation at CIAT. In the 1983 CIAT Cassava Annual Report, 
a
 
list of viruses and a virus-like disorder was presented. This year it
 
is possible to update the 1983 based on recent
list developments in
 
cassava virology (Table 6). ' The nomenclature will continue to change

with time until each of the viral agents are isolated and completely
 
characterized.
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Table 1. 	Detection of double-stranded ribonucleic acid (dsRNA) in
 
virus-infected cassava.
 

1. 	 Freeze tissue in liquid N. and powder by grinding in a mortar. 

2. 	 Extract tissue in a mixture containin, STE buffer, SDS, bentonite, 
2-mercaptoethanol, phenol, chloroform, and iso-amyl alcohol. 

3. 	 Shake mixture at IT for 1/2 hour, centrifuge for 10 min, collect 
supernatant, and adjust to 16.5% ethanol.
 

4. 	 Add CF-i1 cellulose powder, shake at RT for 1/2 hour, and load into 
a small column. 

5. 	 After column has formed wash with STE:16.5% ethanol and elute the 
dsRNA from the column with STE buffer, and precipitate overnight in 
70% ethanol. 

6. 	 Centrifuge the precipitated dsRNA, dry pellets under vacuum, 
and resuspend in STE buffer. 

7. 	 Treat with nucleases to remove contaminating host DNA and ssRNA, 
precipitate in 701 ethanol, and resuspend final dsRNA in electra­
phoresis sample buffer. 

8. 	 Load samples onto a 17 agarose gel and electrophoresce for 3 to 4 
hours. 

9. 	 Stain the gel in ethidium bromide and check for the presence of
 
fluorescing dsRNA bands on a UV light box.
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Table 2. 
Some serological relationships of a symptomless potexvirus of
 
cassava.
 

Leaf sap dilution a 

Virus isolate
 

1/10 1/50 1/250 1/1250 1/6250
 

Cassava com•onmosaic virus .147 b .133 .134 .127 .126 
AS3]at-c I' 

tincharacteri:;ed latent virus 1.334 1.170 
 .478 .223 
 .140

]solnlt-e "! Co] 'i 

Uriginal 1%F vlr .; 1.979 1.921 1.061 
 .466 .205
 
W IA,\T 

Symptomi ess potexvirus C 1.850 1.778 
 .893 .359 .182
 
(SCRT 

Each virus isolate was ma in tined in Chenopodium quinoa. 

b Average A 0 ,"n rhanc e of EI1SA r e1 i c,!e; . The A, of a 1/10 dilution ofleaf sap rom a heilthv pl ant wi TwVint e A. 54. Two t4i0es for the healthyA o h ea y
plant controI is co -;idered pus:itive renctioni.
 

tomologous anti serumT 
 used in EI SA test was produced at the Scottish Crop
Research Institute, (SCNI,). 
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Table 3. Results from ELISA indexing of clones and seeds collected from 
virus-infected plants from Quilcace, Cauca, Colombia. 

# EIISA Positivesa # EISA Positivesa 

# Plants Testedb # Seedlings TestedC 

CM 321-188 
 3/8 0/35 
CM 922-2 4/8 
CM 996-6 3/8 
CM 962-4 1/5 
CM 975-1 2/9 
CM 955-2 1/5

CM 1335-4 3/5 
CM 1305-3 3/6

CM 342-170 0/19 
CMC 40 
 2/8 0/44

U COL 113 3/7 0/208 
M COTL 1684 2/7 
QPR 
 6/6 0/10
 

a Antiserum to the symptomless potexvirus was used in the EiISA test. 

b Stakes were collected from randomly selected pints in the field 

and sprouted under glasshouse conditions. 

C Seeds were collected from graft-ndexed positive plants. The 
seeds were germinated in the glasshouse and the seedlings sampled 
by ELISA. 



Table 4. Host range comparison of five geographical isoiates of cas ava ccrnmn os ic virus, (7arv'v 

Chelolpd ilJn 0-2nopodiun Chenopodiun Fuphorbia Nlanihot NicotianaaaM_ tiTh-color nrale 	 Ricimsqmnoa prunitolia esuea bentha1-Lna conuns 

Isolatesa noc. b Ss. C Inoc. qys. In(oc. Sys. Inoc. Svs. inoc. Svs. Inoc. Sys. inoc. Sys. 

Brazil local -
Nieves 	

ocal - local - :,yrptc]r- Snpt,- e Severe T---] Severe.ievereAesi ons T esions Tesions less less ',)saic m-osaic jesios 
.i id M'ild 

mcs-c rmcsaic mosaic 
Colombia Tocal - Tocal - Tocal - Smmtcon- St >LIldS}t-BPL ! 	 'ild T Cl Severe Klldlesions lesions 	 Mi-Ldlesions less 	 rless amosai osaic lesiO1 .mosaic mosaic mosaic 
Cclmnbia Local - local_ - local - Synvntcc- Sirto,- Sev{ereBPt,. 2 lesions 	 Sever', cea]. Severelesions lesicns less Ies TmaJ 	 Ver" Veryos;aic Te-,nsniAs ic ild mild 0 

o1saic mosaic 
Colaribia Local local - Local - Svmpton- , ')tc(Xn1- S'-tc, Sxmptax.- 1ocalU lesions 	 lesi ons lesiors Ring- Very V'ryless ess lss less lesions qots 	 mild mild 

,mosaic mosaic 
Paraguay 

- Tcal ocallocal - Svptom- Svm7ptco- Severelesions lesions lesions 	 Severe l oca,-l Se-,€re Severe Severeless Iess 1)saic msaic lesions mosaic mosaic mosaic 

a See 1983 CIAT Cassava AnnuaL Report for Brazilian and Coloonbian isolae desimaticOs. 
b SyMPpto expressed on inoculated leaves. 
c Systemic reaction expressed on non-inoculated leaves - A (-) indicates infectious virus could not be recovered frco non-inoculated 

leaves. Virus could be recovered from svtrptomdess E. prunifolia leaves. 
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Table 5. Effect of planting date on the irridence of a severe leaf nsnic disease on the cassava clone Secundimi in 
QIficaci, G:11ca. 

E:tigt-ed populathion of adIlt "-dAtefliesh 

Days after % Infected RaInfa l 
Planting date germination plants a em/imiuth At planting At evaluation 

April 5/84 13 (5/3/R40 3 432 l ow r.bierate 
53 (6/13) 62 HfIgh 
81 (7/11) 100 Maeraze 

May 3/84 25 (6/13) 54 231 low 111gh 
53 (7/11) 1CX) terate 

June 13/84 i3 (7/11) 0 374 111gh low
 
49 (8/16) 0 III, l 
82 (9/18) 38 
 Wderate 

105 (10/12) 89 Wderate 

July 11/84 20 (8/ P6) 0 105 low Hfigh 
53 (9/18) 15 R-derate 
77 (10/12) 100 txierate
 

August 16/84 16 (9/18) 0 90 111gh lkxierate 
40 (10/12) 64 MVxterate
 
84 (9/21) 100 
 ?bderate
 

Septenher 18/84 
 10 (10/12) 0 280 1'derate tbderate
 
49 (11/21) 72 
 Maxlerate
 

October 8/841 35 (11/2t) 9 ".xterate
340 lbderate
 
187 (5/23/85) 83 
 cdr
rate
 

November 21/84 13 (12/19) 0 
 72 ader'ite l ow
 
167 (5/23/85) 71 
 Mxlerate
 

Dece.ber 19/84 0 (2/13) 0 72 Low 
 T(cl 
77 (3/20) 14 
 Maderate
 

139 (5/23) 88 
 Mbderate
 

Febntmay 13/85 22 (3/20) 0 32 
 low Maderate
 
85 (5/23) 75 
 Mxlerate
 

196 (8/14) 79 
 No data
 

Mahrch 20/85 48 (5/23) 60 
 40 Mbderate Maderate
 
13P (8/141 60 
 No data
 

The average percent Infection for 3 plots of 25 plants each. 

b 'Me average nuder of vldt:efltes captlred from 3 leaves from 5 different jlats. 47, 1(0 ',iiteflies/plant; 

rTderate= 10 to 50 tdAiteflle./plant; and high= 50 witeffles/plant. 



Table 6. A s-mmary of the infornution currently available on the etiology and detection methods available for cassava 
viruses and a virus-lke disorder under investigation at CIAT. 

Mode of trananission Inde~xng methods available 

a Svmntcrs on Grafting to
 
Viruses 
 cassava Iechanical Seed Vector Secundina EUISA dsRNA 

Cassava ccxmn mosaic virus 

Type strain WIild mosaic Chenonodium No(Nieves and BPL isolates) NO Yes Yes Yesquinoa
 
S,.ntomless IsoLute Synptcmless C. Muinca 
 No No No Yes Yes 

(Uiaii isolate) 

Severe isolate Severe mosaic C. auinoa No No Yes Yes Yes
 
Svrrmtcraless Pote-xvirus Svrptonless 
 C. fmaranticolor No No (?) No Yes Yes(tUT) 7. benthLaana 
Severe mosaic virus Severe mosaic, No - ,hitefly(?) Yes No Yes(?) 

leaf distortion,

stunting in cv. 
Secundina 

Caribbean mosaic virus %bderatemosaic Mo - 'hitefly(?) Yes No Yes(?) 
Latent virus Sqptomless in No - Yes No Yes 

some clones 
Severe mosaic in 
cv Secundina

Frog Skin Disease Severe root No No - Yes No Yes 

distortion 

Virus-like disorder 

Shoestringingc 
Severe leaf No F seed from No NO NO(E.T.) narrowing and No 

ctosses 
distortion involving a 

very linited 
nunier of parents 

a Proposed virus ncmeclanture in light of recent information. Refer to 1983 CIAT Cassava Annual Report for description ofisolate designations in parentheses. 
b A (-) indicates data not available. Preliminary results are foliced by a (M). 

c All available information indicates that the shoestringing disorder is not caused by a virus. 
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CFRMPLASI' A;P PPFEDTNC 

Objectives and Preed ing- trategy 
The prinrici pal object ives of ('.. T' s nssava breeding ativities ie: 

to conot-ibute to ,ieli Iitvita[s and .il,ld increases -n farmers:' fields. 
To a'!I i1Ve these oh)oct iv.'es, ClAT prny fde: superior ccrrp ass to 
11naion a l r agnc -In,! jointiy nitiorna! programt rc! les, works with 
sqc ien t i s t- "1 ,el1c '(1:i' Tr' s o r vatho t ir ,nr. the "d o oa, r ca 

(,enter lh- :_ 

;l J-ili1 itI-. I ' ift io , tie ,odaph -cI rit c d i,.'er it, 01 Co lo I1ia and 
a 1,1l t i til . C. 1kt , d p,,thog1els1 proI1 ie t1Y' tmment, I ' 1 _ erti.elv 
sel ect 1 g or !,l t t r; it nf 1 nter e! t t na t )II 1 ) rn1-ra 17 . 

germp i. ii IA'! an i 1l .l,, wide range o genetic 

'v,_,r t I ::, tIo -pec ; F i com Ia t ions () 1 1'aracter required by 
SlrtHici(r cniti.. Win- wit-in rount''Ues are ;o dI verse that: the 

n " I s ee t ico 'r. 1 tode1 r l e in the c01! tries th .r.-elves 
'i1.s C ATi role 11r; r Iv to proid fipro pools whichn 1 , r, ed gene from 
up(eri;r, 1o('011 iv piditu d cln ,' co, 1, noe ect-, or wiich can be used 
it cro. cs l(co i 1 ..... t- wi t:lth ' -0 ipt c V 10e 

'IO produce er, p rr . <iversity of- local c(r, it inns wIli le 
I TruI tatlleusI v r t :I'n !,,wnd ceurap1 ic c verage regu i red of an 
uiiternat i,ni center, %.i ciI:1ns; ies COsVa. v growin g 01r s into si' 

ecOaphocl r):tIc ::oses P('n:F l These have been de-cribed in detail in 
A,-T-_i,1s axid iprevious CIlA' ,eports' , are sum rinr ed in "fable I Each FCZ 

has a uri one cofo, in, t ion oF soJl c ndit ions, climate, pests and 
diseases;. 

Ireed inn triais up to the advanced yield trial stage of evaluation 
ore carr ied (-it at six sites in Colombia, which represent five of the 
s i::edaphcl imati c 'ones (Tab I e ; Fi.gures ad ). Selections from 
,,dv,nced "'ield trials enter a reponal trial network for testing over a 
wide ran, i - ,ites wi thin a given !El: . The rogi01a1 tr als are managed 
.Cii' I1 Ith tlIe Inst Ito to Colombiano Agropecuario (ICA). The objectives 
of the r eg na tria1l are to i dent ifv clones with potent ial as 
var'(I its per se ei tler For Colombia or other counntri es, or with 
potontial as cr ,;r parents for use either 1:.,CIAT or national programs. 

Nat ional. progran. receive basic or improved germplasm as clones (in 
vitro) or as bntanical seed. in general the better developed breeding 
programs prefer seed introductions, as far more genetic variability can 
be managed ar compared to clonal introductions. This increases the 
prolability of selecting superior clones for local adaptation. Tn 
recent years, several national programs have requested specific crosses 
designed to upgrade their best clonal materials by incorporating 
specific, characteristics. Clonal introductions, however, remain an 
important means of germplasm exchange. 

Germplasm Tntroduction, Evaluation, and Utilization
 
The germplasm collection, which currently contains 3,818 accessions
 

(Table 3), is the genetic base of the cassava breeding program.
 
Germplasm accessions are evaluated in various selection environments to
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identify sources of resistance to diseases and pests, and to identify
 
individuals having good environmental adaptation and agronomic traits.
 
Such individuals are used as parental materials In the breeding program.
 
Outstanding accessions may become recommended -,arieties.
 

During 1984 and 1985, germplasm accessions were evaluated in single
 
row trials at selection sites in ECZs 1, 2, 3, 4, and 5. Tables 4 and 5
 
present evaluations of damage levels caused by diseases and pests which
 
were prevalent at the various selection sites. At Media Luna (FCZ 1), 
damage levels were evalated for anthracnose (Colletotrichum or 
Glomerella spp.), brown leaf spot (Cercosporidium henningsii, white 
leaf spot (Phaeoramularia manihotis) and Oligonvchus mites. A small 
number of clones showed very low levels of damage by brown leaf spot 
disease. The resistant clones having other desirable traits (such as 
high yield and dry matter content, good plant growth habit, and 
resistance to other diseases and pests) will be used as parental 
materials. 

Anthracnose, bacterial blight (Xanthomonas manihotis), and super­
elongation di;ease (Elsinoe brasiliensis) were evaluated at Carlnagua in 
ECZ 2 (Table 5). Carimagua generally provides high levels of stress due 
to these diseases in the first sciester planting, allowing the reliable 
identification of sources of resistance. At Florencia in FCZ 3, around 
1)00 accessions were evaluated For anthracnose, blight leaf spot 
(Cercospora vicosae) and superu onpation disease. Under the relatively 
low disease pressure currently present there, good levels of resistance 
to all three diseases were identified.
 

Around 11() germplasm accessions were evaluated for thrips damage 
at CTAT-Palmira (FCZ 4) where thrips and mite populations are usually 
high enough to provide reliable information on resistance levels. At 
Popayan (ECZ 5), we are evaluating the Argentine, olivian and the bulk 
of the V.razilian germplaom accessin:,s for adaptation to a tropical 
highland ecosste-. 

flverall evaluations of roots and foliage, as well as of yield and 
dry matter are used to select premising germplasm accessions for 
advancement in the selection program. Cermplasm accessions (land races) 
play a particularly important role at the ECh I selection sites. Of the 
15 top yielding clones in the first semester 1984 yield trial at Media 
luna, 13 were gerr.,lasm accessions. About one half c& t; parental 
clones in the breeding populntion for this zone are geruplasi 
accessions. 

At Carimagua and at CIAT-Palmira, enounh progress has been made 
through hybridization and selection that very few germplasm accessions 
perform outstandingly relative to newer hybrids. Thus, none of the 15 
top yielding clones in the CIAT and Carimagua !984 yield trials were 
germplasm accessions. The most promising germpiasm accessions in these
 
environments are included as parental clones in the breeding populations
 
to provide sources of new variation.
 

There are plans for collection of cassava germplasm in regions of 
Central and South America which are not well represented in the CIAT
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cassava germplasm collection. Arrangements are being made for the 
acquisition of the major Asian collections, and African mosaic virus­
resistant materials are being sent from ITTA, Nigeria. These new 
materials will broaden the genetic base of the cassava breeding program,
and will be useful in providing important sources of local adaptation 
and disease resistance in seed produced for nat ioal cassava breeding 

programs.
 

Gene Pool Improvement and llvbrid Seed Production 
Gene pools for breeding are defined according to the constraints of 

the v r ions E-U s . (ene pool., are being develop,-!d for adaptation to FCZs 
I, .- , and 6. However, there is considerable genetic interchanpe among 
pools, opeacillv between thor o for EPC./s I and 2, and between 2 and 6. 
Tlhese -CZ-specif ic gene pon!, are continuouslv being improved through 
incorpor-ati on of e lected new orriplasm access ions aind by recurrent 
selection. 

Hybrid seed is produced b both controlled poll in tions and by open 
pollination in isolated pol vcross blocks. The number of cilones included 
in each crossing block varies by veir and by gone pool. G'eneral I y the 

aind .2 pools c(1 PCZ 6-CZ 1 ECZ i.nclude obIcit 30- clones eaci;, and 5 and 
about 1)-i each. eparate pool; are not ,stabislied !or I'CY 3 or 4. 
For zone 3, parental se!ection a1'd ( t of criteria areLinit:ion selection 
still underway. For -cnie -14, adequate selectioii-; can be made from other 
gene pools since al. pro,2env are Tr;aintained at (IAT-Palinlra through all 
stages of selection at tle other se'ection sites. 

Seed production during last vear is given in Ti le 6. Sufficient 
reserves of see2d (mostly open pollinated) are kept in stock to meet most 
requests. 

Pollination bioLoy
 
The use of- open pollination scheynes in cassava is an alternative to 

the labor-intensive production of controlled cro, ;es. Though only a few 
national programs ore making controlled pollnations, several have 
recent]v begun producing, cross pollinated seed in various polvcross 
designs or otlher open poll ination schemes. Two potential problems arise 
from the usae of- open pollination i,: cassava, first, because flowering 
in cassava is highlbv a orclronous, and different clones vary widelv in 
flower pro(ducrion,, random rerombinatior among cIones is virtually
4 mpossible to achieve. Second, since there is no control against self
poll inatioi:, inbreeding effects ma ari se in the open pollinated 

progeny,.
 

The cassava i terature gives wide]," cnflicring information 
regari ng thIe po Ilinatio1tm biology of cassava. Some reports indicate 
mostly wind pollination while others show exclusively insect 
pollination. Since increasing use is being made of open pollination 
schemes in cassava, it has become important to understand the dynamics 
of cassava open pollination. 

Pollination agents. The e:xtept of wind pollination was studied 
using two methods. First, 120 microscope slides, covered with a sticky 
substance to trap airborne pollen, were placed at a distance of one 
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meter around the perimeter of a cassava field in flower, during three 
different periodr:. No cassa,' pol..len grains were observed oni these 
glides. Second! ,., about W(i female H ower, wer, covered wi tlh mesh lags
Ilhich al ou.dL the 0lrcr !f carried but 
of pollin ryn insect-P. ! m :11 o: the,e flo,,ers, a , g P need was 
prodlcedW , ,, , pthor rentin r::.:wiun of 4)0 re- s ). l , 

O ' o wind p-llen, o:-cc liied entrnnce 

"0in t studies! ! ::.. ...'(:2.I ..-, 1.. 
n
.a.. ,e a ,."O pol linat-ion in ca'- a',va underrondit f, p!- ,! ,\ - : r . tho 

::teiv.e0 )2r-Pti omc were Ade(, K ins;ets. t tir mate and 
-e!nale can -v.erk,, . o of th,eir- a tivir tvx'. iin the avers N O e 
7). The ro iisioin w:- : :t the c <-o h-,, ev e' ,t X i ij t I er:) is the 

P incia l A nzci100pl a t . rh 40's i 'lt 'f' p nomaf 
1 1 710 W' to ' 0 ''!" A' Ph c' 'ir' i the perh n roi ie',
 

up thounh Cfl ern e" . -pen s( iit I
A Wilai- in',ll ]II , nectara'nd pollen -:H,,plfen Cr-, r:pidlv de:pleted and, v!"Ats W,. 500 ,y ~ r a 
c e as;e a f t e r ) : p M( ;'A r.. od( i e d ia te l, s,ip y-t h~ep e ri n ml .Ca ],o'. !p in th e q i

I ' a' if IhIIoh '" c i: ' !'ao~ tc 1 It1\ 

individual ,v c .T, ,. ThI!e t-;:, H.'tic!h elap" W,.r. n,': nee s ,eisit 
.to an i d idaln f i ini,, r Iess tAt n ".:0e '-'i s ' n( l'c 


wi thl .t meat"n' 01 su r - ', v'
Tubal; i nq P per it. 

I e •;xo'ai i- a 1 . °: e;a a jntIau ~ ia a; IU'o l Ie T-, : ,? ]:0,n' L in N 01,d H o e, 11:t- ,,c} el!, ,,,,, !, 

ne'essary r ut,'l F'.ft ea
 , -rn pa)1 1 ;mo,v' reu' t in ordor t desfin a 
recombin ationt'il fie,, ,.,,in rv:,:imum int.ProrqA n- ,i moug , lones within a 
crossing block, 0I :' .';iwnii ,.i1 , conta iiat io! r, r-hi n , outside of 
the crossing hinck':. Pal en r:oveient w :s 17,1i11! V 1 1 pI os­placing 

phorescent powdet 
 on male Floers of- an iudividual p'anc and observing 
its diustrib tI n t-lraunou a cr1 ' ;lag field. "n'ale and male fowers 
which openad on the' nme da w'ere coalecte, aNd obser'- under I' light.
Even a single grain of pn'.dor on a , r ivat igri read observab 1e.
 
"inetv-tihroe percent o" the powder wan diat-r 
 l-utedt vithu i: a Wiiius of i) 
m. and the ra::imumuu ii:tn:pue from the r'ou*rce w: is- m. 'lhiq c'ai Ims our
 
earlier studies odl'caing that 11? m of isolation adequate
are to avoid
 
all but very low levels f 'ontfc inmantion by foreign pollen. It should
 
he noted, however, that these 
 data may not ' universal lv appllicable,
 
espeoc',llv when other in 
 ct species are the principal pollinating 
agents.
 

levels of self polIliat 'r in cassava.U open-pollinated No reliable 
data exist on levels of selfineP in cassava when cloneq are planted in a 
polycross design. ',-:e addressed this question hv using marker genes 
(light vs. dark root surface color), and comparing the proportion of 
progeny from emmascuiiated and nonemasculated nI ants which were 
homozygous recessive (light color) for 
root color.
 

Results using qi:,: clones showed a range from f0 to !497 selfing, 
with a mean of 207. There appeared to be some relationship between 
level of selfing and the proportion of male to female flowers. bigher
levels of selfing occurred in clones with proportionally more male 
flowers (Table 8). A mean selfing rate of 207 should be acceptable, 
since progeny with inbreeding depression will he 
quickly discarded In a
 
selection program. 
 lower levels of selfing in prolifically flowering
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clones could be achieved by partial emasculation, either by removing
 
some of the male flowers, or by removing entire branches.
 

Selection Mlethodology Studies
 
The move toward further decentralization in cassava breeding at
 

CIAT a few years ago was based on mounting evidence of Genotype x
 
Environment interactions between cissava clones 
and the six loosely
 
defined edapho-climatic zones where cassava is cultivated (Table 1). At
 
that time a methodology study was initiated to improve selection
 
efficiency. Fifty individual plants were randomly chosen from an F
 
field. At harvest, data were taken on plant architecture, root anA 
foliage yield, root form and root dry matter content. Each clone was 
then multiplied, and in first semes;ter of 1984, all clones were planted
 
in a simulated selection field with two stages of selection-- an FI C
 
(individual plant per clone) and a replicated yield trial. The trial 
was planted in Media L-una, Carimagua and CIAT-Palmira. Data similar to 
those described for the wereF1 taken, as well as disease and insect 
resistance evaluations. The principal objectives of this study are to 
evaluate efficiency of selection 
 for diverse agrnnomic characters,
 
comparing stages of selection .d selection sites. 
 The experiment will
 
be carried out for two more seasons, to obtain data on (enotype x Year 
and Genotype -.: Year x location interactions. 

Prelimi:,arv data are now available. A simple measure of potential
 
selection efficiency is the correlation coefficient between the
 
comparisons of interesL. The advanced 
yield trial is considered to most 
nearly represent performance of a clone under commercial conditions. 
Thus, one of the principal questions to be answered by this study is: 
with what level of confidence cart a particular character b selected in
 
the early evaluation stages? Tables 9-12 show linear correlations
 
between various characteristics for the F or FICI trials and the
 
advanced yield trials at the three sites.
 

Architectural traits (plant height, height of first branch, and 
number of branching levels) were generally highly significantly
 
correlated between the FIC and the yield trials, both within and across
 
sites (Table 9). Thus, any of the three sites could apparently be used 
with nearly equal effectiveness to select for architectural traits for 
any of the other sites. Also, the F plants (from seed) had nearly the 
same predictive value as the F 1 1 plants (from stakes). It is 
interesting to note, however, that there was a significant change in
 
plant type in seed vs. vegetatively propagated plants. The seed
 
propagated plants branched later (greater height of first branch) and
 
had fewer braniching levels (Table 13). This should be taken into
 
account when selecting for a particular plant type. A moderately
 
branching plant 
type in the seed propagated population is likely to be
 
excessively branched when stake-propagated.
 

Few of the architectural traits had any predictive value for yield.
 
In Media Luna, plant height and height of first branch in the F C had
 
a significant correlation (5% level) with yield in the yielJ 'trial,
 
while in Carimagua, early vigor and number of branching levels were
 
correlated with yield (Table 9).
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Selection for yield in the FI C was indicated to be effective only
 
on a site-specific basis, and not effective in the (Table 10). The
F1 

only exception was a low but significant correlation between yield in
 
the FI at CIAT, and yield in the yield trial at Media Luna. For Media
 
Luna and Carimagua (low productivity environments) root yield per se in
 
the F C had higher predictive value for root yield in the yield trial 
thandi harvest index, while at CIAT (a high productivity environment) 
neither harvest index nor yield in the F C was of value for predicting 
yield in the yield trial (Figure 3). 

Root dry matter was highly significantly correlatod among all 
selection stages within sites, and between CIAT and Media 
L.una. Thus,
 
root dry matter content can effectively be selected for at the very
 
earliest stages. In Carimagua, because root yields were very low, only
 
13 samples were available for dry matter analysis from the F CI 
and no 
correlation was found between the FI C and the yield trial (Table 11). 

General subjective evaluations were made on tops and roots at
 
harvest in 
 all trials except the FI at CIAT. These evaluations are an 
integrated measure of pla .t type, disease and insect resistance, and 
overall appearance (for tops); 
and of root yield, root form and overall 
appearance (for roots). Either of these evaluations was nearly equally
effective in the F C for predicting yield in the yield trial at a 
particular site. These evaluations were as effective or more effective 
than either harvest Index or yield itself in the FICI for predicting 
vield in the advanced yield trials (Table 12). 

These data suggest that a simple selection based on a subjective 
evaluation of overall plant and root appearance may be the most 
effective and efficient selection strategy in the early stages. Results
 
need to be reconfirmed, but they do indicate the importance of
 
integrated evaluations. However, it must be cautioned that the
 
effectiveness of such subjective selection would also be highly
 
dependent upon the expertise of the breeder.
 

Selection of Elite Clones
 
ECZ I (lowland tropics, low rainfall, long dry season)
 
Advanced yield trials. 
 CIAT cassava breeding trials were harvested
 

for the first time at the ICA station at El Carmen, Department of
 
Bolivar. This site is intended as a secondary selection site for ECZ 1,
 
with Media [una, Magdalena as the principal selection site. The two
 
sites represent a range from low to intermediate productivity conditions
 
within ECZ I (see Table 2).
 

All stages of selection, from the FICeI through advanced yield
 
trials, are carried out in Media Iuna. Clones selected in the single
 
row trial in Media luna are advanced to a preliminary yield trial in
 
both Media Luna and Carmen de Bolivar. Selection in the preliminary and
 
advanced yield trials will. now be based 
on combined performance at both
 
sites.
 

Due to space constraints, the trials at Carmen de Bolivar 
were
 
planted on a hilly, poor section of the station and mean yields were
 
very low-- only 6 t/ha fresh roots (Table 14). Nevertheless, some
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hybrids and germplasm accessions yielded well even under these high
 
stress conditions, while the local variety, Blanca Mona, yielded only 2
 
t/ha fresh roots. Highest yield was shown by the hybrid CM 1223-1,
which has also done we] 1 Tin Caribia, Media 1una, Carimagua and 
CIAT-Palmira. Tie object ve of having two major selection sites within 
ECZ I is to produce clon- having broad adaptability within the zone. 
Data will be analyzed o er the next few years to determine suitability 
of both of these s tee for select-ion over the wide range of conditions 
found in ECZ 1.
 

TIn Medi a una there are now many c1ones with high yiel.i potential 
for both first and second semester plantings (early and late rainy 
season, respectively) (Tables 17) and 16). The tirst semester trial in 
Media Vuna suffered extensivelyv from poor germ iiation, apparently due to 
a combination of climatic stres;ses and DiPlodia infection. In the Media 
Luna area, DipLodia has become a major prohlem In the last few years
because of increasing intensity of cassava cuItivat ion and therefore 
shor ter rotat ion cyc I es . rhe Pat ho logy and Breed lug sections are 
working to develop ciones resi s;tant to ]_i1odia as one control measure 
(see Patholojyv section). 

Due mai l,' to thi,; poor germiatlo , mean vields in first semester 
were lower thani normal i 11 t/ha fresh roots). Several new introductions 
from Cruz ilas Al nas , ,ra. I l and from a collection in the Colombian 
Amazon region sho%,ed very good vieidFe in firsft semester, with acceptable 
root dry matter.
 

The combination of good vield witli high root (Irv matter content (> 
30%) continues to be a major selection objective for ECZ I. It is 
relatively easy to produce high yielding clones with low dry matter, but 
much more difficult to combine good plant type, high yield, high root 
dry matter, and adequate disease and insect resistance. The most common 
clone on the ',orth Coast is Venezoiana ((?IAT accession M Col 2215).
Although no clone approached the high dry matter content of Venezolana 
in first semester (377), several clones yielded considerably more and 
had acceptable dry matter. 

Root HCN in the N!orth Coast trials tends to be higher than in other 
sites. The reasons for this are not fully understood, but are probably 
due partly to soil and climatic effects, and also 
to the germplasm base
 
which has been utilized to develop the FCZ 1 gene pool. M Col 1684, 
very high in tICN, was used extensively as a cross parent in the past.
For fresh consumption of cassava roots, 1ICN levels should be less than 
100 ppm CN , or about 7 or less on the 1-9 scale used by the Breeding 
section. i-ow tCGN clones have been used more extensively in recent years 
to bring down the overall level. of root HCN in the ECZ I gene pool. 

One of the major cassava growing areas of Latin America is the 
Northeast of Brazil. Although a highly diverse region, much of 
northeast Brazil can 
be considered to fall within the classification of
 
ECZ I (low rainfall, long dry season, insect and mite pests as important
 
yield constraints). Some of the best materials in the early rainy (A)
 
season yield trial in Media Luna were local varieties from the Northeast
 
of Brazil, maintained in the CNPMF, Cruz das Almas, germplasm
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collection. This provides one test of the appropriateness of the 
Colombian noith coast as a selection site for Brazil's Northeast. The 
reciprocal test of adaptation In the Northeast of germplasm selected in 
the North of Colombia is presently underway, based primarily on
 
performance of segregating populations.
 

Regional trials. During the 1984-85 growing season, eight regional 
trials were planted in the North Coast region of Colombia in the 
Departments of in Magdalena, Atlantico, Sucre and Cordoba, the most 
important cassava production region of Colombia (Table 17). Five of 
these trials were planted near the beginning and three near the end of 
the rainy season. late rainy season plantings, though presently of low 
importance, provide a potential means of extending the availability of 
cassava in the market throughout most of the year. 

Based on combined performance across sites and seasons, the highest 
yielding clones were M Col 1505 (CMC 76: Verdecita), M Col 1684, M Col 
2215 (Venezolana), N Ven 25, CM 681-2, CM 922-2, CM 1223-11, CM 1305-3 
and CM 1533-19. >1 Ven 25 and M Col 1684 showed highest stability of
 
performance, yielding equal to or better than the 
 trial mean across all 
sites and seasons. Ven 25 is know¢n to have extremely high root IICN (> 
300 ppm CN , in dried chips) and should be recommended only for 
industrial purposes. 

Eight clones were planted in both A and B seasons in trials in 
Magdalena, Sucre and Cordoba to test genotype by season interactions, 
and determine whether it will be necessary to develop distinct clones 
for the two planting seasons. An analysis of variance showed 
significant effects for genotypes, locations, semesters, and for all. 
interactions. Further analysis showed that a large portion of the 
genotype X semester interaction was caused by the reaction of 
Venezolana. This clone does well in an early rainy season planting, but 
not so well in the late rainy season. This corroborates results of a 
previous time of planting trial (Third Report, Cooperative Project

DRI-CTAT). These data show that good performance across planting 
seasons is possible in the North Coast conditions (e.g., M Ven 25, M Col 
1505, 4 Col 1684), hut that it will be necessary to select clones across 
both seasons to assure that such performance is achieved. A routine 
testing of advanced clones across seasons will be implemented.
 

ECZ 2 (lowland tropics, acid soil savannas)
 
Advanced yield trials. In last year's Annual Report (1984) an 

analysis was made of yield trends over 10 years for both first and 
second semester plantings in Carimagua. Mean trial yields of first 
semester plantings have continually increased over time at a mean rate
 
of 2 t/ha/yr, while in 
second semester plantings, yields of experimental
 
clones have been relatively constant, and check yields have been
 
constantly declining. This decline in check yields appears to 
be due to
 
increasing pest problems (mites, mealybugs, thrips and lacebugs) during
 
the dry season. These trends have led to a strategy of emphasizing
 
resistance to 
disease problems in early rainy season plantings, and mite
 
and insect resistance in late rainy season plantings (along with yield
 
potential, root quality, and 
plant type). These same basic trends for
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yield in the two semesters continued this year (Tables 18 and 19).
 

Because strong emphasIs was placed on bacterial blight and 
superelongation ('3F) -eslstance for almost 10 years, many clones now 
combine adequate resistance to these diseases. Although some of the 
highest viel!ling clones shw.. some stem elongation toward the end of the 
raiyV I;eaPon in Carlmagua, this level of resistance is probably adequate 
for nearly 1 an;V SE-endemic area. Many clones are now available which 
consistentlv Yield over 20 t/ha fresh roots in the first semester in 
Carimagua, with ,ood plant type and moderate to high root dry matter 
conter t. Furthermore, several of these clones have shown to be widely
adapted, ho ing among the hig!est yielding clones also at CTAT-Palmira. 
Some of the older seIeccedi clones such as CM 523-7 and ,! ..'en 77 continue 
to produce stable ntermediz,te yields. 

Regional triails. Four tria ls were planted in first semester and 
one trial in second semester ((iarimagua) in ECZ 2. Results showed 
rather large inconsistencies- across sites, with no clones showing 
outstanding yield performance in all sites ('Table 20) The clone which 
came closest to stable high yield was CM 523'-7. Also, some of the newer 
hybrids which were planted in only one or a few sites appear very
promising, although their stability cannot vet be verified. Problems of 
heav, disease pressure, weed control and theft before harvest also 
affected some of these trials. 

(ECZ 3) lowland, high rainfall tropics
 
Cassava is grown in extensive areas of the American, African and 

Asian tropics in lowland, high rainfall environments. Trials to 
identify cassava genotypes adapted to this ECZ were begun at two sites 
near Florencia, Col ombia in 1984. An observational trial of 729 
germplasm accessions, a preliminary yield trial of 181 clones, and a 
regional trial of 15 clones were planted. Cermplasm accessions from 
Brazil, Colombia, Cuba, Mexico and Peru were included in the 
observational trial. Six,.ty-three of the best performing individual 
accessions were selected for advancement to the 1985 preliminary yield 
trial. There was not a predominance of accessions from any country 
among the selected clones. The materials included in the 1984 
preliminary yield trial had all reached an advanced stage of selection
 
in at least one of the other selection sites (i.e. ECZ 1, ECZ 2, or ECZ 
4). Forty-one top performing clones were selected from the preliminary 
yield trial for advancement to tic- 1985 yield trial. Clones which had 
previously been selected in ECZ 1, ECZ 2, or ECZ 4 were selected in
 
roughly equal proportions. Thus, after one year of trials, no single
 
ECZ has proven superior to the others at providing materials for the ECZ
 
3 environment.
 

As in previous regional trials at Florencia, M Col 1684 and CM
 
507-37 had outstanding yiclds (24 and 29 t/ha, respectively). M Col 
1684 is a collection from the Amazon region, and is one of the parents
 
of CM 507-37. These preliminary results indicate that development of a
 
separate gene pool for ECZ 3 may be necessary to achieve rapid progress
 
in breeding for this zone.
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In 1985, due to technical difficulties, only preliminary yield 
and
 
regional trials were planted 
at Florencia. Observational, preliminary

yield, yield and regional trials are planned for 1986.
 

ECZ 4 (middle altitude tropics)
Advanced yield trials. As ECZ 4 has relatively low priority, no 

gene pool is being developed specifically for this zone. owever, since 
all clones selected in other sites are maintained and mu]tiplied at
CIAT-Palmira (FCZ 4), :here is ample opportunity for ;electing clones 
with good pertor ance at CTAT from other gene pools. The CIAT-Palmira 
station is a1so important is a site for screening for thrips and mite 
resistance, an popula ciors of- these pests are usuallv high. 

Mean , ieldq in the advanced vield trials were 30 and 19 t/ha fresh 
roots for f[rst and second semesters, respectively (Tables 21 and 22).
Many clones appear to he promising for this zone, with vields well above 
M Col 146P (a popular introduced clone in the region) and with good dry
matter content. Several outstanding clones have potential for the fresh
market, having HCN levels similar to M Col III or M Col 1468. As yield
and pest resistance are reaching very good levels, more emphasis is
being given to plant type ( i.e., upright, late branching) and lower root 
HCN levels. 

Regional trials. Three trials were harvested in the middle 
altitude tropical 
zone In first semester of 1985, at Palmira, Quilichao

and Quilcace (Table 23) . Palmira a-id Quilichao are both high
productivity environments, with trial mean yields of 26 and 37 t/ha,
respectively. Although yields at CIAT were only intermediate, virtually
all the trial entries performed well compared to the check clones, M Col
 
113, M Col 
1468 and M Col 1684. In Quilichao, similar results were
 
obtained, but with the check M Co]. 1684 also yielding well in the 
absence of thrips pressure. 

Quilcace represents an area of low soil fertility within ECZ 4. 
As 
this was the first year for a regicnal trial in this site, selection of 
clones included in the trial was based on little background data. There
 
is a particular need in Quilcace for clones with resistance or tolerance
 
to frog skin disease. Selected clones will 
be evaluated over several
 
years for stability of reaction to this disease.
 

ECZ 5 (highland tropics)
 
Breeding for highland tropical 
adaptation is directed almost
 

exclusively to the Andean Zone 
and to the East African highlands. Low
 
temperatures constitute 
the major production constraint, and Phoma leaf
 
spot is also important in Latin America. 
The CIAT station near Popayan,

Cauca, serves as the selection site for this zone.
 

Trials in Popayan were suspended for almost a year while the
 
experiment station was being prepared with terraces to 
reduce erosion
 
problems. Thus only one 
yield trial, corresponding to the 1983A-1984B
 
season, was harvested (Table 24). Yields 
were low because of heavy

disease pressure and soil problems. Trials were reinitiatod at the CIAT
 
station in late 195.
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Regional trials. Mondomo, Cauca, is intermediate between ECZ 4 and
 
5, but past experience has shown that clones from the ECZ 5 gene pool 
have the best chance of adaptation here. For the first time, new 
hybrids selected in the Popayan station were tried in this region, and 
several performed very well (Table 23). CC 406-5 was the highest 
yielding clone in the trial, with similar results for CC 406-6 and CG 
401-6. Good dry matter content is characteristic of most of the clones 
tested in rhe lower temperature sites. 

ECZ 6 (subtropics) 
Since Colombia has no terrLtnrv lying within the subtropics, CIAT's 

breeding activitles for this -.,one consist primarily in making crosses 
among clones selected in the subtropics by national programs, or between 
these clones and others selected as sources for particular traits. One 
of the priority objectives is to transfer higher Cassava Bacterial 
Blight and Superelongation Disease resistance from the ECZ 2 to the ECZ 
6 gene pool. Seeds of these crosses have now been scnt to Brazil, Cuba, 
China and to ITTA for testing In their Fast Africa high land program. In 
all countries testing is only in thy ieliminarv stages. 

Characteristics of ligh Tieldin Clones 
High root y!eld i,4 one of the main selection criteria of most 

cassava breeding prog yams . ar on., tlhetries e: ist as to the 
modif ication of biomass product: Ion and carbohydrate dhis tr ibut ion whfich 
will give maximum yield. One theory ,,ggests best gains can be made by 
maintaining equal total hiomass product on, but improving harvest index. 
This approach would functio u hest when the gene pool to he improved has 
a very low harvest Index and Pv:cessi ve foliage growth. Another theory 
suggests that top growth should remain constant, while improving root 
yield, and thereby harvest index. This strategy would work best where 
the working gene pool haq appropriate top growth characteristics. 

To look at characterstics associated with high yield, data from 27 
advanced yield trials in three sites (CIAT-Paimira, Carimagua and Media 
[una) were analyzed (Table 25). Various yield-associated traits of the 
five highest vyielding clones in each trial were compared with those of 
the trial mean and of the local check va:ieties. There was a surprising 
consistency across sites or the proportion of yield advantage gained 
through the various components. Root yield, by virtue of the 
classification, could he expected to be well above the trial mean. For 
the best five clones, foliage yield was 20 to 242 higher thait that of 
the trial mean, while harvest index was improved by 15 to 18%. Root dry 
matter showed little difference (-6 to + 4%) between highest yielding 
clones and trial mean. These data indicate that for the CIAT gene 
pools. yield improvement can he achieved by a large increase in total 
biomass production, and a higher proportion of that biomass distributed 
to the roots. This holds true for both the high productivity 
(CIAT-Palmira) and low productivity (Carimagua and Media Luna) 
environments. Further study is needed to determine the distribution of 
carbohydrates among leaves, petioles and stems of the high yielding 
clones, and implications for sustained yield improvement. 
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Germplasm Distr brtiun 
A ta of over O,OO0 s-eds qnd 134 clones in vitro were 

di-tr[bute to nitiona] research programs and 1°universitis during
(Table '. ,-i n c(1ltri have been the .1 ,.egest germplasin recipients
in rhe1]t ev .-*,r as a resuIt ,F ,close ties through the CIAT 
.Asi~a-Rep I~:-.h inBased 
 vU !. gl prLr , iFai!is eino given
to fo]io' I,> ~r!-oJt:ep I,< Cr- the!;e aterials, to provide a basis 
Ior furt.er a -Ientv: oe(- lon at (.IAT. 



Table 1. Edaphoclimatic zones (ECZ's) foi 
cassava production and their main characteristics.
 

Edaphoclimatic 

Zone no. 


2 


3 


4 


5 


6 


General description 


Lowland tropics with 


long dry season, low to 

moderate annual rainfall, 


high year-round temper­
ature.
 

Acid soil savannas with 

moderate to long dry 

season, low relative hu-

miditv during dry season. 

Lowland tropics with no 

pronounced dry season, 


high rainfall, constant 


high relative humidity.
 

Medium-altitude (800-

1500 msl.) tropics with 

moderate dry season and 


temperature.
 

Cool, tropical highland 

(16 00-2200 TnsJ) area 


with mean temperatures of
 

approx. 17-20'C.
 

Subtropical areas, with 


cool winters and fluctu-

ating daylengths. 


Regions in Colombia for
 
germplasm evaluation and
 

technology testing 


Magdaiena, Atlatico, 


Bolivar, Sucre, ,ordoba 


Meta 


CaquetaO
 

Valle, Cauca 


Cauca 


None 


Major yield constraints
 

Drought, mites, thrips,
 
mealybugs, termites, bacterial
 
blight, root rots, viruses.
 

Low soil fertility, drought
 
bacterial blight, super­
elongation, anthracnose, leaf­
sp-ts, mites, mealybugs, lace 

bugs. 

Low soil fertility, leaf
 

spots, root rots.
 

Thrips, mites, mealybugs,
 
bacterial blight, anthracnose,
 
r-ct rots, and viruses.
 

Low temperatures, Phoma leaf­
spot, anthracnose, mites.
 

Low winter temperature,
 

bacterial blight, supe.­
elongation, anthracnose.
 

0 



Table 2, Edaphoclimatic characteristics of selection sites in Colombia.
 

Edapho- Mean 

climatic Altitude temperature Rainfall during


Location zone (msl) (0C) a
cycle (mm) pH 


Media Luna,
 
Magdalena 
 1 10 27.2 A: 780 B: 779 6.3 


Carmen de Bolivar, 

Bolivar 
 1 152 26.8 A:1045 7.4 


Carimagua, Meta 2 
 200 26.2 A:2180 B:2190 4.5 


Florencia, Caqueta 
 3 450 25.0 A:2808 3.8 


CIAT-Palmira, Valle 
 4 1000 23.8 A: 817 B: 674 6.6 


Popayan, Cauca 5 1760 
 18.0 A:2628 5.0 


a A = first semester planting; B = second semester planting.
 

Organic 

matter (%) 


0.4 


3.5 


3.5 


4.8 


5.6 


25.6 


Soil characteristics
 

P
 
(ppm K
 

Bray TI) (me/10Og) Texture
 

3.6 0.07 Sandy loam 

0 
17.8 0.95 Clay 

4.0 0.14 Clay loam 

14.5 1.09 Clay 

42.0 0.60 Clay 

5.0 0.28 Loam 
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Table 3. 	Source of accessions in CIAT's cassava
 
germplasm collection.
 

Country of 	origin Number of accessions
 

Argentina 15
 

Bolivia 3
 

Brazil 862
 

Colombia 1569
 

Costa Rica 149
 

Cuba 74
 

Dominican Republic 5
 

Ecuador 117
 

Guatemala 92
 

Malaysia 3
 

Mexico 64
 

Panama 75
 

Paraguay 102
 

Peru 273
 

Philippines 2
 

Puerto Rico 15
 

Thai± -d 
 I
 

Venezuela 241
 

CIAT hybrids 156
 

TOTAL 3818
 



Table 4. 	 Preliminary evaluation of germplasm accessions for resistance to diseases and pests at Media
 
Luna, Magdalena (ECZ 1) during 1984 and 1985 a
 

Frequency of clones (%)
 

Disease or pe~t Anthracnose Brown leaf spot White leaf spot 
 Oligonvchus mites

damage rating 1985 1984 1985 	 1985 
 1985
 

1 	 0 
 2.7 2.0 
 36.4 
 0.7
 

2 58.4 18.4 19.6 47.5 	 70.4 O 

3 30.3 78.2 49.7 	 21.1
14.0 


4 	 0.2 
 0.7 28.7 	 2.1 
 7.8
 

5 	 2.1 0 0 
 0 
 0
 

a The 1984 and 1985 trials consisted of 147 and 
143 accessions respectively. 
 Both trials were planted during
 
the first semester.
 

b I = low damage; 5 = high damage.
 



Table 5. PreliminAry ealuation of gerrrplasm accessions for resistance to diseases and pests in ECZ 2, EC 3 and lZ 4 during 1984 and 198?. 

Frecuency of clones (%)
 

Carimagua, Neta (BM 2) Fiorencia, Caqueta (EM 3) Palmira, Vaile (BCZ A) 

Disease or pest Anthracnose Bacterial blight Superelonpui ion Anthracnose Blight leaf spot Superelongation Thrips

dambge rating 1984 1985 1985 1984 1934 1984 
 1985 

1 0 0 0 15.9 7.3 85.4 26.8 

2 0.8 7.2 09.2 54.6 85.8 8.0 27.3 

3 17.5 85.6 22.4 23.7 6.0 3.9 17.7 

4 61.1 7.2 51.3 5.4 0.8 2.3 25.0 

5 20.6 0 17.1 0.4 0.1 
 0.4 3.2
 

a The 1984 and 1985 ECZ 2 trials consisted of 131 and 152 clones, respectively; BCZ 3 trial, 710 clones; and BCZ 4 trial, 1096 clones. 

All trials were first semester trials. 

b 1 = low damage; 5 = high damage. 
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Table 6. Production of hybrid cassava seed during 1985 at CIAT, Palmira.
 

Zone of parental No. of seeds
 
Type of pollination adaptation 
 produced
 

Controlled 
 I x 1 7395
 

1 x others 6209
 

2 x 2 2778
 

2 x others 2528
 

5 x 5 2015 

6 x 6 275 

Others 1639 

Subt,,tal: 22,839 

Open (polycross) 1 
 33,069
 

2 61,835
 

5 46,518
 

6 24,380
 

Subtotal: 165,802
 

TOTAL: 188,641
 



Table 7. 


Order 


Hymenoptera 


Diptera 


Hemiptera 


Coleoptera 


Hymenoptera 


Diptera 


Hymenoptera 


Insects observed visiting cassava flowers at 


Family Genus/species 

Braconidae 

Vespidae 
Other identified 

Syrphidae 

Reduvidae 

Chrysomelidae Diabrotica 

Vespidae Polistes 

Tephritidae Anastrepha 

Apidae Apis mellifera 

CIAT-Palmira a
 

Activity
 

Occasionally observed on flowers
 

Occasionally observed taking nectar
 

Occasionally observed taking pollen
 

Occasionally observed takin pollen
 

Observed daily taking nectar
 

Observed daily ovipositing on young ruits
 

Observed daily taking pollen and nectar;
 

principal pollinating agent.
 

Data from Ing. Agron. thesis of L.A. Daza and A. Alvarez.
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Table 8. 	Estimated p'ircentages of selfing in cassava clones planted in a
 
polycross design.
 

Estimated level 
 Proportion

Clone of selfing (%) female: male flowers
 

M Bra 12 
 4.4 
 1:5 

M Col 22 37.2 
 1:8
 

M Cub 50 49.1 1:10
 

CM 342-170 

0a 
 1:7
 

0aCM 566-1 _ 

CM 681-2 30.8 
 1:4 

a Negative values considered as zero.
 



Table 9. Linear correlations among sites z=-- selection stages for archirectural traits and root yielda 

Ad-anced 
vield trials 

Plant 
heieht 

F CIAT 

5ranbig 
heig.t 

Bramch-'.z 
leveLq Vigor 

PTLMt 
heiFht heih 

Lr=r-rhirEr7-iih2 
levels Virr 

PLz.i: Brh 
hei.t 

n Fra, n 
level's ior 

.t-r. 

he=± 
rhr 

hej--
fi 4-rti-2hing 

levels 

CIAT 

Vigor 
P. ant height ++-
BranchinheighT 
Branching levels NS 
Root vield NSNS 

Media UTam 

Vigor 4+ 
Slant height 44 
branzdnhg height + 
Br-,ahing levels NS 
Roct vield NS 

%IKS 
4-4-
-H-
NS 

4N 
+-
4 
NS 
NS 

KS 
NS 

-

-
KS 

KS 
NS 

-

+ 
-

\S NS 
NS -+ 

NS + 
N-KS NS 
NNS\17S 

44 --

NS -H-
KS + 
NS NS 
\S NS 

KS 
4-

-
NS 

NS 

+ 
4+ 
NS 
KS 

NIS 

KS 
-

KS 

NS 

NS 
-
4+ 
KS 

K\'S 
NS 

KS 
\S 
KS 

*IS 
KS 
KS 

NS 
-S 
KS 

+ 

NS 
K'S 

4+ 

KS 
NS 

NS 

-
-

NS 
KS 

S 
,S 

-N 

4-47 
NS 

NsKS 
INS 
-
4-
NS 

-H 

S 
NS 

\S 

4 
4-

KS 
NS 
NS 

N.S 
FSKS 
S_ 

NS 

NS 

\KS 
-

4+ 
NS 
NS 

--

NS 

-

,N 

-

-

S 

S 

'.5 

S 

NsKS 
KS 
_ 

4-
KS 

a 

Vigor 44 

?ianr height --
Eranchin, heig t KNS 
Ermanhinv levels NS 

PCot: vield KS 

, 4 -, -,:S indicate 

1,7S NS ++ 
4- KS S -4-

KS 44 
NE N+KS NS 

K's Ks Kzs zs 

sipnific-m't positive (0.05 level), 

-+ KS -,_z 
NS KS + 
- - NS 
NS 4 KS 

KS. KS 

highly simificat nositive 

4 + 
44 +4-
+ 4-

KS. NS 

%S KIS 

(C.07 level). 

KS 
-

++ 

NS 

NS 

siz'.ificant 

44 -4 
4- 44 
K KSNS 
- NS 

TKs 

negative. hi-h> 

KS 
4 

-

S4 

KS 
KS 
-

s i Lficant negative, and non-sijmfic, L--inear cc-r=elation-s, resoecti-e ." 



Table 10. Linear correlations among sites and selection stages for root yield and harvest index.
 

F - CIAT FIC - L'arvest index F C, - Root yield
 

Root yield

in advanced Harvest Root 
 Media Cari-
 Media Cari­
yield trials index yield CIAT 
 Luna magua CIAT Luna magua
 

CIAT 0.20 
 0.14 0.04 -0.07 -0.06 0.20 0.28 0.03
 

Media Luna 0.20 0.29a 0.31a a
0.35 0.11 0.21 0.44 b -0.18
 

Carimagua 0.11 
 0.02 -0.09 -0.16 
 0.18 0.09 -0.14 0.58b
 

a Significant at the 5% level. 
b Significant at the 1% level. 

http:0.350.11


Table 11. Linear correlations among sites and selection stages for root dry matter content.
 

Root drv matter Root Dry Matter
 
in advanced
 

F C - CIAT F C - Media Luna FIC - Carimagua a 
yield trials F- CIAT 


0
CIAT 0.50b 0.77b .4 5b -0.05
 

Media Luna 0.36b 0.4 6b 0 .7 5b 0.49
 

Carimagua 0.16 0.21 0.16 0.19
 

a 
13 sampiet: only 

b Significant at the 1% level.
 



Table 12. 
 Linear correlations among sites and selection stages for general foliage and root
 
evaluations, and root yield.
 

General foliage evaluation, FICla 
 General root evaluation FI C a

Root yield
 
in advanced 
 Media- Cari-
 Media- Cari­yield trials CIAT 
 luna magua CIAT 
 luna magua
 

CIAT -0.3 3b 
 -0.26 0.17 
 -0.3 5c -0.27 -0.08
 

Media Luna 
 -0.11 
 -0.5 3 c -0.05 -0.30b 
 -0.5 2c -0.14
 

Carimagua -0.06 -0 3 0b -0. 5 8c 
 0.06 
 0.10 -0.62'
 



Table 13. 	 Trial means and standard deviations (in parentheses) for selected traits from the selection methodology study 
(50 clones). 

F1 FIC Yield trial 

Trait CIAT CIAT Media Luna Ca-L-agua CLAT Mdia .mia Carimagua 

Plant height 	(an) 210(43) 125(38) 228(44) 174(36) 186(48) 228(31) 178(26' 

Height of first branch (cm) 137(46) 46(22) 52(37) 51(23) 70(39) 60(32) 55(23)
 

Branching levels (no.) 1.4(0.08) 3.0(1.4) 3.5(1.0) 3.7(1.4) 3.4(0.8) 3.5(0.8) 
 3.9(1.0)
 

Foliage yield (t/ha) 24(11) 9(8) 
 17(9) 10(7) 28(11) 24(7) 15(6) 

Root viel" (t/ha) 16(7) 19(14) 20(12) 8(6) 34(9) 21(7) 15(7) 

Harvest index 0.42(0.10) 0.69(0.08) 0.52(0.12) 0.45(0.14) 0.56(0.10) 0,47(0.07) 0.52(0.07) 

Root dry matter 33(3) 28(4) 28(7) 32(4) 29(3) 19(12)
 

http:0.52(0.07
http:0,47(0.07
http:0.56(0.10
http:0.45(0.14
http:0.52(0.12
http:0.69(0.08
http:0.42(0.10
http:1.4(0.08


Table 14. Performance of the selected clones and check varieties in the 1984-85A yield trial at Carmen
 
de Bolivar, Bolivar (ECZ 1).
 

Clone 
 Parents 


CM 1223-1 CM 323-125 x M Col 1684 

M Bra 17 

M Ven 77 

CM 847-11 SM 76-66 x M Col 1684 

M Cub 18 


M Col 2032 

M Col 2054 

M Ven 185 

M Col 14 6 8b 

M Cub 56 


CM 523-7 
 M Col 655A x M Col 1515 

M Cub 43 

M Col 16 8 4b 

M Col 2 0 6 3b 

M Col 22 b 

M Cal 2 25 3b 

MBra 12 


Trial mean (103 clones, checks included) 

LSD (5%) 


a I = 

Fresh root Root dry 

yield matter 

(t/ha) (%) 


24 30 

15 31 

15 26 

15 31 

14 29 


14 33 

13 31 

12 33 

10 28 

10 30 


10 30 

9 31 

5 28 

4 32 

4 29 

2 36 

1 20 


6 28 

8.9 5.7 


very low (< 20 ppm CN-J; 9 = very high (> 150 ppm C--) 

b Check varieties: M Col 2063 (Secundina) and M Col 2253 


Dry root Root 

yield
(t/ha) 

HCN 
(1-9)a 

8 9 
5 8 
4 7 
5 9 
4 5 

4 7 
4 5 
4 7 
3 7 
3 7 

3 7 
3 6 
1 9 
i 6 
1 9 
1 6 
1 9 

2 7 
2.8 

(Blanca Mona) are 
local varieties.
 



Table 15. Performance of the selected clones and 
check varieties in the 1984-85A yield trial at Media
 
Luna, Magdalena (ECZ I).
 

Fresh root Root 
dry Dry root Root Brown leaf
 
yield matter yield HCN sPor
Clone Parents (t/ha) (%) (t/ha) 
 (1-9)a (1-5)
 

M Mal 2 
 26 27 7 9 2

M Bra 125 
 24 30 
 7 9 
 3

IMBra 158 
 24 29 
 7 9 4
 
M Fer 283 
 21 30 6 8 3

M Bra 120 
 21 30 
 6 9 
 2
 

M Bra 73 
 18 28 5 
 7 3

M Col 2032 
 17 32 5 
 9 3

SIVen 25 
 17 30 
 5 9 
 3

"I Col 2054 
 16 30 5 8 
 3
 
M Col 1684 
 15 24 
 4 9 
 2
 

M Ven 185 
 14 28 4 
 8 2
CM 523-7 M Col 655A x M Col 1515 
 14 31 4 
 9 2 CD 
M Col 1823 14 30 4 9 2
 
M Cub 18 ' 
14 30 4 6 3

XICol 14680 
 13 18 
 2 5 2
 

M Col 681-2 M Ven 185 x M Col 22 
 12 29 
 4 8 3
 
M Col 2057 
 12 30 4 9 
 2

M Cub 49 
 12 34 4 
 8 4
c
M Col 2215
 11 37 4 
 6 3

M Col 20620 
 9 33 3 8 
 3
c
M Ven 77
 7 24 2 8 3
c
ef Col 22 3 25 1 9 3
 

Trial mean (90 clones, checks included) 12 26 3 
 8 3
 
LSD (5%) 
 7.4 3.6 2.0
 

ab very low (K 
 20 ppm CN-); 9 = very high (> 
 150 ppm CN-)
 

1 very low damage; 5 = very high damage.

Check varieties: M Col 2063 
(Secundina) and M Col 2215 (Venezolana) are local varieties.
 



1984-85B yield
 
Table 16, 	 P-rfo-mance of the selected clones and check varieties in the 


trial at Media Luna, Magdalena (ECZ I).
 

Fresh root Root dry 

yield matter
Clone Parents 	 (t/ha) (%) 


CM 1910-112 
CM 1288-17 
CM 2157-1 
CM 1442-204 
CM 2481-2 

CM 430-94 x M Col 1684 
CM 430-I1 x M Col 1684 
CM 374-22 x M Col 1684 
M Bra 12 x M Col 1684 
CM 834-2 x M Col 1684 

34 
30 
30 
29 
28 

28 
28 
24 
27 
31 

CM 342-170b 
M Col 16 8 4b 
CM 2087-101 
CM 2146-3 
CM 2136-2 

M Col 22 x M Col 1468 

CM 727-14 x CM 459-5 
CM 180-5 x M Col 1468 
M Bra 12 x CM 841-106 

26 
25 
25 
23 
22 

25 
24 
26 
26 
23 

CM 507-3Z 
M Col 22 
CM 1015-16 
M Col 14 6 8b 
M Bra 12 

M Col 1438 x M Col 1684 

M Col 22 x M Col 1684 

21 
21 
20 
19 
17 

28 
28 
27 
23 
27 

M Ven 77b 

Col 20 6 3b 
M Col 2215 

14 
13 
9 

28 
31 
29 

Trial mean 
LSD (5%) 

(26 clones, checks included) 22 
7.4 

27 
5.7 

a I = very low (< 20 ppm CN-); 9 = very high (>150 ppm CN-)
 

Dry root 


yield

(t/ha) 


10 

9 

7 

8 

9 


6 

6 

7 

6 

5 


6 

6 

5 

4 

5 


4 

4 

3 


6 

2.2
 

Root
 

HCN
 
(1-9)a
 

9
 
9
 
9
 
9
 
6
 

8
 
9
 
7
 
6
 
6
 

9
 
7
 
9
 
5
 
9
 

9
 
8
 
6
 

8
 

b Check varieties: M Col 2063 
(Secundina) 	and M Col 2215 (Venezolana) are local varieties.
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Table 17. 	 Fresh root yields (t/ la) mid dry IVItter cct,oti (%) (if Hones kirve-sted frimn re ,l1(vil triala in I"Z I 
dtJring 1985. D-y 11itter C(n1tenit M'lCeeirlCIe()d In i;ireitheiesea.are 

1'k-dln Iinl, .ai-innIa i ai, .(;ti(Yii-u', Alkan I, etul Ia, 	 Ve Iat lve 
l' g(dlleiia At luilt Ico At LIi it.ic 	 Sucre Sucre (irra:z', Cordoa perfoi rnwince 

Clole 	 A II A A A 	 A II 

MCol 22 7(27) 17(27) 19(240 25(31) 10(32) 5(30) 1-(33) 3(32) 1/8

H Col 72 12(34) 19(32) 23(28) 20(33) 11(36) 4(34) 4(36) 3/7

1 col 1505 12(33) 21(3(J) 27(26) 21(34) 114(35) 6(33) 18(37) 6(28) 5/8

iI GOI 1684 23(27) 24(26) 20(28) 1(331) 8(30) 
 16(34) 8(32) 6/7
it Col 2063c 3(27) 10(29) 0/2
 

H G-)l 2 215C 13(35) 14(32) 28(32) 17(36) 11(38) 2(35) 18(39) 0(34) 5/8
 
t Ol 2216 18(27) 19(V) 
 0/2

H Vei 25 17(32) 24(29) 	 33(31) 11(38) 12(34) 14(38) 6(35) 6/7

H Ven 157 10(29) 
 1/1

Sard iaC 	 17(29) 
 0/1
 

M, 1-3/ 10(30) 1/1
all5-99 3(31) 
 0/1

W; 6-18 4(27) 
 0/1

(! (81-2 9(29) 23(31) 27(24) 29(33) 12(35) 8(32) 14(36) 8(34) 6/8

(21 696-1 28(24) l/1
 

GI 922-2 9(04) 25(33) 24(23) 24(33) 5(35) 6(32) 16(35) 6(35) 5/8

CI 962-4 
 7(27) 18(26) 24(24) 24(33) 11(31) 5(31) 18(34) 8(33) 5/8

(1 976-15 24(33) 
 1/1
(01981-4 16(34) 
 0/1
(II1014-2 7(29) 
 2(32) 6(33) 
 0/3
 

M11015-16 8(32) 1/1

(I11015-34 20(28) 
 6(34) 1/2

(If1015-42 24(27) 1/1

(211016-34 
 13(31) 6(34) 2/2

(G1 1022-4 6(30) 
 11(33) 	 0/2
 

(1.11223-11 13(28) 17(26) 26(30) 12(33) 23(84) 4/5
(211286-7 30(21) 1/1
(Il1297-9 21(27) 

(21 1305-3 31(24) 27(24) 22(25) 13(26) 

0/1
 
7(30) 4/5


(2 1533-19 14(24) 25(26) 29(27) 12(31) 17(32) 
 5/5
 

(211785-6 32(29) 
 1/i

(1 1191-1 30(25) 1/1
(211797-8 31(32) 1/1 

Trial r2n I(-7', 22(28) 23(26) 23(32) 10(34) 7(32) 15(35) 6(33)
ISD) (5%) 4 .8(2.0)5.0(-).,i) 12.9(5.4) 10.7(2.7) 6.7(1.9) 3.7(2.0) 6.5(2.9) 2.6(6.7) 

a A = Irt seAe,;ter plmting (l19M) ard harvet (19)85); 11= Second srnester plaitilig and harvest. 

itnvber of sIres i ,.ilch yleht of a clone emiill d or Lxcecd the site men, over the total rler of sltes in
 
',idicl that clciie ,zis plmted.
 

c Tocjil check vwrIetles: MCol 2063 = Seculnllhw; 11Gl 2215 = Venezolana. 



Table 18. Performance of the top selected clones and check varieties in the 19&4-85A yield triaL at Ca-irmgua (EIZ 2). 

Fresh 
root 

Root 
dry 

Dry 
root Root 

Super-
elongation 

Bacte-
ral 

Mbno[-
vchelus ,Meav Anthrac-

Brc~n 
leaf 

Blipit 
leaf 

vield imtter -4cld HCN disease bligit mi.ites I's rose sTXt spot 

clee P1=erts (t/a) (% t(t/a) (o--9 )a 
b 

(1-5) 
b 

(1-5) b (1-5) 
b 
(-5) (-5) 

b bb
(15) (1-5) 

CM266--6 
0I 2766-5 
SC104-283 

LM 507-37 x MVen 77 
at 723-3 x al 523-7 
Population 2 

28 
28 
26 

31 
30 
35 

9 
8 
9 

7 
2 
9 

4 
3 
4 

3 
3 
3 

3 
4 
3 

2 
2 
3 

3 
3 
2 

2 
3 
3 

4 
4 
3 

SG 1lC&-234 Pcplation 2 25 30 8 8 3 3 4 3 3 3 4 
042596-2 M Ven 62 x a' 841-,(,8 25 29 7 6 3 3 33 4 3 4 

C- 2563-5 
CC 165-7 
CG35-3 
SG 107-35 
M 2952-1 

X Col 1910 x a, 507-37 
MCol 1495 x MPan 90 
J Bra 20 x MVen 77 
Porulatin 5 
01 1145-1 x MPan 12B 

25 
24 
24 
24 
23 

30 
30 
27 
33 
29 

8 
7 
6 
8 
7 

6 
8 
8 
6 
5 

4 
2 
4 
2 
3 

3 
3 
3 
2 
2 

4 
4 
4 
3 
3 

3 
3 
3 
4 
4 

3 
4 
3 
3 
3 

2 
3 
4 
4 
3 

3 
3 
3 
3 
3 

Q426OG-2 
SC 1Gf.-26 
I2772-3 

M 2766-3 
D 523-7 

MVen 77 x C4 523-7 
Population 2 
D 727-14 x MPan 12B 
DI 723-3 x D, 523-7 
MCol 655A x MCol 1515 

23 
23 
22 
23 
21 

32 
33 
30 
32 
35 

7 
7 
7 
7 
7 

4 
9 
4 
5 
5 

3 
3 
2 
3 
3 

3 
3 
3 
3 
3 

4 
3 
3 
3 
4 

2 
3 
3 
3 
1 

3 
3 
2 
2 
3 

3 
3 
4 
3 
3 

3 
4 
4 
3 
3 

MVen 77c 
M Cl 1684c 
M Col !468c 
M Col 14 38c 

M Col 22 
SBra 12c 

15 
11 
10 
6 
2 
1 

28 
30 
26 
30 
26 
23 

4 
3 
3 
2 
1 
1 

6 
9 
4 
5 
6 
6 

3 
3 
4 
4 
4 
4 

3 
3 
3 
3 
4 
3 

3 
4 
4 
3 
3 
4 

4 
3 
2 
3 
3 
3 

2 
3 
3 
4 
4 
4 

4 
3 
2 
2 
2 
3 

3 
2 
4 
3 
3 
3 

Triall-an (76 clones,checks included) 16 31 5 6 3 3 3 3 3 3 3 
ID (5%) 4.7 2.4 1.5 

aI =very low (< 20 xN-); 9 = very high ( > 150 ppm CK-) 

bl = very low damage; 5 = very high damage. 

Ceck varieties, M Col 1438 (Llanera, is a local variety. C 



Table 19. Performance of the selected clones and check varieties in the 
1984-85B yield
 
trial at Carimagua, Meta (ECZ 2). 

Fresh root Root dry Dry root Root 

Clc.ne Parents 
yield
(t/ha) 

matter yield
(t/ha) 

HCN 
(1-9)a 

CM 2177-2 
CM 2452-5 

CM 430-37 x CM 840-138 
CM 727-14 x CM 834-16 

24 
19 

36 
32 

9 
6 

5 
8 

CM 2087-101 CM 727-14 x CM 459-5 19 35 7 8 
SG 265-2 M Bra 12 17 35 6 7 
SM 301-3 Mico 17 35 6 9 

CM 2174-7 CM 430-37 x CM 523-7 16 36 6 8 
CM 2952-3 CM 1145-1 x M Pan 12B 16 32 5 5 
CM 3110-8 CM 1362-6 x CM 523-7 16 34 5 6 
CM 2298-3 CM 516-7 x M Bra 5 15 37 6 5 
CM 854-21 1 Mex 17 x M Col 638 15 34 5 5 

CM 523-7 M Col 655A x M Col 1515 15 37 6 7 
CM 3168-15 CM 1382-7 x M Ven 218 15 35 5 8 
CM 2962-4 CM 1145-2 x M Pan 12B 15 35 5 9 
CM 1335-4 CM 462-1 x M Col 1292 14 36 5 5 
CM 2166-6 CM 430-37 x M Ven 218 14 33 4 5 

M Ven 7 7b 13 1 4 8 
M Col 13 32 4 6 
M Bra 12b 11 32 4 9 
" Col I6g4 7 34 2 9 
" Col 22 6 36 2 6 

M Col 14 3 8b 3 30 1 6 

Trial mean (41 clones, checks included) 12 34 4 
LSD (5%) 6.0 3.1 2.1 

a1 = very low (<20 ppm CN--); 9 = very high (>150 ppm CN-) 

b Check varieties: M Col 1438 (Llanera) is a local variety. 



Table 20. Fresh root yi-elds (t/M) and dr,, riatter ccntents () of clones harvested from reg mnal tria!s in E2 2 and E 3 duri-g 1985.Dry matter 'cotents, ".ben gi.en, are encosed in parentheses. 

Carimm;, Me (D= 2) Grc-.ia. Meta (E 2) Puerto Cait_,n, Meta Acacias. Meta FlorE=ii-, (act-eta Relative 

(= 2) (ECZ 2) (FLf, 3) perforrroe­
Cl-ne Aa B 	 A A2 

A2 
AI 

M co1 43 8 316
M cl14i68 10 	 0/5M (ol 1495 	 8 2019 

11 0 
66 	 21/5

coi i684 6 7 	 0/16 23 0 24(33) 2/6M Col 1895 10 
M Per 245 18 16 	 14 12M Ven 7 13 	 2/411 132Ch cza 
Teronerac 13 	 17(0) 2/i


25(34)
C4 91-3 1/1

18 13 9 18(32) 1/4


C' 410-37 17 
 10 6G! 507-34 	 1/317. 	 11C:-507-37 14 13 	 1/221Cl:523-7 16 ii 28 
26 13 29(3) 5/6


C-1 722-3 17 17 16 iS(26) 5/6
16 	 11 17 2/4
O! 728-3 

LM 854-21 0/1
5
Lm. 955-2 	 0/1

0/1L4 975-5 	 al96616(-;5) 15(35) O/(: 995-6 16 0/1
18 19 2(3:) 4/4

C( 1299-3 
 7 4LM 1335-4 15 10 24 	 0/2 
C' L85-3 U 

11 10 	 20(33) 3/611GI1851-4 	 12 14
C'! 1918-3 23 11 	 1 /19 0/2 

011999-5 17(6) 0/I
LM 2086-16 23 16 	 21Of 2088-- 18 	 21 3/416 	 19 13C1 2166-4 3/5

13a4 2298-3 15 
(4 2306-7 
(:4 2452-5 
 1515 

!/1

1 21 

18(28)EE214 21 	 16R-1 301-3 18 14 	 22(20)35 16 10 
Trial Mean 15q 11LSD (5/) 2.2 	 18 15 115.9 15.8 	 19(12)6.2 6.4 8(2.4)
(checksyz~l~d 

A = first semester plamting (1984)
Number 	 and h=arest (1985); B = second senester plantin an'd har.est.of sites at uhich dhe yield of a clone equa.led or exceeded the site mean, over the total rber of siters at .ioh that clone -s 
pc .- rietics: M4C-cl 1438 = T-lan rn.cLocal chted.check 



Table 21. Performance of the top selected clones and check varieties in the 198.-85A yield trial at 

Clone 


CG 35-3 

CM 1533-19 

CG 165-7 

SG 104-264 

CG 3-3 


CM 2512-12 

CM 2610-1 

CM 2777-8 

CG 7-66 

CM 1834-19 


CG 165-2 

CM 2883-1 

CM 2086-16 

CM 523-7 

CG 1-56 


M Col 2 2b 

M Col 
14 6 8b 

M Col 
16 8 4b 

M Ven 77 b 

M Col 
14 3 8b 

M Col 113 b 

M Bra 12 


Trial mean 

LSD (5%) 


CIAT-Palmira, Valle (ECZ 4).
 

Parents 


M Bra 20 x M Ven 77 

CM 309-163 x M Col 1684 

M Col 1495 x M Pan 90 

Population 2 

M Bra 12 x M Col 1438 


CM 1278-10 x CM 523-7 

M Ven 218 x CM 180-5 

CM 727-14 x CM 516-6 

N Col 113 x Y Col 22 

CM 507-34 x M Ven 270 


M Col 1495 x M Pan 90 

CM 952-2 x M Ven 77 

CM 727-14 x CM 91-3 

M Col 655A x M Col 1515 

M Bra 12 x M Col 22 


(90 clones, check included) 


Fresh root 

yield

(t/h) 


46 

44 

42 

42 

41 


41 

40 


39 

39 

39 


39 

38 

38 

37 

37 


35 

33 

31 

30 

25 

9 

7 


30 

12.3 


Root dry 

matter 

32 

38 

33 

35 

33 


32 

37 


35 

37 

31 


36 

34 

33 

39 

37 


39 

33 

29 

33 

31 

33 

29 


35 

3.2 


Dr'y root Root
 
vie L HCN
 
(t/ha) (1-9 )a
 

15 9
 
17 8
 
14 9
 
15 9
 
14 9
 

13 8
 
15 4
 
14 6
 
14 5
 
12 3
 

14 7
 
13 8
 
12 5
 
15 4
 
14 6
 

11. 9
 
1 5
 
9 9
 

10 5
 
8 6
 
3 5
 
2 9
 

1 Q 6
 
4.3
 

a i = very low (< 20 ppm C4--); 9 = very high (> 150 ppm CN-)
 
b Check varieties: M Col 113 (Valluna) is local check.
 



Table 22. Performance of the top selected clones and check varieties in the 
1984-85B yield trial at CIAT
 - Palmira, Valle 
(ECZ 4).
 

Fresh root 
 Root dry Dry root Root 
 Mononvchellus
 
Clone Parents yield matter vield iCN
(t/ha) mite Lodging
(% (t/ha) 
 (1-9)a (-5) (1-3)
 

CG 489-34 
 M Ecu 72 x M Bra 12 51 
 33 17
CM 2087-101 7 2
CM 727-14 x CM 459-5 1
31 
 33 
 10
CM 2133-5 7 3
M Bra 12 x CM 507-34 1
30 
 32
CM 1203-13 10 7
CM 321-252 x CM 477-3 3 1
30 
 10
CM 489-1 M Col 882 x M Ven 270 
34 6 3 1
30 
 31 
 9 
 6 
 2 
 2
 

CM 3172-11 
 CM 1382-7 
x CM 841-58 
 28 
 33
CM 2109-1 9 6
M Col 282 3
x M Col 1684 28 1
33
CM 2146-3 CM 180-5 x M Co! 1468 
9 9 3 2
28 
 34
CM 3199-1 9 4
CM 1382-14 x CM 523-7 3 2
27 
 34 
 9
CM 1797-4 7
CM 516-7 x CM 326-+07 2 3
27 
 32 
 9 6 
 2 
 2
 

CM 507-37 M Col 1438 x M Col 1684 26 
 31 
 8
CG 489-31 8
M Ecu 72 x M Bra 12 2 1
26 
 33
CG 1-48 9 9
M Bra 12 x M Col 22 2 2
25

CM 2157-1 CM 374-22 x MiCol 

36 7 3
1684 25 31 
9 

1
 
8
CM 3123-2 9
CM 1362-16 x M Col 3
1515 25 1
34 
 9 8 
 2 
 1
 

M Col 1468d 17 32 5 5
 
M Bra 12 d 
 15 31
M Col 2? d 5 715 3 2M Col 113 d 31 5 7 3 211 35 4 5 
 3 
 1
 
M Col 
16 84d 9 28 22 2
8 27 6 3
9 3i
 

M Ven 77 d 

6 
 25 
 2 
 6 
 4
 

Trial mean (118 clones, checks included) 
 19 
 6
LSD (5%) 
32 7 3
9.4 3.7 3.3
 

b 1 = very low (< 20 ppm CN-); 9 = very high (> 150 ppm CN) 

1 = very low damage; 5 =cd = little or no very high damagelodging; 3 
= severe lodging 
Check varieties-
 M Col 113 (Valluna) is a local variety.
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Table 23. 	 Fresh mot Yields (t/n) and dry rmtter cuntcntg (%)of chones harvested fma regional trialn In FCZ, 4
mal B2Z 5 during the first seewster of 1985. Lh-y ontter content values are enclosed in iarertheses. 

Clone (Fa: 4) (EX- 4) (117 4) (R7 5) pefu mna 

M Go1 113b 
H Col 1468, 
t Col 1522 ) 

H Col 16W, 
H COl 2CV6 
H Col 2016 
M Co 2019C 2059)13" 
MC ?)
MCo 
MQ, 2(06"b 

StCa ; 
H Icl 2258 
t Co1 2259 
MCo 22(k 

7(,31) 
22(32) 

20(28) 

28(32) 
20(30) 

43(32) 

11(30) 
6(29) 

10(32) 

10(32) 

17(35) 
I0(3!) 
17(33) 

4(33) 

10(36) 
21(31) 

16(34) 
17(34) 

10(33) 
17(38) 
12(37) 
14(35) 

2/4 
0/4 
1/4 
1/3 
0/1 

0/1 
1/1/ 
1/I 
1/1 
0/1 
0/1 
1/1 
0/1 
0/1 

(r,4-27 

CC 6-18 
(1,7-64 
CC 358-3 
OC 401-6 
C; 406-5 
C 406-6 

20(34) 

25(38) 
36(35) 

29(34) 

29(36) 
41(35) 

16(36) 
18(35) 
23(35) 
21(33) 

0/2 

1/2 
2/2 
1/1 
1/1 
1/I 
1/1 

(N 91-3 
(Ti 305-41 
(11321-188 
C 1489-1 
(21 516-7 
(1 521-7 
(219/9-1
(2-100 3-

20(32) 
30(35) 

34(30) 

28(35) 

50(Y#) 

41(30) 
53(26) 
44(37) 
37(36)
31 (36) 

5(33) 

0/1 
2/2 
0/1 
2/2 
1/1 
1/1 
2/2 
0/1 

(21 922-2 
(7I955-2 
(N 962-4 
CT71975-1 
(24 975-5 

C71996-6 
CM 1014-2 
(71 1Y)5-3 
(71 1335-4 
(11 1491-5 
(C 1999-5 

27(37) 
27(37) 
23(32) 

27(35) 

26(37) 
32(32) 
26(38) 
26(37) 
29(33) 

4535) 
29(32) 

32(35) 

43(36) 
41(35) 
36(35) 

6(35) 
19(31-) 
12(29) 
10(31) 

7(27) 

20(29) 
15(35) 

1/2 
3/3 
1/3 
0/1 
1/1 

1/2 
2/2 
3/3 
2/2 
1/2 

!1: 1 
HX 2 

26(32) 

21(34) 
1/1 
1/1 

Tr il man 26(34) 37(34) 11(31) 16(34) 
(checks hicluded) 
L) (5%) 6.2(4.2) 6.8(2.9) 6.3(2.7) 4.8(2.2) 

a NhIer of sites at ufilch the yield of a clome equalled or exceeded the site man, over the nuuier of sites at uehci 
that clone us plited. 
Local check varheties. 



Table 24. Performance of the selected clones and check varieties in 
the 1983A-84B yield trial at
 
Popayan, Cauca (ECZ 5).
 

Clone Parents 


M Col 20 6 0 c 


CG 402-11 M Col 1522 x M Col 647 


CG 481-3 M Col 2060 x M Ecu 169 


CG 501-1 
 M Ecu 169 x M Col 2060 


CG 501-2 " 


CG 358-22 
 M Col 335 x M Col 2060 


M Col 
152 2c 


M Col 
20 5 9c 


M Col 2 0 6 1c 


M Col c
14 68
 

M Col 220 


Trial mean (15 clone,, checks included) 


LSD (5%) 


I = very low (< 20 ppm CN-); 9 = very high (> 

b 1 = very low damage; 5 = very high damage. 

c 

Fresh root 

yield 

(t/ha) 


12 


11 


10 


10 


9 


8 


7 


5 


3 


1 


5 


6.3 


150 ppm CN-)
 

Root dry 

matter 


(%b 


32 


28 


31 


31 


30 


32 


30 


29 


26 


-

-

30 


4.2 


Dry root 

yield 

(t/ha) 


4 


3 


3 


3 


3 


3 


2 


1 


1 


-

2 


2.1
 

Root 
HCN Phomab 
(1-9) (1-5) 

4 3 

6 4 

5 4 

6 4 

6 4 

3 4 

4 3 

3 4 

5 4 

- 5 

- 5 

5 4 

Check varieties: I Col 1522 (Algodona), M Col 2059 (Sata Dovio), M Col 2060 
(Regional Amarilla) and
 
M Col 2061 (Regional Morada).
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Table 25. Means across years for yield-asqociated ciaracter.s at three sites: for 
highest yielding clones, trIal mean, and local checks. 

Site Group 

Fresh root 

yield 

(t/ha) 

Foliage 

yield 

(t/ha) 

Harvest 

index 

Root dry 

matter 

(%) 

CIAT-Palmira 
(9 trials) 

5 best clones 
Trial mean 
Local check 

46.9(66)2 
28.3 

13.9 

36.1(24) 
29.1 
34.3 

0.57(16) 
0.49 
0.29 

34.0(4) 
32.8 
28.6 

Carlmagua 
(12 tr:Ials) 

5 best clones 
Trial mean 
l,oca I check 

22.5(76) 
12.8 
7.3 

16.4(24) 
13.2 
10.3 

0.58(18) 
0.49 
0.41 

30.7( 
30.4 
31.4 

) 

Media ana 

(6 trials) 
5 best clones 
Trial mean 
Loca l check 

22.8 
13.6 
15.4 

68) 13.2(20) 
11.0 
7.8 

0.63(15) 
0.55 
0.66 

28.5(-6) 
30.2 
36.8 

a Numbers in parentheses Indicate percent advantage of 5 best clones over trial mean. 
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Table 26. Cassava germplasm shipments from CIAT in 
1985.
 

Region Country Form of germplasm No. of seeds/clones 

America Belize In vitro 11 

Bolivia In vitro 14 

Lrazil Seeds 11100 

Canada Stakes 51 

Cuba Seeds 3800 

Honduras In vitro i 

Mxico In vitro 10 

Seeds 3600 

Panama In vitro 23 

Paraguay In vitro 2 

United States In vitro i 

Seeds 200 

Venezuela Stakes I0 

In vitro 14 

Asia China In vitro 41 

Seeds 4000 

Indonesia Seeds 8000 

Philippines In vitro 14 

Seeds 7800 

Sri Lanka Seeds' 1.500 

Thailand Seeds 9300 

Middle East Iran Seeds 1500 

TOTAL: Stakes 61 
In vitro 134 
Seeds 50800 
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BIOTECHNOLOGY RESEARCH UNIT
 

As stated in the document "CTAT in the I 9 80s Revisir d", those new 
technnlogies that can significantly Increase the efficiency of plant 
improvement methods or help resolve problems that escape 
solutions
 
through traditional procedures. While emphasis is 
on epplied research,
 
the Unit also assumes responsibility for selected research with high 
potential pay-off in terms of Lechnology development. In the 
development of these activities, close intaraction with CIAT commodity 
programs, especially with the breeders, will be established. The Unit 
will also seek comnplementaritv with advanced Institutes and national 
program scient:isis through special research projects.
 

In 1985, the major activity in the BRFI involved research in cell 
and tissue culture for clonal propagation .nd for the generation of 
useful variabilitv. 
This activity included work carried out at CIAT and
 
at collaborating institutions 
abroad. Work at CIAT concentrated on
 
continuing earlier work and initiating research to develop tissue
 
culture applications 
with CIAT crops. Research was initiated abroad to
 
tackle potentially 
useful areas that require higher specialization at 
this stage. 

Recovery of Healthy Clones
 

Technique
 
The disease elimination technique developed previously consists 
in 

culturing small (0.2 - 0.3 mm width, 0.1 -0.2 mm hight) meristem tips
 
from apical buds, sprouted at 40°C day and 35"C night (thermotherapy)
 
during 3-4 weeks. In cases where no stakes are available, e.g. germplasm
 
introduced to CIAT in vitro, thermotherapy is applied in vitro. Rates
 
of virus cleaning depends to large on
a extent the size of the explant
 
used for culture and on whether thermotherapy was applied or not (see
 
CIAT Cassava Program Annual Report, 1982), as well 
as on the virus
 
strain. In general, the following relative order of difficulty has been
 
observed: frog skin disease (less difficult), cassava common mosaic
 
(most cases), cassava caribbean mosaic, latent virus and 
some strains of
 
common mosaic (more difficult).
 

Cleaning by this technique needs to be validated through proper 
virological indexing. Virologists in the Cassava Program have been 
working in this area, since 1983. The program's Virology Section has
 
checked up a number of clones introduced in vitro from various countries
 
as well as clones from the field collection maintained at 
CIAT. Table 1
 
summarizes the results of such tests 
with 461 varieties. With the
 
exception of materials from Colombia 
and the elite clones, all were
 
transferred to 
CIAT in vitro from various countries. Because of lack of
 
facilities at the National. level, heat treatment was not applied prior
 
to culture in all those cases; 
in addition, the explants obtaiaied for in
 
vitro transfer had to be 
large enough (0.5 - 0.8 mm) in order to secure 
survival of the small sample (3--4 test tubes/clones) brought to CIAT. 
In the case of Paraguay for example, 9 clones out of 50 tested had at 
least one plant reacting possitively for a CCMV strain; when these 
same
 
clones were exposed to thermotherapy in vitro, and again tested using
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Table 1. 	Results of virological testing of cassava varieties after
 
meristem cloning with and without thermotherapy.
 

Procedence of No. vars. Heat No. vars. with
 
material tested treat. positive (+)a reaction


Nieves BPL WF FSD Graft
 

Brazil 78 no I 0 -b 

Argentina 16 no 0 - - -

Costa Rica 102 no 0 - - - 0 
13 no 0 - - -

Peru 64 no 0 - -

Panama 18 no 0 - 0 - -

Guatemala 86 no 0 - I - -

Colombia 11 yes 0 0 0 - -

Elite clones 23 yes 0c 0 0 0 -

Paraguay 50 
9 

no 
yes 

9 
0 . 

-
. 

-
. 

3 
. 

TOTAL 461 I 0 1 0 3 

(Virus testing carried out by the Cassava Program's Virologist)
 
a 	 Nieves and BPL are isolate of CCMV; WF is a latent virus; FSD 

frog skin disease; grafting for latent virus.b 

- means: non-tested.

The same varieties with and without thermotherapy.
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ELISA, the virus was eliminated from all 9 varieties at 90% rate. This 
procedure is 
now applied to all newly introduced clones prior to potting
 
and field transplanting.
 

Routine Cleaning
 
The cleaning technique continued to provide healthy material for:

(a) distribution of elite clones to national programs; 
(b) recovery of

pest/disease/damaged clones from the 
field collection; and (c) upgrading

important regional varieties for 
trials by the Cassava Program. Table 2

shows the number 
of clones cleaned from various diseases during 1985;

including these clones, a total of 1300 cassava clones infected with
viruses, bacteria and fungi and other apparently disease-free clones,
have been prccessed by this technique in the last 5 years. 

Germplasm Exchange
 
Distribution from CIAr.
 
In 1985, a total. of 200 elite were
cassava clones shipped in vitro
 

to 10 countries (Table 3). In several instances, the same hybrid orvariety was sent to more than one country. In 
every case, the material
 
was accompanied 
 by a Colombian Phytosanitary Certificate, a 
CIAT

Phytosanitary Statement which describes the procedures, treatments and 
pathogen 
 testing carried out on the material in preparation for
 
shipment, a list of clones, and a recommended handling procedure.
 

For appropriate handling of cultures upon arrival at 
their desti­
nation, personnel with minimum training are required, especially for 
shipments lasting more than two weeks.
 

Feed back information on handling 
has been received from various
 
countries. 
 Table 4 shows that after a nearly three-week trip to VISCA,

Philippines, plants were recovered 
from all. but one of 9 clones despite

the fact that several of them developed medium to severe chlorosis 
during the 
trip. Utilization of a micropropagation technique

by node cuttings and appropriate potting can be pointed out as two main
 
factors for success. In another shipment to the SCATC, Hainan Island,

China, only 6 tubes out of 
114 shipped this year arrived with deteriora­
ted or dead cultures. An earlier shipment 
to South China Institute of

Botany, at Cuangzhon was efficiently micropropagated, potted and 
two
 
clones were identified as high yielding in preliminary trials (Fig. 1).

Micropropagation by node cuttings 
was also used at CATIE, Costa Rica to

yield 100 plants from each of the 24 clones shipped in vitro in 1980.
Furthermore, most of the 42 clones shipped in vitro to Mexico in the

last 
 five years have been distributed (as stakes and/or potted plants)
from the recipient INIA Center 
(CAEZACA, Zacatepec) to two INIA stations
 
located in Veracruz and Cuerrero (Table 5); and in Panama, 18 clones
 
introduced 
from CIAT via in vitro techniques have been multiplied at the
 
IDIAP Station in Rio Hato for 
use in regional trials.
 

Introduction to CIAT
 
Following procedures established earlier 
 (Tissue Culture, CIAT


Cassava Program, Annual Report, 1983), 
148 cassava clones were
 
introduced in vitro to CIAT in 
1985 as part of a collaborative effort 
with the IBPGR. These materials comprised: 28 clones (collected from 
Junin Pasco, San Martin, Huanco and Ucayali), sent from Peru and 120
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Table 2. 	Cassava clones cleaned by thermotherapy and meristem culture
 
in 1985.
 

Cleaning 	 No. Clones
 

Frog skin disease (CIAT field collection) 167
 

Super elongation disease (CIAT field collection) 4
 

Elite clones (preventive cleaning) 39
 

Regional varieties (2reventive cleaning) 7
 

Total 	 217
 

Table 3. 	Distribution of elite clines in vitro by country and
 
institutions in 1985.
 

Country 	 Institution No. Clones
 

Argentina Min. of Agriculture, Resistencia, Chaco 12 

Barbados CARDI, St. Michael 15 

Bolivia IBTA, Cochabamba 7 

China Academy SINICA, Kwangchow 19 
SCATRC, iltnan Island 22 

Ecuador INIAP, Portoviejo 9 

Honduras Escuela Nacional Agricola, Catacamas 4 

Mexico INIA, Zacatepec 19 
INIA, Huimannuillo 6 

Panama IDIAP, Plo Hato 51 

Philippines VISCA, Leyte 6 
UPLB, Kos Banos 14 

Trinidad CARDI, St. Augustine 16 
Total 200 



Table 4. 
Results of handling first in vitro shipment of cassava elite clones at VISCA, Leyte

Philippines*.
 

Clones 

No. 
tubes 

per clone 

General 

arrival 
condition 

No. cultures 
dead at 
arrival 

No. node 
cuttings for 
microporpag. 

No. 
Potted 
plants 

MBra 12 5 Severe chlorosis 1 4 0 
CM 681-2 5 Slender, green 0 16 2 
CM 982-20 5 Green 0 12 3 
MCub 74 4 Med. chlorosis 1 6 5 
CM 342-170 5 Green 2 8 5 
MVen 156 5 Green 0 10 5 
CM 981-8 5 Green 2 10 7 
CM 523-7 5 Med. chlorosis 1 7 6 
CM 507-37 5 Med. chlorosis 0 13 5 

* Information kindly supplied by N. T. Thanh-Tuyen, VISCA. 
Date of shipment: Feb. 10, 1984 
Date of arrival at VISCA: Feb. 29, 1984 
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Figure 1. Micropropagation, potting and field trial at Cuangdong,. China, 
o1 clone CM 321-188 shipped in vitro in 1983. Photos supplied 
by K. Chun-Yen, South China Institute of Botany, Gi angzhon, 
China. 
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Table 5. Distribution within Mexico of cassava elite clones shipped in vitro 
from CIAT to CAEZACA, Zacatepec, from 1981 to 1985 

Clones Dates 
in 

CM 321.188 

CM 342-55 

CM 430-37 (x 

CM 489-1 (x 

CM 507-37 (x) 

CM 523-7 (Q) 

MCol 22 

MCo 1468 

MCol 1684 

MCo] 1940 

MMex 17 

MMex 59 

MVen 23 (x) 

CM 91-3 

MCol 638 

MCub 51 

CM 517-1 

CM 391-2 

MCol 2 

MCol 1894 

MCol 1964 

MCol 2058 

MBra 5 

MPan 97 

CM 981-8 

CM 1305-3 

MCol 72 

MCol 1522 

o-)arrival Recipient INTA Stations e 

Mexico 
 CAECOT 
 CAEIGUA
 

1 
 X X
 

1 X X 

1, 5, 6 X 

1, 2, 5 X X 

1, 2, 5, 6 X X 

1, 2, 5, 6 X X 
1, 2 X X 

1, 2 X X 
1, 2 X X 
1 
 X 
 X
 

1 
 X X
 

1, 4 
 X 

1, 5, 6
 

2, 3 X 
 X
 

2 X X 

2 X X 

2 X X 

3 
 X X
 

3 X X
 

3 X X 
3 X X 
3 
 X X
 

3 
 X X
 

3 
 X
 

4 
 X
 

4 X 

4 
 X 

4 
 X
 

CONT ....
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Table 5. Distribution within Mexico of cassava elite clones 	shipped in vitro
 

.
from CIAT to CAEZACA, Zacatepec, from 1981 to 
19 8 5a
 

Clones Dates of arrival Recipient INIA Stations c
 

in Mexico CAECOT CAEIGUA
 

MCol 2061 4 X
 

MBra 12 4 X
 

MEcu 72 (x) 4, 5, 6 X
 

MPer 245 4 X
 

MVen 77 4
 

MVen 156 4 X
 

CM 849-1 5
 

CM 1335-4 (x) 5, 6 X
 

MCol 1g16 5
 

HCub 74 (x) 5, 6
 

MRen 25 (x) 5, 6 X
 

HMC-1 (x) 5, 6 X
 

MCol 1914 (x) 6
 

Data supplied by Ing. R. Mndez, CAEZACA (INIA), Zacatepec, Morelos.
 

b Arrival dates of in vitro cultures: 1 = October 18, 1981; 2 = August 12,
 

1982; 3 = December 7, 1982; 4 = December 15, 1983; 5 = December 14, 1984; 

6 = July 11, 1q85. 

INIA Stations receiving stakes and/or potted plants: CAECOT (Cotaxtla,
 

Veracruz), CEIGUA (Iguala, Guerrero).
 

Material remaining at CAEZACA, Zacatepec.
 

Clones lost.
 

X 
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clones from Paraguay (collected in 193 and 1984), including 113 cassava
 
varieties and 7 wild species.
 

As mentioned above, after 1 short establishment phase, these

cultures will be subjected to thermother-apv in vitro, subcultured twice,
and moved to a glasshouse for virological testing. 

Germplasm Conservation
 
Minimum Growth Storage
 
This year, the number of cassava clones placeJ inte in vitro
 

storage has reached 2, 783. As 
 shown in Table 6, nearly 40% are
Colombian varieties, 26% are Brazilian, followed by Paraguay, Peru,
Costa Rica and Guatemala; the remainder are materials from twelve other
latin American, Caribbean and South East Asian countries;. 

Under current storage conditions, 24-25°C liv a1 8--20X night

with 12 hrs. 
 of IWO' l.ux illumination), cult-,:res are transferred to a
fresh medium every 18-24 months. Previous research on the effect of
 
various treatments, e.g. lower temperature, mineral starvation and
 
medium osmotic concentration, demostrated the 
 feasibil-itv of further
 
extending the cul.ture transfer period. Addition of 
 mnnnito, as
osmoticum, to the medium has heen investigated more throughlv. Earlier
 
it was found that ol
low mann concentrat on exerted growth reduction as
long as it was accompanied by sucrose (Tissue Culture, CIAT Cassava 
Program, Annual Report, '981). 

In order to elucidate the question of whether the effect ofmannitol is pu'ely osmotic and independent of the effect of sucrose as a
carbohydrate source for rhe cultures, work was initiated this year using
two varieties and i series (f sucrose/mannitol combinations to obtain
three total molarities, . and0.2 0.3M. Table 7 shows preliminary

results of this work wtu.:h MCol 
 22. 

Culture growth increases with sucrose only, but viability tends to
be higher 
 at the lower sucrose concentrations (Treatments 1 and 2) than
the control (No. 3) which has a total molarltv of 0.1. If this molarity
is maintained by adding mannitol to the medium a significant reduction
 
in culture growth 
 rate and high viability in terms of both leaf 
retention and propagation potential (No. tips per culture), is achieved
(Treatment No. 5). This treatment contains the same sucrose level as 
No. 2 plus mannitol. 

Increasing the total molarity of the menium with sucrose and/or
mannitol resulted in a great reduction in growth rate and very low
viability. Thus, appropriate storage conditions can he provided by
reducing carbohydrate availability tc about one third of the standard
medium concentration. When mannitol is added to this medium, the total
molaritv should not exceed O.IM in order to achieve similar results. The
fact that this result can not be obtained sole l- by increasing sucrose
concentration, suggests that in addition to low sucrose levels, a
reduction in water and nutrient uptake by the cultures is necessary in 
oruer to maintain slow growth and high viability. Mannitol. seems to 
exert this effect when used at low concentrations. 
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Table 6. 	 No. of cossava clones by source country maintained in the in 
vitro gene bank as of December 1985. 

Source Country (IAT code 	 No. clones 

Argentina M. Arg. 	 W 

Bolivia M. Bol 	 I 

Brazil 	 M. Bra 730 

Colombia M. Col 1101 

Costa Rica M. Cr 135 

Cuba M. Cub 23 

Dominican 	Republic M. Dom 2
 

Ecuador M. Ecu 18 

Guatemala M. Gua 92 

Malaysia M. Mal 3 

Me-ico M. Mex 35 

Panama M. Pan 29 

Paraguay M. Par 215 

Peru M. Per 191 

Philippines M, Fil 2 

Puerto Rico M. Ptr 3 

Thailand M. Tai I 

Venezuela M. Ven 50 

Hybrids (CIAT) 136 

TOTAL 	 2,783
 



Table 7. Effect of 
sucrose and mannitol concentrations on growth and viability of stem-tip cultures
maintained at 
24-25 C day and 18-20°C night, 12 hours of 
1500 lux illumination.
 

Treatment 

No. Growtha Viability a 

Sucrose 
 Mannitol 
 Total 
 cm per leaf No. tips per
(M) (M) (M) month retention culture 

1 0.01 
 0 
 0.01 
 0.4 
 78 
 1.5
2 0.03 0 
 0.03 
 0.6 
 88 
 2.3
3 0.10 0 0.10 1.3 
 58 2.0 
4 0.01 0.09 
 0.10 
 0.6 
 42 
 1.0

5 0.03 
 0.07 
 0.10 
 0.5 
 59 
 2.5
 
6 
 0.20 
 0 0.20 0.4 
 26 
 1.3
 
7 
 0.01 
 0.19 
 0.20 
 0.2 
 L4I 
 1.8
8 0.03 0.17 0.20 
 0.2 
 0 
 1.2
9 0.30 0 0.30 0.3 10 1.3

10 0.01 0.29 0.30 0.1 0 0.8 

a 
Average of 4 replications/treatment.
 

b Represents standard medium for 
cassava micropropagati.on (control).
 

http:micropropagati.on
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Cry!ogenic Storage 

This research has been conducted during the last 3 years at the 
Biotechnology Tns titute, Saskatoon, Canada with the support of IBPGR and 
with CTAT's cllaborarion. The project aime_ d ar developing methods for 
preserving cN:;,ava shoot-tip cultures in [iqtuidntr,gen (IN). This 
project finished this year and the Fol lowing conclusions were drawn. The 
main achievement was the cassal\recoverv of plants from shoot-tips 
stored in! 1iquid nitrogen. The pcocedire which resulted in thi; 
achievempnt consisted in placing ti tip; innm(ir droplets (0.2 I) of a 
freezing medium containing Ill SorbLtol, 9/ sucrose, and 5 djimethl 
sulfoxide (DMSO) in the Mtrnahige and Skoog liquid nedium, withott
 
growth hormones. Prior to cool:ink, the merisvtems were allvwed to 
equiliLbrate gradual.lv in 9', sncrnse for IS hrs (. I S, rlrol and ' 
sucrose for 6 hrs, and >l Sorhitro and 91 s.,rose Wor lS hrs. using the 
same liquid medium. The best cooling rate was 0.0 C/e N to 30 0 C, 
priot to immersion in liquid nitrogen. After i -- 3 hr in ,N, rapid 
thawing and washing in the liquid medium was carried out at 37 C. 
Regrowth of meristems was obtained hv trbCansferring them to cassava plant
 
regeneration medium. This procedure was carried out with 12 cassava 
genotypes with variable .,,ccess ievels. Although tisnue survival 
foLlow:fng retrieval from IN was high (up to 607) , 'v iv 2 t ; 20%i pl)ant
 
regeneratLon was achieved with these gc:notypes. A large part of the
 
surviving tissues grew into cal 
 i- wit';,ut shoot formation. Variability 
in response was attrihuted to the physi o logical condit ion of donor 
plants and the range of cell types compr-ising each shooc:-tp. 

This work provides the bausW for further research into cryo­
preservation of cassava. Among the tactors which should he looked at, 
pre-conditioning of plants and tissues seems important. Since it is now 
possible to regenerate cassava plants bv somatic cell embryogenesis (see

below), these embryos shuuoLd provide an appropriate explant for
 
freezing. In theory such embryos ought to be physiologically more
 
adapted for standing cooling and freezing than shoot-tips.
 

Material of 4 varieties retrieved from IN storage has been
 
multi p1ied at C[AT and planted in the field for evaluation of phenotype 
stability. Resul ts of this tria] will be available next year. 

Evaluation of Clones Retrieved From Minimum Growth Storage
 
Of the evaluations made last year of first cycle plants (C plants) 

5 varieties showed no changes in morphology and biochemistry t at could
 
be attributed to in vitro storage. Increase in yield and changes in
 
morphology of two varieties was attributed to the elimination of frog
 
skin disease through in vitro culture (Tissue Culture, CIAT Cassava
 
Program Annual Report, 1984).
 

Stakes, obtained from plants of C, generation, and from their
 
non-stored meristem culture-pvopagated and traditionally-propagated
 
counterparts, were planted in tile field (C9 plants) for a second cycle
 
evaluation. Table 8 shows the results of 
this evaluation.
 

Except for total plant height, which doe- not significantly change
 
with the propagation type, in all other variables, meristem culture
 
micropropagation resulted in increments; plants derived from in vitro
 



Table 8. Evaluation of cassava plants grown from cultures 
stores in vitro in comparison to

meristem-micropropagated and stake-propagated plantsa
 

. -----


A Mex M Col o ColVariables CM CM
Treatments 
 20 650 2197 
 305-38 323-375
 

Plant height Stakes 
 1.4 + 0.3 2.1 + 0.2 1.4 + 0.3 1.7 + 0.2 1.7 + 0.1(M) 
 Meristem 
 2.1 + 0.2 1.9 + 0.2 1.3 T 0.2 
 1.6 T 0.2 1.8 + 0.1
Storage 2.1 + 0.4 2.0 _ 0.2 1.3 _ 0.2 1.7 T 0.2 1.8 T 0.1
 

Height, Ist. branch 
 Stakes 0.7 + 0.4 1.4 + 0.5 0.5 + 0.1 0.6 + 0.5 0.3 + 0.2(M) Meristem 1.3 T 0.5 1.5 + 0.2 0.5 T 0.1 1.2 T 0.4 0.7 + 0.6Storage 
 1.3 + 0.5 1.7 0.1 0.8 + 0.4 1.0 0.5 
 0.7 + 0.6
 

Root F.W./plant Stakes 
 0.3 + 0.4 8.0 + 1.4 3.1 + 1.0 15.0 + 4.9 12.5 + 2.1(kg) Meristem 15.0 + 3.0 8.6 + 2.3 3.2 + 1.5 12.5 + 4.5 14.7 + 2.3Storage 13.1 + 5.0 10.0 + 1.8 2.0 + 0.7 11.1 + 0.7 15.5 + 1.9
 

No. stakes/plant Stakes 5.1 + 3.3 6.7 + 1.8 5.3 + 2.1 6.0 + 1.8 5.4 + 1.5Meristem 7.3 + 2.6 8.1 T 3.1 5.7 - 2.2 5.5 + 1.4 7.6 + 2.0Storage 8.6 + 4.2 9.0 + 2.4 5.1 + 2.1 5.8 T 1.4 7.7 + 2.3 

a Second year propagation (C2 
plants)
 

Data represents average and standard deviation of 20 plants in 4 replications.
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stored cultures tend to be equal or slightly higher than meristem
 
propagation. This is especially striking for the variety M Mex 20,
 
which showed symptoms of frog skin disease in the stake-propagated
 
plants. Thus, the height of first branching, yield of roots and
 
commercial stakes increase as a consequence of meristem
 
micropropagation.
 

Thus, it can be concluded that the phenotypic changes observed
 
in the plants derived from in vitro storage are mainly due to the
 
eliminati6I of diseases which occur in the process, and that in vitro
 
storage pe- se does not change the phenotype of the five varieties
 
studied.
 

Cassava Genotype Identification by Electrophoresis
 
As the world collection increases, it is becoming expensive and
 

time-consuming to identify and catalog varieties on the basis of
 
classical vegetative criteria since morphological characters usually
 
vary with variable agroclimatic conditions. Assuming that each cultivar
 
is genetically distinct, it should be possible to use electrophoretic
 
patcerns of cassava proteins for identifying crop cultivars. On a short
 
term basis, these methods could be applied to sort out duplicates in the
 
collection, cluster germplasm accessions and to help to identify
 
particular genotypes from clonal mixtures.
 

With the support of IDRC, a research project was established
 
between the University of Manitoba, Winnipeg, and CIAT. This project
 
has been underway for one year and the progress achieved at the
 
University of Manitoba now follows.
 

Out of 16 enzymes extracted from each of 5 different tissues and 
studied under 5 different huffer systems, four enzymes, EST ( 
esterase), GOT (glutamate oxaloacetate transaminase), PGI
 
(phosphoglucoisomerase) and ACP (acid phosphatase), were selected on the
 
basis of band quality, relative mobility and number of bands. Out of
 
these EST resulted the best isozyme system. Root tissue grown from
 
stakes produced the most intense and clear band patterns, both on starch
 
and polyacrylamide gels, but 12% polyacrylamide gels gave better band
 
resolution (Fig. 2). Basic extraction and trisborate electrode buffer
 
were found to be the best. It was found that genotypes showing very
 
similar root enzyme patterns could be discriminated or confirmed by
 
extraction from a mixture of young shoot parts (apical bud, leaves with
 
petioles, and stem), (Figs. 2B and C). This technique should be further
 
tested with more cassava varieties. Computerization of the analog data,
 
after conversion into a digital system, should speed up analysis and
 
data storage.
 

Computarization of Cassava in vitro
 
As described above, the number of cassava clones being processed
 

in vitro is steadily increasing. Over 1300 varieties have been cleaned
 
up from various diseases; more than 2,700 clones are currently included
 
in the in vitro gene bank and hundreds of clones are exchanged every
 
year with various institutions around the world. A systematic treatment
 
of these operations should greatly speed up the entering and retrieval
 
of data, link one in vitro operation with another or with Zhe main files
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Figure 2.
 

e 1 - esterase (extracted from root: tissues) electrophoretic 
patterns of six cassava cuitivars in polyacrylami[de gels. 

A. 	 From left to right, each cultivar represents the Agroclimatic
 
zones 1 to 6, according to the cassava Program's classification.
 
Note the very thick and thin bands characteristic for each
 

genotype.
 

B. 	 Root tissue banding patterns of 8 cassava cultivars that grow in
 
agroclimatic zone No. 1. Note the stricking similarity of N Col
 
2067 and 2215.
 

C. 	 Shoot tissues (apical bud, leaf with petlole and stem) handing
 
patterns of the same 8 cassava cultivars from zone 1, as in B.
 
Note similarities between N Col 2067 and 
2215 	still exist but a
 
very 	small difference in migration of the thickest band can be
 
seen. (Photographs provided by W. l ushuk, A. Hussain and H.
 
Ramirez, Univ. of Manitoba, Winnipeg, Canada).
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in the Cassava Program, and reduce risks of human error," in the number
 
of step3 that comprise the in vitro operations.
 

With the collaboration of the Data Services Unit, the preparation
 
of a database package for cassava in vitro was initiated this year.
 
This package can be linked to the cassava germplasm collection files,
 
passport and evaluation packages (Fig. 3), and comprises a disease/pest
 
cleaning up operation, in vitro gene bank operations and evaluation of
 
stored material. The germplasm in vitro exchange data is already
 
included in the Cassava Program's data base along with gerudlasm
 
exchange in the form of seed and stakes. 

The in vitro gene bank package will include entry number, CIAT 
code, species, origin and procedence of material, virus testing results, 
date of introduction to CIAT, culture medium, number of tubes in 
storage, number of tubes retrieved from storage, date of retrieval, 
reason for retrieval, number of tubes subcultured and observations. 
This data can provide various types of information for users, e.g. 
permanent current inventary, comparisons of storage ime for varieties, 
movement of entries and retrievals, etc. In addition, the system should 
allow a constant checking for accuracy. 

Tissue Culture Regeneration ,.)f Cassava 
Tissue culture is the route through which the various forms of in 

vitro genetic manipulation should pass in transition from the laboratory 
to the field. Therefore, the abilitv to regenerate cassava plants from 
non-meristem ti ;sue cultures (e.g. callus, cells and protoplasts) is a 
necessary first step for the utilizatinn of these techniques. 

-Re,,enerati:ion of cassava plants by. means of two methodologies is 
being studied at (MAT: somatic cell embryogenesis and protoplast 
culture.
 

Somatic Lmtnbrvog,.tesIs of Cassava 
As showr, previously, somatic embryogenesis was induced when 

imnmature leaf segments were cultured on a medium containing high 
concentration of 2,4-D. The induced somatic embryos "germinated" into 
plantlets when transfe,-red to a regeneration medium containing a 
cytokinin and very low levels of 2, 4-D. The induction of secondary 
embryogenesis, when the somatic embrvos were sub-cultured in the 
induction medium, was il!;o reported (Tissue Culture, CIAT Cassava 
Program Annual Report, 1984). 

This year, research in this area aimed at establishing conditions 
for sustained Proliferation of somatic embryos, germination of embryos 
into plantlets, transfer of plantlets to pots, field evaluation of 
plants, and response of embryogenic cultures to stress applied in vitro. 

Following induction on a solid Tredium, continuous proliferation of 
secondary embryos occurred wheni the embryogenic cultures were maintained 
in the induction medium in darkness (Fig. 4A and B). Upon transfer of 
these cultures to light, and regeneration medium, the embryos stoped 
proliferation and developed structures (e.g. cotyledons) characteristic 
of incipient germination (Fig. 4C). With the addition of cytokinin 
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GERMPLAStI BANK 

Passport data 

,4 

GERMPIASI BANK GERNIPASM BANK GEI'-,)LASM BANK 

vi t: roC) Field Seed 

EVAI.,UATI LON 

INTERNATIONAL -SEED- -- SECROSSESINVENTORY 
SHIPMENTS 

EVALUATION F1 

FIELD BOOKS EVALUATION 

Figure 3. 	Inter-relations of Cassava in vitro database with the germplasmbank and breeding data of the Cassava Program. 
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complete individual plantlets formed (Fig. 4D). These plantlets were
 
potted in the greenhouse and were transplanted to the field after 1-1.5
 
moths (fig 4E).
 

It was also found that the number of leaf explants forming
 
embryogenic structures increases with very high 2,4-D concentrations
 
(Table 9). Agitation of liquid medium in a shaker helped proliferation
 
by separating Ymall embryogenic structures being formed on the initial 
explant.
 

long-term embryogenic cultures have been established and maintained
 
for over 12 months without loss of the plant regeneration potential.
 
This is significant with somatic cells reqiLre protracted regenerative
 
capacity during treatment application and selection.
 

The question of whether induction of nomatic embryogenesis, on the 
one hand and embryo proliferation on the ocher, can occur under specific 
selective conditions such as high salt concentration, was also 
investigated. Although embryogenic callius could be formed on leaf
 
explants of MCo 1505 cuLtured in the induct ion medi um witl up to 1.0% 
NaCI, embryos differentiated only up to 1.5% NaC] (Table 1O). On the
 
other hand, when embrycgenic structnres of MCol 22 and MCo1 1505, 
induced on standard medium, were transferred to the same liquid medium
 
but stressed for 2 months with NaCl, proliferation of embryos (as 
measured by fresh weight) occurred up to 1.07 NaCl in MCol 1505, but 
proliferation continued even at the highest concentration, (2.0% NaCI)
 
in MCol 22.
 

Thus, M Col 22 cultures seem to tolerate higher salt concentration
 
than MCoJ 1505. More work is needed to establish the threshold
 
concentrations above which salt stress can induce only tolerant cells to
 
grow to form somatic embryos and plant.
 

At this stage it is important to know if cassava plants regenerated
 
through somatic embryogenesis are true to type. If not, the extent to
 
which useful variability (intra-clonal) can be recovered would be worth
 
investigation. Regenerated plants have been moved to the field after 1, 
2, 3, 6 and 12 months subculture periods. Since these experiments have 
been initiated this year, only partial data is available from plants 
regenerated inmediately, i.e. without sub-culturing. The performance of
 
the somatic embryo plants is being compared with micropropagation (using
 
meristem tips), stored cultures in vitro, rapid propagation (two node
 
cuttings) and qtakes. Table It shows preliminary results obtained after
 
6 months field evaluation of M Col 1505.
 

Out of nine morphological descriptors studied, no differences were
 
found in the color of petioles nor in the form of the central lobe. The
 
largest differences in the remaining 7 descriptors were for the color
 
and pubescence of unopened apical leaves, petiole length, and the length 
of the central lobe (Table 11). From Table 11 , a hierarchy of 
variability (C.V.) among the various methods of plant reproduction can 
be established: somatic embryogenesis (highest variability among
 
plants), in vitro conservation, rapid propagation, stake propagation and
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Table 9. Effect of auxin concentration on the induction of somatic
 

embryogenesis in three cassava varieties (percentage of
 

explants forming embryogenic structures).
 

2, 4-D concentrations mg/l 

Cassava Varieties 12 4 8 16 

M Col 1505 19 31 46 64 86 

M Ven 25 15 17 40 70 50 

CMC-40 14 38 38 38 50 



Table 10. 
 Induction of somatic embryogenic structures on leaf explants of M Col 1505
 
maintained in NaCl - supplemented induction medium during one month.
 

Concentration of NaCI 
(%)
Structures induced 
 0.0 0.05 
 0.1 0.2 0.5 
 1.0 2.0
 

Amount embryogenic
 
callus/explant 
 ++ 
 ++_ 
 H 
 __; +++ 
 ++ ­

% explants with
 
embryos 
 30 
 20 
 50 15 20 
 0 0
 

++++ 
Callus formed on whole explant
 

... Callus fo, 'ed on 
3/4 explant
 

- Callus fr ed on 
1/2 explant
 

Without 
-a lus formation
 



Table 
11. 	 Phenotypic stability of cassava plants regenerated by somatic embryogenesis, in vitro stored,
 
stake, and rapidly propagated plants (M Col 1505)a
 

Morphologicgl Somatic In vitro Micro- Rapid

descriptors embryogenesis conservation propagation propagation Stakes
 

X CX% X CV% X CV% X CV% X CV%
 

A. Color steij: 	 1.2 24 1.0 0 1.0 0 1.0 0 1,0 
 0
 

B. Color mature leaves 4.6 15 4.7 12 5.0 0 5.0 0 5.0 0
 

C. Coler unopen apical
 
leaves 4.8 42 3.6 31 3.0 0 
 3.0 0 3.3 17
 

D. Pubescence young
 
1eaves 3.3 29 5.0 5 5.0 0 4.9 
 5 5.0 0
 

E. Length petiole 4.7 22 5.5 12 
 6.9 7.0 6.7 10 7.0 5
 

F. No. lobes mature
 
leaves 6.6 8 7.2 
 4 7.0 0 6.9 4 7.0 0
 

G. Length central lobe ]3.9 7 16.1 8 16.7 8 15.6 12 17.9 
 7
 
(cm)
 

Average obtained of 27 plants in 3 replications.
 

b A: Silver green, 2. light grey, 3. dark grey. B and C: 
3. light green, 5. dark green, 7. purple green,
 

9. purple; D: 0. abscent, 3. little, 5. moderate, 7. hight, E: 3. short, 5. med., 
7. long.
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micro-propagation (lowest variability). These results should be taken
with caution at this stage until a final evaluation at harvest iscarried out as well as a second propagation cycle. Agronomic analysis,(e.g. harvest index, fresh and dry weights), ard biochemical analysis,
(e.g. iso:vnme e ecrophoretic patterns), wilt complement these data.
What occurs with protracted sub-cuituring of enmbryogenic structures 
 interms of stability in still to be determined. A highly stable systemwould be useful as a means for mass vegetative propagation; perhaps thepossibility of embryo encapsulation procedures can be studied later. 

Cassava _rotoplast culture
 
Prowoplast s 
 have been i.solated from leaf mesophyll cells and
shoot-tIps of test tube 
 p!1antip ts and from somatic embryos. Irolated

protoplasts could resvntheti:,e cell walls and divide with frequencies upto 35% (Ti ssue Culture , CMAT Ca.ssa va I'cogram Annual Report, 1986).Rates of protoplast division frequency were variable for the varioustypes of e:xplants and genotvpe s used; tLese results and the formation ofcell colonie:s which ensured followinn pr,oplgIs-t division are shown inTable l?. Highest divisions and '0 le /so I:l formation ocurred with
leaf explants followed bv sht-ips. Klt , embr,"s an induced leaf
lobes yielded snall, high.lv deno inlo Ilast::: .. bsir divided with great
 
dif ficul tv.
 

A series of e:-:periments were carried out attempting to induce
morphogenesis in tie protoplast-derived 
 cell colonies of 12 cassava
genotypes Two media of dif ferent mineral sal t composition (MS and B5)were supplementee with a range of combinations of the foilowing

additives: casein bvdrolv:nate 
 (100 and 200 mg/i, glutamine (30 m M and600 mg/i), prolioe AnO MM), coconut milk (4iand 5M), sucrose (0, 1, 0.3,1, 2, 3, and 1,), charcoal (U.57), indol acetic acid ({. 1 and 1 mg/i),naphtialereacsttis acid (0.02, 0.1, 0.'3, I and 2 mg/I , 2,4-dichlorophe­
noxvaceti: acid (0.1, o., ,1 , 8 and 12 mg/i), kinetin (0.5, 3 andmg/i), zeatin (0l.5, 1 and P n / I), ben:vtaminopurine (0.04, 

5 
0.1, 0.5, 1, 

9 5 and 2n mg/i), gibberellic acid (0. U ,U.I, n.2, 2,4 and 1O mg/l),and absci sir acid (0.1 and U}.' m /1). No rorpiogenes is has been
 
observed 
 wi t ht e L e r t' t ent', (0 date. 

Prntoplosty h'v been r! ,ted cor shoot: trs and immature leaf 
lobes. An shown ,0., t' fo: these organ. iave tie capacity toform somwat:i' 01 onr',. t in reasonable to expect the expression of theembryogenis ,c;pa5 it ,l itnr Tnplst1-tIe rived colToies orig inated from
 
these ti 5ssues;.
 

Isolated pi ttrplst, from these organs were usually smaller and more compact when compared to leaf mesi.ph.l.] protopiasts; sometimes theycontained a ew chloropla ts, more frequently they were colorless. When 
fractionated in icoli ,,step gradients (0-20Z Ficol ), 1000 rpm For 10min. centrifugation, the majority of the shoot-tip protoplasts '"erecollected at 10-157 iicoll concentrations (Figs. 5 B, C and 6 B, C).Leaf resophyll protopiasts formed sharp hanls at 2.5-7.5Z Ficoll. This
difference is todue the h igler density and smaller diameter of tieshoottip protoplast,; (Fig. 5A). There was a compact, cytoplasm richtype of tprotoplasts in the more dense fractions (C-protoplasts). TheC-protoplasts had no chlinroplasts, they were most probably released from 

http:2.5-7.5Z
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Table 12. Protoplast division frequency and callus/colony formation
 
from various explant types in ten cassava genotypes.
 

Genotype Explant Division Callus/ 
type frequency colonies 

MCol 22 - leaf up to 38% callus 

- shoot-tip 2-4% callus 
- induced leaf 

lobesa 

MCol 1505 - leaf 3-6% callus 
- shoot-tip, 

leaf lobes 1-3% colonies 
- induced leaf 

lobes few few colonies 
- somatic embryos 

- cotyledon 1-2% few colonies 

MCol 1940 - leaf callus 

- leaf lobes several colonies 

- somatic eibryos 

MMal I - lef 3-5% callus 

- induced leaf 
lobes several colonies 

MCol 1438 - leaf 5-12% callus 

- shoot-tips 1-2% callus 

MPer 302 - leaf 10-18% callus 

- induced leaf 
lobes 5-7% callus 

MCol 2017 - leaf up to 30% callus 

CMC 40 - leaf 3-8% callus 

- leaf lobes 
- induced leaf 

lobes few few colonies 

MBra 739 - leaf 5-9% colonies 

M. cecrop­
aefolia - leaf 3-5Y colonies 

a induction of embryogenic structures with 2, 4-D
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meristem cells a, d comprised 50-60% of the protoplast population (Fig.5A) in the dense fractions. isolated shoottip protoplasts resynthetizedcell wails and divi ded when cultured. There were marked d11fferences inthe division capacity of each protoplast traction; ]eaf protcplastsdivided at higier frequencies rthan shoot-tip protoplasts (Fig. 6A).Dividing protoplasts formed colonies and callus.
 

Exeriments are in progress to attempt 
 induction of morphogenesisin shoot-tip derived protoplasts and to screen, a wide range of cassavagenotypes for their morphogenetic capacities. 
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DEFINITION OF MICRO-REGIONS FOR CASSAVA
 
ON COL.OMBIA'S NORTH COAST
 

1. Introduction.
 

The increasing orientation of the Cassava Program towards 

integrated projects is creating a demand for detailed data relating to 

environmental and socio-economic conditions and production constraints
 

within certain regions of special interest. 

The Agroecological Studies Unit has been designing a methodology 

for cataloging and classifying information about cassava producing 
areas. It has identified the concept of a homogeneous "Micro-Region" 
within which certain basic conditions which influence the production of 

cassava are relatively uniform. Because of their uniformity, these serve 

as an organisational framework for other data describing production of 

the crop.
 

2. Micro-region definition
 

Objectives.
 
Work was undertaken both in CIAT and in the field to test the 

methodology for defining micro-regions. This was based on gaining a
 

fuller understanding of those aspects of the physical environment of the
 

Colombian North Coast which affect the cassava plant, and on identifying 

the most important environmental and socio-economic factors which
 

control or constrain cassava production there.
 

Analysis ' f Secondary Data. 
Available climate and soils data were studied to describe the 

general characteristics of the area. The climate can be classified as 

Marine Savanna Tropical (Papadakis) with a dry season of from three to 

six months, a mean annual temperature of 27 degrees centigrade, and a 

mean annual rainfall of from 1000 to 1500 millimetres. Soils can be 

broadly divided into "Savanna" and "Alluvial" types. The former are 

composed of moderately evolved neutral clays and sands, the latter of 

neutral and acidic al luvial deposits, both sands and clays. 
data, and agriculturalSocio-economic data from local sources, CIAT 

census daca provided some idea of the types of agricultural activity, 

land holding size and cropping systems of the area. No causal 

relationships could be discerned between agricul tural activities, 

particularly cassava production, and the physical -nd socio-economic 

environments, such as might allow us to choose certain factors to 

delimit micro-regions.
 

The onus of the study therefore moved to field study to identify 

these relationships at first hand.
 

Variables used for micro-region definition.
 
Environmental Considerations.
 

Alternate wet and dry seasons on Colombia's North coast bring seasonal
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shortages and excesses of moisture. While cassava has a remarkabletolerance to drought stress, its lack of tolerance to flooding orwaterlogging : equaliy notable. One of the most surprising i ,.dings ofthe fie.ld period of 
this study wa s that cassava production in the regionis not restricted to the areas where so!I drainage is favourable to thecrop. In areas of low, flat relief, or where the water table is local]yhigh, conditions for cassava production are margina. for much of theyear. In the wet season losses due to root rots can be considerablethese areas. Neverthelecs, many 
in 

farmers cultivate cassava in suchconditions, either through choice or through necessity.
 

One of the advantages of these areas is 
 that they have availablemoisture reserves in the dry season which prolong the effective growingseason. hereW.% mechanised land preparation is practised, farmers attemptto take advantage of the favourable characteristics of these soilsreduce potential losses by ridging. This option 
and 

is not universallyavailable; use of tractors on cassava producing farms was found to berestricted to certain parts of the coast, as will be described below.Elsewhere, i1 they have no alternative place to grow cassava, farmers
have to risk the loss of their crop or plant at the end of the wetseason. The latter practice is common along the banks of the Magdalena
and other large rivers, flood recession agriculture.
 

In areas of higLec relief the rotting problem is 
 less common,although not absent. 
 In soils with a high clay content, periods of very
prolonged rains in the wet season can cause similar losses. However,lack of soil moisture during the dry 
season 
is the real disadvantage of
these areas, halting even 
the growth of cassava.
 

Two important 
a- -an therefore be distinguished on 
the basis of
seasonal fluctuations aiiavailable soil moisture: Those where dry season
reserves are limiting to 
cassava growth, but where wet 
season conditions
 are not; and those where dry 
season moisture availability is favourable
to cassava growth but where wct 
season conditions are limiting. Table 
1
describes these characteristics for the micro-regions defined in Figure
1. 

Farm size andLand Tenure.
 
Available data 
 show that the farms of the north coast are
predominantly small. Data 
from the 1970/71 agricultural census 
are
presented in Table 
2. More than fifty per cent of all 
farms have less
than 5 hectares of 
land. One quarter of all farms have 
less than one
hectare according to this 
data. Almost three-quarters of all 
farms
the region can he considered "Small 

in 
farms", with less than twenty 

hectares of land.
 

The role of cassava on 
the farm changes as 
farm size increases. The
crop's importance for subsistence declines and its 
importance 
as a cash
crop increases. 
 Farm size is the first 
limit on the quantity of cassava
produced. Ideally, therefore, we might 
wish to define micro-regions
according 
 to spatial differences 
 in the farm-size distribution.
Unfortunately, data 
at 
a level of disaggregation sufficiently 
small to
allow this 
are not available 
for this regiun. Nevertheless, sufficient
data exists to note that in 
Cordoba, for example, 
there is a much
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greater concentration of the very smallest farms than in the other 
departments. In Atlantico these farms are far less important on a 
percentage basis than in the other departments. On Colombia's North 
coast a number of different tenure types were identified in the survey.
 
The importance of recognising them in the micro-region definitions stems
 
from their spatial distributions. These are not random but insted have
 
strong regional concentrations.
 

Two tenure types with insecure access to land were recognised to 
have strong geographical concentrations, one associated with a form of 
share-cropping on old pasture land in the north of the region, and the 
other being cash-renting of land in Cordoba. Conversely, in Sucre and 
parts of Bolivar land tenure is more variable; more secure tenure types, 
such as land ownership and provisional tenure of agrarian reform land, 
were found to be concentrated in thise areas. Table 3 shows the types 
of land tenure ide:.tified in the field study for each micro-region. 

land Preparation and Fertility Management.
 
land preparation techniques on Colombia's North Coast can be 

divided into two types. In many areas farmers still practise slash and 
burn agriculture and prepare the soil manually. in other parts 
mechanised preparation has replaced the traditional system. A strong 
concentration of this type of land preparation was identified during the 
survey in Cordoba and Sucre departments. 

The spatial distribution of the two different methods is governed 
by a number of factors. Topography is the primary control on 
mechanisation. The areas of steepest slopes were delimited as seperate 

map
 

micro-regions, in accordance with survey data indicating the 
distribution of the two types. Figure 2 gives an indication of the 
distribution of non-mechanisable land which was used as an aid to 
these. Taking this restriction into account does not fully explain the 
concentration of mechanised land preparation described. it is probable 
that tractors are more common in the southern departments, Sucre and 
Cordoba, than in the north because of the importance in the former of 
large cotton, sorghum and rice farms. In addition, farm income is 
probably higher for farms with more secure forms of tenure particularly
 
in Sucre. Table 4 indicates the dominant form of land preparation in
 
each micro-region.
 

Soil fertility maintenance, as in all areas of slash and burn
 
cultivation, depends on fallowing of the land to permit recuperation of
 
fertility. To some extent this system still prevails in some parts of
 
the region. In others pressure on the land is reducing the length of
 
fallow period to one or two years, and at half the places surveyed land
 
is no longer fallowed.
 

Table 5 summarises survey data relating to fallowing practices and 
soil fertility problems noted at 43 places visited. Incidence of soil 
fertility problems, manifest in declining yields, is inversely related 
to the length of fallow period practised.
 

The decline of fallowing can be related partly to insecurity of
 
tenure, its absence being more notable in those areas where land is
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rented or sharecropped to clear pastures (Table 6). The length of timeland is left in fallow is very variable, but a pattern is evident.
Farmers in 
the more isolated and mountainous regions of 
the coast still
maintain long fallow cycles (micro-regions 6, 1i and 12). In Sucrefallowing is also common on farms on 
the "Sabana", (micro-region 14). In
contrast, in micro-regions 1, 2, and 4 in Atlantico and Bolivar, 13 inSucre, and 16 and 
17 in Cordoba, fallowing is not practised. Fallow
 
periods are given for the micro-regions in Table 7.
 

Comparing Table 7 with Table 3 confirms that 
those micro-regions

with long 
fallow periods are associat2d with 
more secure forms of land
tenure (micro-regions 6, 10, 
 11, 12, 
and 14). Those where fallowing is
not practised (I, 2, 3, 4, 5, 16, 
 17, t8 and 19) have less secure
tenure. There 
are exceptions which 
do not fit this pattern however

(micro-regions 7, 8, 9, 13 
15 and 20).
 

These conclusions about 
soil fertility problems 
and maintenance
 
were based on farmers opinions, from the 
survev.
 

M.icro-region Definition
 
The micro-regions 
 Are primarily 
 defined by the physical
environmental factors identified during the study. 
 However, it must be
appreciated that there are important socio-economic differences betweenthe units identified, despite the fact that: it oftenis more difficultto map these. Some, such as land preparaTtton techniques and fallowingpractices, can be related to the influence of the physical factors usedto define micro-regions. TN the non-mechanisabie mountainous areascompetition for land is relatively lower than elsewhere, and this isreflected in the maintenance of fallowing in 
these areas (micro-regions
6, 11, and 12). Elsewhere land tenure types were 
shown to be spatially
concentrated in certain areas and this data has been used here toseperate some 
of them (micro-regions 14 and 16 for example). Othersocio-economic data which does not show strong spatial distribution,such as farm size 
data, can be added as 
descriptive information as 
part


of the data base described below.
 

Cassava micro-regions data-ase for the north coast.
 

Data-base organisation.

The Agroecological Studies Unic is 
currently creating a computerlsed


data-base using the defined micro-regions as an organisational frame-­work. 
 All the characteristics 
 of interest associated with each
micro-region will be stored in 
a file with the region's name. This will
include information 
 such as descriptions of climatic and edaphic
conditions, socio-economic characteristics 
such as land tenure, and
information related 
directly to cassava production. Cropping systems,
varieties, planting daces, pest and disease problems of the 
area can all
be stored within 
the system, according to the interests and needs ofCassava Program Scientists. It is hoped to extend the data base in the
 
near future to 
include information 
on parts of Eastern Paraguay and
Coastal Ecuador, where the Cassava Program has special interests.
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TABLE 1. Subdivision of micro-regions according to environmental
 

characteristics affecting available soil moisture.
 

Environmental characteristics 


1. 	Low-lying land with high water 

table. Excess moisture in wet
 
season, dry season reserves.
 

2. 	Raised/high land. Wet season 

moisture supplies adequate.
 
Dry season moisture augmented
 
by micro--climatic influence of
 
the sea.
 

3. 	Raised/high land. Wet season 

moisture adequate; dry season 

moisture inadequate.
 

4. 	Low-lying land. Adequate to 

excess moisture in wet season;
 
edaphically induced shortages
 
in dry season.
 

Micro-regions
 

I(a, b), 7, 10, 13, 15, 17, 20.
 

3, 6, 11, 18.
 

2(a, b) 4(a, b, c). 12, 14,
 
16(a, b), 19. A, B, C, D.
 

5, 8, 9.
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TABLE 2. 
Farm size distribution, by percentage, for five departments 
on
 
Colombia's North Coast.
 

Farm size
Department Total number
Iha I- 5ha 5- 20ha 20ha 
 of farms
 

Atlanuico 
 6,0 44,4 28,6 20,9 
 10,622
 

Bolivar 
 13,2 34,1 
 21,7 
 31,0 34,097
 

Cordoba 
 39,6 21,7 
 16,0 
 22,7 50,611
 

Magdalena 
 13,8 31,0 18,2 
 37,0 23,266
 

Sucre 
 25,2 33,5 17,9 23,4 
 21,398
 

Total/Average 
 24,2 29,8 
 19,0 
 27,1 139,994
 

Source: Censo Agropecuario 1970/71. 
 Departamento Administrativo
 
Nacional de Estadisticas DANE, Bogota, 
1974.
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TABLE 3. Dominant form of land tenure in the micro-regions. (Note that 

where a micro-region is listed twice, both types of tenure are 

considered equally important). 

Tenure form Micro-regions
 

Pasture-clearance 1-6, B, C, D.
 

(Sharecropping) (insecure)
 

Cash-rentIng (insecure) 9, 16-20.
 

Land reform occupancy, 7, 8, 10, 12, 13, 15. A.
 

colonisation and land
 
invasion (secure)
 

Land-ownership (secure) 2, 6, 11, 13, 14.
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TABLE 4. 
Dominant form of land preparation for the micro-regions.
 

Land Preparation 
 Micro-regions
 

Manual; slash and burn. 
 I - 12
 

18 - 20
 

A-f)
 

Mechanised 

13 - 17 

TABLE 5. 
Survey data describing soil fertility decline and maintenance
 
at 
43 sites. Incidence of yield decline decreases inversely

with length of fallow. (Chi Squared significant at 0.01
 
level).
 

Fertility conservation 
 Fertility 
 Crop yields

practices 
 declining 
 not declining
 

No fallowing 
 4 
 14
 

1-2 years fallow 
 8 
 5
 

3 or more years fallow 3
9 
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TABLE 6. Fallowing practices compared with main form of tenure at 62
 

survey sites. 

Dominant tenure type No fallowing Falloging 

Land ownership 5 11 

Land-Reform, Colonists 

and land invaders. 3 8 

Cash renters 11 8 

Pasture clearance 13 3 

TABLE 7. Length of fallow for Micro-Regions.
 

Length of fallcw Micro-regions
 

Period (years)
 

0 1-5, 7, 8, 13, 15-19, A-D
 

2 - 4 6, 9, 10, 11, 14, 20.
 

4 12
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FIGURE 1. Micro-Regions for Cassava on Colombia s North Coast. 
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CLASSES OF LAND ACCORDING TO PREDOMINANT
 
GRADIENT FOR PART OF THE NORTH COAST OF
 

COLOMBIA
 
(SOURCE: IGAC 1973. Cala do clasificaci6n do tierras)
 

Flat land Gradients lower than 3% 
(USDA Land suitability classes I and V) 

Fla!to lightly undulating land. Gradients lower than 25% 
(USDA Land suitability classes Ito IV) 

I 	 Light to strongly undulating land. Gradients up to 50% 
(USDA Land suitability class VI) 

j 	 Strongly undulating to steeply scarped land Gradients may 
exced 50% (USDA Land suitability class VII) 

1 10 20 30 40 so 

KMS 

N
I 	 'i 

Cara I. 

Ar~ 

Sinc.l.t 

FIGURE 2. Gradient on Colombia's North Coast. (Class VII considered to steep for 
mechanized land preparation). 


