


El CIAT, Centro Internacional de Agricultura Tropical, es una institucién de
investigacion y capecitacion agricolas, sin 4nimo de lucro, dedicada a incremen-
tar la produccién de alimentos en las regiones tropicales en desarrollo. El CIAT
es uno de los 13 centros internacionales de investigacién agricola bajc los
auspicios del Grupo Consultivo para la Investigacion Agricola Internacional
{GCIAI).

El prerupuesto basico del CIAT e financiado por un grupo de donantes. En
1987 tales donantes son: Béigica, Canad4, Espafia, Estados Unidos de América,
Francia, Holanda, Italia, Japon, Noruega, el Reino Unido, la Republica Federal de
Alemania, la Reputiica Popularde China, Sueciay Suiza. Las siguientes organi-
zaciones son también denantes del CIAT en 1987: el Banco Interamericano de
Desarrollo (BID) el Banco Internacional para Reconstruccién y Fomento (BIRF),
el Centro Interniacional de Investigaciones para el Desarrollo (CIID), la Comuni-
dad Economica Europea (CEE), el Fondo Internacional para el Desarrollo Agri-
cola (FIDA), ta Fundacidn Ford, la Fundacién Rockefeller, y el Programa de las
Naciones Unidas para el Desarrollo (PNUD).

i.a informacién y las conclusicnes contenidas en esta publicacidn 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 {ocd supplvy over time. Cassava, due to its
special inherent attributes, has a particularly important role to play
in the elimination of periodic famine. While CITAT does not work
directly in Africa, it continues to support the efforts of its sister
center, TITA (International Institute tor Tropical Agriculture), to
ensure a more stable {ecod supplvy on that centinent.

In Asia the CIAT regional cassava program is now firmly es.ablished
and provides increasing btack up for the national programs in the area.
As Asian countries improve their rice production thev are increasingly
turning their attention in rescarch and develpment to upland crops such
as cassava.

In Tatin America, the economic situaiion continues to favor cassava
development and there has been a remariable surge of interest 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 ur cassava products then farmers are quick to
request new production technology. In recognition of this situation the
CIAT cassava program, in close collaboraticon 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 Tima (Peru). Cassava as animal feed on the
farm is being evaluated in southern Brazil, while its use as a component
of balanced diets 1s being studied 1in Mexico, Panama, Coclombia 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 1s underwav. 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 producte, are evaluated. Finally the effects of
new producticn technology are determined. The results of these studies
will be made available to the appropriate national agencies for planning
[urposes.

Country Reports

In this report it 1is 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 inteprated cassava projects. The proving ground for the
testing of this methodology has been the DRI (Desarrollo Rural
Integrado) cassava drying project on the Colowmbian North Coast.

The project, which has focused on the establishwent of small
agroindustrial businesses based on the organization of cassava farmers'



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.$ pA 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© 1,040 5.0
Total 20,780
Selling price 23,190
Profit 2,410

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

c . .
Interest on investment and working capital.



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 drving 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 1t was possible to demonstrate the economic
feasibility of replicating the plants in other localities. Since 1983,
19 additional plants have been established throughout the Atlantic Coast
region (6 in 1983, I3 in 1984). The ultimate goal is to establish 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 (Instituto Colombiano de la
Reforma Agraria). This increased the total number of plants located on
the dtlantic Coast to 20. During the season these 20 plants processed
7,158 tons of frecsh cassava and produced 3,006 tons of dry cassava
chips. This represents a 217% increase in production over the previous
drving season (1983/84).

Of the 20 plants, 14 made average profits of Co0l.%4,020 per ton of
dry cassava. Six new plants made losses of C0l1.51,229 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 1s expected that these plants will
operate profitably next szason.

The profitability of some of the recently established plants has
also been affected by the fuct 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 1is no guarantee that this supply can be
maintained. 1In future it will be important to assure 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 mat:rial 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 the 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. 1In the first semester of 1985, the
DRI program initiated an improved ''seed" proiect which contemplates the
production of clean planting material by farmers and the multiplication
of improved varieties at the ICA experimental stations, for subsequent
cistribution to members of the drying plant cooperatives. CIAT assisted
in a special "seed" producticn course established by DRI.



Technical assistance to the drying plants is provided in each
department by tcams 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 summarizes 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 vear. Tt is also worth noting that
the new plants estahlished thig vear hy INCORA operated as efficiently
as the older DRT-established plants and a greater proportion of the
cassava processed by these plants was supplied by members. Tt appears
that two fundamental aspects, land availability and cassava production
credit. are not limiting factors for these teneficiaries of the
Colombian Tand Reform Proaram, whereas this is not the case for those
farmers organized through the DRI program,

A number of new buvers have 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 drv cassava over long distances lias posed
problems for the drving 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 importent being the joint negotiaticn, by an eclected committee
of representatives from each department, to f{ix quotas and prices for
the sale of the dry cassava produced during the year. On the June 2,
1985, the Colombian Covernment officially recognized the formation of a
Cassava Growers' Federation whose aim is to further and fto protect the
interests of the farmers involved in +“he 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 establishment of two new plants. Outside the Atlantic
Coast region there are four cassava natural drving plants in the
Department of Santander del Sur arnd two are projected to he 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 1is 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 aatural drying plants 1984/85.

Total drving

Dry cassava

Plant Cassava supplied

Number of area production Conversion® utilizationb by cooperative
i
Dryirg plant type plants m- 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

Conversion: tonnes fresh cassava required to produce 1 tonne dry cassava chips.

b

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

12 kg/mz.



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

Number of

Dry cassava

drying production Cartagenaa Barranquillah Medellin® B/mangaa Bugaa Palmirad
Department plants t (80-250 km) (60-150 km) (500 km) (500 km) (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 - - - -~ -
Magdaiena 3 635.8 29 63 - 8 - - -
Cesar 1 45,2 - - - 100 - - -
Total 20 3,006.0 38 16 12 3 23 8 1

? Purina Colombiana, S. A.

Acondesa and Nutridiaz

¢ Solla, S. A. and Fedegan

d Villa Lismori.



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 cof some 140,000
tons was estimated. This demand is veryv price sensitive. For every one
percent price change, the demand would change by more than four percent
in the opposite direction. As can be appreciated in Table 4, demand is
proportionally greatest for elaboration of pig and cattie compound
feeds. These are the high growth products of the animal feed industry
at present. Tt 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 ore presently below 20%, while in Europe's
compound feed industry, 307 is a normal value. When 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 thet the use of cassava as an animal feed will
increase total demand for cassava by more than 30% in five years.

The 1increased demand for cassava has lead to requests for new
technology to improve production technology by the "campesinos" (small
farmers) who previousiy 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 (Institutc Nacional de Investipgaciones Agropecuarias) on
testing of cassava varieties and agronomic practices. In 1981, INIAP
commissioncd a studv by CIAT on the future needs for cassava research in
Ecuador. !n the subsequent report it was 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, assoclations, 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 (DR1) office have prcmoted solar dryving of rassava on the
North Coast of Colombia since 1980, Each plant is operated by an
association or cooperative of small-scale farmers (campesinos), and so
tar none have failed. TProduction last vear reached 3,700 tons of dry
cassava with complete market acceptance.

The Colombian experience shows that promoting the technology
through an  dntegrated  rural development (DRT)  project and an
international center i- costlv. A cassava chipper costs only US$800,
and a complete cassava-drving plant bears a mere UsSI0,000 turnkey
price, a real bargain for rural development planners given its impact.
However, the hardware is surrounded by technical assistance,
agricultural credit, nmanogement, economic research, and other
peripherals.  lecause of these services and overhead, the total cost of
promoting the plants is much greater,

Cost  reductione  will require new methods  of suppovting and
promoting the plants. Vtor it= part, CIAT is interested in reducing the
amount of support noeded to replicate the Colombian suceess. The issue
is not just institutional economy; benefiting a larger number of small
farmers will also require new institutional arrangements,

The CIAT-DR1 experience in Colombia and the institutional need for
new successes suggested a trial in Ecuador: (1) vo see if inexpensive
direct involvement would stimulate technology dJiffusion to another
country; (2) to see if costs could be reduced; and (3) to see if large
numbers of small-scale producers could again  be Dbenefitted by
cassava-drying plants,

Preparation started wicth short visits to Ecuador beginning in
April, 1985, to contact institutions that might play a role in
technology cransfer, to screen potential production zones on Ecuador's
dry coast, and to gather data. The Colembian experience suggested the
types of institutions that would be 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 tor selecting areas
were: (1) dry weather:; (2) smallholder cassava production; (3) cassava
marketing problems; and (4) high small farmer population. The criteria
for choosing institutions varied according to thelr potential role:
incerest in cassava research, prior contact with small-scale prodncers,
money for f{armer associations, etc. The 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 wvisits, CIAT and INIAP conducted a “sondeo" or rapid



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, ITCA (Inter-American Institute
for Cooperation on Agriculture), and CIAT. While still in the field,
several factors (the raw data of the survey, the extrsordinary
participation of institutions, and the enthusiastic response of small
Farmers to the idea of processing) warranted a decision to begin the
trial immediatelv atter the Portoviejo cassava course scheduled for
early to mid-GUctober.

That course was one of several training sessions (courses,
lectures, field days) in which CIAT staff participated. These were
opportunities to organize activities, to mobilize institutional support,
and to {ulfill requests frowm organizations that would reciprocate. The
sessions included the MAC (Ministerio de Agricultura vy Ganaderia) and
IICA course in Quito in July, the presentation of a minicourse in Manabi
in July, leadership in the full October course in Portoviejo, a lecture
at a MAG course in Cuavas Province concerning post-harvest technology,
and a lecture at USALD (United States Agency for International
Development) in Onito to AID {(Agencv for Internatioual Development),
Peace Corps, and the F Foundation.

The Portoviejo course, which was delayed until October 28 to 30,
emphasized lectures bv local {unctionaries, regional functionaries, and
a potential buver on cassava production and demand.

CIAT brought in two cassava chippers to give & demonstration, and
four CIAT professionals were invited to give talks. INIAP hosted the
course, and MAC (Portoviejo and Guavaquil) coordinated it, with
assistance from CIAT and 1ICA. The course did not end with formation of
a provincial or regional cassava committee because of divergent
interests within the audience, but it legitimized actions concerning
cassava and so facilitated later work,

While the Portoviejo course was in progress, CIAT and MAG organized
two small farmer groups in MAG/FODERUMA project areas that CIAT had
visited brieflv during prior trips. The two companies (Jaboncillo and
Bijahual) unite 25 und 15 farmers respectively. The motive for farmers
to join the groups was economic incentive (cassava marketing problems),
but a prior relation with a functionarv was essential to forming the
group, given initial scepticism. The companies, as associations, are
independent of the MAG/FODERUMA proiects from which they sprang.

After several more meetings, each 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 MMAG/FODERUMA piojects. The members alsoc 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 US$5000, thus assuring that the groups would
be adequately financed.
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Inter-institutional coordinetinn has heen an aim of the trial. One
of the lesscns from Colembia was that inter—institutional bureaucratic
committees can he effective. In Manabi province, the working group
comprises mid-level staff from MAG-central, MAG-projects, INIAP, and
CIAT, with hopes of wider participation. The group began to meet vhen
the plante started production and it met almost every week until
production ceased. An evaluation meeting 1is scheduled, and then a
recess until the consivuction of new drving plants.

The MAC ovtice of Portoviejo assigned a staff member to coordinate
the cassava trial. He deals dir2ctly with the producers' associations,
as well as with other ‘unctionaries and buvers

Yo teach the greups how to dry cassava, CIAT hired a farmer (the
son of the manager of the first Colombian rlant) to come to Ecuador for
a month; at the same time, CIAT cancelled a drying ccurse ror
functionaries. 7This case of small farmcr-to small farmer technology
transfer was extremely successful, judged hoth by the performance of the
plants and the testimonial dinners offered by the associations.

Various forms of dried cassava have been on the market in limited
quantities in the past 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 leeding. The waste bv-product is of inherently low feed value,
the grated casrava 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 cessava is an
acceptable animal feed dingredient is crucial to opening up new
perspectives for cassava marketing.

Marketing the cassava was handled by a committee from the plants,
assisted by MAG-Guavaquil and CIAT. So far, all the cassava (50 t) has
been sold in Guayaquil, though one goal was to se.l in Manabi and Quito
as well,

The social structure 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 muse these to promote initial sales and to solve problems, even
while the project promotes direct contact between associations and
buyers for more ordinary transactions. Tower-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
cererronial ends. This structure is found in both Colombia and Ecuador.

Even though in the first phase of technology “ransfer 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

i1

seeking ways to reduce capital costs (in this case, by using rented
floors and equipment); (6) promoting independent diffusion of technolagy
(through the courses and the trial) while still skewing 1t to
small-scale producers; and (7) making studies more efficient Iy
condneting minimal studies aimed at monitoring or at specific decisilons
(where to locate plants, how much te pay for cassava, etc.) and by
integrating investigation and extension,

The trial could not be 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 USS300 to USS500 after paying for equipment. In that period,
the two bought over 1'S$3000 worth of c..: ava, most of which would
otherwise have been losgt. The final tally seneficiaries will not be
ready for some months, but it will show substantial benefits to small
farmers,

Bureaucrats among others aleo benefited from the trial. Alwmost all
of the institutions involved published reports about the cassava course
and the trial. The functionaries in direct contact with farmcis have
validated their voles, and the government has found a means of making
small farmers wmore productive. Researchers have published findings that
are usually Teft in archives, and thev have seen the research benefit
the farmers. CIAT has concluded an activity in accordance with its
mandate and the buyers have reaped some financial reward for dealing
with the associations,

It is true that the production trial could have been carried out
with less social networking. Put 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.

Pavaguay

Paraguav has the highsst per capita production of cassava in TLatin
fmevica.  There is a long tradition of producing and eating cassava,
however, over the vears research and development agencies have tended to
take the <crop for granted. Recently the Secrstaria de Extension
Agricola (SEAG) 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
aporoved.

The objecrive 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 1is already
underway and a preliminary characterization of production zones and
systems was made by SEAG/CTAT.
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Panama

~IDIAP (Instituto de Investigaciones Agropecuarias de Panama) and
CIAT have an agrrement for technical cooperation and work closely with
each other. Much of the work is financed by USAID. The overall
objective of the project 1is 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 neuw varieties,
management practices, production systems and processing.,

Although there is no overall plan for cassava development in the
country, IDIAP, with the tacit approval of the government, is moving
towards increased use of cassava in animal feed. IDIAP hae concentrated
initial efforts in the plains of Ocu. This area is an lwportant 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 thirtv 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 1lcw and farmers
maintain fertility bv 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
consumptiorn. About 757% of the cassava is grown as a monocrop and the
remainder with various intercropping s,stems. The cassava, maize, yam
system is verv similar to that used in the Colombian North Coast and
appears tn have been taken from Colombia to Panama by migrants who went
in gearch of land to plant rubber.

lLand is mnormally prepared mechanically; planting material is
selected but not treated; the principle planting season is in May but
some farmers planc in August-October so as to harvest when prices are
nighest. Only about 307 cf the farmers use fertilizers for cassava;
those that dc fertilize apnly 50-150 kg/ha immediately after the first
weeding. Most rarmers weed at 30-45 and 75 days after planting with a
final weeding just before harvest to prevent weeds from seeding. Forty
percent of <the farmers wused gramoxone as a weedkiller before

fertilizing.

Harvest is generally after 12 montbs, 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 USS$/ha. The breakdown is as
foliows: USS 95 land preparation; USS 137 labor for plarting, weed
control etc.; US$ 92 for labour costs of harvesting and US¢ 36 for
inputs such as fertilizers, and herbicides. This gives production costs
of the order of USS 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 807 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. 1In 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/CYAT project attention is being paid to the
development of improved technology. In the early stages of the project
the local clone Brazilera (which app:ars identical to M Pan 51 Sabanera,
the most widely grown clonme 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 {rom 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 1s 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 Mexicy 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 tiie CTAT program in the search for improved clones to
replace M Pan 51 or Sabanera as it is named locallv. Two new clones
(CGMI314-1 and SGM714-5) were selected by the Mexican researchers as
extremely promising and have done very well in advanced vield 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 vear, these clones will be good candidates for
verification trials on farmers' fields and possibly for release soon
after, The advantage of their having Teen derived from seed
introductions is that they have already Lteen 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 1s good;
however, problems have consistently occured with centrol 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 coutrol program.

The 1986 harvest fis expected to be 35-40,000 t of cassava. The
total number of drving plants has been increased from 10 to 17 and in
addition seven new silos for silaye production are being constructed.
Official Mexican agencies are, however, still worried about their
ability to etrecrively handie the cassava produced and have requested
help from ClAT in improving the technical and organizational aspects of
the post-harvest handling operation.

Peru

This wear Peru has  shown renewed interest in cassava. The
potential cuists to revolutionize the marketing of cassava produced in
the Selva and transported to tlee major urban center of Tima. 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 primarv reason why
cassava is at a disadvantage in urban mar“ets is the rapid postharvest
deterioration or the roots. This makes the purchase of cassava a risky
procedure, inflates marketing margins through the hiph level of losses
incurred, and results in an expensive, inconvenient foodstuff of vari-
able quality for urban consumers. The greater postharvest stability of
potatoes, rice and other starch staples thus makes them a more attrac-
tive and convenient foodstuil. & simple lTow-cost storage technology in-

creases the postharvess life Trom 2 o 3 davs to two or more weeks.
This consists of a postharvest ‘unsicidal treatment to prevent microbial
rotting, tellowed by packing roots  inte polvethvlene bhags. Many

questions as  to the consumer acceptability of stored cassava, the
behaviour of the reots under commercial marketing conditions and the
optimal strateayv for achieving commercialization still remain to be an-
swered. These fssues can only he resolved through the execution of a
pilot project. i such a project the success of cassava storage
technolegy in: (a: eliminating urban consumers' adverse reactions to
cassava; (h) reducing the marketing margins and hence consumer price of
cassava; and, as a consequence, (¢) ultimateiv 1increasing demand for
cassava can be tested.

Bucaramanga (rop. 1985: 700,000), which has small larmer-dominated
cassava produccion rones supplving a population with a tradition of
cassava consumption, was chosen for a pilot project. Figure 1 shows the
location of Hucaramanga and the main production zones in the Department
of Santander.

The pilot project was desioned to: (a) Jdemonstrate the viahility of
the new cassava sicrage technolop under commercial conditions; (b) to
evaluate and monitor consumer acceptance of stored cassava; and (c) to
describe quantitativelv tne impact of the new storage technologv on to-
tal demand for fresh cassava, on farm-level and consumer prices and on

the structure of the {resh cassava market .

The project s divided into tour phases: production, marketing and
consumption survevs; a series of on-farm storage trials designed to fa-
miliarize farmers with and test the technology under local conditions
with leccal varieties; commercial marketing of stored cassava; and mea-
surement of the impact of the new cassava technology on prices, demand
and market structuce.

The project is being implemented by the CTAT Cassava Program and
the Integrated Rural Development (DRT) 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 Bucarumanga market. (San Vicente de
Chucuri, Barrancabermeja, Rio Negro, and E1 Playon). The other municipio
(Saravena) could not be Included because of guerrilla activity 1in 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 1is relacively large, as a high percentagc of
farms tend to group in tne 10 to 50 ha. strata (Table 1). Cassava pro-
duction and consumpticn in Santander Department is a relatively closed
cystem, as little cassava 1s dimported or exported and the market for
cassava is dominated by fresh urban consumption {in Bucaramanga and the
smaller towns of Socorro and San Gil.

Because of the terrain and poor soils in the region and the rela-
tively large farm size, nrms 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 wvariation 1{in area planted to cassava hetween the four
municipios. The two farthest frow Bucaramanga (Barrancabermeja and El
Playon) sow smaller areas of iess than 3 ha in cassava while the farmers
in the municipio closest to the citv plant a signiticantlv larger area
to casssava, on average over % ha. In terms of land the potential for
expanding cassava produccion is significant.

Cassava preduction svstems in turn are relativelv extensive (Table
3). Land 1is prepared manuallv, primacily because of the sloping
terrain. Onlv in Barrancabermeja 1is there anv land preparation with
tractors. Nevertheless, labor utilization +n casaava production is low,
rarely averaging over 80 mandavs per hectare, Cassava is either sown in
monoculture cor in association with maize. Yo purchased inputs are used.
Poor soils together with relativel~ excensive production svstems result
in low vields,.

Mn-farm consumption is high, as cassava is the dominant suhbsistence
crop in Santauder. In the municipios farthest from Bucaramanga, 1.e. EIl
Playon and Barrancahbeormeija, cassava is growvn principally for on-farm
consumption. In these areas onlv a quarter to a third of the cassava is
marketed. On the other hand, in the other two municipios which are
closer to the cityv, cassava is grown principally for sale, as about
three-quarters of the crop is marvketed. Marketed cassava goes either to
Bucaramanga or the local town. The small towns tend to draw cassava

only from the production area of their own municipalities.

farmer marketing 1s based on bagged cassava. Few farmers sell
cassava unharvested in the let, This, in part, reflects the proximity
of the market and the readv supplv of cassava. Sales are characterized
bv relatively small lor size (Table 4) and these vary by market access.
Where the munfcipality is farthest from the major market (E1l Playon and
Barrancabermeia) farmers attempt to arrange the sales before harvest-
ing. Farmers in these zones have few options ard thev 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 usuallv sell more and at a higher price, as 1is
especially obvious in Barrancabermeja. Finallv, where there 1is very
good market access, such as in Rio Negro, farmers market the cassava
themselves, cven in Bucaramanga.

Where cassave farmers have good arket access, they tend to take
over more marke*ing functions, therebv reducing the number of middlemen.
The introductior of cassava storage technology should veduce marketing
risk and improv: market access, farmers in FEl Plavon are most in need

of such a technologyv. However, if introduction of the technology
requires tarmers to  assume  more marketring  functions, even up  to
wholesaling f{urctions, tnen farmers in  Kio Negtro are in a better
position to do so. Whotesaling o bagged cassava by farmers, will
require a continuous supplv and this i¢ limited bv current planting and
harvast patrerns (Figure 2, Hewever, there are no major restrictions
on planting and harvescting cassava  vear round, apart {rom labor

shortages during coftfee harvest, and  no  restrictions on  land
availability., As the project noves to the commercial phase, decisions
will have to be made ou area selection, whether farmers assume wholesal-
ing funcrions, and what changes are required in cussava production sys-
tems.

The marketing and consumption of cassava was compared with that of
potatoes in Bucaramanga. However there were a number of differences
betweer the two products, which can he at least parcly explained by the
better storing quality of the potato. (Figure 3 shows the structure of
the general marketing svstem for hoth crops In Bucaramanga). All
cassava ariives at  one wholesale market San Francisco). Each
wholesaler buvs an averave of 235 sacks (1 sack = A2 kg) each week.
Potatoes arrive at a dirferent marketplace, and each wholesaler buys 450
bultos/week. The links between the wholesalers and their clients are
much stronger for potatoes than for cassava; potato wholesalers give
credit, arrange sales in advance and, {if a sack turns out to be of bad
quality, will replace {t. This never happens with cassava,

Retailers exist in the four large municipal markets, the ten small-
er, loca. ncighbourhood markets and 1in numerous neighbourhood shops.
Potato retailers In tihe municipal markets are specialized, often selling
no other produce, whereas cassava is often found among vegecables: this
explains the higher potato volumes traded per rotailer (Table 6).
Cassava volumes sold in local shops are very small, perhaps because of
the risk involved in selling thi. perishable crop. Ihe retailers in *he
municipal markets buy cassava and potatoes evervday, many receiving
credit. in the neighbourhood marxets and in shopz, however, vetailers
almost never receive credit but most supply it to their clients. These
retailers buv cassava daily, and potatoes only once or twice a week.

The 86 consumers “and their families) Interviewed 1in this survey,
consumed 46 kg of cassava and 79 kg of potato per capita per year. Con-
sumers buy both porato 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 atticudes to cassava clearlv show the efiects of deterio-
ration (Table 7). Cassava is seen as beiuy a risky, variable quality
product which cannot be steored. Heowever, it is liked, censidered neces-—
sarv in meals and is easy to prepare. The disadvantages compared with
potatoes (those related to storage, combined with a less favored nutri-
tional quality) account for the lower cassava consumption. Factor anal-
rsie (CIAT Cassava Annual Report, 1984) showed that a solution to the
eterioration and storage problems of cassava would result in at least a
5=257 dncrease in cassava consumption in Bucaramanea,

The purchase of storable cassava in polvethvlene bags has several
possible advantapes tor censuners, including lower risk of deterinration
loss, improved voot quality and a lower price. Present shopping habits
will influence consumer acceptance of this new technolory, the nezessity
for frequent purchases being removed., Corpared with other Colombian
cities, Bucaramanga lLas a la-ge rumber oY markets. Fven in the remotest
neighhorhoods v o psople <hen verularly at a market., But there are
difterences between neichborbioads in the percentage of market shoppers
and also in the ‘requency of visits teo narkets.,  These living far away
will onlv visir o market once a weel;  those living closer mav go daily.
This is related to the ftrequenc of cassava purchase, since 787 of
people buv cassava at markets 1Y% in neighborhood shops; 3% dia
supermarkets).* In ceneral, consumers will not change their shopping
frequencv just ior cassava, and those o visit dailv mav not need the
advantages of storable cassava. Potatoes, storable at home for 1 week
or more, were nevertheless purchazed daily by 505 o the people
questiconed. One additional reason behind this {5 that many people do
ough monev to bhuv food for : weel at a time: 1in the five
:hborheoods sampled, 45-n07 of peopie named this as the major

not have en
poorest neiy

reason for frequent shopping. Such consumers mav, however, buy rtorable
cassava if the price is lower, and the cuality is more reliabie.

Regression analvsis demonstrated that the differences in consump-~
tion between neighborhoods (Table 8) can largelv he explained by the
ease or dirficulty of market access, bv whether the household owns a
refrigerator and bv whether the person who does the shopping in each
household is emploved (Table 9). Poov market access decreases cassava
consumption by 18 kg/capita/vear. This 1s directly related to cthe
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/yvear, obviouslv due to the better storage possibilities,
Where the principal shopper of a familv also works, consumption 1is
decreased by h.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.
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Half (48%) of consumers reported that tha cassava they buy some-
times deteriorates before they prepare it. This 1is espectally true for
people who buv cassava from local neighbourhood shops, where quality is
pocorer (roots are less fresh). These consumers will Jdirectly benefit

from storable cascava.

Although 807 of households interviewed own a refrigerator, many do
not wuse it fer storing cassava (Table 10) because of rhe large
quantities involved or because of adverse root quality changes, vspe-
clally related to texture, during storage of peeled root sections in the
rreczer. This latter method is the only one which serves for more than
I week: outsidc a refrigerator, storage times are limited to 7 davs.
Although cassava in bags can be stored for two weeks, counsumers may mnot
require a longer period than cne week, since this is the minimum shopn-

ping frequencv encountered.

consumers were asked for their opinion on this new, storable
cassava (although without having seen or experienced it). 547 thought
it was a gond didea; 197 had no opinion vet and 277 responded
unfavourahlv for a variety of reasons (e.g. possible taste changes, pre-
fer to select roors individually or a negative reaction to the chemical
nature o the roor treatment involved 1in storage). These factors were
all taken into account when designing the consumer taste panels for
stored cassava. Members of this panel were selected from interested
respondents to this survev., Some 857 af the 400 people interviewed were
willing te test stored cassava.

Storage Experiments in Santander

A series of storage experiments was set up in San Vicente, the main
cassava producing region ol the Santander Department using cassava roots
obtained from small farmers. Three experiments were completed in this
zone, each one using a different local variety.,

The results of the on-farm storage were positive (Table 11) with
losses on the 100-point evaluation scale for total deterioration (phys-
iological plus microbial) being helow 12, 19 and 6 after two weeks in
experiments 1, 2 and @ respectivelv. Only in experiment 1 was any phys-
lological deterioration present, and this never exceeded 3.57. 5 kg
bags tended to have higher microbial deterioration ratings than 1 kg
bags. Some varietal differences were apparent, with the local variety
used in experiment 3 (Venezolana), having less mechanically damaged
roots than the ocher two varieties (because of root shape) and thus,
having lower losses due to microbial rotting. Roots were cooked and
evaluated by farmers after storuge. They were uniformly acrepted, even
in the second week of storage, and substantial farmer interest in the
storage technologv 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
12). Losses after 5 and 9 days of storage were higher than those
normally found because internal rotting had developed from the uncured
damaged areas: Mertect, being a superficial treatment, does not offer
protection against internal rotting. TLosses of 30 and 27 on the total
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deterioration scale In experiments 1| and 2, respectively after nine days
egtorage were thus too high to be commercially acceptable. Nevertheless,
the cassava in good condition was cooked and consumed and rated as being
of high quality with no sweet taste discernable (see Utilization
Section).

The quality analvses 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 cortent decreased between weeks ! ard ? and
that both reducing and toral sugar contents increased. Howeve,, these
changes were not, apparently, enough to affect the organoleptic qualityv
of the roots as consumed by the farmers.

A further series of storage trials was carried out in August 1985,
with the aim of f{ileld-testing the aspersion method of Mertect applica-
tion, and of obtaining some details of the extra labor requirements and
costs involved In the storage operations. Of the three experiments re-
ported, two were carried out in the vicinitv of Barrancabermeja and one
in F1 Plavon {Table 14). There were large differences in the amount of
cassava harvested and treated per persoi. in each of these trials, d.s to
the relative case ov difficultr of harvesting (soil characteristics,
etc.) and productivity dififerences of the harvesters. For this reason,
it is difficult to conclude from this data whether immersion or
aspersion treatments were most labor or cost efficient: the relative
novelty of the tredatment  operations would aiso have reduced
productivity. As rthese trials progress, an increase in productivity of
the treatment operations will, therefore, bhe expectr’ With the
fungicide cost at Co0l.$4,000 Pesos per litre and the po)  _.hylene hags
at Col.$1.21 Pesos/kg roots (purchased locally), the aspersion treatment
was the cheaper alternative, because of the lower fuugicide costs: an
average of Col $ 2.9 Pesos (USS$0.018) per kg of roots for treatment,
labor and polvethylene bags, compared with Col.S$4.3 Pesos (US$0.029) per
kg for the immersion method. In these three trials an average of 77% of
roocts harvested were suitable for storage, a further 4% were not of a
commercial size, and the remainder (9%), consisted of roots of
commercial size but unsuitable for steorage either because of excessive
mechanical damage or their large size.

in two of the experiments. the results were excellent, with minimal
losses due to either physioiogical or microbial deterioration. although
some external microbiai growth was evident. In the third experiment
however, losses were higher than usual, due to substantial microbial
deterioration. This was a consequence of two factors: storage in an
enclosed room where temveratures exceeded 40°C within the microclimate
of the bags, and the pressnce of rats which opened and contaminated
several hags.

Consumer panel testing of stored cassava in Bucaramanga

A consumer taste panel wag set up in Bucaramanga te (a) determine
consumer quality preferences fo.s cassava in Bucaramanga; (b) to evaluate
quality changes occurring during storage; (c) to evaluate the relative
importance of the various advantages and disadvantages of the cassava
storage technology; and (d) to estimate possible consumption changes
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which could occur following the commercial introduction of storage tech-
nology,

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

Consumers had to discard some of the fresh root sample onlv iIn Ta
Joya, due moinly to "virurla" disease (pre-harvest root rot) (Table 16).
After one week, losses were below 0% in a1l barrios, and after two
weeks were acceptablv low in all but one harrio (FI Bosque/Campestre)
where, again, internal pre-harvest root rots caused losses. These
losses are probablv higher than would he experienced in practice, since
consumers could only open bags after ' and ? weeks of storape: n
normazl use, roots would be consumed more frequently and if problems with
rots arose, the eassava would be eaten more quicklv instead of left to
waste. I'n general this cassava cured well with damaged areas of the
roots not  producineg  either  internal phvsiological or microbiai
deteriovration, )

The appeararce of wiole fresh and stored roots was judged as good
on a four-peint evaluation scale and cooking times were slightly better
for stored rhan fresh rooes (Table 17). During storage some callus or
even rootlets mav develap on the root exterior, but this was not seen as
being disadvantageous in general, sao lTong as internal root quality was
maintained.

Petailed tasre and texture evaluations of the ({resh roots showed
that thev were of good quality, with a floury, soft texture and no bit-
ter, cweet or deteriorated ("off") taste. A few roots were glassy in
texture (hard, uneavable) but this variation in root quality is commonly
found in fresh roots. Roots were similarlv evaluated after ! and 2
weeks of storage, as having a floury, soft texture. A slightly greater
number of "glassy' roots were found, but this could be due more to sam-
ple variation than anv quality changes on storage. Most encouragingly,
no changes in root flavor occurred. The eating qualitvy of both fresh
and stored rcots was thus assessed as good bv these consumers: there
were no slgnilicant differences hetween fresh and stored roots.

Housewives were asked after ewperiencing both one and two week-
stored casseva, 1f they would buy cassava 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 cassava
in bags was Col.$5 Pesos per pound cheaper; and 877 if cassava in bags
was Col.$5 Pesos per pound more expensive than normal cassava. This
demonstrates that consumers were definately impressed by the results of
cassava storage. Questions were asked on the relative importance of
several advantages and dilsadvantages of storage (Figures 4 and 5). The
most important advantages were: (i) that cassava can be stored for two
weeks: (1i) that purchases can be less frequent and (iii) that the
cassava 15 selected. This 1last point is very important, since a
dicadvantage 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:
(1) that cassava qualitv could not be examined, and: (ii) that roots
vere treated with a chemical. Neither of these were rated as being much
more than of little importance by consumers. The necessity of rewoving
consumer doubts about the safetv of the thiabendazole treatment is
clear.

Consumers were asked how much wore cassava thev would eat if {it
were available fov purchase in bays (Table 19). In general, consumption
would increase by 18T, 200 and 87 if cassava in bags were the same
price, Col.5% Pescs per pound cheaper or Coi."% Pesos per pound more
expensive than normal loose cassava, respectivelv, Difrerences between
nieghborboods  were  large, however: the two ne ipgphbohoods having  the
largest Increares (387, 500) were those of the lowest socio-—economic
stratum and wich poor market access.  Tiis demonstrates that cassava
storage could divectly benet it the most acedv urban poor. The lowest
consumption  incrveases weve feune in Concordia and la Jova barrios.
Concordla has o municipi! warket within the neighbhorbood, making dally
cassava purchase easwv; ond fa Joya lies on o bus route to the cheapest,

central marker place. “ever:theless, in both theie neighborhoods, the
majority o’ consumers (55 and U570 respectivelv)  would prefer  to

purchass cassava in fage.  Megveosion analvsis showed that the factors
of market access, owpnership o vofrigerator and  emplovment of  the
household  shopper  were o long signiticant in  thess consumption
flaures f.e. storage of cassava removes the constraints on consumption
operating gt present,

oy

I'n three of these neighborhoods tla Jova, Miraflores, Villa Rosa) a
sample or cassava in hags was also given to a total of 20 small shop
keepers, and in Councordia to five market stall holders selling cassava.

Total storapge losses were 47 alter one weel. hoth root appearance and

eating quality were rated as good (2.0, and 2.9 after one week's
storage, on =i scale). Some 21 of these % retailers were interested in
selling cassava in bags, 7 did not know and | replied negativelv (he
does not sell rassava now either). The five retailers who do not
presently sell cassava said the main reascn for this was lack of time to
visit the market place evervdav to buy the product: four of them would
sell cassava in hags.

1f the consumer panel studiesz finish with positive results, as ex-
pected, this project will proceed to trial cormercial 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 yA No. farms yA

(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 Estadistica),

Censo Agropecuario, 1971.
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TABLE 2. Department of Santander, Colombia: characteristics of farms producing cassava, 1985.

San Vicente
Characteristic de Chucuri Barrancabermeia El Playor Rio Negro

Land use (ha):

Area in cassava 3.1 1.7 2.7 3.5

Area in other crops 0 G.1 0.5 9.8

Area in pasture 18.5 12.2 3.2 12.1

Area in fallow 16.3 4,6 17.3 23.0

Area not utilizable 4.3 2.4 0.2 6.0

Total farm size ’ 42.2 21.0 23.9 51.4
Livestock:

% farms having cattle 60 83 60 68

Cattle per producing farm 17 21 6 17

% Farms having pigs 73 94 58 55

Pigs per producing farm 5 7 2 3
Land tenure:

% Farms with secure tenure 76 89 78 78

% Farms with insecure tenure 24 11 22 22

N 120 54 60 62

S¢




TABLE 3. Department of Santander, Colombia: Characteristics of cassava production systems and

on-farm consumption, 1985.

San Vicente

Characteristic de Chucuri Barrancabermeija El Playon Rio Negro
Cassava yield (t/ha) 6.¢ 5.1 3.4 3.9
Method of land preparation:
Manual (% of farms) 100 87 100 100
Tractor (% of farms) - 13
Labor input in cassava (m.d./ha) 65.7 54.8 81.6 79.7
Daily wage (Col$/m.d.) : 423 390 370 395
Cassava varieties cultivated: Moradilla Moradilla Varita Coralita
Torrana Criolla Moradilla Criolla
Mona Blanca Mona Blanca Botona Moradilla
On-farm subsistance consumption (kg/day):
Per capita 1.6 1.0 1.6 1.8
Total 9.6 7.7 9.6 14.6
On-farm aniral feeding (kg/day) 5.1 9.5 6.6 12.0
N 120 54 60 62

9¢



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

San Vicente

Characteristic de Chucuri Barrancabermeja Flayon Rio Negro

% of production that is marketed 75 27 35 73
Average volume per sale (kg) 875 1155 190 500
Average price at last sale (Col $/kg) 11.6 8.3 5.8 11.4
Market destination (¥%):

Bucaramanga 47 46 75 81

Municipal 37 50 25 19

Other 16 4 - -
Root selection criteria (% farmers):

Skin color 0 2 100 60

Starch content 0 23 100 5

Root size 100 98 100 92

Variety 34 42 100 5
Arrange sale prior to harvest (%) 2 49 100 0

N 120 54 60 62

LT




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

fan Vicente de Chucuri. Barrancabermeja El Playon Ric Negro
-—Prior Ne prior prior No prior prior Ne prior prior No prior

Place of sale arrangement — errangement  arrangement — arrangement arrangement  arrangement arrangement arrangement
Volume gold per sale (kg)

Farm - 815 1145 665 190 - - -

Roadside 2190 830 1250 990 200 - - -

Local market - - - - - - - 530

City market - - 1500 520 - - - 525
Price received (Col $/kg)

Farmn - 13.6 10.2 6.8 7.2 - - -

Roadsid= 12,4 11.6 9.2 5.6 5.7 - - -

Tocal market - - - - - - - 8.2

City market - - 9.3 8.2 - - - 12.1

8¢
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TABLE 6. Quantity (kg) of cassava and potaio sold per week by retallers
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 ctored well 88 35 2 19
The quality of this product 1is very

variable 92 84 38 56
Purchasing this product is always

risky because of its quality 90 69 1 8
This product i3 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 51 48 50
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TABLE 8. Differences in cassava consumption per neighhorhood 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 fair® 2 1.4 27
a

Far from market, but own cars.



31

TABLE 9. Factors affecting cassava consumpticen in Bucaramanga
(regression analysis).

Consumption change
Factor due to factor
(kg/capita/vear)

Market access bad {no nearbhv market) - 18 **
Market access fair (market in nearby neighborhood) - 10 *
Market access good (small market in neighborhood) - 6

Market access excellent (large, central

rarket in neighborhoed) 0
Ownership of refrigerator + 8 *
Shopper of household employed - 7 %

Significance of results: ** = 17 ; * = 57,

TABLE 10. Cassava storage methods currently used by consumers in

Bucaramanga.
Refrigerator 33%
Freezer 15%
Under water 8%
Buried 1%

Do not store roots 437




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

Storage External Internal Internal Total
time Bag size microbial microbial physiological deterioration
Experiment (weeks) (kg) growth (A) rotting (B) deterioration (C) (B+C)
1 1 5 8.6 7.9 0.8 8.7
1 1 1 0.6 2.1 1.5 3.6
1 2 5 16.5 9.6 2.5 12.1
1 2 1 4.7 0.4 3.5 3.9
2 1 5 9.2 8.7 0.0 8.7
2 1 1 2.0 9.6 0.0 9.6
2 2 5 20.3 18.6 0.0 18.6
2 2 1 2.5 8.4 0.0 8.4
3 1 5 0.9 0.9 0.0 0.9
3 1 1 0.5 0.0 0.0 0.0
3 2 5 3.3 5.9 0.0 5.9
3 2 1 1.3 0.4 0.0 0.4

c€



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, 1933)

Experiment Storage time External Internal Internal Total
(days) microbial microbial physiclogical deterioration
growth (4) deterioration (B) deterioratrion (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.

Dry matter by Dry matter by Starch Reducing Total
specific oven (DM basis) sugars sugars
gravity drying (DM basis) (DM basis)
(whole root) (parenchyma)
Initial sample
Expt.1 39.8 43.4 84 0.40 1.31
Expt.2 33.6 36.5 87 0.45 2,27
Expt.3 30.5 37.8 87 0.77 ©2.91
One week storage
Expt.l 38.3 42.3 87 2.73 5.51
Expt.2 32.0 36.0 88 1.36 4.96
Expt.3 33.6 35.0 86 1.99 3.94
Two week storage
Exptr.1l 38.3 42.4 81 5.67 8.64
Expt.2 32.0 37.2 81 6.20 8.07
Expt.3 32.0 37.1 81 6.74 9.63

14
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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 E1 Playén
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 (labor)/kg

roots (Col.$) 1.3 I.1 0.9
cost treatment (Mertect)/kg

roots (Col.$) 0.4 2.0 0.4
cost polyethylene bag (Col.$/

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-economic Access to Cassava
Code Naine stratum markets consumption
(kg/capita/y)
1 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 1 week storage 2 weeks storage
La Jova 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

E1l Besque/Campestre 0.0 9.8 33.0
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TABLE 17. Consumer quality evaluation of stored and fresh cassava.

Quality parameter Fresh l week stored 2 weeks stored
< < * - cl ps

General appeamm‘.er1 2,329 2,237 Z.O]b

Cooking time (% normal or less) 677 827% 80%

Texture evaluations:

floury? 1.872 1.68" 1.71°
glassy’ 0.19 0.40 0.33
fibrous’ 0.15 0.09 0.03
soft? 1.72 1.56 1.51
hard” 0.13 0.43 0.37

Taste evaluations

hitter’ 0.13% 0.112 0.09%
sweet? 0.052 0.03% 0.01%
"deteriorated"? 0.032 0.122P 0.17°

Eating ruality

generala 2,252 2,232 2.142

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

Values with differeir letter superscripts are significantly different

(P = 0.05) according o Duncan's Multiple Range Test.

Evaluation scale: O 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 1 week for 2 weeks
A same A $5/pound A $5/pound
price B cheaper more expen-
than B 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 = USS 1).

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



TABLE 19. Consumer testing cf 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:
(kg/household/week) A = B? A $5/pound B A $5/pound B

La Joya 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

it

Cassava sold in bags.

[o=]
I

Cassava sold loose, as at present.
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Cassava production zone,
<1000 masl.

Cassava production zone
1 > 1000 masl.

’

\
COLOMBIA

Figure 1.

Bucaramanga

* @ San Vicente

® Socorro

Outline map of Santander Department, Colo nbia, showing major cassava production
regions and urban center mentioned in text.
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Key to Barrios: 1 LaJoya; 2 Villa Rosa:
5 ElBosque/Molinos
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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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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 TMPROVEMENT IN ASIA

During the first 10 vears of the Cassava Program (1973-1982), CIAT
had offered cassava germplasm and training/communication 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 cooperation with Asian national program
has been strengthened.

Germplasm Distribution
Sexual seeds have heen the wmajor means of germplasm transfer,

occasionally  sapplemented bv  meristem culture. Tn the past,
approximateiv 125,000 hvbrid seeds from some 2,000 crosses were
distributed to cassava breeding proprams in Asia  (Table 1). The
strategy  evolved from sending arvy latin American permplasm  te any

interestoed program in the early vears to provinding seed populations of
better defined parents rfor the specific needs and capaclty of each
national provram later on, particularly after 10582,

Ptochould be noted that the capacitv to handle sexual seeds at the
national progran level has increased enormously in the last few years,
In manv navional programs, these seed populations are regarded as
sources fer inmediate varietal selccrion while programs such as that in
Thailand, have also selected cross parents f{rom the seed populations to
he used in their hyvbridization program. These wmaterials are being
processed through evaluation steps in each national program.

Thailand

The Cassava Research Program, with headquartes at the Rayong Field
Crop Research Center, iield Crop Research Institute, Department of
Agriculture, had developed a hichlv comprehensive varfetal improvement
program, which has incorporated massive germplasm introductions from
CIAT (Tabhle ) dnto its evaluation scheme (Table 3). From the first
CIAT seed introduction in 1975, a clone selected from CM 407 cross (M

Mex 55 M Ven 307, crossed at ClAT In 1973) vere released as Ravong 3,
a high stareh cultivar and Kavong 2, a cultivar for snack food,
respectivelw, Several «c¢lones have been selected from the seed

pepultations to be used as parents in hvbridizations and the resulting
hybrid seeds from Thai = locally selected CIAT clones and locally
selected CIAT x CIAT clones now constitute the mainstream of braeding
materials. Extra quantity of promising hybrid seeds are produced to he
distributed to other national cassava pr rams in Asia.

Ravong 3 seems to be popular among advanced farmers and 1is
estimated to be planted in more than 300 ha. Rayong 2, just released,
attracted a few snack food companies and 1is being multiplied for
planting stakes to be used by centract {armers.

Some clones continued to show their vielding ability to be higher
than that of the venerable local cultivar Rayong 1 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
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aspect, however, the plant type is as bad or even worse than that of
Rayong 3 . (VI x R)21-8 is high vielding and of excellent plant type
and root shape but is starch content is not higher than Rayong 1. These
clones are selections from crosses made before 1980,

In regional trials with clones selected mainly  from 1979/80
crosses, CMR 13 crosses were evaluated: some clones outvielded Rayong 1
on the average in all locations but the difference was aot very large
(Table 5).

A similar result was obtained (rom advanced trials in which clones
were selected from 1980/81 crosses (CMR 74 crosses), (Table 6). Some
clones such as CHR 24-14-266, a selectior from Rayong 3 x Rayong |
cross, showed a favorable combinarion of high vield with good plant type
and root shape, and reasonable high root drv matter content.

More promising materials have come {rom preliminery trials in which

clones from [1981/8. crosses (CMR S or OMRZ3) or 1981/82 geed
introductisn from CLAT were evaluated (Table 7). Many clones outvielded
Rayong | and the average vield of rhe top five entries was 487 higher

than that of Ravony 1. {lones such as CM 329218 or CMR 25-137-5020 seem
to combine high vield with high root drv matter content and good plant
tvpe and root shape.

Planting cassava at the beginning of wet season (April/May) has
been the standard practice in Thailand buc recently mere and more
tarmers are shifting their plantings toward the end of wet season
(September to MNovember). Clonal evaluation was started for late season
planting in 1983 and now comprehensive set of genotype evaluations are
in progress covering I? seedling selection o advanced trials fro late
season pianting are 1in progress. In all the trials for later seasen
planting so far obtained, selected clones have shown extremnslyv promising
results. In one such trial, the average vield of the Uive bhest entries
exceeded that of Ravong ! by 70% (Table 8).

PhiliEBines

In the early years of cassava research program establishment in the
Philippines, an introduction of 12 clones from CIAT was made through the
CIAT/SEARCA/IDRC project. After multiplication cycles, these clones
were handed to IPB (Institute of Plant Breeding), UPLB (University of
Philippines at Los Banos) and PRCRTC (Philippine Root Crops Research and
Training Center), VISCA (Visayan State College of Agriculture), and were
luter evaluated 1in regional trials (Philippines Seed Board trials).
After some years of trials, CM 323-52 is being considered for official
release together wish G 50-3, a high yielding selection from the IPB
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
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10), while their carpacity of systematically evaluating large quantity of
genotvpes has been greatlyv enhanced through cooperation with CLIAT in
recent vears (Tahle 1), In many trials selected CIAT clones showed
highly premising results. In one such trial (in which the experimental
plot did not receive anv rtertilizer application, irrigation or chemical
pests control), a group of selected CIAT clones which had shown great
vielding ability in highlv fertilized plots of the previous vear trial,

1

!

also demonsvrated great vield superiority over local control (Table 12).

Such clones as CM 323-57, M Col 1684 amd CMC 40 have been actively
crossed with local germpliasm and the resulting hvbrids have now advanced
to the single-row trial. Kecent selections from seed introductions are

also enteving the hvbridization scheme now.

Additionally, ¢TAT has been concributing hvbrid seed populations
since 1975 to the cassava varietal improvement section of IPB and UPLB,
(Table 1), With  the improvement in evaluation materials of later
introductions are bheing evoluated more svstematically (Table 4)., Many
promising selecvions have resuited from the cross number above CM 3000,

Indonesia

CTAT's contributien of cassava hvbrid seeds to the cassava varietal
improvement -cction of CRIFC (Central Research Institute for Food Crops,
Bogor) started as :.orlv as in 1975, The capacity of CRIFC cassava
program was limited due mainly to the verv restricted resource allocated
to cassava, thus germplasm transfer {rom CLAT to CRIFC has heen sporadice
(Table %Y and  the reeculving  clones could not be evaluated
svatematically (Tahle 160,

Howee o the recent development or CR1UC cassava program to carry
out, a major part of its varietval development work at P.,T. Umas Jaya
Farm, Tawpung, Southern Sumatra, using resources of PTUJF, made 1t
possible to evaluate a large CIAT seed population in an organized
fastiion (Table 6. The majority of selected clones from the single-row
trial at PTUJF pave a higher root fresh vield than that of the leading
local cultivar, VFretel (Figure 1), Root drv matter content and harvest
index of the selected clones were much higher than those of Kretek. The
best selection from the earlier CRIFC breeding work based on local
geruplasm, M-31, also showed highlv promising results.

Mlalavsia

Cassava seed introduction to the ecassava ~varietal improvement
section of MARDI (Malavsian 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 functionai, 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 1introduced.
Although promising genotypes are being developed, the results so far
obtained were not highly convincing.

In 1980, several CIAT clones were introduced through meristem
culture transfer. The rezent result of advance trials for these clones
was disappointing; none of these directly 1introduced clones vielded
nearly as well as Black Twigg or another local control C5 (Table 20).
The result sugpests that the possibility of finding truely adapted
genotvpe(s) :vom a small number of clonal introductions is very low.

China

Our centact with the cassava research team at SCATC (South China
Acadenv o Tropical (rops), Hainan started in 1982 and CIAT has
contributed hybrid seeds on several occasions (Table 21). With CIAT's
cooperation their varietal evaluaton scheme is rapidly building up and
materials are being evaluated in an organized manner (Table 22).

Overview of CIAT cassava breeding materials in Asia

Summarizing the results of numerous vield trials in the past, the
average root drv vield of the top tive CIAT selections were compared
with those of tue local cultivar(s) in each trial to appraise the
superiority (or inferiority) of selected OTAT clones relative to leading
local cultivars). An average score of 1507 suggests an excellent
opportunity  for selecting new high vielding cultivar(s); 100-120%
suggests some but nct vry convincing opportunity; and less than 100 %
means almost no hope.

Im Thailand, the analyses suggest tnat we are still struggling for
convincingly higher vielding clones for early season planting but
promising late season planting selections exist (Table 23). 1In the
Philippines, CIAT genotypes seem to offer magnificent selection
opportunities (Table 24). Tun Indonesia, though the number of trials is
far too small to draw a general conclusion, selected CTAT genotypes are
far superior to the current local cultivar(s) (Table 25). In Malaysia,
however, CIAT genotvpes so far selected are not offer a convincing
selection opportunity (Tahle 26). The apparent superioritvy of CIAT
clones over local cultivars in the Philippines and Indonesia may be
because local cultivars in these countries are adapted to traditional
plantings of a few plants in hackyard farming to human consumption and
not to new wavs of planting on larger scale for processing.

Our experiences indicate that Latin American germplasm in general,
and CTAT hvbrid seed populatons in particular, are rich sources of
genetic variability nac onlv for vield but also, for disease and pest
resistance or root characteristice. CIAT's germplasm offers high
yielding capacity for immediate varietal selection as well as other
desirable characteristics to be utilized 1n the long term breeding
endeavors of the Asian national programs.



Table 1. CIAT cassava F1 hybrid seeds distributed to Asian program.

Year/Country 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 Total
Thailand 900 6170 7720 3050 1400 7450 7900 8000 9300 51890
Indonesia 900 700 4600 6000 12200
Philippines 900 950 5160 4700 5500 2350 5000 24500
China 2300 6100 3500 11900
Malaysia 900 1500 2050 1250 4059 9750
India 900 850 1050 7900 10700
Vietnam 1900 1900
Rep. China (Taiwan) 500 1200 1700
Total 5000 7610 10220 5100 7750 19700 27050 18250 23800 124540

6v



Table 2. CTAT cassava hybrid seeds supplied to the cassava varietal
improvement program, Dept. Agriculture, Thailand.

Year No. Seeds No. Crosses Princinal Principal
cross No, parents
1975 800 16 CM 305 M Col 22
CM 407 M Col 113
M Mex 55
1977 5300 120 Crosses made by M Col 1684
Charn T. at CIAT M Mex 17

M Ven 218

1978 5400 95 Crosses made by M Col 1684
Somsak at CTAT M Ven 218
CM 509-41

1980 3050 42 CM 1442 - CM 2516 M Ven 62
CM 430-51
CM 516-6

1981 1400 28 Ch: 2450 = CM 3305  CM 520-5
CM 523-7
CM 727-14

1982 7450 128 CM 7"515 - CM 4234 M Bra 12
CM 517-1
CM 523-7
CM 1103-7

CM 4284 M FFan 51
CM 342-170
CM 681-2
CM 849-1
CM 1015-19

1983 7900 153 CM 2784

1984 6650 133 CM 3965 - CM 5124 M Col 1823
SM 302 - SM 493 M Col 2207
Some CG and SG CM 681-2
CM 922-2
CM 1559-5
1985 h150 123 CM 3322 - CM 5834 M Bra 12
SM 315 - SM 615 M Cub 31
SG 563 - SG 831 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 vears. - Schematic precentation by number of genotypes.

75/76 76/77 77778 78/79 79/8C 80/81 81/82 82/83 83/84 | 84/85 | 85/86

Seed introduction 800 5300 5400

1400 7450 7900 6650 6150
No. seeds (No. crosses) (16) {120 (95 83
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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

content

Clone Parents Rayong Khon Kaen karasin Mahasa- Sriracha Average

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 B.4 8.7 15,6 15.2 7.7 11.1 4 5 1 &;33
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 5. Results of an advanced trial in Thailand, 1984/85a

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

Clone Parents type shape matter

Rayong Banmai Khon Kaen Average content
CMk 24-23-4 CM 309-211 x R1 12.5 12.9 12.7 3 5 3
CMR 24-14-266 R3 x R1 12.3 15.0 9.1 12,1 4 4 3
CMR 24-89-65 Rl x M Col 1684 12.4 12.9 9.6 11.6 4 4 3
OMR 24-07-12 CM 305-15 12.2 12,7 9.6 11.5 4 5 3
Rayong 1 9.7 11.3 11.1 10.7 5 4 3
CMR 24-14-532 R3 x Rl 11.2 10.3 9.5 10.3 3 3 4
CMR 24-14-1038 R3 x Rl 9.7 11.6 9.2 16.2 3 3 4
Rayong 3 M Mex 55 x M Ven 307 8.5 9.2 8.5 8.7 2 2 5

a . .
Entries eliminated at this trial are not shown.

14}
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Table 7. Results of a preliminary yield trial at Rayong, Thailand. 1984 /852
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 (V1 x R) 20-15 x R3 13.1 39 4 3
CMR 25-33-157Q R3 x RI1 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 R1 12.0 36 3 4
CMR 25-32.-365Q (V1 % 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 » M Col 22 10.4 32 5 5
CM 3299-14 CM 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 | 9.3 32 5 4
CM 3299-22 CM 845-1 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, 1984/85.
Root dry Root dry Plant Root Harvest
Clone Parents vield matter type shape index
(t/had contents
(7)

CMR 25-82-88 CM 309-211 x CM 305-13 20.0 39 4 4 .64
CMR 25-93-57 CM 367-34 » M Col 1684 18.7 31 4 L .64
CM 2504-2 M Ven 142 x M Col 1684 18.4 35 4 3 .66
Ravong 3 M Mex 55 x M Ven 307 17.5 38 2 3 .63
CMR 23-105-47 27-77-10 x R3 17.1 37 2 2 .53
CMR 25-105-112 27-77-10 x R3 16.9 37 5 4 .04
CMR 25-106-26 M Col 22 x 1f Col 1684 16.9 37 5 3 .64
CMR 25-46-1 CHM 305-12 % BRI 16.3 29 4 5 .69
CMR 25-106-60 M Col 22 x M Col 1684 16.1 31 5 3 .58
CMR 25-35-18 R3 = CM 305-13 15.5 37 4 3 .63
CMR 25-50-8 CM 305-13 = R3 15.5 34 3 3 .63
CMR 25-33,105 R3 x R1 15.4 37 4 4 .53
CMR 25-106-56 M Col 22 = M Col 1684 15.2 33 3 3 41
CMR 25-11-25 Kaset x M Col 22 14.9 29 4 4 .52
CMR 25-29-422 (V1 x R) 20-15x CM 305-13 14.4 35 5 3 .53
CMR 25-35-78 R3 x Cr 305-13 13.2 36 4 4 .72
CMR 25-56-23 Rl x CM 305-15 12.5 34 4 2 .51
CMR 25--35-248 R3 x CM 305-13 12.4 35 2 3 .55
CMR 25-11-37 Kaset = M Col 22 12.2 35 1 3 .50
CMR 25-31-47 (VI x R) 20-15 x M Col 1684 12.2 32 5 3 46
CMR 25-52-85 CM 305-15 x M Col 1684 11.90 23 1 3 42
Rayong 1 CM 305-15 x M Col 1684 10.7 35 5 4 .40

9§



Tanle O,

Utilization of CIAT clonal introductions by various institutions in

the Philippines.

>

ar
Utilization step 1978/79 79/80 8G/81 81/82 82/84 84/85 85/86
Clonal introduction 12
(SEARCA/CIAT)
~J
>
Multiplication 12 N 12 CM 323-52
(SEARCA/CIAT) (SEARCA/CIAT) (PRCRTC)
\ \
\
Regional trial \ 10 ] 5 5 S
(UPLE) PLE (Philippines (PSB) (rSe)
\\\ Seecd Roard)
\\\
Hybridizaticn N L . > 4
(PRC2TCH (PRCRTC) (PRCRTC)
[\ 3
Release Unofficial Uncfricial
CMC 40 M Col 1684
CMC 84 C¥ 305-38
HMC 4 CM 308-167

CM 323-52

LS
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Table 10. CIAT cassava hybrid seeds supplied to PRCRTC, VISCA Philippines.
Date No. Seeds No. Crosses Pripcipal 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 30/81 81/82 82/83 83/84 84/85 85/86
Seed introduction 250 2200 5500 2300 2000
No. seeds (5) (47 (100) (56) (60)
No. crosses \\\\ ’ ’ l
\Eﬂ N2 NE N
Seedling selection ? 2105
NN N
\ ) \
Single~row trial 418 819 294

Preliminary trial

Advanced trial

Regional trial

6S
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Table 12, Result of _an advanced trial at PRCRTC, VISCA, Philippines
1984-19852

Root dry Root dry

yvield 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 x 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 5253-7 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 26 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.
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Table 13, CIAT cassava hybrid seeds supplied to IPB, UPLB, root crop

breeding program, Philippines.

Principal Principal
Date No. seeds No. crosses cross No. parents
Feb. 1975 900 18 CM 305 M Col 22
CM 378 M Col 113
SM 61 M Mex 1!
May 1977 950 19 CM 692 M Col 638
CM 791 M Col 1684
CM 825
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
CHM 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 introductiors 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 £5/86
Seed introduction 900 950 1400 1050 2500 2350 2000
No. seeds (i8) (19) (28) 2n (50) (38) (40
No. crosses \\\ l ‘ i
N v N N N
Seedling selection 1208
\\\ < \>\
= S| ™\
Single-row trial ? -7 4> LS, 2 7 — ?\ 155
N ™~
Preliminary trial —1> 53 —31 3 45
N
Advanced trial - 20 > 16 —f > 8

Regional trial

Z9



Table 15,

CIAT cassava hybrid seeds supplied

to CRIFC, Bogor, Indonesia.

Principal Principal
Date No.ceeds No.crosses CTross no. parents
Feb 1975 850 17 CM 305 M Col 22
CM 407 M Col 113
CM 690 M Col 638
May 1978 700 14 CM 1006 M Col 1684
CM 1305 CM 323-142
CM 1371 CM 462-1
CM 1405 CM 499-49
Jun 1983 4600 80 CM 3341 CM 523-7
CM 3993 CM 681--2
CM 4031 CM 849-1
CM 4049 CM 922-2
CM 4063 CM 1015-19
Oct 1985 3500 20 SM 446 - SM 598 M Bra 35
CM 682-2
CM 2174-7
M Tai 1
Feb 1986 2000 50 SM 443 CHM 955-2
(from CIAT) CM 521 CM 996-6
2950 73 CMR 28-97 (CM776 x V43)21-1
(from Thai/CIAT) OMR 28-45 CMR 23-149-128




%)

Table 16. Utilization of CIAT seed introductions by the Cassava Varietal Improvement
Program of CRIFC/P.T. Umas Jaya Farm, Indonesia.
- Schematic presentation by number of genotypes -
Year
1975776 | 716/77 | 77/78 | 78/79 79/ 80/81 81/82 82/83 83/84 84/85 85/86
Evaluation step
| i
Seed introduction 850 700 4500 3000
No. seads (17) (14) (80) (20)
(No. crosses) | \\
N v N |
Seedling selection ? | Z660
N | (PTUI)_|
N N
Single-row trial ? 57
(PTUJ)
N N
Preliminary trial 7> 20 Ny 97
\\\\\\\ (PTU)
~
Advanced trial b2 2
\ N\
<
N
Regional trial 27 27
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Table 17. CIAT cassava hvbrid seeds supplied to MARDI breeding program,
Malaysia.

Principal Principal
Date No. seeds No. crosses Cross no. parents
1. ¥eb 1975 850 17 CM 305 M Col 22
CM 378 M Col 113
CM 429 M Mex 1
SM 61
2. May 1977 550 11 CM 621 M Col 6.8
CM 845 M Col 1084
CM 9542 11 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 S516-7
CM 517-1
CM 533-15

4, July 1981 1250 25 CM 2674-CM 3303 CM 507-37
CM 523-7
CM 727-14
CM 825-3
CM 849-1

5. March 1982 4050 80 CM 2778-CM 3906 M Col 22
M Bra 12
CM 342-170
"M 523-7
CM 586-1
CM 621-167
CM 728-2

Aot <

CM 849-1




Table 18.

- Schematic presentation by number of genotypes -

Ten years of cassava varietal improvement work at MARDI, Malaysia.

1975/76 76/77 77/78 78/79 79/80 80/81 81/82 82/83 83/84 84/85 85/86
Seed introduction CIAT 1 CIAT 2 CIAT 3 CLAT 4 CIAT 5
No. seeds 850 550 2050 1250 4050
(No. of crosses) (17 (1n (40) (25) (80)
Seedling selection ! \\EA 2511
Single-row trial > \\>§ \\\EQ 336 854
AN
\ N \ \
N\ N
Preliminary trial 66 64 159
Q)
Advanced trial 66 64
Regional Trial 12 ——%}-12::—~j$ 10 4
—=> 13 > 133
\\
Multiplication/ TS§3 ?
release ™~ 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 content .1,
(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 12,5 49.1 25.4 .62
CM 3275-6 CM 978-28 x CM 523-7 1.5 50.3 22.9 .67
CM 3263-10 CM 621-214 ¢ 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 (Contrnl) 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-3275-15 CM 978-~28 x CM 523-7 9.8 38.8 25.2 .54
CM 3263-5 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 A7
Black Twig (Control) 9.0 32.7 27.6 .45
CM 3275-12 CM 978-28 x CM 523-7 £.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 2778-20 CM 727-14 x CM 523-7 7.9 29.3 27.0 .52
CM 2450.25 CM 727-14 x CM 520-5 7.8 29,2 26.6 A
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 1.6 014

Data source:

Tan Swee T.ian, MAADI.
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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, 1984/85

srarch 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 M Col 22 x M Col 468 6.2 26.7 23.3 .62
CH 462-6 T.lanera x M Ven 270 5.9 24.0 24.8 .66
CM 507-34 Llanera x M Col 1A84 5.0 21.0 23.9 .45
CM 458-2 A Llanera x M Col 22 4.5 18.1 25.2 .72
CM 458-2 B Llanera x M Col 22 4.3 18.4 23.2 .71
CM 321-188 A M Col 22 x M 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
T.SD 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
L. 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 100 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 M Bra 35
M Cub 65
CM 430-37

CM 2452-5




Table 22,

SCATC, Hainan, China. - Schematic presentation by number of genotypes -~

Utilization of CIAT seed introduction by the Cassava Varietal Improvement program,

Year
Evaluation step 1981/82 82/83 83/84 84/85 85/86 86/87

Seed introduction 2300 6100 2500

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

(No. crosses)
~
~_ <

Seedling selection > 2300
Single-~row trial \\55 —t+—> 30 232

Preliminary trial

12

Advanced trial

69
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Table 23. Performance of top five selections in yield trials relative to
local cultivar in Thailand

% 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
local cultivar in Philippines®.

% local cultivar

Root dry
Year No. trial Fresh yield Dry yield matter content
1982/83 & 143
1983/84 2 142 145 108
1984/85 5 163 177 122

a Local cultivar: Golden Yellow and Kadabazo.
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Table 25. Performance of top five selgctions in yield trials relative to
local cultivar in Indoaesia“.

% 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 selectiong in yield trials relative to
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 9 112 105 98
Meristem culture 1 66 63 95

introduction

# Local cultivar: Black Twig and C5
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ECONOMICS SECTION

Impact Assessment

Impact studies represented the first real involvement of the social
sciences 1in the evaluation of TARC-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 soclal scientists in
the process of technology generation at the centers. In hindsight, the
findings of these early studies were premature but the legacy remains: how

social scientists can 1link 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 studier so viewed
presuppose technology diffusion and 1n 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 soclal scientists have been integrated into the centers,
this responsibility to a very significant degree falls on their shoulders.
At the IARC's then impact asses~ment should be a continuous process.

The cconomics section has attempted to adopt such an integrative
approach to impact assessment within the Caassava Program. The following
dicussion will wutilize particular studies to demonstrate how impact
assessment 1is 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 Prcgram'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 ard/or confirm a cassava research and development
strategy.
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A central focus in the development of a research strategy is the
effect that traditional markets have on the demand for improved production
technology. In Tacin America, markets for cassava, and therefore the
sources of income for cassava producers, are dependent on food markets,
and with the exception of Brazil, these are essentially markets for the
fresh root. The perishatility and bulkiness of fresh roots lead to
several hypotheses about the marketing and consumption of cassava. These
were intensively evaluated on the Atlantic Coast of Colombia, the
principal cassava producing region of the countrv.

The difference in consumption pacterns based on rural-urban residence
between cassava and the other starchy staples is striking (Table 1).
Cassava consunption declines precipituously from the point of production,
so that consumption in the large cities is less than 207 of that of
cassava producers. Neither plantain or rice show such ditfferencer, and
petato, an  dmported commodity in the region, exhibits the opposite
pattern. These differences in cassava consumption based on r.sidence are
not due to anv signficant difference in the manner of utilization in the
home (Table 7). Cassava to a veasonable extent s caten at the same meals
and prepared in the same manner. The differences arise from the number of
meals per week at which cassava is served and the size of the portion per
serving. The primary factors resulting  in these differences 1in
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 costs in buving cassava daily in
urban areas males cassava far less 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 producers to consumers who buy
their cassava in small amounts at convenient locations (Table 3). The
basic structure of this marketing system is presented in Table 4 and
portrays a process which includes assembly in small packages of 800 kg,
frem small-scale producers, breakdown at the wholesale level 1into very
small lofrs of 100 kg, and retail distribution. Assembly agents and
wholesalers trade in about the same volumes and have similar wmargins.
Retailers must recuperate costs with verv small volumes and thus have very
high margins. An analysis of costs (Table 5) suggests that the margins
are not excessive, especially when viewed in terms of net profit.

The average time vequired 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 fieid. However, interyear
price fluctuations are relatively high. The latter is in part due to a
demand price elasticity of 0.8 and significant weather wvariability.
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 1limited area in cassava 1in
relation to farm size (Table 8).

The demand for improved technology under such market conditions is
Timited. The physical root characteristics of varieties, such as skin
color, are a proxy for other, established quality faciors. Since new
varieties are a risky marketing venture, qualitv characteristics for
introduced varieties are stringent and result in a low probability of
adoption. Moreover, farmers alreadv limit production because of marketing
constraints (Table 7) and would be resistant to risking higher cash costs
to exvand vields. However, the most important aspect is that not only is
chere iittle efrective demand for improved production technolegv but such
technoiogy would not achieve the objectives as originally outlined.
Because of the hiph markering margin, anyv reduction in production costs
would have little impact on retail prices and therefore cassava

consumption. Moreover, any signficant vield response could easily
saturate what are very limited markets - given the price elasticity and
the limited arbitrage possibilities because 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 stratepy whose eventual goal is impact on farmer
incomes can not be based on the hypothesis that d{mproved production
technology is sufficient for that end. The strategy necessarilv has to
include processing and/or storage technology and the development of
alternative markets. The hvpotheses underlving a consistent strategy then
are: that (1) development of an alternatrive 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 strategv thus depends on a clear understanding of the commodity
system with a view to eventual impact.

Market Development

A fundamental krowledge of the commodity system honed the research
strategy, and in most cases in lLatin America the initial interventicn
would be through utilization technology and market develcpment. A basic
operational assumption in such intervention is that cassava 1is 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 Colomtian Atlantic Coast is based on the 13% of
roots that must be discarded at harvest because of size or breakage, the
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transport costs to rural markets, and the cost of unsold roots (Table 7).
Correcting the farmers' price for these factors results in a 24Y reduction
compared to an equivalent price where all roots can be used (Table 7).
That {is, price incentives for development of alternative markets are
masked where market structure {s based on urban fresh roct markets.
Project site selection to aveid local markets with particularly high
prices and 2 firm undevstanding of the farmers' supply price are crucial
to development of alternative markets.

A second operational principle is that the introduction of processing
capacity and apening ol new marketing chamels should not require in the
initial stapes major adjustments in cassava production svstems and supply.
That i, development should be cvolutionary - i.e. deve lop along a classic
Logistic curve -, to accomodate the learning process associated with
management of  the processing  technolopy  and  the necd for potential
adjustwents in output and input markecs. The small-scale nature of the
processivg technologe and appropriate design of the diffusion process
would provide the best assurances of this least risky growth path,

The  tal  principle is that  market development is a means to
increasing small farmer income. The wgoverning assumption is that the
source ot income generstion would be the potential to put underutilized
land and laboyr vesources within the farm into cassava production and so
increase cassava vields. The cassava drving plants,  the processing
technology chosen for the particular case of the Atlantic Coast, provide
access to market and onlv need te operate on a cost basis if farmer-
cmanaged.  This led ©o the conception that o drving plant could be supplied
by 15 to 20 small-scale producers. Foth to share the risk of the
investment costs and tn supplty labor for plant manavement and cassava for
plant operation, these f{armers were orpanized in units, called farmer
associations. The conception then was that thesce farmer associations would
be self~contained units for production, processing, 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 (DRI). 1In the three years
of the project, the number of plants has grown from | to 7 to 20. An
impact assessment of the 20 plants was undertaken in the 1984-85
produccion-processing  season. Lconomic  viability  was already an
established fact since over three thousand tons of dried cassava were
produced 1in that season. Principal dissues in the assessment were the
mechanisms determining income distribution and whether the original
assumptions underlying the strategy held true. The former issue will be
covered in some detail in the next and last sections; the point to be
highlighted here 1is the value of early impact assessment in che
modificaticn or assumptions and strategyv.

The notion of the farmer association as a self-contained unit was
overturned by events which 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



cousider the equity accumulation in the plant. Second, on average
slightly less than a third of processe. roots were derived from memhers
own production. In none of the plants was this figure over 50%. The
plants were drawing on a lavger supply area than just those farmers in the
association. Third, and most importantly, the associations, especially
those formed in the third vear, we:e drawing in members with little, if
any, land resources. Of almost 400 farmers in the associations by 1985,
only 1% had farms over 20 ha. and 427 did 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 wzmbers
with little or no land, a vested interest in employment and profit
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 plant provided
an cutlet for cassava production of non-members, which served to increase
the number of beneficiaries even more (see last paragraph). Tncorporation
of appropriate technology and operational hvpocheses, arising from an
understanding of the cassava commodity svatem, into an actual field-level
project provided a fine tuning of the strategy and confirmation that
cassava could be a means of generating income for even the most marginal
producers in a relatively marginal agricultural area, The principal
conclusioun, however, .s that cquitable impact, even as preliminary as in
this case followed {rom the initial focus on distribution.

Market Development and Farmer Response

Cassava utilization technology associated with market development can
have a divect impact on incomes in a region but it is the secondary impact
on prodiction 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. In the lcnger 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 modeled in a programming framework
based on farms tvpical 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 dincluded 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 1in a
significant increase in cassava sales, caused both by some expansion in
cassava area and a sh’ft in cassava production system away from yams in
the cropping pattern. The result is a significant increase in farm income
and even a slight reductior in income variance,

All Yarms in the relevant range (up to 15 hectares) respond to the
establishment of the price floor (Table 11). dowever, large farms tend to
have a greater response, cssentially becanse of the more abundant land
resources 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 increase farmer responsiveness in the case of the
very smatl-scale producer.

Verification started 1in the third vear of the project in 1985 when
two-thirds of the plants had only been operating one season. Some 73% of
plant members were sampled for cassava plantings 1in 1984 and 1985.
Between the two seasons, area planted increased bv 177, Practicallv all
farm size groups planted an increased area in cassava in 1985. However,
distinct differences in response  were apparent  between tenancy  tvpes
(Table 12). What was unexpected was the verv large response of renters.
Farmers with verv few resources were very responsive to the establishment
of the plants. This raises questions about the impact of the expansion of
the dryving industry on the Tand rental marker, especiallv if more marginal
groups continue to be brought inte the farmer associations. For farmers
with more secure access to land, ihere was something of a dichotomy. TLand
reform beneficiaries significantly increased their cassava area, while
plenting by traditional landowners actually declined. VWhat 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 sown (Figure 1). Most of the area increase has come from
farmers 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 adjustment
are 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 chauge have exnanded
the potential of the project, at least in terms of 1its income distributicn
consequences. In this crse, the Impact of the drying plants on non-member
producers, the expanded 10le 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 actual impact to discuss. However, as has been stressed
throughout this report, the process starts beflove adoption 1is ever
underway.

Impact assessment of improved production technology is at its most
elementarv level yield 2valuation, especially didentification of factors
that are influencing vields. In this respect cassava and cassava
production systems are verv different tfrom the cereal and legume grains or
even potatoes. This ditference arises from the fact that there is usuallwy
Iittle, 1if anv, input use 1in cassava in latin America. Mevertheless,
there is a verv wide range in cassav. vields at the farw-level due, 1t is
hypothesized, to differences in agro-climatic condicions, pests and
diseases, and management practices. Labor input i{tself is, on the one
hand, a very poor proxy for these wanagement practices and, on the other
hand, largely determined by vield, since there is a direct correlation
hetween wvield and harvest labor per hectare. This leads to the very
difficult question of how the impact of improved technolopy, which itself
consists principally of improved varietics and manapement practices and
not inputs, is to be evaluated; that is, in anv cross-sectional analvsis
many of the factors now influencing vields will have to he identified and
controlled to measure the vield benefit of the technology itself.

The one previous attempt to identifv limiting factors and evaluate
tneir influence on wield (Pinstrup-Andersen and Diaz, 1977) failed. This
was relatively ecarlv in the research program and vield-limiting factors
were not well defined,. The exercise was repeated in 1983-84 on the
Atlantic Coast of Colombia. Production svstems and their variation in the
region were alreadv fairlv well described and climatic condifions were
relativelv homogenous. To ensure a signficiant vield variance, production
zones of known high and low productivity were chosen - the survey was liot
randomized - and 104 farmers in 12 towns in fous departments were selecced
and visited five to six times during the procuction year. To simplify an
already complex process any plots with noticeable disease or pest procblems
were eliminated early on from the sample.

The sampling achieved its objective of getting a wide yleld range
(Figure 2), as yield varied from 3 to 22 t/ha with half the Ffarmers
producing yields over Y t/ha. The major vield determining factors which
were measured and included 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 th< 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 nprocess to some form of on-farm trial, The
experience of the cassava economics section in such trials for any
particular region has been tnat treatment response across farms is often
variable, vyield variation botween farms is usually greater than that
between treatments, and anv attempts to begin to explain these differences
is usuallv 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 sites. These ar. costly, often
limited by seed availability where a new variety is a comp 'nt, and beset
by problems of how much farmer participation to allow in relation to the
ability to measure non-treatment variables. However, future resolution of
this issue will pe critical to defining where and if rew technology has
had an impact.

Measurement of Renefits

Research output at the TARC's in general, and within the CTAT Cassava
Program in particular, is measured by its eventual impact on production
and  income generation. Very few agricultural research programs are
evaluated bv such stringent criteria; in most, vesearch productivity is
measured bv more intermediate outputs, That research should be so clearly
focused on eventual impact builds 1in certain biases 1in 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 nav-off, and that research will attempt to
integrate extension and/ur development activities within its strategy.
Correctives can be built in through long-term planning, but the primary
Gordian knot remains that, if the research progiam 1is to be held
accountable for impact, agricultural research necessarily must take a more
activist role in deselopment. ‘

Impact assessment in this context thus becomes a monitoring device to
ensure that research 1is appropriacely targeted on the development
objectives that have been defined. The role of monitoring is particularly
exigent where income distribution is built into program objectives.
Figures 3 and 4 summarize the impact of the drving plants on benefit
distribution for members of the farmers associations in the 1984-85 drying
season. The major portion of the benefits were distributed to the
population with few land resources, principally because of the make-up of
the ussociatZons. 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 & significant economic stake in the shared equity
capital.
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The plants, however, did not depend on only members' cassava
production but rather supplies [{rom non-members. For every member there
were five non-wember vendeors of cassava. Morecver, these sellers were
concentrated in the more marginal econcmic population on the coast; for
example, a third were renters (Table 15). The plants signficantly
expanded the nuwter of beneficiaries far bevond that originally conceived.
Although the per capita beunefits were not large, the benefits were not
insignificent for this rather marginal popiiacion, since either o
cassava was of low quality and, therefore, of low opportunityv cost, or the
plants provided a sales out'et when capital was required. However, the
principal {inding was that tlis sales pattern was dependent on close
physical (Figure 5) and social (Table 16) distance to the plant. Those
few plants where large landovners or intermediaries were important were
these relatively distant or isolated from cassava production zones. Plant
location thus became a primary determinant of benefit distribution. Plant
location in the beginning phacscs of the project was determined by the
ecriteria of institutions within the project, but in the future the plant
location effeect on dincruwe distribution could be maintained though
screent~~ ol credit applications for plant investment, especially where,
as in Lr..; case, credit is already rationed.

-
i
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The conclusion here is 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
deperded on the integration of both tyvpes of innovations, with each
influencing the other. Nor c¢aa it be clearly demarcated where research
ended a-d development began, since certainlv in the case of organization
innovations, the laboratorv 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 commodity system. As a further tool
for directing impact, a simulation model of the cassava economy on the
Colombian Atlantic corast was constructed. The model incornorates
significant detail on cassava production, marketing ana consumption and
estimates equilibrium, market-ciearing prices in a significant number of
inter-dependent markets. The model has a stochastic element to simulate
weather and can incorporate various assumptions concerning yield response,
sorghum prices, and the rate of investment in drying plants. The nodel
runs for a ten-vear period and can estimate the discounted economic
benefits of the development of a cassava drving industry.

The first outcome of the model is that the cassava economy without
the development of a dry cassava industry essentially stagnates at current
production and consumption levels over the next ten vears, since
rural-urban migration and the 'convenience' factor counter the effect of
increasing population (Tables 17 and 18). Such an effect describes what
has already 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
3.77% 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 differeatial vield response by farm size due to reduced
market risk cemes out of the quadratic programming model and reflects the
stronger shilt 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. VWhat was not included in the model was
non-producing farmers coming into preduction, especially renters. This
requires modelling of the land market and remains a future research
activity.

Varving vield and investment response assumptions provide useful
insights into the development of the cassava economy. An important
conclusion is that the development of the cassava industry and overall
production response 1is quite sensitive to cassava yvields. Improved
producticn technology can provide an important stimulus to the growth of
the dried cassusva industrvy. On the other hand, increasing the rate of
investment ir drviny plants is also a stimulus to increased cassava
.roduction, partially through the further reduction 1in price variation,

The expected benetlits in the development of a dried cassava industry
over the l0-vear period are significant (Table 19). Benefits are captured
by producers but with the important cor “deration that there is little
negative impact on consumer welflare. Prc .acer benefits are expected to be
distributed more or less proportionally according to farm size.
Employment in the cassava sector is expected to increase at about 2.7% per
annum, due in part to increased labor utilization in the drying plants but
principally to intensification of farm production. This is about the rate
of population growth and although significant is not expected to put
pressure on wages in the region. Finally, the production of dried cassava
will be replacing imported sorghum, resu'ting i1n a reduction in foreign
exchange outflows.

Models reflect the current understanding of the cossava 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 project ecan he measured. On the other hand, when the model
results are compared to actual adjustment patterns and benefit streams,
the interplesy provides a basis for improviug understanding of that
process. Understanding change in a rural economy thus becomes an
interactive process berween model formulation and verification. Tt 1is
this mechanism which provides the means, particularly through
organizational and institutional changes, of directing impact 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 1is income
distribution. An interesting question is the effect that the innumerable
impact studles of improved rice and wheat varieties has had on research at
the TInternational 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 propram but that role must begin
before actual impact is even detectable.

such a role for impact assessment, however, presupposes that there
are alternatives in research design and in their consequent impact. The
focus of the CCTAR 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 oljectives are reflected only in terms of the commodity choice and
the country priorities. Actual decisions within the commodity research
program can then be isolated from such concerns about impact, and in facg,
the recent bandwagon among social scientists for the scale neutrality of
improved varieties represents an apparent acceptance of this point of
view.

However, vcommodity vresearch programs cannot have it both wayvs.
Either, research 1is defined by purelv technical criteria and the
priorities set within the particular disciplines and the respective
literature, in which case potential impact becomes essentially unknown, o
research is marrvied to development objectives and research alternatives

are assessed accordinglv The point is not just a cace of "truth in
advertising" but tundamentali>  affects how the research program is
organized and how cleselv 1t is linked to what are scemingly development
activities. In particular, 1if the prozion's obiectives include income

distributional goals, then research acrivities necessarily wust be
integrated with field-level, development proiects.

The success of the dwarf rice and wheat varieties in Asia has tended
to narrow the conception of the tvpes of innovations chat 1ARC's produce
to essentially varieties. The far greater misconception, however, is that
improved varieties alone are sufficient for impact. VWhiie this may be
true for some commodity programs, the argument for the case of cassava in
Latin America is that varicties bv themselves will have little potential
for increasing production and utilization. This has moved the Cassava
Program to search for innovations not only in production techniques bug
also in post-harvest and utilization technology and even organizational
and institutional innovations. Ruttan (1984) has recently argued that the
latter is a primarv output of social science research. In the case of
cassava, it is difficult to divine which tvpe of innovation will have the
greater impact and, therefore, which should be the principal concern of
the research program. Bv extension, restricting an IARC's mandate to just
germplasm can in some cases be unproductive.

The case of cassava exemplifies a commodity approach to income:
generation and development. The role of commodity "bsoms" in agricultural
development 1is 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

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 identifving the key interventions that lead *o income growth
and equitable distribution thus has certain merits. Such an approach
c¢lices the world in a different way than, sav, farming systems research.
Whereas the latter adopts a regional, production, and often farm strata
rocus in o~rder to delimit the system universe, a commodity system 1is

defined .. voss a varietv of svstem levels, including farm, marketing and
consumptic - svstems, The recent search for holisum ia agricultural
research s need not in all cases sacrifice = commodity focus. The
question t be evaluated is whirh is the most efficjieat means to impact ?

Finally, cassava is not necessarily a paradigm for the organization
of researen in other commodity programs, just as wheat and rice are unique
cases as well. What is apparent, however, is that the focus and structure
of the research program follows from a clear specification of potential
Tmpact.  Thaot 1ARC's should bhe measured by thetr impact thus I'1s ohvious
benefits bLut in many cases this moves comrodity research programs away
from a singular focus on breeding and forces links with development
activities. That TARC's cerve oniv national research organizatinns thus
becomes too Jlimiting and instead chere is a mnatural tendency to
collaborate with that instirution or complex of institutions which best
assures impact. Mevertheless, since crop development creates demand for
improved production technologyv, this process in the end strengthens
national commodity research programs. Impact through research, thus, has
its own organizationl logic: either IARC's are made responsible for it or
thev are not, each with its resultant implications.
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average consumption (kg/capita/year)

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

Metropolitan
urban area

Intermediate
urban areas

Rural
areas

Cassava
producers

Number of

Rice Potato Cassava Plantain Yam observations
69.4 36.6 30.5 64.4 30.5 80

71.4 35.0 53.5 76.6 30.8 80

66.9 24,2 82.9 67.8 41.9 160

68,7 8.9 170.4 79.0 85.7 160

Source: Cassava consumption surveys among purchasers and producers, 1983.
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Atlantic Coast, Colombia:

distribution of cassava consumption

over the different meals, bty rural-urban residence, 1983,

% of cassava consumed
at breakfast

Most dmportant form of
preparation

7 of cassava consumed
at lunch

Most important form of
preparation

% of cassava consumed
at dinner

Most important form of
preparation

Number of meals per
week with -assava

Average portion of cassava
served per person (grams)

Price (US-$/kg)

Number of observations

Metropolitan Intermediate Rural
urban areas urban areas areas Producers
30.0 53.5 50.2 42.3
boiled boiled boiled boiled
69.0 43.6 39.7 49.1
in soup in soup in soup in soup
1.0 3.0 10.0 8.6
boiled/ boiled/ boiled/ boiled/
fried fried fried fried
4.9 6.3 8.3 11.0
118 158 191 313
0.45 0.27 0.26 0.08
80 80 160 160

Source:
CIAT.

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

other starchy staples, 1983,

Metropolitan Intermediate Rural
urban areas urban areas areas
Quantity purchased (kg):
Cagsava 0.86 1.85 1.74
Potato 2.01 2.41 1.57
Plantain 3.2 5.43 .3
Yam 1.49 3.76 6.29
Rice 5.92 9.11 5.59
Location of cassava purchase (%):
Market place 12.3 27.5 21.3
Neighbourhood shop 43.2 36.3 20.6
Street 19.7 26.3 36.2
Supermarket 19.7 2.5 -
Other (among with farms) 5.1 7.4 21.9
Reason for buying cassava in a
certdin outlet (%):
Ci-se 60 8 59
Fer everything there 17 17 12
lToaxpensive - - 14
Type ~f cassava purchased
determined by (%):
Availability 73 40 52
Quality 26 49 35
More important cassava quality
characteristics mentioned (%):
~ High starch content 24 38 42
- Slowly deteriorating 48 35 52
- Taste 48 34 30
Estimation of 7% 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.

Number of middlemen per mmicipality
Rural
Urban

Purchasing price (US-$/kg)

Sales price (US-$/kg)

Sales price as 7% of farm gate price
Size of purchasing transactions (kg)
Size of sales transaction (kg)
Volume traded per week (kg) of
cassava

Tum—over in cassava/year
(US—dollars)

Number of suppliers per day

Numbe~ of purchasers per day
Capital goods available:

% with income from cutside trading
Average mmber of months per year
selling cassava

Information means:
Socio—economic class

Average years in business

Sample size

Rural assembly Wholeszlers/ a
agents distributors Retajlers
7-20 1-8 l retailer per 200400
inhabitants
- 15-40 1 retailer per 200-300
inhabitants
0.098 0.129 0.182
0.139 0.180 0.309
141 183 315
800 750 68
750 100 1.55
9600 7340 320
55600 64120 4320
3.7 1.77 1.0
3.9 13.4 36.6
Warehiouse - 25% Warehouse - 307% Shop: 407
truck - 11% truck - 12% -
42 18 23
9.1 11.0 10.3
Visiting farmers, personal Telephone, contacts with Contacts with
contacts with wholesalers retailers and assembly agents wholesalers
Low/middle low Low/middle low Low/middle low
8.6 n.a n.a
136 83 252

Supermarkets are excluded.

Source: Market agents survey, 1983.
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Table 5. Atlantic Coast, Colombia: fresh cassavs warketing costs, 1983,

Costs as a

Rural assembly Wholesalers/ 7 of total
agents distributors Retailers margin
Marketing margin (US $§ cents/kg) 4.10 5.10 12.70
Estimated handling costs
(US $ cents/kg) 3.65 4,65 9.78 83
of which:
Labor 0.97 1.16 5.60 35
Transport 1.51 0.60 1.25 15
Deterioration 0.20 1.03 1.82 14
Packing material 0.12 - - 1
Equipment 0.25 0.60 0.60 7
Working capital 0.22 0.38 0.26 4
Government fees 0.38 0.88 0.25 7
Estimated net profit per year
(Us-%$ 1804 1866 439

68

Source: Market agents survey, 1983, CIAT.



Table 6. Atlantic Coast, Colombia:

conduct , 1983,
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characteristics of fresh cassava market

% that determines traded volume
according to:

- Prior arrangements

- Available supply

- Available working capital

- Time of the year/day of the week

4 that determines sales nrice
according to:

- Prior arrangements

- Available supply

- Fixed margins

Moment of purchase payment
- advanced

- Cash

Delayed

7 that arranges purchases
... advance

% that sells cassava at day of
purchasing

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

%4 that has frequent problems with
deterioration

Use of deteriorated cassava:
- Animal feed or processing

~ Waste

Important aspects in quality control

Purchasing price (US-$/kg)
Sales price (US-$/kg)
Sales price as % of farm gate price

Sample size

Rural assembly Wholesalers a
agents distributors Retailers
39 18 -
- 62 31
- 13 -
61 - 69
21 2 -
52 75 72
26 21 28
30 15 26
56 42 56
4 37 15
100 45 19
19 76 75
19 25 32
31 70 66
59 60 51
41 28 49
Size, Size, Size,
skin colcur freshness freshness
0.098 0.129 0.182
0.139 0.180 0.309
141 183 315
136 83 252

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 rot find a buyer 60 42 nl 64
7 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 size (kg) 700 579 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 receilved 0.092 0.093 0.089 0.069
Farm gate price

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

Sample Size 40 38 74 57

Source: Production and farm marketing survey, 1983, CIAT



Table 8. Atlantic Coast, Colombia:

by department, 1983,

92

land utilization by cassava producers

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 (hz) 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 40 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 2z three hectare farm,

1985.

Farm plan

¥Farm plan when

without Present Farm plan with drying industry
considering farm stabilized would support
risk plan prices prices

Area planted in (ha):

Cassava/maize/yam 1.76 1.76 1.53 0.91

Cassava/maize - - 0.19 1.02

Cassava - - 0.08 -

Maize - - - -

Pastures 1.24 1.24 1.20 1.07
Cattle stock (no.) 2.13 2.13 2.08 1.88
Credit needed (US-$) 250% 250° 250% 2502
Dual value of credit 2.14 0.27 0.80 0.74
Family employment (mandays) 181 181 177 178
Contracted labor (mandays) 39 39 39 36
Total employment (mandays) 220 220 216 214
Cassava sales (kg) 11314 11314 12180 14353
Maize sales (kg) 1020 1020 1026 1410
Yam sales (kg) 6445 6445 5504 3025
Dual value of rented land (US-$) 436 229 284 281
Farm income (US-$) 2217 2217 2187 2321
Coefficient of variation of income 0.330 0.330 0.276 0..88

Maximum value.

Source: Quadratic Programming Models.

£6



Table 10, Sucre, Colombia:

198€5.

optimal farm plan in different market risk situations for eight hectare farm,

Farus plan with

T Farm plan when
Farm nlan without Present stabilized drying industry
considering farm casoava would support
risk plan prices prices
Area planted in (ha):

Cassava/maize/yam 0.25 2.77 2.08 1.25

Cassava/maize 4.46 0.07 0.20 1.68

Cassava 1.29 - 38 1.06

Maize - - -

Pastures 2 5.16 2.33 4.01
Cattle stock (no.) 3.6 8.65 5.73 6.8
Credit needed (US-$) 752 354 665 328
Family employment (mandays) 372 360 343 355
Contracted labor (mandays) 184 92 154 1i4
Total employrent (mandays) 557 452 497 469
Cassava sales (kg) 54739 19189 41375 34428
Maize sales (Lg) 4663 1975 1525 2450
Yam sales (kg) 385 10476 7745 4406
Dual value of rented iand (US-$/ha) 226 145 173 177
Farm income (US-$§) 5126 3342 4920 4746
Coefficient of variation of income 0.440 G.312 0.303 0.305

Maximum vaiue.

Source: Quadratic Programming Models.

v6



Table 11. Atlantic Coast, Columbia: model results of farmer response to the development of a dried
cassava industry, 1985.

Situation Estimated supply
with price Explained Explained price elasticity
Present sustained by by price by risk (area or
situation drying industry Difference increase decrease production)
Small farm (3 ha)
Area planted (ha) 1.76 1.93 10% 4% 6% 0.28
Expected supply (kg) 11314 14353 27% 127 15% 0.65
Middle- sized farm (8 ha)
Area planted (ha) 2.84 3.97 407 117 207% 1.03
Expected supply (kg) 19189 34428 79% 22% 57% 2.05
Large farm (15 ha):
Area planted (ha) 3.08 4,25 387% 12% 267 1.12
Expected supply (kg) 22353 42459 0% 357 65% 3.27

56

Source: Market risk questionaire, quadratic programming models, CIAT.



Table 12. Atlantic Coast, Colombia:

actual increase in area planted

to cassava by farmer association members, 1984-85,

Number of

Cassava planted

Cassava planted

Land tenancy members in 1984 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:
factors in cassava production systems,

1983-84.

characterization of yield-limiting o> yield augmenting

Yield-limiting factor

Variable specification

Cropping System

Monoculture
Cassava-maize
Cassava-yam-other crops

Land preparation

Manual
Mechanized

Weeding

First weeding
Second weeding
Third weeding

Irrigation

Time of planting and harvest

Plant March-April; Harvest
Plant March-April; Harvest
Plant May-June; Harvest
Plant May~-June; 7 months
Plant May-June; Harvest
Plant July-Oct.

Soil Factors

Harvest

8 months (wet season)
8 months (dry season)

7 months (wet seascn)
12 months (dry season)
12 months (wet season)

Phosphorus 6.0 ppm., Bray II

Potassium 0.15 megq.

Interaction, P 6.0 ppm. and K 0.15 meq.

Organic Matter, Percentage

Years plot planted continously to cassava

Dummy = 0
Dummy = 1
Dummy = 1
Dummy = 0
Dummy = 1}

No. of months after planting.

No. of months after first weeding.

Dummy = 1 if done.

Number of irrigations.

Dummy =
Dummy
Dummy =
Dummy
Dummy
Dummy =

n

[}

[P e )

Dummy = 1 if this level.
Dummy = 1 if this level.
Dummy = 1 if this level.
Level

Vo. of years.

L6
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Table 14. Atlantic Coast, Colombia:

management and soil factors,

1983-84,

effect on cassava yields of

1
Yield limiting factor Estimated vield increment

Intercept 4513 *
Cropping Svstem

Cassava-maize over monoculture 1010 ns

Cassava-yam over monoculture - 2395 #%%
T.and Preparation

Mechanized 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 Harvest?

Plant Mar-Apr; early harvest 2877 *

Plant May-June; early harvest 1108 ns

Plant Mav-June; harvest in dry season 2089 ns

Plant May-June; late harvest 1223 ns

Tate planting 2039 %
Soil factors

Insufficient phosphorus 1348 ns

Insufficient potassium 2301 **

P x K Interaction - 270 ns

Response per 7% of organic matter 291 ns

Effect per year of previous cassava planting 275 ns

after eight months.

follows: #*%p  0,01; #** p 0.05;

*p

0.10.

Yield advantage over planting at beginning of the rains and harvest

R - square of the equation was 0.39; significance levels are as
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Table 15. Atlantic Coast, Colombia:
farmers associations by tenancy, 1984-85,

number of vendors and quantity sold by Non-members of

Number of Percent of all Cassava Percent of all
Tenancy vendors vendors sold cassava Average sold
(% (tons) (%) (kg/capita)
Land reform 93 6 223.3 7 2411
Land reform-small plot 86 5 378.5 11 4401
Land owner-small scale 303 19 783.6 23 2590
Communal plot 128 8 405.4 12 3162
Renter 546 35 887.1 26 1625
Share cropper 151 9 80.1 2 533
Land invasion 3 0.2 2.3 0.1 682
Kin's plot 214 13 223.0 7 1044
Landowner-large scale 34 2 157.3 5 4639
Intermediary 25 2 233.4 7 9190
Total 1582 3374.0 2132

66



Table 16. Atlantic Coast, Colombia:

social relation.

cassava sold by non-members of the farmer associlations by

Social Number of Percent of all Cassava Percent of all
relationship vendors vendors sold cassava sold Average sold
(%) (tons) (%) (kg/capita)
Kin 439 24 589.9 17 1344
Friend 710 38 1322.1 38 1863
Known Acquaintance 415 22 1048.5 30 2528
Unknown Person 275 15 494.8 14 1797
No data 12 1 1.2 1 101
Total 1851 3456.5 1868

001
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Table 17. Atlantic Coast, Colombia: simulation of production
: characteristics of the cassava economy, 1994,

Situation A? B® B12 By B3?
in 1985
Yields (t/ha):
Small farms 6.81 6.98 7.73 8.50 7.40 7.89
Medium farms 6.83 7.10 8.29 8.51 7.34 8.49
Large farms 6.83 7.23 8.52 8.50 7.18 §.69
Area (ha):
Small farms 22502 22344 23699 23583 24059 23983
Medium farms 21142 20916 24708 24472 25426 25433
Large farms 26801 26398 32496 32078 33768 33710
Total(t) 480878 496001 666137 682471 607713 698738
Cc.v. . 0.13 0.13 0.13 3.14 0.12 0.12
Producers' price:
Us-$/t 84.7 75.9 82.3 80.7 87.4 84.5
C.v. 0.27 0.29 0.17 0.19 0.12 0.10

A = Present situation develops as expected without a growing drying
industry or fresh cassava storage.
B = Drying industry develops.

B 1 = Establishment of drying industry increases yields uniforrily over the
farm types by 257%.

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

B 3 = Drying industry grows at dovble the estimated rate.
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Table 18, Atlantic Coast, Colombia: simulation of consumption
characteristics of cassava economy, 1994,

Situation
in 1985 A? B2 B1? B2? B3?

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

(t) 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

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 q a a a
in 1985 A B B1 B2°® B3
Employment in 1994:
(man-years)
Rural
emplovment 21608 21541 27422 27530 26936 28597
Urban
employment 4404 4365 4363 4366 4348 4363
Foreign exchange saved in 1994:
Millions US-§ 0.56 0.65 11.05 11.71 8.65 13.22
Increase in producers surplus:
(million 1'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-$)
Metropolitan
consumers n.a. - -1.1 % -0.9 -2.0 -1.7
Intermediate
urban ,
consumers n.a. - -0.9 -0.7 -1,6 -1.3
Rural
COnsumers n.a. - -3.5 -2.7 -6.2 -5,2
Animal feed
industry n.a. - 8.6 9.7 5.4 10.3
Increase in total benefits:
(million US=-$)
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

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,



Total benefits (millions Col $ 1984)

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: benefits received per member of farmer associatios
by farm size, 1984-85.

200
190
180 1
1707
1607
1507
1407
130 9
120
110
1007

/E\

/
\

\

{
}

o— Total

Average Farm Size

+--- Sales a--—-—- Wages o-—— Profits

{hay

LOl



.

I S
o~
e T
\\\\\\\\\\ 19 ///////
Lu\—a
NQ Y
' \—..f\ iy \
iy 18
3
1 o
N
ol .//
@Yo \ ol
VQ%TN IIIM;
e
T
&
.V\e\\.\av -4 O
4 o
[
, \M i
1 n
s, — T T
~ ,tc*m< \\\\\\\lJ&JM!I///////
Wy, g My — ] l/
,.\»\,g ”\._‘..\_N\,“”\‘\x\ .
' .5\\ , ‘ ——
4 ;f m.. v \\ /
u\ﬂ%« Q.
\a\cqﬂ\.w, \»\ “ \ g /
NAE
:\u\MNQ Sy \ | - /
g ..\M\m\ Q;.\bx -
Tv,\ 5

LERS

T
L

ARM-TO-PROCESSING PLANT DISTANCE FOR NON-MEMBER SE

F

FIGURE 5.




109

CASSAVA UTILIZATION

Fresh Cassava tor Human Consumption

The simple storape svstem for fresh cassava roots developed and
tested in previous vears (CIAT Cassava Annual Reports, 1983, 1984)
formed the basis for this vear's work. The svstem has been further
refined v reduce costs, and testing in different edaphoclimatic zones
continued witii a series ol trials in Perua and around Rucaramanga,
Colombia.

Refinement of storape svsten

The simple cassavt  raot storage svstem consists of  (a) root
treatment with a thiabendazole~-based fungicide to control microbial
rotting and (hY) subsequent packing of treated roots into polvethylene
hags which are then sealed ro obtain the high temperature and humidity
necessary to achieve rapid wvound healing (curing), which prevents the
onset of post-harvest phvsiological detevioration. The cassava roots
are trooved with the thiabondazole by immersion (five minutc dip in a
0.4% sointion of Mertact, Ciba-Geipy, Colombia). An alternative method
of treatment, nawelv bv soraving the fTungicide solution onto roots
already placed inside the polyethylene hap, was tested as a means of
reducing the quartity of fuagicide required, and hence of reducing
costs.

The root curing process requires temperatures in excess of 30°C
inside the polvethylene bag. In some of the colder zones of cassava
cultivation, these temperatures are not reached, and curing is
incomplete. Losses can, therefore, bYe high under these conditions
(Cassavs Anual Report, 1984)., The sanme prohlem was also observed this
year, where cassava  treated and packed in a  tropical zone and
cransported immediately to a cool ciimate urban centre for storage.
Therefore, enperiments were conducted to determine how many days of
storage in irepical conditions were reqguired to complete curing before
transport to and storave in cooler climates.

Thiabendazole treatment: aspersion tested against immersion. The
two different treatwent methods were compared. The standard immersion
(dipping) methad required a 5 minute din followed bv a 15-30 minute wait
before packing roots into the bags, to allow for excess moisture
removal. The aspersion treatment consisted of placing roots immediately
after harvest inte the bags, and spraving using a backpack sprayer with
the nozzle inside tthe bag. Roots were evenlv sprayed with the 0.4%
solution of thiabendazole, and any excess was drained off before sealing
the bags.

Table | gives the raw results [for experiment 1 with M Col 22 and
CMC40 in which both treatments gave zcod control of external microbial
growth and internal rotting, olthough 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). 1In 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 wmethod 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 1is
slower in the roots treated by spraying than in roots treated by dipping
in beth 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, becarse
although the control of postharvest losses is equivalent in bhoth meth-
ods, aspersion 1is much easier, faster and simpler to carrvy out, uses
less water (a limiring factor in some areas) and less fungicide.
Semi-commercial trials of the method have shown vhat treatment costs can
be reduced from 1.2 cents USS$/kg rcots by immersion to at most 0.4 cents
US$/kg roots by aspersion, simply because less fungicide 1is used per
kilo of roots treated. An extra advantage is that when spraving roots a
clean solution is always used, whereas c¢onstant 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 simplicity 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 SISAT. SACK PACK INTO PLASTIC BAGS
TRANSPORT TO TREAIMENT SITE TREAT WITH MERTECT: SPRAY
TREAT WITH MERTECT: IMMERSION (5 min) REMOVE EXCESS LIQUID
SPREAD OUT TO DRY (:5-30 min) SEAT. AND STORE

PACK IKTO PLASTIC BAGS

SFAT. AND STORE

Determination of time needed for root curing before transport to
climatic regions. In crder to determine the Ilength of time
required by cassava roots to complete the curing process in warm,
tropical climates before transport to cooler climates 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 tniabendazole 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 masl. 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 davs, a further group of bags was
transferred to the c¢ool c¢limate site, thus providing cassava with
storage time from zero to six days in conditions where curing can
rroceed rapidly. The remainder of the two week period was thus spent 1in
the cooler conditionsg of K 18. A control group of bags was stored for
the ent.re two week period at CIAT.

The results showed the importance of curing to the successful out-
come of cassava root storage: roots which were stored from the oucset at
Km 18 had losses of 12.8 and 17.87 from microbial and phvsiological de-
terioration respectivelv. 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 1incidence of both forms of deterio-
ration decreased with increasing time at CIAT before transport to Km 18.
Only treatments with zero and one dav's storage at CIAT were signifi-
cantly higher than :the CIAT-stored control treatment as regards total
deterioration after two weeks, suggesting that only one day of curing is
required before transport. lLooking at each deterioration component sep-
arately, however, a one or two day storage period at CIAT was required
for control of physiolegical deterioration and microbial deterioration
when considered separately (Table 5). This variation in significance
depending on the whether each type of deteridration is considered sepa-
rately or together, suggests that the longer of the two times, i.e. two
days, 1is the safest option. The excellent results obtained from the
treatments with four and {ive 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, T.ima)

Cassava s 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:

(1) 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 normal 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 quality of the cassava
arriving at the wholesale market in Tima. Cassava is sold at two
prices depending on the rreshness/quality of the roots: this dis-—
count can very adversely aftect the farmers/traders.

Through the use of the CIAT and rhe Tropical Developmnet Research
Institute  (TDR1Y, develeped  simpie storage  technolopy, the above
problems could he resolved: cransport ol cassava treated  with
thiabendazele  and  packed into pelvethylene  bags  would  prevent
deterioration developing during the fourney to lima, and should provide
protection apainst chilling damage and lew humidity environments. The
Following advantages would he apparent in T imas

(1Y The quality (freshness) of cassava should dramatically improve.

(2) The wholesale and retail margins should decrease, as losses are
greatly reduced.

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

Stordge 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 masl in this area. The cassava was harvested bv the farmers
themselves, and was all of good qualitv for human consumption. PRetween
80 and 95% of harvested roots were suitable for storage. Roots were
treated with thiabendarzole using the immersion method, and then packed
into 5 kg-sized polvethylene bags. These were stored in San Ramon
before being transported on to Lima. The three trials were set up on
successive davs, to provide differing lengths of storage time in the
warm climate of San Ramon for root curing to develop, before being
transported tegethev through the cold c¢limste Andean regions to lima,
Table 6 gives the details of each experiment, and Figure 2 shows 1in
profile the route taken from San Ramon ta lima. Roots were all
transported to Lima in an open truck on 18 May, taking 10 hours to make
the journev. The highest point on route was snow-covered.

Each experiment was evaluated 2, 6 and 10 days after transporta-
tion. The length of the storape 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. Tosses due to external growth of
fungi were much lower. Untreated roots suffered substantially higher
losses (13, 45 and 65 1in each evaluation, respectively), The
thiabendazole treatment thus served to 1limit losses from microbial
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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, -specilally at night, to allow curing to
proceed rapidlv. A storage site closer to the cassava production area
itself might have produced better resuits. Nevertheless, the great ma-
jority of roots did store successfully In Lima. The quality of the
stored roots, evaluated informallv by a group of housewives, was rated
as excellent, and the superifority of tliese rocts over those available in
the market was widelv remarked. Chilling damage, which did not occur 1in
roots packed in bags, seems to make cassava ditfficult to cook, producing
a hard texture on boiling. This adverse quality characteristic was not
enccountered in these stored roots,

Feconomic rfeasabilicv. The cost of the fungicide and polvethylene
bags amounted to 250 Soles (I'S$O,025) per kg of cassava roots treated in
May 1985, Figure 3 shews the prevailing on-farm., wholesale and retail
prices at this time. Althengh the cost of treatment is equal to the
actual on-farm price of cassava, it represents only 167 of the final
consumer price: 006 of this price is due to the large margins of both
wholesaler and retailer. These margins should be reduced by the
introduction of storage technology, since post-harvest losses, and the
risk of such losses, will b“e preatly decreased. If marginsg are reduced
by 507, the introduction o! storage technologv would result 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 [armer frequently takes the cassava to Lima himsell, rather
than relving on a rural transporter as in Colombia. Thus, he directly
experiences the adverse consequences of deterioration losses so that
obtaining farmer cooperation in storage triais should be facilitaced.
The existence in the Lima wholecale market of a price discount for low
quality cassava (i.e. deterioraring roots) {s another economic incentive
for the adoptinn of this technnlogy.

Studies on Fresh Cassava Root Qualitva

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, HCN, fibre conteats) were slgnificant, aud these were related to
charces 1In root hardness. as .easured by a penetrometer. A further
exr imen: this year, using 4 clones (CMC40, HMCl, M C>1 22 and M Ven
21¢ harvested at monthly intervals from 7 to !2 mouths of age was
carr:zd 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 diifferent harvest
ages in all 4 clones (e.g. deterioration %; cooking time, which tended
to increase with nlant age, and starch content) , other parameters were
more stable (e.g. penetration and dry matter content, Table 8).

? Carried out in cooperation with the Tropical Development Research

Institute, T.ondon.
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Regression analysis produced no consistently significant correlations
between rhese qualiry factors across all clones. For example, 1n
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 unhelp=-
ful results could be due to the sampling procedure employed, since 1in
this experiment for the first time, large amounts of roots f{rom each
experimental plot were pooled before each sub-sample was removed. If
the variation in root qualifty was lavge within a given plot, the lack of
correlations hetween the quality characteristics found here would be
explained.

With this in mind, an experiment was designed to examine in detail
the variation in root quality within a particultur field plot of one
clone. Addlitionallv, the best method of sampling for the penetration
measurement was examined, since accurate and valid data on this parame-
ter could aid selection of good quality cassava roots I1f reliable corre-
lation wirth other parameters exist. Specifically, {t was hoped that
through taking penetration readings at different points along the root,
an improved sampling methodology could be devised. Advantage was taken
of one field plot in which CMC40 plants 8 m of age had been planted at
the same time and given the same management. Nevertheless there were
substantial differences 1in plant habhit, especially as regards plant
height. Ten plants of greacer than average height and ten of less than
average height were selected for inclusion in the experiment, 1in the
hope that this would facilitate the expression of different root quality
characteristics. Table Y shows the general characteristics of these
plants. The taller plants, besides having a preater mean height, also
weighed more bhoth as regards the stem and foliage and total root welght,
Three- medium sized commercial roots were sampled from each plant: thus,
roots selected from the smaller plants w.re not of an obviously poorer
quality, and in fact had a slightly higher mean weight per root. Each
root was individivallv labelled, peeled and sampled as in Figure 4.

A section of the root was removed from the distal and the proximal
ends, and a serles of penetrometer readings taken from each section.
Four readings were taken freom each of the outer (&), intermediate (B)
and 1inner (C) zcnes of the root, as showu above. The remainder of the
peeled root was divided into twoc 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, sirce 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 1C) 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 there was no difference in reducing sugar
content. Thus, both chemical and organnleptic quality of cassava roots
from taller, unstressed plants was higher 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 num-
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 Troot characteristics, the
detailed sampling method for penetration readings in this experiment,
was designed to find the optimum procedure fox using this Instrument for
rapidly predicting root quality from the uncooked root.

The mean readings (penetration in mm in a2 20 second time interval)
showed significant differences between roots from tall and short plants,
as did all the individual values for each root section and zone (Table
12). The proximal and distal means were also significantly different,
as werz the readings from the three different zones (outer, A; interme-

diate B; and inner C). The penetration values Increased from the outer
to the inner rcot zones (i.e. root hardness decreased), and the distal
section had higher readings than the proximal. The shorter plants con-

sistentlvy 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 each root section and zone produced significant
differences between tall and short plants, suggests that this evaluation
has great potential tor distinguishing certain root quality characteris-
tics.

The penetration values themselves correlated well with each other:
all 15 correlations in the correlation matrix of these parameters were

significant, 13 of them at P = 0.001. Several significant correlations
between the different penetration readings and the starch and cugar
analyses were also found (Tahle 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 € 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 phyeicliogical
standpoint, since mobilization or deposition of starch reserves may be
most rapid closer to the central vascular bundles (zone (. This sug-
gests that penetration readings should be concentrated in zone C to
detect changes in starch content. This wmay explain why previous
attempts to use pcnetration values to show changes in root starch
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content lave not always been <cuccessful, 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 sctudied from the tall plants were
of good eating quality, with no nezative scores for taste, texture,
fibre or glassvness, ancd 28 of the 30 roots from the short plants «1d
have at least one negative score for these factors, these results cen be
used to test the suitabilicy of the penetration measurement for predict-
ing root quality. Table 14 presents the wean, maximum and minimum val-
ues for each of the different penetration veadings (b root section and
zone) for tail and short plants separately. (Genevaity, the Jd{fferences
In maximum, minimum and mean values between tall and short plants were
greater in the distal tharn In the proximal sections, and were greater In
the zones 1in the order finner, intermediate, outer i.e. the greatest
diiferences were found in the distal ront section in the inner (C) zone
where almost no overlap occurad hetween tne short and tall plant root
values (tigure 5 shows this as a frequency diagram). Thus, the pene-
tration readings talen Trow this particular region showed an excellent
relationship with root quality, Speciticatly, all roots from tall

.

plants had penetvaiion readtio: below 3.1 mm and 29 of the 0 roots from

short plants had readings above =4 mm.  This separcstion also applies to
root qualltv: only four o the C0 roots evaluated for quality do not fit
this same pattern. Use 7 penetration readings from this root zone
would thus enable a prodiction of root quality with a Y35 success rate
In this experiment. The Jistal, inner part of the cassava root appears
to be the most sensitive to plant stresses which affect root quality
(starch reserves from this area are nrobably the rirst to be mobilized),
thus It is the most accurate sice 1or the measurement of root hardness
througu the penecrometer. Further experiments are obviously necessary
in order to test the results and conclusions of this experiment,

One further euperiment on reot quality was carried out in 1985,%
The study was Jivected at the pglassvness phenomenon mentioned earlier.
It attempted to derervine which of the other chemical and physical
characteristics of the cassava root cculd be correlated with glassyness
vith the aim of rinding o rapid evaluation method in the uncooked root.
Advantage was taken of che tact that on pruning the aerial parts of the
cassava plant, the glassvness phenomenon develops with a time of
two-three weelis as a result of plant stress (CIAT Cassava Annual Renort,
1982}, Plants of three clones CM 525-7, CM 681-2, HMCl were pruned and
harvested on six dates of a four week period, to obtain roots in various
stages of glassyness. Roots were sampled 1in the threce different root
zones separately (inner, intermediate, outer) for a range of chemical
analyses (DM, starch, sugar). Samples were also cooked and evaluated
subjectively for taste, texture f(and glassyness) sweetness and
bitterness.

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

* Teo van Zanten, 1985, (CIAT Cassava Annual Report, 1982),
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pcor 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 resuits. (CTAT Cassava Program
Annual Report, 1982), The penetration readings also 1increased
significantly, further demonstrating the ability of this measurement to
reflect changes in root chemical composition. Cousidering each root
zone separately {(Table 16), the penetration readings were significantly
higher 1in che inner wnd outermost zones than the intermediate. The
starch and sugar centents were correspondingly lower in these two zones.
The correlation matrix ror all these evaluations and analyses (Figure 6)

reveals that ylassvness correlates with almost every other parameter:
positively with sweetness, flavor, texture, sugar content, cooking time
and penetration; negarively wivh DM and starch. These results suggest
thaz, since the onset of glassyness 1s assoclated with significant
changes in almost all the the root quality characteristics, the

possibility of developing a rapid evaluation method 1is good, perhaps
using the penetvation readings as a basis.

A short study was made of the possibility of using a microwave cven
toc shorten cooking times, and hence increase the number of samples eval-
uated per day. Cooking by »oiling takes from 20-40 minutes per sample,
and a maximum ot 6 samples can be screened at a time. By heating root
pleces, contained in a small plastic bag, inside a microwave oven for 4
minutes, a considerable increase In output can be obtained. Roots Ffrom
20 clones were cooked using both methods, and the vezults compared. The
overall agreement between the two methods was 65%; csufficient for
screening a large number of lines early in a selecrion program, but not
enough to be ahle to replace the "household" boiling method In more ad-
vanced srages. The agreement between methods was better for sweetness
and bitterness than for texture/glassvness evaluatioas.

CASSAVA DRYING

Research on drying during 1985 has been orientated towards back-
stoppling the Atlantic Coast and Cassava Flour projects and has concen-
trared ¢n 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 undercaken to eval-
uate both the mechanical performance of the machines and the drying
characteristics of the chips they produce.
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The Thal type chipping machine consists of a frame that supports a
feed hopper and a cutting disc. The {rame is constructed of welded an-
gle iron and covered with sheet steel. The feed hepper is joined to the
structure at an angle of between 40° and 45° which allows the cassava
roots to fall by gravity towarde the cutting disc. The 910 mm diameter
cutting disc is constructed from sheet steel and strengthened by an ex-
ternal ring and lateral veins. On the disc, six rows of cutting
elements are formed by heating and expanding the metal using a specially
destigned tsol.  Power i« transmitted through V belt and pulley mounted
on the same axel us the cutting disc to give a speed of 500 rpm.

The Malasian type chipping machine is simitar to the Thai type,
differing only in the design of the~;h5?ing disc which is constructed of
10 mm steel plate with four radial rectangular openings to which four
interchangeable corrugated steel blades are holted.

The Frazilian tvpe chipping machine consists of a 430 mm diameter
drum, open at the front to allew the feeding of the roots, wich an in-
ternal rotating dice to which three radial paddles are attached. The
paddles propel the roeots against one 202 mm wide horizontal stationary
blade and then against o set of 17 vertical, serrated, clrcular, rotat-
ing blades separated 10 mm one {rom the other which terminate the cut
and eject the chips from the machine. The whole assembly 1is supported
by & welded, anple iron frame. Power is transmitted through hexagonal
belts and pullevs to give a drum speed of 500 rpm.

Capacitv anrd power consumption

Thz 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 Tha! and Brazilian machines,

Chip form, geometry and size distribution

Table 18 shows the form and geometrv of the chips that ideally
should be produced from each machine, togerher with the distribution
between whole chips, broken and thin chips and fine particles that are
actually produced. WNone of the machines produces more than 50% of whole
chips due to factors such as wvariability 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 1s similar, whereas the Malaysian machine produces

fewer whcle 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 travs. Cecmparing the two
drying methods emploved, at each loadirg 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 Thal
chips respectively, although the results are not significantly different
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(r =0G.00, In trays there wus no significant difference between
Malaysian and Brazilian chips, however the Thai chips dried considerably
slover at all loading densities.

Using the artificial through circulation hin drver, no significant
difference (P = 0.01) was found in drving time between the different
types of chip, although the Thai chip tended to take lenger to dry at
all deadlng densities (Figure &). Ar the higher loading densities (150
and 250 kpg/m™)  compacting of the bed was observed when using the
Malaysian chip, and this probably accounts for the longer Jdrving times
corpiared with the Brazilian chips ar these densities.

Cvanide elimination

Figure 9 presents the final total cvanide content of Thal and
Brazilian tvpe whole root chips as a function of drving time. The graph
indicates that the longer the drving time the greater the elimination of
cvanide. lHowever, fer a piven drying time, while cyanide eliminatlon is

greater on concrete loors than on inclined travs 1t appears to be in-
dependent cof chip type. ror varicetries with an intermediate cvanide con-
tent, such as CM 976-15 voed in this experiment, dJdrving on inclined
trays produces a product with levels of cyanide greater than 100 ppm

.

which is the quality standard set for animgl feed.

Construction, maintenance and costs

The Thai and Malaysian mode s require 240 man hours construction
time and can be made in a workshop with baste facilities. The Brazilian
model requires 480 man hours construction time, skilled labour and a
workshop with machine tocls. The cost of the Braziiian 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 workshops. However, a number of problems have been experi-
enced in reproducing the Malaysian type interchangeabie cutting blades
and they are not commercially available. Given adequate workshop facil-
ities, the blades for the Brazilian model present nc production problems
and are considerably more duralle, requiring lesc maintenance than the
blades of the other two models.

Overall assessment

in terms of chip characteristics (size distribution and drying per-
formance}, the Rrazilian model is marginally superior to both the Thatl
and Malaysian models. However, the advantages of the Thai and Malaysian
medels, with respect to ease of ceustructien and maintenance and lower
cost, appear to outwelgh the impcoved performance c¢f the Brazilian
model. Other factors, such as drv chip bulk density, milling and
handling characteristics are being evaluated,

Pilcr plant evaluation of a through circulation dryer

f.ast vear the results of the evaluatiecn of a through circulation
bin drver 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 anyv 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 1s possible to increase the capaci-
ty of both systems and, at the same time, introduce a certain degree of
flexibility into the operation of a dryving plant. The trials that have
been undertaken rhis vear have concentrated on trying to reduce the
costs (both capital and operating) of the combined drving system.,

The combined drving svsten

The intrastructure of the cembined drving system consists of a dry-
ing rloor and the bin Jdrver (described 1in the CTAT Cassava Annual
Report, 19847, fn order to reduce operating (fuel and maintenance)
costs, the 3hp gasoline wmotor used last vear was replaced by a lhp
electric motor. In addition, the height of tlie walls of the solar air
heater were reduced from 60 ¢m ro 20 em thus making a considerable
savine in mater{ial costa,

The quantir. of cassava roots required for cach trial was chipped
at arvound U660 honrs apd the chips spread on the concrete floor at a
loading rate ot 2 kg/m™ . Av 18:00 lLours the chips were collected and
Toaded into ihe drving bin. The foilowing dav at 06:00 hours drying in
the bin was stareed and continued until the product was dry. During the
process the chips were turned everv two hours on the concrete floor and
everv four hours in the drving hin.

Two proups o crints were carried out. The first group was aimed

at deterw:ning he wocinur capacity of the drving system that would give

a total drvivg tine of two davs (or 24 hours net drving time) using the

solar air heater in dts original confipuration, 1.e. galvanized 1iron
1

sheets painted mat Llack and cevered by polyethylene sheet. The second
group of trials was aimed at determining the maximum capacity of the
drying svstem using the solar air heater in a modified form, 1.e. with
the polvethvlene sheet removed and the galvanlzed iron sheets placad on
top of the walls of the solar heater. This configuration simulates the
collection of solar radiation from roof tops.

Solar collector performance and drver capacity

Table 19 show- the air temperature increases aund efficiency of the
solar air heater with and without the polyethylene cover. The removal
of the polyathylene redused the thermal efficiencv from 55 to 51%. The
lower temperature Increment (4.0°C versus 4.8°C) observed using the so-
lar air heater without the polvthene over is caused only in part by che
reduced efficiency since a lower solar radiatioy value was recorded for
the period under study (0.67 versus 0.76 cal/cm” .min). The cost of the
solar air lieater is reduced by about 40% by the elimination of the
polyethylere cover.

Despite the reduced drying aiv temperature achieved on removing the
polyethvlene cover, there was no appreciable difference 1in drier
capacity (Table 20). 1In 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 !1
hours during the second day to complete the dryving process.
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Operating and investmeut costs

The labour requirement for the combined drying svstem is 8.2 man
hours per ton of fresh cassava which is higher than that recuired for
concrete floor drying (7.4 man hours). The energvy consumption of the
electric motor averaged 2.4 kwh per ton of ftresh cassava which repre-
sents a cost of Col.S$152 per ton of dry cassava chips. last year an
average of Col,81,600 per ton of drv chips was spent on fuel and main-
tenance of the gasoline motor.

Table 21 compares the construction cost of a natural concrete floor
drving planr with thar of o conbined concrete floor/bin drver-solar air
heater drving plant.  The ealcusations have been made on the basis of a

5,000 ke fresh cassava everv two dave (the actual
capacity of the pitotr plunt described here).

processing cupacity of

The narural drving plane consizte or 200 m™ af concrete floon)and

costx  SINE GO0 Col.bPesos.  The corbined otany consists of 150 m° of
concrete {loor, 30w of solar air Lheater, 6 m” of dring bin and a fan
and metor at a toral cont o of Coll % 41,090 or 1.8 times the rost of the
retural drviog plant. "he cost o of the solor air heater represents 177
of the toted dnveveent i, Glthonsh the removal ot che polvethviene
cover reduces the cost of infs fvem by 30, the reduction in cost of the

B tem of  Che svatem is

system overall vsoonly 67,0 B oy the mast cosrly
the Tan wnd wmeror. Due to the relativelv low air drying temperature (+
35°C) iavie veluwmes of air are required to assure a reasonable drvyer
rapacitcy,
Conclusions on the use of solar ar-ing syvstems for cassava

Having operated the bin dryer/solar cnllector svstem at the pilot
planc level during two drving seasons the following conclusions have

been reached:

) Deep bed drvirg of cassava chips in bins with solar heated air is
echuicallv feasible butr results in higher capital and operating
ats comparved with natural drying on concrete floors.

g
~—~

Pre-drving ot cassava chips on concrete iloors followed by drying
in bins with solar heated air, increases the capacity of both the
natural and solar assisted svstems. However, the capital and op-
erating costs per ten of drv product processed remain higher than
those for natural drving alone.

3 Bin drvirg of cassava chips wirh solar heated aiy is characterized
by a low arving ailr temperature and high airflow rate. This re-

sults 1in high investment and operating costs of the air moving
equipment.

4) To achieve continuous production of drv cassava throughout the year
it will be necessary to heat the drying air by artificial means to
temperatures between 50-60°C. At chese 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 1is 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 low air temperature increments is not
justified in terms of dncreased collector efficiency. This type of
heater could therefore he incorporated into the roofs of the drying
plant, thereby substantially redcing 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 fotal drying system and by knowing the calorific value
of the specific fuels, when evaluating or promoting relatively novel

fuel sources, (such as ceal in Colombia), and burner designs, it is as
well to have reliable cost cemparisons with more conventional fuel
sources (such as oil and propane gas). For this reason, three fuel-

fired air heaters were evaluated for drying cassava chips in a thick bed
through circulation drier (Table 22). The results of this 2valuation
(Table 23) cleariy 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 1s still substantial.

Joint CIAT/IIT/Univalle Wheat-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 iIndustry 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. TIn 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 consumer budget survey of 9000 households was
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 1s more evenly dis-
tributed throughour the country and, in particular, 1s more important
than bread in the rural a-easz.

Wheat products are important but do not dominate in the national
diet. Bread contributes on average T1l calories and 3.0 grams of pro-
tein or about 4.07 total calorie intake and 4.4% of total protein.
Pastas contribute 60 calories (2.2%) and 1.8 grams of protein (2.7%).
In terms of average calorie intake, cassava and bread make equal
contributions, though the distribution of consumpticn 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 protein 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 ic 157 (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). 1In 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 elasticitcy estimates are
significant, of appropriate sign, and within a reasonable range. In
general, bread is more price elastic than pastas, except 1in the lowest
income quintile, where consumers would consume slightly more pasta with
a percentage reduction in price. Of course, the other two factors <hat
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 1in 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 ceontinuous supplies are necessary to motivate investments within
the flour milling industry. Continucus root supplies, in many cases,
will require changes in the temporal organization of cassava production
systems.

The above ijssues motivated f{irst an evaluation of the current farm-
ing system (see below) and second the establishment of on-farm trizls to
evaluate changes in both the production system and in technology. 'The
trials iovolving changes in production systems focused on an evaluation
of changes in planting and harvest dates to assure a continuous supply
of roots and an analvsis ¢l stuke storage to evaluate adequate supplies
of planting material. The trials involving improved technology focused
on the introduction of new varieties, intensification of the
intercropping system, and an evaluation of fertilizer and crop rotetion
svstems in the maintenance of soil fertility.

Continuous Production Systems: Cassava production on the Atlantic
Coast o7 Colombia 1is seasonal, especiallv in particular production
zones. The seasorality is partly due ta the rainfall distribution (a
single rainy period of varying intensity lasting f{rom April to November
and a drv season from December ro April), and partly to the demands of
the intercropping system widelv practiced in the western part of the
coast. Most of rhe 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 by varietal response and by the desire to plant cassava in an
intercropping system with var and maize which must he planted at the

beginning of the rains.

To evaluate the viability of a cont’nuous production system, dif-
ferent varieties, the local and an introduction, were planted on four
difi=rent farms in April, to be harvested in De.ember (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 davs). 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 Jlower wvields of the local wvariety 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 plaating 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 gevmination and vield.
However, five months results 1in slgnificant reductions in Dboth
germination and yield.

Intensification ef the Cassava-Maize Intercropping System:

Small-scale farmers commonly atilize multiple cropping as a means of
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reducing production risk, insuring a more coatinuous cash flow and max-
imizing income per hectare. On the Atlantic Coast of Colombia, maize 13
the most common intercrop in cassava cropping systems. Moreover, recent
research on cassava cropping systems has suggested the possibility of
increasing the total yield of traditional cassava/malze svstems through
changee 1in the spatial arrangement of the cassava and increases in the
plant population of the maize. To evaluate whether these results remain
valid under different production conditions, cassava/maize Iv ercropping
trials were established {u different departments on the Atlantic Coast.

The objective was to cvaluate the potential for intensifving the

farmer's intercropping system. The trials were mounted 1in the
Departments of Cordoba, Sucre, Atlantico, and Magdalena. In Cordoba and
Sucre, the farmer's svstem cousisted of planting cassava in a 1.40 x

L.4D meter arrangement (5,100 plants/ha) and the maize in a 2.80 x 2,80
meter pattern with Tour plants per hill (16,200 plants/ha). In
Atlantico and Magdalena, the farmer's svstem consisted of a 1 x 1 meter
cassava arrangement (10,000 plants/ha) and a 2 x | meter maize pattern
with four plants per hill (20,000 plants/ha). The farmer's svstem was
then compared with a more invensive system where the cassava was planted
at a distance ov [|.H x 0.6 meters (10,200 nlants/ha) and the maize at
1.6 x 0.3 meters with vwo plants per hill (41,667 plants/ha). TIn
effect, the only changes wers 1in spatial arrangement and planting
density.

The results were somewhat variabie (Table 29). Tn all cases there
was an increase in maize vields. 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 1in cassava vields. Where
maize yields increased most dramatically, cassava yields declined most
markedly, especially in Betulis. In Carranzo, Pivijay and Sabanalarga
there was little, il any, decline in cassava yields, supporting the con-
clusions of the original research done at CIAT. However, in the Cordoba
and Sucre area, there was also a significant decline in average root
size te the point that a high percentage of roots were not saleabe for
the fresh market, although thev would be suitable for the drying plants.

Changes 1n spatial arrangement and plant population are not a means
of increasing productivity of cassava intercropping systems nnder all
circumstances. The optimum system will depend on relative prices
between maize and cassava, quality characteristics in the principal mar-
kets, and agro-climatic conditions. Plant type may also play a rcle
since a late branching type such as CM 922-2 showed least variance in
yield between the two systems. Adaptive research 1is 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, denends critically on assured
access to markets. Witk 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 vear. Preliminary results are
thus left until the next report.

Design and Development of Processing Equipment

In Colombia, cassava 1s predominantly grown on small to medium
sized farms. It is a highly perishable crop and due to 1ts bulkiness
transport 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 semi-batch modular design, with each module having a
capacity to produce approximately one ton of cassava flcour per day. At
this scale, the processing technologyv should be suitable for operation
by farmer cooperatives and/or small to medium agro-entrepreneurs, with
thie processing plants being located as close to the areas of cassava
production as possible. VFor the establishment of the industry it is
proposed to closely follow the steps taken in the successful development
of the production of dry cassava for animal reed in the Atlantic Coast
region of Colombia (see Tnternational Cooperation, Coulombia).

te 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 testing of a
continucus washing/peeling wmachine; (2) the evaluation of three types of
chipping machine; (3) the development of natural and artificial drying
systems; (4) the selection and testinp of milling equipment; (5) the
selection of packing materials ard storage condltions. The advances in
each of these areas are summarized below.

Washing and peeling. The original aim was to develop a machine
that would botn wasii and peel the cassava roots. After a careful study
of the_equipment available, 1t was decided to adapt a design by
Gaighoh?,

The machine consists of a rotating cylinder whose surface is con-
structed in expanded mesh. Internal deflecting paddles insure that the
resldence time in the machine is sufficient for peeling to take place.
A water spray 1s provided through a mounting axle that passes concen-
trically through the cylinder. Prototype testing of this machine showed
that 1t 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 ic described in Section B on Cassava
Drying.

& 0digboh, E.U., 1978.
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Drying. The develcpment of suitable drving systems has
concentrated on collecting cost infermation for natural drving on
inclined mesh bottomed travs (see CIAT Cassava Program Annual Report,
1976) and the development of a thick hed through circultatlon bin dryer
(see CIAT Cassava Program Annual Report, 1984 and Section B),
Preliminary trials are now underway to evaluate semibateh drving 1in
travs in both a vertical f{low cabinet drver and a crosscurrent flow
tunnel drver,

dillinu. A preliminary evilustion of hammer, plate and knife tvpe
mills was undertaken. The resu'ts indicated that of these three mills
the hammer viili appeared to be the most appropriate in terms of capital
cost, local wvaiiabilicy, throughput and flour vield and therefore a
more thorough evamination of this tepe of mill was undertaken. Using a
small industrial mill with a capacity to process hetween 900 ~nd 1,300
ke/h of cereal grains, periormance characteristics were determined at 4
peripheral huammer specds, 5 screen sizes and 2 tvpes of dry cassava chip
(with and withour peeld.  The highest vield (587) of cassava flour
(fraction less than 700 micras) was obtained by milling unpeeled chips
at the highest peripheral hammer speed (66,0 m/s) and using the smallest
screen size (5,57 mmd) . However, the preatest milling efficiency (537%),
measured in terms of the quantitvy of tlour produced per kilowatt-hour
consumed, was cobtained bv milling peeled chips at the lowest peripheral
hammer speed (37.7 m/s) and using the largest screen size (12,70 mm).
Further studies are heinyg carried out toe trv and increase the yield of
cassava flour, which, at a level f 58Y, is low and could negatively
affect the economic feasibilitv of the process as a whole. Designs of
suitable screening methods for the milled cassava are heing studied.

Exploratorv milling trials have also heen carried out using roller
mills similar to the ones emploved in the wheat milling industry. The
initial results are verv promising; no technical problems have been
encountered and vields of cassava {lour of between 80 and 907 have bheen
obtained. An important discovery 1is that cassava bark and fibrous
tissue pass through the mill without Dbeing 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 ve no need to peel the
cassava betore 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 wbether segregation of wheat/cassava flour mixtures 1is likely to
occur.

Baking trials

Tiic baking trials that have been undertaken during the first year
of the project have been orientated towards determining whether cassava
variety and plant age have an effect on hread 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 ftour harvest dates, 8, 10, 12 and 14
months. The proximal analysis and cyanide content of the flours are
presented in Table 30. The bread making formula used was 85% wheat
flour, 2% cassava flour and 37 sova flour. Moo additives were
incorporated and the cemposite lour was compared ayainst a 1007 wheat
flour central using the standard AN OO, pethod Noo 1010

In crials carried out using {icere of the Tour varieties harvested
at 12 menths, the bread that pave the Highest specific volume was
that containing M Col 22 floar Table 315, Thivs bread was also
marpginall wupericr in terne o7 Sread score compared with the orther
breads preparved fron composite o onra, but interior o the bread score
of the 1007 wheat flour contral, Subsequent o, trials uaing M Col 22
flour prepored at the four harvest Jdatee showsd that both speciric vol-
ume and bread score fmprove with increasing plant age (Table 42,

Preliminars vocnonmic analvsic of the wheat Zenssava composice {lour
svstem, indicated vhar rhe necd o incorperate sova tlonr substantialiy
reduces the margin thai rtghtt be obtained b the substitution of 157
wheat flour In hread.  In addicior, the incorporaticen of soava flour
appears to negativelv affect the specific volume and bread score in
wheat/cassava/sova Tlonr misture. compared with vheat/cassava flour mix-
tures (Takle 333, fGiven rhat the autritional effecrs of replacing 157
wheat flour bv carsava floar on the tatal protein censumption of the
Colombian popuiatica is minimal, it wne decided to eliminate the tse of
sova flour {n vhe compoasite Tlour mistures.

Complementary baking trials, using the variety that had given the
best results in the previous experiments and the varietvy M Ven 25 which
in agronomic trials on the Atlantic Coast has outperformed the best lo-
cal variety, confirmed the superiority of M Cal 22 flour (Table 34).
However, loaf qualitv deteriorated markedlv on using the flours of both
varieties harvested at 14 months. This result is the reverse of what
was feund when sova {lour was incorporated in the breadmaking formula.
Further research will have ta be carried out to investigate these appar-
ent changes 1in cassava flour quality, 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 thiabendazole treatment methods and two
cultivars over a two week storage time. Storage lnsseg for
each parameter are evaluated on a 0-100 scale.

Variety M Col 22 - CMC-40

N
~

3]

Storage time {(weeks) 1 z 1

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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Experiment 2. A comparison of storage losses using two

different cassava (M Col 22) root thiabendazole treatment

metheds 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 ] 2 1 2
Control 22,0 39.4 19.§ 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 microbiai rutting deterioration

Experiment 1

Control 31.0%" 37.12 1.43

Immersion 1.1b 2.2b 0.52

Aspersion 1.2b 5.5b 0.52

Experiment 2

Control 30.7% 20.7% 3.6°

Immersion 4.4b 9.3b 0.9%

Aspersion 4.3b 1.0¢ 1.32

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

Multiple Range Test.

LEL



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

Sugar content

Dry mater content Starch content {7 drv matter basis)
(oven drving) (% drv matter basis) Reducing Total
%
Control 36.54° 82.05% 1.61% 5.09%
. . a b b a
Immersion 36.64 86.15 1.06 4.90
Aspersion 37.72% 89.75¢ 0.56° 3.82°

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

Range Test.,

el
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TABLE 5, Significant differences betwecen storage treatment for each
deterioration component (number of days at each storage site)
obtained using Duncan's Multiple Range Test (P = 0.05).
Treatments with different let-ers are significancly different.

Time at each

storage site (days) Microbial Physiological Total
CIAT Km 18 deterforation det.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
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TABLE 6. Experimental design of the cassava storage trials carried out

in Peru.
Experiment Experiment Experiment
1 2 3

Starting date May 14 May 15 May 16
Harvest 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 Ramén 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); mlcrobial deterioration
(MD) and external microbial growth (MG). Total Deteriora-
tion (TD) is the sum of PD and MD

Evaluation 1 Evaluation 2 Fvaluation 3

20 May 24 May 28 May

Treated Untreated Treated (ntreated Tr~ated Untreated

Experiment 1 (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
™D 10.0 16.8 22.2 57.6 16.4 90.0
Experiment 2 (harvested, |5 May)
MG 0.5 12.2 1.4 18.0 7.4 34.0
MD 0.5 1.1 14.8 33.0 13.6 24.0
PD 6.3 0.0 1.8 0.0 0.0 0.0
TD 6.6 11.1 16.6 33.0 13.6 24,0
Experiment 3 (harvested, 16 May)
MG 0.0 12.0 06 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,

CMC-40

Starch (7 DM)
Total sugar (% DM)
DM

Penetration (mm)
Det. 7

Cooking time (min)
Taste/texture

M Col 22

Starch (% DM)
Total sugar (% DM)
DM

Penetration (mm)
Det. 7

Cooking time (min)
Taste/texture

M Ven 18

Starch (% DM)
Total sugar (% DM)
DM

Penetration (mm)
Det. 7

Cooking time (min)
Taste/texture

HMC-1

Starch (7 DM)
Total sugar (% DM)
DM

Penetration (mm)
Det. %

Cocking time (min)
Taste/texture

71
2.1
39

33
15

70
1.3
40
1.7
80
18

87
1.8
43
1.8
69
23
0.25

78
2.3
41
1.7
60
16
0

Plant age at harvest (months)

8

91
2.4
42
1.8
40
17

86
2,1
44
1.8
89
19

83
1.9
45
1.7
74
17
0.5

88
1.7
43
1.7
61
17
0

9

87
2.2
43
1.9
64
21
0.5

91
2.1
46
1.6
90
25
0

90
2.3
45
1.8
49
25
2

83
1.7
42
1.8
54
26
1

10

85
1.8
41
1.8
18
26
1

84
2.0
44
1.5
46
25
0

87
2.6
42
1.6
11
22
0.05

1.4
41
1.7
35
21
0.5

il

79
2.0
41
1.8
24
25
0.25

83
1.3
43
1.6
46
24
0.25

87
1.4
42
1.7
30
23
0.75

1.5
43
1.8
44
25
1.25

12

84
2.3
41
1.9
17
20

92
1.4
44
1.7
43
22

88
1.3
43
1.8
39
21
1.5

1.4
42
1.7
39
27
1.25

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

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

Character

Plant height (m)
Weight of aerial plant parts (kg)
Total root weight/plant (kg)

Mean weight of sampled roots (g)

Plant Type

Tall

4.79

382

Short

2.27

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 with each quality score

Tall plants

Short plants

Quality evaluation 02 1 2 0 1 2 3
Taste 29 1 6 22 2
Texture 29 1 4 25 1
Glassynessb 30 11 18 1

Fibre 30 13 14 3

a

each aaracteristic.

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

Glassyness 1s 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 18)
for roots from tall and short plants of CMC40 In one experi-
mental plot.

Plant type
Tall Short
Starch (%) 82.73 Kkk 77.97
Reducing sugars (%) 0.41 ns 0.57
Total sugars (%) 1.84 kdk 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 secticns taken from tall and short plants of CMCAOQ.
Significant differences between tall and short plants are
shown at P = 0.001 (***). Sipnificant 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 k% 2.20
Proximal B 1.82 *kk 2.42
Proximal C 2.02 k&% 2.90
Distal A 2.18 *kk 2.65
Distal 2.22 kkk 3.23
Distal C 2.68 k&% 3.74
Mean A 2.06 Kk 2.43 2.242
Mean 2.02 Kk 2.83 2.42°
Mean C 2.35 Kk k 3.32 2.84¢
Proximal Mean 1.92 kK 2.50 2.21°
Distal Mean 2.36 *kk 3.21 2.79P
Mean Mean 2.14 *kk 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 * 2 0.21 *
Proximal C 0.35 *=* NS
Distal A NS 0.29 *
Distal B -0.30 * 0.36 **
Distal C -0.27 * 0.31 %

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
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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 C A B C

Roots from tall plants (29 roots no negative score; 1 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 2.1 2.2 2.7

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

negative score)

4,5

[

Maximum 2.7 3.6 4.2 3.5 4,

Minimum 1.9 1.8 1.8 2.2 2.8

y—
‘O

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 % .oenetration Glassyness
harvest (days) matter (DM basis) (DM basis) (mm)
0 37,43 87.3% 2.53° 2,53° 1
3 35,930 86. 4% 1.823 1.822 0
8 35.93P 8687 2.72° 2.72° 0
16 34,4P 85. 9" 3.62° 3.62° 1.3
23 33.2° 82.3° 5.13¢ 5.13¢ 2
30 33.4° 79.7° 4,979 4,974 2.3

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

3 = completely glassy.
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TABLE 1é. Results of root quality evaluations and analyses, of the
different root zones (A, B, C)

Quality
marameter Inner (A) Intermediate (®) Outer (C)
Dry matter, 31,52 37.5° 36.0°
Starch 7, DM basis 83.6° 86.5b 84.02
Total sugars %, DM basis 3.82° 3,03 3,542
Penetration {(mm) 2,282 l.8&b 1.92b

*
Significant (P = 0.05) differences shown by different letter

superscripts, after analysis with Duncan's Multiple Range test.
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TABLE 17. Carvacity and power consumption of three types of cassava
chipping machines.
Power Ratio capacity/
Model Capacity consumption Power consumption
t/h hp
Thail 4.8 3.1 .6
Malaysilan 5.0 2.8 .8
Brazilian 3.9 3.3 1,2

TABLE 8. Geometry, dimensions and size distribution of three types
of cassava chips.
Size distribution, %
Geometry and Wrole Thin or Fine
Marhine 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

-

D

x 10 x 70 mm




TABLE 19. Solar collector performance,

2 with and without polyethylene cover

Solar collector

Ambient air conditions

Air flow rate

Air temperature

Solar collector

configuration T RH Rad. Solar increase efficiency
[«] [/ 2 3 3 s] o,
C % cal/cm”.min m~ /min C %
Galvanized iron sheets
with polyethylene cover 31 61 0.76 110 4.8 55
Galvanized iron sheets
without polyethylene cover 31 61 0.67 110 4.0 51

a

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

14!



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

Concrete floor drying 2 Bin drying
Fresh chips Partially dry chips Total net
Sclar collector Floor Initial Moisture Moisture Bin Airflow Drying drying
configuration area 1oadingb content Weight content lcading rate - time time
L)
m? kg % kg % kg/m” 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 1,130 38 188 82 10.7 22.7

without polyethylene cover

Net drying cime on concrete floor 12 hours.

Loading density on concrete floor 12 kg/mz.

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.$ ? Col.$
A, Natural drying ) 300 mz Concrete floor 186,000 186,000
B. Combined 1) 150 m2 Concrete floor 93,000
natural and 2) 30 m2 Solar alr heater 57,000
solar assisted 3) 6 mz Drying bin 65,590
pin drying M) 100 m3/m1n Fan 125,600 341,190

US$1.00 = Col.$140.



TABLE 22,

Technical details of

three fuel-fired air heaters used to dry cassava chips

Type of hezt Make and Heat output Air heater
Fuel source Type of heater exchanger moael Btu/h efficiency, %
Coal Indirect Singie finned CIAT designed ° 78,500 50-60
tube
0il Indirect Multiple tube Benson EM60 205,000 80
Propane Direct - Farm Fans DH16 215,000 95
See CIAT Cassava Annual Report, 1984 for a full description of this air heater.

6v1



150

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
rate time Coal? Oilb Propane gasc
m> /min. ¢ h ko 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

8 Cost of coal: 4,500 Col.$/t.
Cost of oil : 95 Col.$/gl.
Cost of propane gas : 24 Col.S$/kg.

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 I1 1T v v Average I 1T I1T v v Average
kg/capita/year
Atlantic Urban 3.7 7. 9.5 12.8 17.1 8.0 3.6 3.2 5.4 6.2 5.5 50
Rural 0.9 2. 3.1 5.6 7.1 : 2.6 3.4 5.0 7.4 11.7 )
Eastern Urban 12.8 17. 24.0 28.6 29.6 16.0 7.2 7.1 10.6 10.4 10.9 9.6
Rural 4.3 10. 11.9 18.7 12.7 : 5.4 9.3 14.0 13.3 10.1 '
Bogota Urban 11.8 14, 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. 7.4 10.4 9.1 5.4 2.5 3.6 3.3 5.0 4.0 3.8
Rural 1.2 2. 1.7 3.1 3.4 : 2.8 3.8 3.9 5.4 5.2 ’
Pacific Urban il.6 11. 19.9 24.5 26.9 15.0 4.2 4.7 6.2 7.4 7.0 6.2
Rural 2.8 5. 6.1 8.1 7.3 : 4.1 6.2 8.8 7.7 7.4 ’
Total Urban 7.3 10. 14.9 18.8 20.1 11.9 4,1 4.8 6.4 7.4 6.7 6.2
Rural 2.5 5. 5.7 9.2 7.6 ’ 3.8 5.9 7.8 8.6 3.5 ’

(3e] 8



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 85:1i5 composite wheat:

cassava flour bread

Region Quintile I II IIT IV \Y Average Quintile I II IIT Iv V. Average
grams/day grams/day
Atlantic Bread 0.51 1.19 1.70 2.81 3.88 2.04 Bread 0.43 1.01 1.45 2.39 3.30 1.73
Total 41.05 63.04 77.89 84.70 91.19 72.28 Toral 40.97 62.86 77.64 84.28 90.61 71.97
Reduction in
Percentage 1.24% 1.89% 2.18% 3.32 4,25% 82% the total -0.19% -0.28% -0.33% -0.50% -0.64% -0.42%
Eastern Bread 1.76 3.28 4.59 6.19 5.79 4.02 Bread 1.50 2.79 3.90 5.26 4.92 3.42
Total 44,77 63.96 79.09 86.00 84.87 68.2 Total 44.51 63.47 78.40 85.07 85.07 67.65
Reduction in
Percentage 3.937% 5.13% 5.80% 7.20% 6.827 5.897% the rotal -0.59% -0.77% -C.87 -1.08% -1.02%7 -0 88%
Bogota Bread 2.97 3.58 4,81 5.78 5.99 5.10 Bread 2.52 3.04 4,09 4,91 5.C9 4.34
Total 34.00 49,34 €5.06 75.62 86.59 69.73 Total 33.55 48.80 64.30 7..75 85.69 68.97
Reduction in
Percentage 8.74% 7.26% 7.40% 7.64% 0.927% 7.31% the total -1.31% -1.09% ~-1.11% -1.15% -1.04% -1.10%
Central Bread 0.53 1.04 1.37 2.14 2.10 1.39 Bread 0.45 0.88 1.16 1.82 1.79 1.18
Total 38.97 60.40 72.10 83.02 73.16 64.57 Total 38.89 60.24 71.89 82.70 72.85 454.36
Reduction in
Percentage 1.36% 1.72% 1.90% 2.58% 2.87% 2.15% the total -0.20% -0.26% -0.29% -0.39% -0 43% -0.32%
Pacific Bread 1.48 2,20 3.65 5.43 6.80 3.90 Bread 1.26 1.87 3.10 4.62 5.78 3.32
Total 39.69 59.37 75.49 84,33 83.26 70,28 Total 39.38 59.04 74.94 83.52 92.24 69.70
Reduction in
Percentage 3.74% 3.71% 4,847 6.447 7.29% 5.55% the total -0.567 -0.56% -0.73% -0.97% -1.05%2 -0.32%

- ((J/



TABLE 26.

Price and income elasticity for bread and pastas in Colombia

Bread Pastas
Quintile Price Income Price Income
Coefficient -0.76 -0.06 -0.79 0.97
1 P 0.0l 1% 90% 1% 2%
R” 0.67 0.66 0.55 0.54
Coefficient -0.83 0.15 ~-0.77 0.32
2 P 0.0l 1% 80% 1% 38%
RZ 0.54 0.52 0.78 0.78
Coefficient 1.08 0.43 -0.84 -0.25
3 P 0.01 1% 51% 1% 54%
R2 0.40 0.38 0.38 0.37
Coefficient -0.86 0.73 -0.79 0.29
4 P 0.01 1% 17% 1% 29%
2 0.56 0.54 0.31 0.30
Coefficient -0.84 0.47 -0.78 0.14
5 P 0.01 1% 4% 1% 40%
R2 0.79 0.79 0.63 0.62

EGL



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

First harvest Second harvest Third harvest
Variety Yield D.M. Yield D.M. Yield D.M.
t/ha pA t/ha % t/ha pA
Ist Semester sowing a
M Ven 25 16.6 36.0 18.0 36.3 17.1 33.8 g
Venezolana 16.1 37.9 17.0 36.4 20.2 34.6
2nd Semester sowing a
M Ven 25 11.1 33.0 15.2 34,9 17.3 37.8
Venezolana 6.8 35.8 9.1 37.0 7.5 38.3

Average values for trials 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 7% t/ha % % t/ha 7%

149 M Ven 25 71 6.4 36.0 68 6.5 36.4
Venezolana 54 6.9 37.9 55 7.0 38.2

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

GGl



TABLE 29. A comparison of cassava a2nd maize yields in farmer's intercropping system and intensive system.

Systen Cassava Cassava Maize Cassava Maize Cassava Maize
variety yield yield vield yield yield yield
t/ha  ZD.M. t/ha t/ha “D.M. t/ha t/ha ZD.M.  t/ha
Albania, Sucre Betulia, 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 I1.1 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 35.6 0.51
Average 9.6 36.2 0.42 11.3 35.9 0.83 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
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
Various? 7.4 32.0 0.46 12.0 30.7 1.3 18.9 28.4 1.0
Various 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
Various? 6.9 35.1 1.31 16.1 28.9 1.8 15.3 27.3 1.5
Various 9.1 34.8 1.59 9.6 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

961

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

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



TABLE 30. Chemical composition of cassava flour 2 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 cyvanide cyanide
months % 7% % 7 % % 7% 7 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 1.566 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 4,57 0.51 2.05 2.16 96 7
12 51 2.01 0.62 3.61 1.02 1.39 2.03 97 3
14 87 1.99 0.45 3.70 0.81 1.76 2.15 145 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 2.30 276 17
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 1.76 1110 9
12 87 2.59 0.65 4.98 0.78 2.03 1.73 967 16
14 85 1.94 0.50 4.69 0.97 2.07 1.73 719 12
Mean 87 2.48 0.65 5.07 0.88 2.13 1.78 925 18

Peeled, chipped roots dried at 60°C.
Each monthly value is the average of six replications. All values on a dry matter basis.

LSl



TABLE 31. Effect of cassava variety on loaf

158

a
characteristics

Specific Bread

Variety volyme 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%
All varieties harvested at 12 months.

soya flour.

TABLE 32, Effect of plant age on loaf characteristics a

Specific Bread

Plant age volyme 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% cassava flour, 3%

Cassava flour prepared from the variety M Col 22.

soya flour.
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TABLE 33. Effect of the level of agdition of cassava and soya flour
on loaf characteristics

Breadmaking formula Specific Volume Bread Score
Wheat flour Cassava flour Soya flour
7% 7 7 cm3/g max. 100
85 12 3 4,20 84.0
80 18 2 4.29 71.0
5 15 - 4,72 86.5
100 - - 4.68 92.5

Variety M Col 22 harvested at 12 months plant age.
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TABLE 34. Effect of plant age and cassava variety nn loaf
characteristics
Plant age Variety
months M Col 22 M Ven 25
Specific Bread Specific Bread
volume score volume score
cmj/g max.109 cm3/g max. 100
8 4.39° 845" 3,99° 73.7P
10 4.48P 89.0° 4.00° 73.5P
12 4.728 86.5° 4.21P 72.7P
14 4.129 66.2° 4.05¢ 59.7¢
Control 4,682 92,52 4.682 92,52
DMS 0.07 5.9 0.07 5.9
Breadmaking formula: 85% wheat flour, 15% cassava flour.

Values with the same letter are not significantly

997 confidence level.

different at

the
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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 9. The final total cyanide content of Thai and Brazilian type

cassava whole root chipsé/ after natural drying on a
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PRINCIPAL ACTIVITIES IN THE CASSAVA BAKING FLOUR PROJECT
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SOIT MANAGEMENT AND PLANT NUTRITION

During 1985 research on cassava soil management and plant nutrition
focused on the following aspects:

D 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 North Coaut,

6) Erosion control for cassava grewn on steep slopes.

7 Plant population and varieties for cassava forage production.
8) Effect of mycorrhiza.

Screening of Cassava Cermplasm for Adaptation to Low P and Acid Soils.

As in previous years, a large aumber 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. 1In Quilichao, 677 materials were planted in
single rows 1in large plots with either no P or 75 kg P/ha applied as
banded diammonium phosphate (DAP). All plants received 100 kg N and 150
kg K/ha, band applied as DAP or urea and KCI, respectively. The high and
low P plots had Bray II extractable P levels of 17.5 and 3.4 ppm at the
time of planting. After 12 months the average vields were 39.2 and 31.2
t/ha in the plots with and without P applications. Table | 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 varileties
selected [rom single row trials were planted in subplote 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 saue 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 II-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, 1s probably due
to an increased mycerrhizal 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 1s clear that some
varieties are very well adapted to acid low-P soils, producing about 50
t/ha of fresb roots in a soil with pi 4.0 and only 4.6 ppm Bray II
extractable P. Thus, 1n areas where diseases and pest problems are
minimal, adequate soil management and maintenance of soil fertility can
not only maintain 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
ylelds teotween 30 and 84 t/ha in only 1l 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 sct of varieties and breeding lines adapted to the high
altitude tropics (FEdapho-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
vields obtained and the low-P adaptation indices. There was an extreme
response to P in all varieties, increasing yields on the average from 2.9
to 16.1 t/ha, in a soil with 1.8 ppm Bray 1T-P. Most adapted were two
local wvarieties, Regional Amarilla and Negrita and two germplasm
accessions, M Col 113 and M Col 2019. Some breeding lines selected in
Popayan were also well adapted, while some warm-climate varieties like
CMC 40 sucenmbed to severe anthracnose problems.

As in previous vears, a group of 60 varieties and breeding lines
were evaluated for tolerance to low P and high acidity in Carimagua by
planting each in three 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 yilelds without P were only 2.3 t/ba, while those without lime
were 10.9 t/ha and with both lime and P 9.4 t/ha. Thus, vyields were
actually higher wichout lime, eventhough these plots had 82 percent Al
saturation, indicating the extreme tolerance to soil acidity of these
materials., Of the five Brasilian accessions included, all were highly
adapted to acid low-P soils, provably due to similar conditions in their
region of origin. On the other hand, the local variety, lLlanera, 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 drv 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 fertiiization, and with four
replications. The fertilized plots received ! t/ha of dolomitic lime, 1
t/ha 10-20-20, 10 kg Zn/ha as Zn0, | kg B/ha as Borax and 10 kg S/ha as
elemental sulphur, all broadcast and incorporated before planting.
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Figuce 1 shows that, compared with the ll-year average, this year
the dry season was unusually long and dry, while rainfall during the wet
season was unusually high, with a wmaximum 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 cxtreme dry and extreme wet had a profound effect on
plant growth, nutrient concentrations in the plant, and in the soil, as
well as the mvcorrhizal populations.

Figure ! shows the total and root dry matter production for
fertilized and unfertilized plants during the 1l-monch growth cyvele. Due
to the long dry season (from November 15 to April 15 it rained only 86
mm)  crop growth was verv  reduced during the first six months, but
increased rapidly with the onset of rains 1in Aprit and Mav. In the
fertilized plants rotal dryv matter (D.19) increased until harvest at 11
months, while in unfertilized plants total dry matter production was less
and actually decreased slighely during the last two months. Root growth
was slow during the first six months, but increased rapidly in the second
half of the groweh cvele. At 11 monthe, fresh root vield was 11.0 t/ha
for unfertilized and 22.8 t/ha for fertilized plants.  Figure 3 shows the
dynamics of dry matter distribution between roots, stem, leaves and
fallen leaves For fertilived plants, Initially, leaf growth
predominated; however, during the dry secason most of the leaves fell. At
the onset of vains there was a verv rapid reprowth of leaves, reaching a
maximum of 228 pm/plant in one month, followed by rapid growth of roots

and stem.

Figure 4 shows the change in nutrient concentration in youngest
fully expanded 1leaf (YFEL) hlades. Concentrations of N, P and K
decreased during the dry season and increased markedlv at the onset of
rains, reaching a maximum at the sixth month. During the seventh month
nutrient absorption rates still increased but the sudden increase in
growth (especially leaves) resulted 1in a decrease 1in nutrient
concentrations in YFEl-blades. It is 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
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Increased root activity. Tollowing 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 fartilized
and unfertilized plots. TFertilization with I t/ha of 10-20-20 resulted
in an available P content of 38 ppm compared with 8 ppm without
fertilization. Similarly, K contents increased during the dry season,
while inorganic N initially decreased and then increased markedly towards
the end of the dry season due to a build up of both NO.,, and NH,--N. At
the onset of rains at the end of April, N, P and K contents in the soil
decrzased rapidly due to leaching and increased plant growth and nutrient
absorption,

After the Ilush of top and root growth, nutrient absorption leveled
off or decreased. Nutrient levels in the soil more or less stabilized
aroomd the seventh to eighth month. Fertilized plots had consistently
higher levels of P and K, while the effect on inorganic N had essentially
disappeared after the sixth month. In unfertilized plots there was
essentially no net change in avai.able P, thevre was a slight build up of
inorganic N and a conslderabie decline in exchangeable K during the
course of one crop cycle. Onlv with the application of 167 kg K/ha did K
contents in the soil return to their original level of 0.1l me/100 gm.
At the time of harvest rthere was a total K absorption of 122 kg/ha, of
which 66 kg were remcved in the roots.

Tong-term effect of cassava on soil fertility

A long term fertility trial, initiated in 1977 1in CIAT-Quilichao,
completed ite seventh consecutive cassava crop. Main plocrs 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 cach crop. As of the sixth crop each plot was divided in
two, with one hal{ 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 1nitial fertilizer
application had completely lost its residual effect. The yield of the
absolute check was 17 t/ha, down from 3! 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 ylelds from 23.0 to 43.7
t/ha. There was a good relation between the K content of YFEl-blades at
4 months and final root yield, maximum yields being obtained with more
than 1.5%7 K in YFElL-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 fertllizers in the 6th and 7th year
after five annual applications resulted in a drastic yield decline,
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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 extent by leaching or plant
uptake and future applications can be greatly reduced while maintaining
productivityv,

Similar results were obtained in tvo N, P, K, trials, located side
by side in CTAT-Quilichac, one in an annually fertilized soil and one in
a soil exhausted Dbv four  consecitive regional trials without
fertilization. Figure YA chows that in the exhausted soil there was a
small but non-significant response ro application of N and P, and a
highly significant response to ¥, which increased vields from 15.7 to
36.4 t/ha.  With the sccond vear application of 100 kg K/ha, the
productivity was almost as high as in the continuouslyv fertilized soil
(Figure 9B), which produced vields of about 40 t/ha. On the other hand,
the lack of K application in thes. fertilized plots reduced vields to 36
t/ha in the f[irst vear and to 7/ t/ha in the second vear. Thus, again K
is the critical element for cassava gprown continuously on acld infertile
soils with low K supplving power.

Cassava farmers traditionally trv to maintain soil fertility by
leaving plots in fallow for 5-10 vears after 1-2 crops of cassava, after
which they cut and burn the vegetation to plant another 1-2 crops of
cassava witbout fertilizer application. Thus, they rotate cassava plots
continuously, clearing and burning unew plots every vear, often cut of
necessity, on very steaep slopes, causing severe erosion.

The Cassava Feonomics section has studied the effect rf fallowing by
planting three consecutive cassava crops, with wvarious 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 vears of fallow before the first
cassava c¢rop. Figure 10 shows that the ‘length of fallow had no
significart effect on vield in anv of the three plantings. In fact, in
the [{irst two plantings the shortest fallow period produced the highest
yield of unfertilized cassava. Thus, it appears that on these extremely
infertile and eroded soils the regrowth of weeds and bushes does not
accumulate sufficient nutrients to have a significant effect on the
following cassava crop. Application of P, especially as triple sugcr-
phosphate 7TSP), markediv increased vields, but these vield increases
were even more pronounced in combina {fon with an ¢nnual application of
100 kg/ha of N and K. Figure 11 showe the average vield response to P in
the seven locations during the three consecutive plantings (in presence
of N and K). Maximum vields 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 vears, bhut 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 vear due to improved
soil fertility and probably a better mycorrhizal populaticn. Thus, it is
clear that in these highly infertile soils the traditional fallow system
cannot maintain soil fertility and sustain high yields, while annual



177

fertilizer applications improve soil fertility and increase yields when
cassava 1s grown for several vears 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. linder these conditions
vields as high as 60 t/ha have becen obtained in the Ffourth year of
continuous crepping with fertilization in Mondomo, compaved with 5-8 t/ha
that farmers obtain with the traditional cassava-fallow vctations.

Use of Green Manures

An alternative to the cassava-fallow rotation would be to plant a green
manure crop for one semester and Incorporate the vegetative material into
the soil before planting cassava. Unfortunately, many traditional green
manure crops are susceptible to Al-toxicity ian acid solls, requiring
large lime inputs for optimum growch, while cassava requires no lime or
only small applications. To test the tolerance of several green manure
species to soll acidity 40 difterent 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 pll from 4.1 to 4.4, while
decreasing the Al saturation from 79 to 41 per cent. Fipure 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
susceptible to soil acidity, responding markedly to lime application.
Other Crotalaria species, such as C. spectahilis, C. mucronata, and
several uniuentified species were highly acid-soil tolerant as well as
much more productive than C. juncea. Other highly tolerant materlals
include some Mucuna (formerly Styzolium) species, Cajanus 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 1in larger plots in Quilichao and will also be tested
in a cooler climate in Mondomo to evaluate their potential for improving
soll fertility to replace the traditional fallow system of natural
regrowth.

In the verv sandy soils of Media Tuna on the Colombian North Coast
the response of cassava to fertilization have often been erratic and not
very marked. To determine whether 1incorporation of green manures can
replace or complement the effect of chemical fertilizers, a trial was
planted with elght 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/10C 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
Fand 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 mecked effect on the inurganic 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 p'ots, from wihich weeds were removed before
planting, had the lowest levels of nog - N, K, Ca and Mg.

Figure 13 shows the effect of the green manures on cassava yield in
combination with the three fertilizer treatments. In both cassava
varieties, but especially in the highly producuvive vartety M Ven 25,
there was a significant response to the jreen manure treatments in the
~bsence of =oil applied feitilizers. When fertilizere were applied
yields increased from 19.5 to 34.3 t/ha without any further increase due
to green manures. Foliar NPK  applications (Nitrofoska) sli~htly
increased vields to 22.9 t/ha but some green manures 1increased :se
vields up to 34.1 t/ha. In the absence of any chiemical fertilizers, _ne
Incorporation of native weeds, or some green manures such as Canavalia,
peanut and velvet bean increased vyields from 19.5 to as much as 34.4
t/ha. Thus, on this sandv low O.M. soil the incorporation of the local
weeds o1 some green manures can markedl, increase vields to the same
levels as those obtained with chemical fertilizers applied to the soilj
foliar applicaticns were not verv effective. Of the green manures,
Canavalia ensiformis had the greatest effect on soil fertility and
cassava yield, while Crotalaria juncea was least productive and least
effective.

Effect of Chemical Fertilizers in Media Tuna

On the same sandy sofl described above, another trial was planted with
the same two varieties te 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 lertilizer application. Again M Ven 25, planted
with stakes from CTAT, produced wmuch higher vields than M Col 2215,
planted with locally produced stakes. There was a significant respouse
up to 750 kg/ha ot 15-15-15 with a negative response to higher

applications in the case «: M Ven 25. Highest 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. There was a good
response to application of 75 kg N/ha to the soil as urea, but no
response to application of P end only a minor response to K. Foliar
application by 1tself with either urea, KNO, or Nitrofoska had no
significant effect on yield. Thus, on the sandy soils of Media Tuna high
cassava yields can be obtained using good planting material of
high--yielding varieties and an intermediate application of urea or
15-15-15 to the soil, possibly in addition to 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 soll 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 c¢f mulch, by miniiwum or
zero tillage, by fertilization and the planting of live barriers.

This year a third trial coupared 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 methodoleogy was
essentially the szme as that described in 1982 and 1983,

Table 6 shows the effect of treatments on soil loss and yield.
Wnile the trial was planted on a steep slope of 40% and rainfall was
abundant throughout the year (2421 =m in 14 months) soil erosion was
minimal, reaching a maximum of 3.71 t/ha in 13 months. This is due to a
rather stable soi” (a silt loam witl 11% 0.M.), and minimum soil prepara-
tion of one pass with an oxen-drawn plow, which left a rough blocky
surface. When soil preparation was even further reduced, such as hand
preparation of | 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 vield. Yields in
general were very low because of severe weed competition, as weeds were
contrciled 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, 1is
extremely important. live barriers of lemon grass, Phaseolus beans, and
Imperial (Avonopus escoparius) or Brachiaria decumbens grass also
markedly decreased erosion, while having some negative effect on yield.
Beans weve grown 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 1in 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. TFertilization also had a most dramatic effect on
ylelds, which increased from 0.3 to 9.3 t/ha. Thus, 1< may be concluded
that by the use of simple agronomic practices, 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 Yorage Production

While cassava roots contain only about 2.37% crude protein, the tops, and
especially the upper leaves, may contain as much as 25-30% protein, which
is higher than alfalfa and wost other forage legumes. Thus, there may be
great potential for using cassava tops as supplemental forage for
animals, o~ yourg 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.




180

Plants were fertilized with | 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 257 in the first
to 217 in the third cut. Due to the long dry season in Carimagua there
was a six month dInterval between the second and third cut. The best
planting distance was 60x60 n and there was no beneficial effect 1in
further increasing the plant population.

Figure 16 shows similar data for CTAT-Quilichao, in this case the
sum of seven cuts during 24 months, as well as the final root harvest.
Highest total dryv ferage production of nearly 24 t/ha was obtained with
the varietrv Regional Amarilla, planted at 60x60 cm, closely followed by
CMC-92 ¢ the same planting distance. Both are cold-climate varieties
which produce extremely vigorous top growth whenp 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 varieties le~~ productive in forage
production were mcore productive in root yield. especially HMC 2 which
produced as much as 52 t/ha fresh roots as well as 16 t/ha of dry forage
in two vears. [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 drv matter production and protein
content. Thus, while dry matter production varied according to wet and
dry seasons, the amount of crude protein produced was fairly constant
throughout the vear. Total crude protein production varied from 2.0 t/ha
with CMC 40 to 3.67 t/ha with Regional aAmarilla in a two-year period.
The latter level of productivity is close to that of well managed alfalfa
in the U.S. (where maximum yields of 4 t/ha of crude protein have been
obtained in one year). While 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 1
t/ha of 15-15-15 atv planting, there was no indication of soil exhaustion,
as the soll nutrient levels had actually increased after two years.

It may be concluded that wvorieties differ greatly in their ability
to withstand continuous cuttines, and that some cold-climate varieties
seem very promising for cassava forage production. A plant population of
26,000 plant./ha, planted at 60x60 cm, was the most productiva in both
Carimagua and Quilichac. No replanting may be necessary for several
years.

Lffect 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) Lffectiveness of mycorrhizal strains.
The effectiveness of 15 strains from the CIAT mycorrhizal collectior
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was evaluated by inoculating rooted cassava plantlets grown in
sterilized Quilichao soil. The scil 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 1infection. Most effective 1n 1increasing dry matter
productinn were two Glomus species (C-1-1 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 rnot 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).

Effect of soil acidity.

Two soils, from Carimagua and Quilichao, were incubated with
different levels of zlemental sulphur (S) and lime to decrease and
increase, respectively, the natural pH of the soil. Figure 18 shows
the effect of these soil amendments on pH and exchangeable Al
content. Application of 2 t/ha of S decreased the pH of the
Carimagua soil to 3.7 and increascd the Al content to 7.6 me/100 gm.
Both S and lime applications hud a move marked effect on pH and Al
in the Carimagua than the Quilichao soil, iudicating the greater
buffer capacity of the latter due to its higi organic mat=.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 t> induction of severe
Zn deficiency. Maximum dry matter production was generally attained
at pH 4.8-5.0. C(C-1-1 and C-10 were relatively tolerant of severe
soil acidity (pH 4.53) and were the most effective specles in most of
the pH range studied. Acaulospora mellea (€£-15-2) was quite
tolerant of low pH but noc as effective as C-1-1 and C-10 at higher
pH. C-30-1 was quite ineffe~tive at low pH and the only of medium
effectivity at higher pH (pH 5). Figure 20 shows that percentage of
root infection was equallv dependent on soil pH 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-1-1, 4.5 for C-15-2 and 4.8
for C-10. VWhile all these three species are well adapted to acid
soils, C-i-1 (Glomus manihotis) seems to have the greatest
tolerance. Glomus mosseae (C-30-1) was nnot at all adapted and its
percentage of infection was not well correlated with soil pH. 1In
the three tolerant species per centage of infection was better
correlated with soil pH than with percentage of Al saturation or Ca
content.

Development of root infection

Plantlets of M Ven 77 were either inoculated with C-1-1 or not
inoculated, and grown for 12 weeks in unsterilized Quilichao soil.
Every 1 or 2 weeks some plants were harvested and roots were
observed under the microscope for the presence of hyphae, vesicles
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or arbuscles. Figure 2l1A shows that VAM {iafsction had already
initiated after one week as indicated by the presence of hyphae.
Infection by hyphae increased every wveek, reaching a maximum of 94%
at seven weeks after which it declined slightly. Vesicle infection
initiated after two weeks and that of arbuscles aftor three. Both
reached a maximum Infection of 70.-80% after 6-7 weeks, after which
it either declined or remained approximately constant.

Length of fibrous roots increased sigmoidally during the first
eight weeks, rcaching a maximum of 79 meters/plant after which it
slightly declined. At this time about 90% of the root system was
infected with hvphae, about 60-70%7 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
spores.

Three field experimencs were conducted on the effect of mycorrhizal
inoculation, one in Mondomo and two 1in Carimagua. In Mondomo, the
efficiency of seven strains was tested in a soil with pm 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 und
weeds. The average yield of the 1local variety Sata Dovio was 18.4 t/ha
while that of the ICA hybrid HMC 2 was 58.8 t/ha. There wvas neither a
response te P nor to mycorrhizal inoculation, since both the fertility
and native mycorrhizal popuiation had been build uz by previous croppings
and fertilization.

In Cariwagua, 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 Ecu 82 was the inoculation effect significant
(Figure 22). Inoculation with strain C-4-8 (Acaulospora sp.) 1increased
yields 477 from 9.9 to 14.6 t/ha. Thus, 1in an infertile soil with low
native mycorrhyzal populations (only 46 spores /100 gr at 4 months after
vlanting), 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. 1In 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 vields compared
with the wuninocilated check, but that the use of soil inoculum
(containing 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 1inoculum is wore 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 yieids in Carimagua can be
improved significantly (30%) by mycorrhizal 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 in CIAT-Quilichao.

Root Yield (kg/mz) Low P
oP 75P Adapt. index
CM 1794-1 10.5 1.2 9.71
M Col 720 6.2 12.2 6.20
M Col i85¢ 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 5.2 9.8 4,96
SM 301-3 7.0 8.5 4,84
M Col 1387 5.8 5.8 4,62
M Ccl 1185 7.2 7.8 4.58
CM 533-6 6.9 8.1 4,52
M Bra 304 ! 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
Low P adaptation index = Yield oP x yield 75P

X yield oP x X yield 75P
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TABTE 2. Root yield and low P adaptation index of 13 varileties most adapted
and two scandard varieties in a screening of 77 germplasm accessions
in CIAT-Quilichao.

Cassava root yield (t/ha) TLow 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
& Low P adaptation index = Yieid oP x yield 75P

X yleld oP x X yield 75P
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TABLE 3. Effect of P application on the root yield of 20 cassava cultivars
a
in las Pilas™, Mondomo, Cauca.

Root vield (t/ha) P adaptagion

CULTIVAR oP 100 P Index
Regional Negrita 5.1 26.6 2.90
Regional Amarilla 6.8 16.3 2.37
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
CG 487-2 2.8 19.6 1.17
CG 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
CG 403-18 ) 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

75011 with 1.8 ppm P (Bray II)
P adaptation index = Yield oP x yield 100P

X yield oP x X yield 100P




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 Lhigh 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
M Bra 5 3.6 21.2 14,2 2.43 2.93
M Bra 23 3.8 12.4 11.8 2,13 1.43
CM 2118-2 3.0 11.5 14.9 2.09 1.66
M Bra 20 2.9 19.7 15.4 2.07 2.95
M Bra 36 4.5 12.4 9.7 2.05 1.18
CMC 40 .8 13.1 10.0 0.85 1.26
M 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

L8l




TABLE 5. Dry matter (DM) production of several green manures and their effect on soil fertility two months

after their incorporation in a sandy soil of Media Tuna.

SOIL ANATLYSES

ppm me/100 grm
Days to DM prod.

TREATMENT harvest t/ha NH,-N NO,-N p K Ca Mg
Check - - 1.5 . .03 .40 .10
Native weeds 120 4.73 4.9 2.4 .7 .05 .64 .22
Crotalaria juncea 60 1.71 3.4 1.7 4.8 .04 .50 .15
Cajanus cajan 120 3.93 . 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 .1 1.7 5.6 .04 .48 .15
Mucuna 90 2.50 . 2.1 6.3 .03 .45 .13
Indigofera 90 6.00 . 2.5 5.4 .04 .46 .14
Peanut 120 6.56 . 2.1 5.7 .05 .50 .17

88l
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TABLE 6. Effect of soil and crop management on erosion and yield.

“Soil loss Cassava yileld~

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 | 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 grass 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 aacumbens 1.82 6.2
D. Effect of fertilizers:
1) Without fertilizers 3.50 0.3
2) With fertilizers 2.96

Dry soil eroded during 13 months in cassava planted on 40% slope.

Fresh root yield of Sata Dovio after 12 mo :hs.
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TABLE 7. The effect of inoculation with different VAM strains on total dry
matter (DM) production, root length and per cent root infection
of cassava plants grown in sterilized Quilichao soil.

DM. tops Root /A
g/plant length-m Infection

Native strains® 29 40 6¢
C-1-1 (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 (Glomus 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 (Acaul. sp.) 9.2 81 35
C-21 (Gigaspora margarita) 1.1 6 1
C-18-6 ‘Fntr. 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

Uninoculated plants in unsterilized soil.
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Figure 2. Total plant and root dry matter production during an 11-month growth cycle of cassava,
M Ven 77, grown with and without fertilizers in Carimagua.
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FIGURE 7.

Average response of the seventh consecutive cassava crop to the residual effect of N, P and K

applied with the first crop in 1977 and to that applied with the first, sixth and 7th crop in Qui-
lichao,
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Cassava Root Yield (t/ha)
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Cassava root vield (t/ha)
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MYCORRHIZA PROJECT

During 1985 research activities were continued for:
(a) collection and characterizotion of mycorrhizal fungi

(b) field inoculation trials and observation of persistence of
inoculated fungal species

(¢) on-farm inoculum production

A. Collection and cheracterization of mycorrhizal fungi

The mycorrhizal fungi collection was almost doubled from 420 to 800
pure cultures. The rumber of coid room stored isolates increased from
272 to about 700. One new species of a VA mycorrhizal fungus was
described: Acaulospora myriocarpa Spain, Sieverding et Schenck. This
species had the code 007 in earlier reports. Also, frem pure pot
cultures of the CTAT collection it was possible to demonstrate that
Entrophospora infrequens forms VA mycorrhiza, a fact that was unknown up
to now. This finding substantiates the opinion that the genus
Entrophospora belongs to the {amily Endogonaceae.

Characterization of isolates in the greenhouse

A collection of 54 isolates from acidic soils were tested for
efZectiviness following the screening procedures for Test I conditions
(see CIAT Cassava Program Annual Report, 1984). Highly effective
isolates were found within the species A. appendicula (Tsolates C-44-1,
C-129-6), A. laevis (C-129-10 A), A. myriocarpa (C-29-4), Acaulospora
sp. (C-121-3), Glomus clarum (C-121-5 A), G. occultum (C~45-4 B) and
Glomus sp. (C-71-1, C-72=2, C-73-2, C=127-1 A).

Another collection of 33 isolates from fertile soils (CIAT Palmira
and Caicedonia, Valle) wvere also tested for effectiviness under Test T
conditions using as test subsrrate a fertile soil from Palmira. Eight
isolates were highlv effective. These are C-30-1, C-30--2, C-30-13,
C-116-5 (all G. mosseae} and C-30--10, C-116-4, C-116-14, C-116-18 (four
different Glomus spp.).

B. Field inoculation trials

Cassava/beans intercropping ana inoculation trials

Two trials were conducted in the Mondomo area where cassava (cv.
Algodona) was Interciropped 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 ! x | 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-1-1). Inocuium was applied under the
bean seed at the rate of 200 g per linear meter. In Pescador beans
or/and cassava were iInoculated.

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 by
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inoculation of beans when triple superphosphate was applied without
lime. Tt 1g clear from Table 1 that under those conditlons TSP
applications decreased cassava yields due to severe competition from the
more vigorous beans. Similarly, in the presence of lime inoculation
significantly increased bean vield, which in turn had a detrimental
effect on cassava vields. Application of lime and ¥ markediv increased
bean vields, which due to competition resulted in a decrease in cassava
vields. 1In this case, inoculation further increased bean yields without
affecting the arowth of cassava. Thus, depending on the fertilization
level only one plant species vesponded to myveorrhizal field inoculation
due to intecspecies competition.

At Tescador (Table ) the entire tvial was fertilized uniformly
with I t/ha of lime, 1 t/ha of Huiia rockpliosphate, 50 ky P/ha as TSP,
50 kg N/ha as urea, 50 kg N/ha as RC1. S kg/ha Zo and 1 kg/ha B were
applied. Under those conditions tield incevltation of beans and/or
cassava tended to increase the vield of caszava.

It mav be concluded 1trom these trials that inoculating heans
cropped rtogether with cassava can simnlify the fuoculation procedure.
For planting beans, rows have to be made anvway v which mveorrhizal
inoculum can be pilacad.  However, in these trials only one of the
associated species vesponded to inoclarion, depending on the
fertilivation fevel,

Annual inoculation o1 Cas
A [ield trin! wie estabiished in 1983 to compare the residual
effect of this initial inoculation with that of an annual inoculation.

Before the planting of each of thie two cassava crops, 50 kg P/ha as
imila rockphosphate were iucorporated in the scil; 50 kg N as urea and
50 kg K as KCI were applied each vear in side bands to the cassava
stakes. So’l substrate infecced with C. manihotis (C-1-1) was used as
inoculum.

The resuits (Table ) show that inoculating twice during the growth
cycle was most effective in rhe {irst vear. In the second year an
inoculation response was found only when the field either had not heen
inoculated in the first vear or had been inoculated only once in the
first year. Thus, once the introduced strain is well estahlished, 1its
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 cveles of cassava. The
relative numbers of spores of these species in the inoculated and in the
uninoculated trial plots was takcn as an index for their persistence.
At the four sites that were cbserved, G. manihotis was persistent when
rockphosphate hac 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 amounts of inoculum on-farm. This
vear soil sterilants were tested for effectiviness to erradicate the
native mvcorrhizail population under natural conditions; also, the
suirtability o’ Biachiaria decumbens to multiply G. manihotis under field
conditiouvs in thuce treated field plots was invegtigated;__~

Two sites ("Don Fidel" and "la Angelita') were selected in the
Mondomo area. The soils differed in texture (clay and sandy loam) and
organic matter content (5.67 and 16%). Both scils had previously been
in fallow vegetation. The so0ils were prepared by hoe and different
conmercia  soil sterilants weve applied. Formol (150 ml/m~ of Formol
467) and Di-Trapex (75 mi/m™) were surface applied after diluting with
water; Basamid (60 p/m™) was incorporated to a depth of 15-20 cm. After
application of these products the plots were irripated with about,20 1
of water per m” and covered with plastic. Methyl bromide (80 g/m7) was
applied to plots already seacled with plastic. There was an untreated
but plastic sealed coatrol. Ten davs after treatment the plastic was
removed and the soil was left for aeration.

Table 4 shows that the mycorrhizal infectior potential (MIP defined
as percentage root infecticn in a two months bioassy with tropical
Kudzu) decreased by application of Di-Trapex, Basamid and methyl
bromide. No sipnificant differences were found in the MIP when soil was
sampled 3 or 14 days after starting soil aeration. However, 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 days after startiag soil aeration, half of the field plots at
the "Don Fidel" site were inoculated with 250 g/m~ of soil substrate
which contained a pure culture of G. manihotis (C~I!-1). 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
wethyl bromide (Table 5). TInoculation increased root infection from 12%
to 67% on the average of all soil treatments. At 2 and 4 MAP 1in
uninoculated plots, total spore population of mvcorrhizal fungi was
lower in treated than untreated soil, with the lowest number of spores
found in ploncs treated with Basamid or methyl bromide at 4 MAP. 1In
these plots highest reproduction rates of the introduced G. manihotis
were obtained. At 4 MAP, in all treated and inoculated plots, spore
numbers of G manihotis represented 95-997% of the total mycorrhizal spore
population.

I'rom 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 fo,show whether the amount of starter
inoculum (at the present (.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 CTIAT,.

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 Coleglo de Postgraduados at Chapingo, from l to 8
November, 1985.

c¢) In Pasto, Colombia, |7 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 Leans 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 vields cassava (t/ha)

a Beans not Beans Beans not Beaus
Fertilization inoculated inoculated inoculated inoculated
0 378 524 24.5 25.7
*
+ P 620 539 19.3 23.1
*
4+ Lime 608 801 23.3 20.6
*
+ P + Lime 908 1112 19.5 20.9
80 = Basic fertilization: 100 kg N/ha, 100 kg K/ha, 10 kg Mg/ha,
5 kg Zn/ha, 1 kg B/ha, | t Huila rock phosphate/ha
+ P = Basic fertilization plus 100 kg P/ba as triple superphosphate,
broadcast and incorporated.
+ Lime = Basic fertilization plus 3 t/La lime.

All fertilizers broadcast and incorporated

* Response to inoculation was significant at P = 0.05.



219

TABLE 2, Effect of field inoculation ~f heans and/or cassava in a
bean/cassava intercropping trial on grain yields of beans and
fresh root yields of cassava, in Pescador.

Inoculation of? 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

- : Not inoculated

+ ¢ Inoculated with 250 g inoculum (G. manihotis, C-1-1) 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.

4 Fresh root yields (t/ha)
Field inoculation 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
+ (1x) - 21.6 38.5
16.9
+ (1x) + (1x) 24,1 41.0
+ (2x) - 21.0 19.6 40.6
+ (2x) + (2x) 20.4 41.4
a - not inoculated
+ (1x): Inoculated with G. manihotis (C-1-1); application of 500 g
infected soil under each stake at planting.
+ (2x): Inoculated with G. manihotis; 500 g infected soil per plant;

nalf 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 gterilants on the mycorrhizal infection
poctential (MTP}" in the field.
Soil treatment
Date of Methyl-
Site sampling Untreated Formol Di-Irapex Basamid bromide
Don Fidel 3 days 60. 54 20.2 27.0 16.1
14 days 43, 43, 31.4 34.2 9.0
Mean 52, 49, 25.8 30.6 12.6
Ta Angelita 3 days 36. 42, 18.7 6.7 .6
14 days 42, 39 10.0 8.2 .5
Mean 39. 40. 14.4 7.5 11.6
Overall average 45, 44, 20.1 19.0 12,1

Percentage root infection in a biossy with tropical kudzu, after a
two month growth period in these treated soils.

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.
decumbens at: "Don Fidel", Mondomito, Cauca.

Four months after

Two months after planting planting
Root No. of spores/ No. of spores/
Soil Inoc. infec. 100 g P 100 g dry soil
treatment treatment (%) MAN Others °© d MAN  Others °©
Untreated Not innc. 26.0 24 833 ( 2.8) 86 996 ( 8.0)
Inoc. MAN 2.4 647 436 (60.0) 506 252 (567.0)
Formol Not inoc. 19.7 4 350 ( 1.1) 15 313 ( 5.0)
Inoc. MAN 71.4 504 232 (68.5) 4338 132 (97.0)
Basamid Not inoc. 0.0 6 400 ( 1.5) 38 83 (31.0)
Inoc. MAN 61.8 538 413 (56.6) 7930 70 (99.0)
Di-Trapex Not inoc. 14.0 18 528 (32.0) 16 549 (3.0)
Inoc. MAN 53.0 292 364 (44.5) 3335 181 (95.0)
Methyl-brom. Not inoc. 2.5 6 387 ( i.5) 8 102 ( 7.0)
Inoc. MAN 86.6 962 335 (74.2) 12803 83 (99.0)
2 Inoculated with G. manihotis (MAN); 10 g of infected soil vas applied
to each of 25 planting holes per sqiare 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 Gigaspora spp.
d

Data in parenthesis indicate the relation: Spore number of MAN/Total
spore number x 100,
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ENTOMOLOGY

Cassava entomology research during 1985 concentrated on four pests:
Mealybugs, mites, the cassava hornworm and Cyrtomenus bergi. Exploration
for additional predators of the cassava mites resulted 1in identifying
more than 25 species ol Phvtoseiidae in Colombia. Five of these species
have been forwarded to CIBC (Commonwealth Institute of Bicological
Control} in FEngland for eventual shipment to IITA in Nigeria. Basic
bionomic studies of the most important of rhese species were initiated.

Mealybugs

Mealvbug attacks in Africa (Phenacoccus manihoti) and the Brazilian
Northeast (P. herreni) have caused severe crop losses. In recent vears,
considerable research effort has zone into trving to control these pests.
Most of this effort has centered around the search, study, muss rearing
and release of natural enemies. Research at CIAT with P. herreni has
involved bioleogy and ecologv of the pest and its natural enenmies, vield
loss studies and host plant resistance.

Mass Rearing. Successful biolopical control and host plant resistance
research often depends on having available ot all times an adequate
supply of the pest. CIAT has been abile to establish a good working
colony of P. herreni in the greenhouse. Everv week 50 five week old
cassava pldﬁts, growing in pots, are infested with six mealvbug ovisacs.
These are protected from parasites and predators with small leaf cages
and the plants are placed in large (1 = 2 meter) fine nvlon screened
cages. This provides mealvbugs at all stages of development at any given
moment. and 1000 mealvbug ovisacs are produced weekly for use 1in
bio-control or host plant resistance studies.

Population Dymamics. The population fluctuatiens of P. herreni were
studied in rassava fields in Carimagua. Groups of plants of the variety
M Ven 77 were randomly selected and the total number of infested
terminals was determined everv 15 davs throughout the growing season. In
addition, a 3 cm portion of one terminal per plant was studied in the
laboratory to assess the stapes of P. herreni present.

Results show a strong tendency for an 1increase 1in mealybug
infestation as precipitation decreases (Fig. 1). During the months when
precipitation was above 200 ma, the percentage of infested terminals
remained below 107,  As rainfall decreased during the June to December
period, mealybug infestation increased to 607 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 mealybugs; 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 putonophilus Compere (CIAT) and Anagyrus insolitus Howard
(Carimagua). During 1985, the parasite Anagyrus insolitus Howard was
fourd parasitizing the mealybug found on cassava in Papaloapan, Mexico.
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A colony of A. coccois and E. diversicornis have been established at
CIAT. The biology and behavior of both species ave being

studied. These studies include: (1) the stage of P. herreni 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) the development curve of the parasite: and (6) the
preference of each parasite for two mealybup species.

1) Preference of  mealybug stage by parasites: Epidinocarsis
diversicernis showed a clear preference for parasitizing the adult
female and 3rd. nymphal instar of the female, the least preferred
being the male stages. This ig prebably due to the host morphology
in  thar the 3rd. dinstar and adult female are quiescent and
corpulent, while tiie male stapges are covered with a cottony cap that
hinders the parasite. 1In contrast, A. coccois showed o preference
for the male cocoon {(which includes the ‘rd and 4th instars), the
adult female and °nd instar female.

2) Host mortality caused by parasite cvipositor penetration:
Ovipositor penretration by E. diversicornis caused mortality in all
developmental stages of P. herreni; however, the highest mortality
13.2% was in the Ist nymphal inscar. The parasite A. coccols did
not cause mortalitv due to ovipesitor penetration.

3) Encapsulation of immature stages of the parasite by the hcest:
Encapsulation is a defense mechanism by the host mealybug to isolate
and 1incapacitate the developing parasite withia the host. This
phenomenon is frequently observed when E. diversicornis parasitises
P. herrreni. Studies done during 1985 show that encapsulation
decreases as the temperaiure increases. At ZSOC, 147 of the 2nd
nymphal ivstars, and 7.77% of the 3rd and adult females, displayed
encapsulaticn. This decreased to 4.4 and 2.7% respectively at 30~
C. These results also indicate that encapsulation decreases with
age of the host. Encapsulation is easily observed thkroughout 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. l.ikewise, 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 20°C the total developmernit time was 35.7 dags;
this decreased to 20.1 days at 25°C and to 18.1 at 30°C.
Teumperature alsooinf]uences 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 25°C and 19.7 at 30°C.

5) The development curve of the parasijte: 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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. . o
the case of both parasite species, the interval used was from 20°C.
The results at 30°C suggest rhat 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. coccois
the minimal development threshold was 15.6°C for cthe total
development period. The day degrees or "physiological time" was
calculated for both parasite specles. For E. diversicornis the
total development time was 231 dav degrees (Fig. 2). For A. coccois
the total development was 175 day degrees. These results indirate
that the parasite A. coccois requires lees day degrees than E.
diversicornis ewven though A. coccois has a longer average
development time; however 1its minimal temperature threshold is
greater than F. diversicornis and, thercfore, its degree davs or
physiological time is less.

6) The preference of each parasite species for two mealvbug species:
a) Epidinocarsis diversicornis vs. P. herreni and P. possypii.

Results show that E. diversicornis clearlv prefers to parasitize
P. herreni over P. gossypii (Table I). This preference occurs
during the localization phase (1.7 vs. 5.3), the intent to
oviposit phase (5.7 vs 1.0) cnd the ovipositional phase (3.3 ve
1.6). These results indicate that . diversicornis may be very
specific for P. herreni and helps e;plnin the negative results in
trials with P. manihoti.

b) Acerophagus coccois vs. P. herreni and P. gossvpii.
Results show a very strong prefg?znce of this parasite to
parasitize P. gossypii when given the choice (Table ?). The
differences were dramatic; localization phase 10.2 vs 1.8; intent
to oviposit phase 7 wvs 0.7; and oviposition phase 2.7 vs 0.0.
A. coccois will parasitize P. herreni as evidenced in previous
experi;ggzs, 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 cassava: representatives of the more
than 46 species already identified are found feeding on cassava wherever
the crop is grown. 1In agroeccsystems where rainfall is adequate and well
dispersed throughout the vear, mite populations wusually <enain below
economic 1injury levels. However, in low rainfall areas with a well
defined dry season in excess of three months, mite populations will 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 generation 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 1s well documented in previous CIAT Cassava Annual
Reports; efforts during 1985 continued to emphasize hiological control.
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Mite sampling

The accurate evaluation of mite populations and their natural
enemies in the field, requires an efficient and quantitative system of
sampling the Mononvchellus mite. Studies were done to adapt the
presence/absence  sampling  scheme for  the Mononvehellus mite; this
technique was originally developed for snmpling the Tetranvchus mite in
cotton, The study was conducted in the field at CIAT with three
varieties of cassava,

Since the cassava plant grows in 2 svnchronized form, the leaves of
comparable nodes on the main branches are the same ope. The node with
the first completelv open Teaf s designated the first node. Normallv
the plant does not have more than 50 nedes with leaves on anv one branch.
In those few cases where there were more than 50, all were grouped
together as the 50th node. Each group was examined leaf by leaf for the
presence or absence
do this evaluation, without the aid of 2 stereoscope.  The inspection of
the leaves at each nede for each plant resulted in the proportion of
Teaves infested at node N. VP(i)X. A mite brushing machine, designed to
remove the mites and distribute them unitormly over a plass plate, was
used to brush mites on all the leaves from cach group onto a single
plate. The plate wos covered with a thin film of mineral oil to

of the Mononvchellus sp. A well trained person can

immoliTize and preserve the mites for counts which were made bv placing
the glass plate over a metallic plate, divided irto 12 sections. Mites
were counted from four sections with the aid of a stereoscope and
multiplied by a factor to estimate the number of mites per sample. These
counts gave the average number of Mononvchellus mites per leaf at node
X, X.

since the possibility exists that 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 done to measure its
efficiencv. The comparison between the direct mite count on the leaves
and the sub-sample of four of the glass plates resulted in an v~ of
0.993, indicating that the sub-sample is accurate in estimating the total
number of Monenyvchellus sp.

The relationship was such that the subsampie result needs to be
multiplied by 3.22 to give the real result. In the presence/absence
study done during the drv 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 1 and 15. The best regressions

were obtained for nodes | and 2. The equations are:

—.212%
P(1), = 1 —e TtOHE
P(i), = 1 - -.174%
The rz 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 Mononyghellus spp. per leaf is less
informative than the average density (D/m>). To calculate the D/m", the
convecrsion of P(ideo X, and later X to D/m" is:
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2 -
D/m’ = 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 ,densityv of the population that can vary between O
and more than 50,000/m”.

Presence/absence is a svstem that requires knowledge of plant
structure. the distribution of mites on the plant and the relationship
P(i), - X, Onz  of  the advantages of presence/ absence 1is its
efficiency. Duriag the peak of infestations, direct counts required 180
man hours per plot. in contrast, the inspection of leaf samples in the
field required approximately 10 minutes per plot. The presence/absence
is precise and sensitive to changes in the level of mite population in
the field. An additional advantage is that no sophisticated equipment is
required.

Jiological Control

The study of the complex of insect and mite predators of cassava
phyvtophagous mites was continued during 1985. A systematic exploration
of cassava fields in the Department of Valle, Colombia, was completed.
This exploration resulted in the identification of 25 species of
Phyteoseiid mite predators {eeding on the cassava complex (Table 4).
These were represented by & genera: Amblvseius, Euseius, Galendromus,
Neoseiulus, Proprioseiopsis, Tvphlodromalus, Typhlodromina, and
Iphiseiodes. They were found feeding on six species of phytophagus
mites. However, the two major species were Mononvchellelus tanajoa and
Oligonvchus peruvianus (Table 4).

The most important species ~f phytoseiids identified, in terms of
number of Jocalities {(municipalities) where they were found, were:
Typhlodromalus Timonicus (found in 41 of the 42 localities explored);
Neoseiulus anonvmus (found in 21 or 507 of the iocalities explored);
Galendrow s annectens (present in 31.0%) and Euseius concordis (present
in 337) (Fig. 4). All four of these species plus Amblvseius ideaus were
shipped to CLIBC and TITA for consequent studv in the African situation.
Typhlodromalus sp. is a new species not vet named. About half of the 25
species were onlv present in one or two sites and, therefore, probably
not very important in a cassava mite biological control program. A
morpiiological description and distribution register has been developed
for each of the 25 species similar to that for T. limonicus (Fig. 5).

The bhiology and behavior of the five aforementioned species that
were sent to IITA are being studied. The developmental biology of T.
limonicus and N. anonvmus at four different temperature regimes was
completed using_Ehe methodology described in the CIAT 1984 Annual Report.

T. limonicus. o o o
The development of T. limonicus was studied at 15, 207, 23, and

25°¢C feeding 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 (Tahle 5). At i5°C thg‘tota} developmental time of egg to adult
wvas 14,7 days, while at 25C it was only 4.8 days, The minimum
temperature threshold for development was calculated at 9.6°C with a
constant thermal temperature (dav degrees) of 79.1 (Fig. 6).

Additional studies were done to determine the predation capacity of
T. limonicus. During its adult stage it can consume :in average of 4.0
eggs, 10.6 larvae, 6.6 protonvmphe and 34 deutonymphs or adults. These
results affirm that this species prefers feeding on M. tanajoa adults and
onlyv secondarily on the immaturce stages.  In trving to establish colonies
of this species 1t was observed that it will also feed and reproduce on
pollen of Ricinus commis and Rosa sp; it is frequentlyv found also on
leaves infested tv Ofjdium manihotis and probablyv consumes its spores. It
is also found on plants being attacked by mealybugs (Phenacoccus sp.),
possibly teeding on the "horev dew'" excrement of the mealvbugs., It was
previously tound that T, limonicus  prefers not to feed on the
Tetranvchus mite due to the QHUHFIT;E*thbing of this species; howaver,
when offered cleaned eggs of 1. urricae, they were readilv consummed.
These and other observations indicate that T. Tinomicus has a tendency to
be a facultative or general feeder in that it can consume several kinds
of food. This ¢ a favorable condition since it ic able to survive on
alternarive food sources during periods when M.otanajoa, its preferred

host, micht be in short supply.

707 relative humidity completes ics cycle inm 8.5 to 10)1 davs, If we
cornarve the development of T. 1limonicus at about the same temperature

heboy - : . .
(257°CY it can be seen thatv T. Jimonicus will complete two generations to
the one of . tanajoa (Fig. 7). This is an advantageous ratio in a

biological control pregram.

. . ) . O,
Previous studies have shown that M tanajoa at J8 4+ 27°C and 40 to

Neoseiulus anonymus
= . o
Ihg develogment of N. anonvmus was studied at four temperatures 20,
» 257 and 30°C feeding on M tanajoa.

o
23

The results obtained confirm that the rate of devalopment of the
different bhiological stages are temperature dependent; a temperature
increase resulted in a shorter or faster development rate, while at lower
temperatures the rate decreased for all biological stages (Table 6). At
207°C the developmental time of egg to adult was 8.9 days and decreased to
4,0 davs at 30°C (Table 7). The minimum temperature threshold for
development was calculated at 11.0°C and the thermal constant (Day
Degrees) was 73.5 (Fig. 8).

The population capacity of N. anonymus was determined on two
phytophagous mite species, M. tanajoa and T. urticae. Previous studies
determined that the developmental time of N. anonymus was the same
regardlese 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 prefercnce on the immature and
adult stages was about the same. The short generation time of N.
anonymus, 4.0 days at BOOC, means that it can achieve two generations
during the period that either of two phytophagous species complete one
generation.
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Cassava Hornworm Erynnyis ello.

Adult hornworm populations were monitored daily using light traps
(black light tvpe BILB) from Octoher, 1984 to October 1985 at CIAT,
Palmira, and CIAT-Ouilichao, Cauca. At the same time that adult
populatlions were being monitored, hornworm oviposition and egp parasitism
were also being evaluated by sampling 100 random plants every 15 days.

In g-neral, hornworm populations were low throughout the year at
both site;. Peak adult populations occurred at CIAT-Palmira during
February, April and Juliv-August and at Cuilichao during October-November,
1984, Egg ovivosition was also highest during these months at both sites
(Fig. 9V, Hornworm eggs were porasitizied by Trichogramma sp. and
Telenomns sp. Telenomus, parasitism was verv lcw at CIAT-Palmira and ouly
slightly higher at OQuilichan. Trichograma parasitism is considerably
higher. Total egg parasitism was higher at Ouilichao, (85%Z) than at
CIAT-Palniva, (617

New Parasites

In field cage studies at CIAT-Palmira twe additional species of
parasites have been observed parasitizing Erinnvis ello epgs. These have
beer. identified by the Commonwealth Tnstitute of Entomology as:

Order: Hvmenopteran
Family: Fneyrtidae
Genus: Ooencvitus

Species: QOoencvrtus submetalicus Howard
Ooencyvrtus sp.

This constitutes the first reporc of these species parasitizing E. ello
eggs. Preliminary observations indicate thar the development time of the
parasite within the Lornworm egg for O. submetalicus is 13 to 18 days
and adult duration is 14 to 27 days, rgsu]ting in a total cycle of 27 to
44 days.

The Effects of Pesticides cr Biological 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 rcassava Hornworm, E. ello, has numerous natural
eremies that are dimportant in maintaining hormworm populations below
economic injury level; more than 30 species of parasites, predators and
pathogens have bpeen identified (see previous CIAT 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/l of
water), (2) Dipterex (Tricloform) (2.5 gr/l water), (3) Dimilin
(diflubenzaron W.P.) (1.5 gr/l water); and (4) Dipel (Bacillus
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churingiensis) (3.0 gr/l water). Dimilin is a growth inhibitor and
prevents hornworm larvae passing {rom one instar to the following. Dipel
is a bacterial dinsecticide. Both products have been evaluated, as
effective in horuworm control (see previous CIAT Annual Reports).

The effects of these products on parasitism were tested in several
ways. In one experiment the pesticide products were applied to E. ello
eggs and the egps were then exposed to the Trichopramma and Telenomus
parasites. The eifect of these products on female parasites that emerged
“rom the treated eggs was  examined by evaluating their ability to
parasitize  hornworm egyo, Ihese products  were alse  applied to
parasitized hornworm eyos and their effect on parasite development and
emergence was recorded. Tn addition, all products were applied directly
to the adults of the twe epp parasites as well as A anteles, the larwval
parasite. VFPesticides were also applied to recently formed pupa of A,
congrepatus. Sgydie%‘were dgne to evaluate parasite behavior at three
temperatures, 20, 25 and 30 (.

Results show that applicarions of Dipel and Dimilin on E. ello eggs
did not affect parasitism by T. exiguum. Parasitism of untreated eggs
(control) was 827, while with Dimilin and Dipel it was 78 and 80%
respectively (Table 9). There were no significant differences in the
number of egys parasitized per female between the uncreated, Dimilin and
Dipel treated eggs. Dipterex treatment did not significantly reduce egg
parasitism (68%) but the number of eggs perasitized, 1.4 per female, was
significantly .educed. Parathion resulted 1in 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 parasite between the untreated (46), Dimilin (39) and Dipel (44)
(Table 9). Dipterex and Ethvi-parathion treatments reduced the number of
adults procduced. The number of parasite adults produced per parasitized
eggs were statistically the same for the untreated (15.5) and the Dimilin
(14.7), Dipel (17.1), and Dipterex (15.7) trearments, but greatly reduced
with the parathion (2.7) treatment. Adults longevitv was greatly reduced
due to  Dipterex and FEthyl-parathion treatments; only 34 and 0%
respective:v of the adult parasites produced survived 24 hours, while 94,
88 and 827 of the untreated, Dimilin and Dipel treated adults survived
(Table 9). This survival reduction undoubtedly affected the number of
eggs parasitizea. The Ethyl-parathion treatment also significantly
reduced the number 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 (567) and Dimilin (42%) but not by Dipel (72%)
when compared to the untreated (85%). Ethyl-parathion treated egps 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 sphingis were similar to those of
Trichogramma except that T. Sphingis appears to be more adversely
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affected by Dipel applications than Trichogramma. The percentage of
female parasites that were able to parasitize treated eggs were reduced
by Dipel (777}, Dipterex (53%) and Parathion (57) when compared to the
untreated (1007 and PRimilin (977) treated (Table l0). Ethyl-parathion
and Dipterex ‘treatments cignlficantlyv affected the bhehavior and reduced
the parasitic actiens oY Telenomus in most aspects studied. Dimilin
treatment had the leasc efiect on Cthe parasitic abificty of Telenomus and
Dipel was intermediate in that there was some reduction in parasitic
effectiveness hut unot as drastic as the chemical pesticldes treatments.

Wheu the second generation of Telenomus was studied, that 1s, when
adults produced f{rom parasiticed e;gs——ghnt had been -reated by the
aforementioned products were evaluated, Dipel was less toxic than
Dimilin. The percentage of females capable of parasitism from Dimilin
treated epgs was onlv 607 compared to 97% for the untreated and Dipel
treated. The number of eggs parasitized per female, the number of adults
produced per female, and adult female longevity were also reduced by the

Dimilin treatment.

The etffect of these products on . ello eggs that were parasitized
prior to treatment was also studied. The applications of Dipel and
Dimilin on parasitized hornworm eggs had no detrimental effect on
Telemonus nor Trichogramma in all aspects studied (Table 11 & 12). The
direct application of these products to adult Telenomus and Trichogramma
resulted in & rapid and high mortality rate with Ethyl-parathion and

Dipterex, a moderate level of mortality with Dimilin and none with Dipel.

In general. the results of these experiments indicate that the
application of Dilpel and Dimilin are compatible with Trichogramma and
Telenomus egg parasitism in a hornwerm pest management program, whereas
applications of Dipterex and Parathion would greatly reduce parasltic
action.

The effect of these products on the pupal development, adult
emergence and adult longevitv of Apanteles congregatus was also studied.
Results show that there was no reduction In adult Apanteles emergence
from the pupal case when Dipel and Dimilin were applied, but amergence
was reduced by more than 907 following applications of Dipterex and
Parathion. Likewise, adult mortality was greatly reduced (100%, 6 hours
after apnlication) with aplications of Dipterex and Ethyl~parathlon and
only moderately reduced by Dipel and Dimilin (18 and 247 respectively
after 48 hours).

The effect of temperature on parasitism and developmert was studied
for both Trichogramma and Telenomus. Trichogramma parasitized the
greatest number of eggs 2t 20°C (4.2 per female) (Table 13). The
greatest percentage of females that aclhieved parasitism, was at 25 and
BOOC, however at 30°C only 697 of the parasitized eggs produced adults,
conslderably lower than at 20 and 25°C.  The number of parasite adults
produced per Trichogramma female was highest at 20°C and lowest at 30°C
(287Z). 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 20°C this ratio was only 1.5,
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The results for Telenomus dlfferred the greatest number of eggs
parasitized per female was at 30°C (6.2) and the fewest was at 20 ¢ (3.1
(Table 14). The percentage of females that achieved parasitism and the
percentage cf eggs that produced adults, were both preatest at 25 °C. The
grratEQC numher of adult parasites produced per female Telenomus was at
25°C (21.9) and 30°¢ (14,8), while the highest number of'_gmt_s—‘{)roduced
per egg recurred at 32.5°C. There was no significant difference 1n the
sex ratio at the four temperatures.

These resolts indicate thar Telenomus may be more efficient or

active than Trilchogramma at higher Lcmperatures, wvhile Trichogramma

prefers the lewer temperarures.  Further analysis of the data shows that
ks "’\\ I3

for Trirnowramma the miniwmum th]ushdld development occurs at 13,5, with

a theimal equirementc of 6" C degree davs. For tel(nomuu the minimal

[N . N
threshold devel (,)pn'.ent) is ./4 .2°C, the maximum is 30°C with thermal
requirements of 123.1°C degree davs, 't chould be noted, however, that
these results mav b species specific and similar studies should be done

on additional speciecs befere anv generalizations are made.

Cyrtomenus bergl

Mymphs 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 iu brown to black spotting of the roor,

D) Starch losses,
Previous studies have measured vield losses in terms of loss 1in
commercial wvalue of the roct. Heavi,v damaged roots, those roots
with considerable spotting, are refused at rhe market level by the
consumer, at the farm by the middleman, and also by the processor.
An attempt was made to determine the quality losses that oecur 1in
damaged roots. A damaged scale of | to 5 was defined as follows:

I = 07 damage to roots surface {(nc spotting)
2 = 1-257 of root surface with spotting

3 = 26-50% of root surface with spotting

4 = 51-75% of root surface with spotting

5 = 76-100Z of root surface with spotting

Rocts of all five categeries were analvzed to determine losses in
starch content. Results show that from levels 3 to 5, that is, when
25 to 1007 of the root surface is covered with brown to black spots,
there is a dramatic reduction in starch content (Table 15). With
less than 257 surface damage there 1is no reduction in starch
content,

At damage level 3 and 4, starch reduction is 337 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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Population fluctuations

For the third straight crop cycle the dynamics of C. bergil
populations were determined at CIAT-Quilichao from October 1984 to
May 1985. Twn varieties, CMC 40 (low Cynanide (HCN) content) and M
Mex 59 (intermediate HCN content) were periodically harvested and
root damage and C. bergl populations were assessed.

Results show that adults and nymphs of C bergi bepin attacking
roots during the first menth of crop growth (Fig. 10) and continue
feeding on roots throughout the crop cycle. Damage was considerably
higher on CMC 40, the low cvanide variety, reaching 607 of the root
damage alrter 8 months. TIunsect populations were considetrably greater
on CMC 40 than M Mex 59 (Fig. 11) supporting data from previous
studies. Insecr populations {luctuated luring the early months and
increased dramatically from months 5 through 8.

Critical growth period vs insect attack.

Two experiments were designed to determine what stage of plant
growth ie most sensicive or susceptible to pest attack and damage.
In one trial, C. ESE&E was permitted to attack cassava roots for
increasingly longer periods, up to 9 wonths (de. protection
beginning at the {irst month to harvest; protrcticn from the second
month te harvest etc.). The sccond experiment was inverse to the
first trial (pesticide protection until the first month, protection
until the second month, etc.).

Results show thar there is no critical point in plant growth
for control of this pest. 1In the {irst trial, trhe percentage of
heavily damaged commercial vocts (grade 3-5) fluctuated from a low
of 15% during the 8th month to a high of 38% during the seventh
month (Tabie 16). Damage levels in the second trial were generally
lower but as in the first trial no trend could be detected. The
damage levels In the non-commmercial roots (smaller roots) were much
higher than the commercial roots. An  averare of 687 of non
commercial roots were heavily damaped in the first trial and 36.8Y%
in the second trial vs. 27.3 and 13.2 for commercial roots in the
first and sccond trial respectivelv.

High vs low HCN varieties.

Previous ctudies (CTAT Annual Reports 1985, 1984) show a
preference of C. hergi for feeding on low HON 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 varietv does not
impede C. bergi attack; at harvest 807 of the CMC 40 rocts were
damaged and 337 of M Col 1684 roots were damaged.

Intercropping Canavalia enciformis: Caravalia was intercropped with
cassava and compared with cassave monoculture for control of C.
bergi. Canavalia is known :o0 possess insecticide qualities for
certain pests. Results show that Canavalia has no insecticide or
repellent effect on C. bergi. 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, in general, were higher than the
previous vyear. The major pests that attacked these varieties throughout
the 1985 growing cycle were trips, mites ﬁypnonchgl}EE sp., Tetranychus
sp., and Oligonvchus sp.) and lacebugs (Fig. 12). Whitefly population
(Aleurotrachewlus socialis and Trialeurndes variabilis) were observed but
were very low throughout the vyear. Mealybug (Phenacoccus herreni)
populations and damage was much lower than in previous years. In terms
of damage levels, thrips were the most important pest.

All four varieties suffered some vield 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 intermnediate, with 27.2
and 2’.8% respectively (Table 17). Mite and thrips damage on M Col 1684
was high during most of the growth cvcle 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 1584 (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.
Evenr Mealybug Species Rep. 7
Localization P. possypii 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 ~bx with field data.

Variety Node P(i) Field D/m” Model D/m” Field % Error
thousand thousand

Col 22 1 1.00 42.7 48.6 12.0
2 1.00 51.8 48.6 6.7

Bra 12 1 0.23 14.3 12.3 15.6
i 0.37 0.3 0.4 14.4
2 0.50 10.4 12.3 15.3
2 0.58 0.3 0.4 14.4

CG5-79 1 0.14 0.2 0.2 4.4
2 0.18 0.2 0.2 9.8
2 1.00 51.8 55.8 7.1
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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 X X

A. near curiosus X X

A. herbicolus X X

A. largoensis X

Euseius alatus X X

E. caseariae X

E. concordis X X X X X
E. naindaimei “

E. sibelius 4 X

galendromus anneetens X X X X X
G. helveolus X X X X X X
Iphiseiodes zuluagai X X X

Neoseiulus anonymus X = X X X X
N. chilenensis X

Proprioseiopsis carinaensis X X

P. aff. neotropicus X

Typhlodromalus aripo X X X X X X
T. limonicus X X X X X X
T. peregrinus X X X

Typhlodromalus n, sp. X

Typhlodromina subtropica X

T. tropica aristidesi X

LET



TABLE 5. The effect of four temperatures on the development of Typhlodromalus limonicus.
Feeding on Mononychellus tanajoa.

Development Rate of Minimum Day
Temperature time (days) development tempgrature degrees
(°c) (Y) (1/Y) °c) )
EGG
15 5.2 19.3
20 2.1 46.6 9.9 25.3
23 2.7 37.6
25 1.5 67.0
T.ARVAE
15 3.3 30.3
20 1.6 62.6 10.0 15.6
23 1.1 90.5
25 1.1 89.4
PROTONYMPH
15 2.2 45,0
20 1.6 64.3 7.1 19.5
23 1.5 65.8
25 0.9 106.3
DEUTONYMPH
15 4,1 24.5
20 1.7 59.0 9.9 19.0
23 1.5 64.8
25 1.3 79.4
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TABLE 6. The effect of four temperatures on the development of Neoseiulus anonymus feeding on

Mononychellus tanajoa.

Development Rate of Minimum Day
Temperature time (days) development tempgrature degrees
(°c) () (1/) °c) ("D)
EGGS
20 3.87 25.7
23 2.91 34.3 11.8 30.7
25 2.13 46.9
30 1.73 57.5
TLARVAE
20 1.15 86.6
23 0.70 141.3 14,7 5.83
25 0.55 181.4
30 0.39 258.0
PROTONYMPH
20 1.75 56.9
23 1.17 85.0 10.3 14.8
25 0.85 116.3
30 0.90 124.2
DEUTONYMPH
20 2.14 46.7
23 1.34 74.5 6.66 24,2
25 1.22 81.8
30 1.10 90.8

6€¢
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TABLE 7. The effect of temperature on the development of Neoseiulus anonymus

Time of Rate of Minimum Day
Tempgrature development development tempgrature degrees
o) (Days) (Y) (1/Y) ¢ ("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 Mononychellus tanajoa and
Tetranychus 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
larvae 50 0 11.0 2.80
Nymphs 50 0 23.0 5.10

Adults 50 0 14.0 4.74




The effect of several pesticides1

TABLE 9. on the parasitism of Erinnyis ello eggs by Trichogramma exiguum.
% No. Na. No. X

Of females Eggs Adults Adults Z % Eggs that

achieving parasitized produced produced Females* Eggs produce
TREATMENT parasitism per female per female per egg survival parasitized adults
Control 82 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 25 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 9b 88 a
E. Parathion 14 b 1.0 b 3¢ 2.7 b 0c I ¢ 30 b

* Values with the same letters are not significantly different at the 0.05 level.

Products applied to eggs prior to their exposure to T. exiguum.

cve



TABLE 10.

The effect of several pesticides1

on the parasitism of Erinnyis ello eggs bty Telenomus sphingis.

% No. No. %

Females No. Adults Adulrs Female % Eggs

achieving Eggs produced produced longevity Eggs producing
TREATMENT parasitism parasitized per female per egg (days) parasitized adults

*

Contrnl 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 ¢
Dipel 77 b 4.5 a 14.2 b 3.7 a 8.3 - b 18.9 b 85.8 b
Dipeterex 53 be 2.4 b 0.5 ¢ 1.6 ¢ 1.2 - ¢ 7.3 ¢ 5.0 d
E. Parathion 5¢ 1.0 b 0.0 ¢ 1.0 ¢ 2.3 -4d 0.0 e 3.7 e

* Values with the same letters are not significantly different at

Pesticides applied to eggs prior to their exposure to Telenocmus

the 0.05 levels.

sphingis
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TABLE 11. The effect of several pesticides on Erinn

prior to pesticide application.

yis ello eggs paratized by Trichogramma exiguum 48 hours

% No. No.
Eggs that Adults emerging Parasits not
TREATMENT produce adults per egg per cgg Sex ratie
*

Control 98 a 24.7 a 1.4 b 5.9 : 1 a
Dipel 100 a 24.4 a 0.3 b 6.7 : 1 a
Dimilin 100 a 26.9 a 1.7 b 5.5 :1a
Dipterex 30 b 20.1 a 16.9 a 12.5 : 1 b
E. parathion 20 b 12.0 b 19.8 a 6.3 : 1a

*

Values with the same letters are not significantly different at the 0.05 level.

vve



TABLE 12. The effect of several pesticides on Erinnyis ello e
prior to pesticide applicatien.

ggs parasitized by Telenomus sphingis 72 hours

No.
% Adults No.
Of eggs emerging Parcsites
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 :1a
Dipel 96 a 4.0 a 0.3 b 1.9 : 1 ab
Dipterex 9%b 1.3 b 4.3 a 0.4 : 1b
E. Parathion 4 b 1.0 b 5.5 a 0.4 : 1b

Values with the same letters are not significantly different at the 0.05 level.

Gve



TABLE 13,

Parasitism and development of Trichogramma ex

iguum on Erinnyis ello eggs at three temperatures.

% z Adults
Eggs Females Eggs Adules produced
parasitized achieving producing prcduced rer hornworm Sex
TEMPERATURE per female parasitism adults per female egg ratio
20 4.2 a 66 b 98 a 59.4 a 14.5 a 1.5 : 1
25 2.5 b 92 a 96 a 41.2 ab 16.2 a 7.4 @1
30 2.4 b 90 a 69 b 28.4 b 17.2 a 7.6 1

Values with the same letters are

not significantly different at the $.05 level.

e



TABLE 14,

Parasitism and development cf Telenomus sphingis on Erinnyis ello eggs at three temperatures.

yA % 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 ¢ 3.04d 3.0 a 2,0 : 1a
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 la
32.5 4.3 ab 80.7 ab 31.0 ¢ 5.1 ¢ 4,1 b 1.7 : 1 a

Values with the same letters are not significantly different zat the 0.C5 level.

Lye
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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 a
Damage surface Starch A Difference
grade affected dry weight Starch YA

1 0 11£.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.

Experiment I b Experiment II
Months % roots with 3-5 damage grade % roots with 3-5 damage grade
of Commercial” Non-commercial Commercial Nen-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.G 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

Sample of 20 roots

Dimethoate 2 cc/1 HZO folliage application



TABLE 17,

The effect of the CIAT cassava pest complex on the root
of four cassava varieties.

yield and production of planting material

Roots yield

Total 4 Starch Production Planting mat.
production difference content av. number difference
Variety Treatment t/ha yield (%) {%) per plant in stake prod. %

With insecticide 37.8 30.5 11.3

CMC 40 22.8 - 4.4
Without insecticide 29.2 31.4 11.8
With insecticide 29.9 29.2 8.4

M Col 113 17.4 19.0
Without insecticide 24,7 27.7 6.8
With insecticide 37.2 36.4 9.9

M Col 22 27.2 14.0
Without insecticide 27.1 34.8 8.5
With insecticide 35.5 30.0 7.1

M Col 1684 49.0 49.3
Without insecticide 18.1 31.3 3.6

0s¢
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PATHOLOGY

Research on several fungal discases 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. Imphasis 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 problems -- ome induced by a parasitic plant
specles and the other by clonal contaminants -- were also identified.

I. Pathogenic problems

A. Anchracnosis
Continuing the taxonomic studies initiated last year (CIAT
Cassava Annual Report, 1984) the three reported speciles of

Colietotrichum pathogenic to cassava have been differentiated on
the basis of (a) morphological and symptomatological features; and
(b)Y according to their pathogenic ability to attack cassava or

other differential crop species (Table 1). Generally, the isolated
strains of C. gloeosporioides were more aggressive than those of
C. gloeosporioides f. sp. manihotis and C. pgraminicola. All

strains required at least 24 h of high Rl (more than 90%) after
iroculation 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
cagsava clones.

3. Diplodia root rocs
Diplodia root rot has been found in three of the five

edaphoclimatic zones where CIAT is working. It has not been found
in zones IV (Popayan) and V ("lorencia), but it is a very important
disease in zones 1 (Media Tuna) and III (CIAT), and of moderate
importance in zonme 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 Venezolara 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 clonal evaluation was
investigated. This work included researcl on:

L. 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 (15°C + 3°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 9 9

The highest number of pvcnidia per cm (12 pycnidia /em of4
surface-medium) and pycniospore  production (5 X 10
pycniospores/g of fungal growth) were obtained on acid~PDA
medium incubated for 12 days under continuous exposure to
fluorescent light. Darkness and CO, 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 total invasion of
inoculated cutting% 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 incculation 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 ( +
8°C). 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 davs
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 1is
endemic. When cuttings of five clones taken from different
sources were inoculated with 9; manihotis, different levels of
resistance (based on inhibition 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 cbtained 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 of 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 of clones ranging from susceptible to
resistant to D. manihotis exist in cassava.

3. Two mechanisms of resistance to D. 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 2546-1 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
plart. 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.

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

Oor crop rotation favored dissemination and the occurrence of an
actual outbreak. The control of this problem was sctudied 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 717%;
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
disseminatior 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 1level 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 uf the sprouts during the first two months after
planting. On vertically planted plants, the bhase 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 2.77% plant infection on
similar plots with a rotation the previous year.
Simultaneously, a system for varietal evaluation for
resistance to this pathogen was developed. The system 1is
similar to the one reported for evaluating resistance to D.
manihotis; however, as most gtrains of F. §plani lose their
pathogenicity a few days after storage iu test tubes, care
should be taken to maintain their level of aggressiveness.
Similarly, around 96 h of 90-100%7 RH is necessary for fungal
establishment on the host cuttings. Satisfactory inoculation
vas 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°78°C; 80% RH 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 Ei
oxysporum 1is less aggressive than F, solani and that the
resistance to both pathogens 1is independent in cassava.
Research on large scale screening for resistance to these two
pathogens is under way.

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 aveas. Frequency of isolation was higher
for Pseudomounas fluorescens than for P. putida 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 1in
vitro of both pathogenic bacteria and fungi; (I) a group of
i1solates wunable to induce or inducing very mild inhibition of
pathogenic bacteria and/or fungi; (II) isolates that effect a
strongly 1inhibit pathogenic bacteria, but with no or very mild
inhibition of fungi; (III) isolates causing very strong inhibition
of fungi, but have ne or very mild inhibition of bacteria; and (IV)
isolates inducing strong inhibition of both fungi and bacteria

Some strains of these groups of fluorescent pseudomonads 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 angular leaf 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 Tresistant 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 II1)

were able to protect EG?Eings against D. manihotis (Tables 7
and 83. 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 tungal establishment and invasion through the tissues of
the cuttings (Table 8). The above protection was aliso 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 rpots
increased when the base of plants was watered with 10 cm” of
a bacterial suspension of a beneficial strain of P.
fluorescens. The 1increased 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

cassava 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 bags. 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 1included 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. 88, Pp. c5b or Pp.
c¢/b. 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 537 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
10cm in diameter. It produces typical green leaves that can carry
on photosvnthesis, diocecious 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
birk 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
haustorium is then produced from the center of the flattened area
of the radicle, which penetrates the bark directly and reaches the
phloem and the cambium. The parasite removes nutrients Ffrom the
host, thereby starving and killing the portion of the branch laying
bevond 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 arca, 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 plancations is 2dvisable 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 is much more pesitive 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 | and Secundina,
considered as susceptible to constraints at Media Luna, and CMC 40,
considered to have intermediate resistance to producition 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 Colletorrichum species pathogenic to cassava.

Characteristics

C. graminicola

C. gloeosporioides

C. gloeosnorioides
pv. manihotis

Seta

Conidia

Appresoria

Pathogenicity

Symptoms

Abundant and large
(66 - 96 x 3-4 )

12 - 35 % 4-6 ,
falcate, fusiform

12 - 18 x 10-13 ,
irregular, some are
subglobose

On cassa..., sorghum,
sugarcane, corn and
severali grasses

Acervuli superficially
arranged as concentric
rings

Only produced by a few strains
hi

but they are smaller (46 - 97x
3-5)

6 - 20 =« 3-6.5 , oblong,
cuneiform or cviindrical

6 - 9 x 5- , subglobose or
globose, clavate, ellipsoidal

On cassava and fruits of papa-
va, mango and orange

Acervuli are subepidermal with
with irregular arrangements
on the epidermis

Produced bv some strains
(37 - 98 x 3-4)

6 - 20 x 3-5.5 , oblong
cuneiform

6 - 9 x 5-7 , subglobose
or globose, clavate,
ellipsoidal

Only on cassava

Acervuli are subepidermal
with irregular arrange-
ments on the epidermis

Data taken from cultures on Ac-PDA medium.
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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
a a .
b.g a.a a.a b.g a.a b.g a.a b.g a.a
Cutting source (%) 9! %) () 3] () §9)] o (%) (%)
From farmers' fields 95 24 60 74 50 64 0 100 0 100
From farmers' fields, but
disinfested with Na
hypochlorite (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 culrture 100 0 100 0 100 0 100 0 100 0

b.g= bud germination; a.a= averaged affected area/gutting. Data taken from approximately 40 cuttings/clone/treatment.
Significant differences were found by the logit (X") system.
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Table 3. Percentage of establishment of cuttings fiom different clones which were collected from field plots and

disinfested or not with Na-hypochlorite (2 for 30 min) before inoculation with Diplodia manihotis.

Establishment of cuttings (%) treatment

Clone Non-disinfested Disinfested Control
M Col 22 0 (IOO)a C (120) 100 (3)
CG-2612 0 (100) 0 (100) 100 (6)
M Ven 23 0 (100) 0 (1000 100 (6)
CM 2806-2 30 (86) 0 (100) 100 (8.5)
CG 7-66 20 (92) 0 7100) 100 (2)
CG 5-95 40 (73) 0 (100) 100 (4)
CG 1-61 80 (75) 0 (100) 100 (20)
CM 2546-1 90 (57) 0 (100) 100 ( 5)
M Ven 25 80 (50) 0 (100) 100 ¢ O)
M Mal 1 90 (55) 60 (76) 100 ¢ 7)
CM 1890-2 100 (23) 20 (91) 100 (¢ 0)
CM 2777-8 90 (53) 60 (80) 90 (16)
CM 1305-3 80 (53) 70 (63) 100 ( O)
M Cub 74 90 (37) 80 (43) 100 (¢ 0)
M Ven 185 100 (36) 80 (56) 100 (13)
CG 138-9 100 (30) 80 (51) 100 ( 6)

a - . .
Results taken froem 10 cuttings inoculated/treatment/clone.
Controls were not inoculated.

30 days after inoculation.

In parentheses is the average percentage of area affected
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Table 4.

In vitro inhibition of several bacterial and fungal pathogens by some isolates of Pseudcmonas £

(Ps.f.) and P. putida (Ps.p.).

luorescens

Beneficial bacrerial

Total # cf
collecrted

No. of strains able to inhibit
and fungal pathogens

pacterial

Origin species strains a? b c d e £ g h
Media Luna Ps.f. 8 2P 5 1 2 1 7 5 7
Ps.p. 20 0 7 0 3 17 12 8~
Carimagua Ps.zf. 10 3 2 3 5 4 5
Ps.p. 7 0 2 0 0 1 2 4 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 Pa.E. Yo 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
Popayan Ps.f. 5 1 0 0 0 1 2 2 3
Ps.p. 10 0 5 c 0 0 7 5 8
Quilcace Ps.E. 0 0 0 0 0 0 0 0 0
Ps.p. 17 2 2 0 1 9 7 7
Subrortal 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 40 10 10 17 8l 59 77
Percentage 100 10.9 29.2 7.3 7.3 12.4 s9.l 30.4 56.2

a=Fusarium oxvsporum; b=Diplodia manihotis; c=Corticium rofssi; d=Pvthium sp.; e=Rhi.ocronia solani: ‘=Xanthomonas

campestris pv. manihotis; g=Erwinia carotovora pv.

Average

of 5 replicates/pachogen.

carotovora; and h=Pseudomonas solanacearuno.

Inhibition effect:

strong irhibitory halo of more than 10mm width.
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Table 5. Control of cassava bacterial blight by foliar applicationsa of Pseudomonas putida (strain F-44 and F-88) on two
susceptible clcnes during 1984 and 1985.

Year of control/strain number

1984 1985
Clone Scoring system F-44 F-44 r-88
M Col 22 Angular leaf spots/leaf’ 1.0a2 2.5a 2.5a
Number of blighted leaves/plant 1.0a 1.5a 1.0a
Contrels 7.0b 5.7b 5.7b
M Col 72 Angular leaf spots/leaf - 4.3a L. 2a
Number of blighted leaves/plant - 2.1a 2.3a
Controis - °.0b 9.0b
a

O
Plants received six foliar applications of a 1 x 10 cells/ml suspension of the respective strain of P putida at
15-day inrervals. Contrnl plants were spraved with distilled water.

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 with three replications.
Numbers followad by the same letter are not significantly different at a 0.05 level of the Duncan Multiple Range
Test.

SL¢
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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 appli-ations of Pseudomonas
putida (strain F-44),

Yield {t of fresh roots/ha)?

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
di‘ferent at the 0.05 level of the Duncan Multiple Range Test.



Table 7. Fffect of Pseudomonas fluorescens (strain Pf. c5a) on bud
germination of cuttings (clone M Col 1684) after inoculation
with Diplodia manihotis (Dm.).

Bud germination Cutting infection

Treatments (%) (% of invaded tissues)
- . . a b

10 min in Pf., c5a 100 16 b*

20 min in Dm.

10 m%g_iﬁhb H!O 10 97 a

20 miau in Len,

18 h in Dm. 36 b

20 min in *f. ¢5a

18 h in Dm. 40 85 a

20 mirn in D H20

20 min in Dm. 0 160 a

20 min in D H20 or Pf. c5a 100 0 ¢

a Dip treatment in suspensions of 1.l 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.

b

Data taken from 20 cuttings/treatment a month after planting in pots
with sterile soils maintained in a glasshouse at 25°C ( + 8°C), 80% RH
and 12 h phctoperiod. Significant differences in germination were

)
found by the logit (X7) 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. Effsct of Pseudomecnas 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 relaticn to treatments

10 min PF—BBb 10 min fungicidal mixture Source of

Clene cuttings 20 min Dm 20 min Dm 20 min Dm Controls

M Col 113 ¥F 80 (48)***% 100 (29) 100 (35) 160 (&)
MP 0 (100 100 (29) 100 (26) 100 (17)

M Col 72 FF 60 (47 90 (22) 100 (0) 100 (&)
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. 1890 (9)

Cuttings from meristem plants (MP) were obtained frow meristem cultures.

. . . - 4 . - . . 9
Dip treatments in suspensions of 5.8 x 10 pvgniospores/ml of D. manihotis or 1 x 10

(PF-88)**%*, The fungicide mixture was a water suspension of Captan/BCM (3,000 ppm each).

Data taken from 40 cuttings/clone/source treated.

fungal invasion after treatments.

cells/ml of P. fluorescens

In parenthes~~ is the average percentage of tissue showing
Readings were taken a month a.:er growing the cuttings in pots with sterile
soils maintained under glasshouse conditions.
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Table 9. Average vield of fresh roots of several clones planted in Carimagua, Media Tuna and CIAT, in relation to
treatments with Pseudcmonas fluorescens (PF-88).

. . . . a
Yield (t/ha) in relation to bacterial treatments

Location Clone 0 1 2 3
Carimagua M Col 1914 12.1p° 14.5b 16.5a 17.6a
1 Col 1916 11.2b 14,50 15.7a 17.7a
M Pan 19 10.7a 10.1a 12.0a 12.3a
M Ven 77 14.5b 14.5b 18.1a 21.6a
Media luna CM 342-170 9.0b 11.1ab 11.3ab 12.5a
M Col 72 12.5b 16.0a 16.3a 18.3a
Venezolana 10.3b 1.3b 12.3ab 13.3a
CIAT-Palmira M Col 1468 38.1b 40.2b 44 ,5ab 49.3a
M Col 72 42.1b 46.6ab 46.8ab 47.0a
® Bacterial treatments: 10 wl of a bacterial suspension (1.l x lO9 cells/ml) were poured on the base of each plant at:
1= 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/cicne and treatment. Border plants were eliminated.

Yield data followed by the same letter(s) are not significanzly different at the 0.05 level of the Duncan Multiple
Range Test.
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Table 10. Effect of six strains of Pseudomonas putida (Pp.), two of P. flucrescens (Pf.) and one of Bacillus (Bsp.) on
postharvest deterioration of cassava.

Root deterioration (%)/clone after weeks of storage

CMC 40 HMC-1 CHMC 40 M Col 22
Bacterial strain - )
number 12 2 1 2 z 3 1 2 3
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
Bsp.+Pp. f-44 7.0 5.0 7.6 16.0
Pf. c-5a 0.0 10.9 4.5 9.9 38.0
Pp. c-7a 20.4
Pp. c-4b 7.8 14.8
Pf. c-88 11.0 47.3
Pp. c-5b 7.0 16.5
Pp. c-7¢ 5.0 18.
Mertect 8.6 13.5 4.8 15.0 1.8 4.0 2.0 8.4 5.0
Control 10.3 34.5 13.8 74,5 32.5 77.0 18.0 64.0 100.0

Readings taken after 1, 2 and/or 3 weeks of storage.

Averaged data taken from 50 roots of approximately one pound each. Score of 0-100.
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Table 11. Eifect of six strains of Pseudomonas vutida (pp.), twc of P. fluorescens (.'f.), and one

(Bsp.) on external fungal growth of storage cassava roots.

of a Bacillus sp.

Percentage of external fungal growth/clone after weeks of storage

CMC 40 HMC-1 CMC 40 M Col 22
Bacterial strain
number 12 2 1 2 2 3 1 2 3
Pp. £-56 12 37 7 30
Pp. f-44 1 26 14 37
Bsp. 11 46 20 32
Bsp. + Pp. £-56 10 38 16 31
Bsp. + Pp. f-44 10 20 13 21
Pf. ¢-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-Tc 11 19
Mertect 6 16 4 20 7 14 1 8 12
Control 19 44 12 74 31 74 21 69 87

Readings taken after 1, 2 and/or 3 weeks of storage.

Averaged data taken from 50 roots of approximately one pound each.

Score of 0--100.
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Table 12. Effect of cutting selection (according to yield/plant) in three different locations in relatrion to clonal
resistance/susceptibility to production constraints in each locaticn.

Yield (t/ha)/locatrion

Cultivar Source of cuttings Media Tuna CIAT Carimagua
b
Venezolana 2 H 7.1a
(Verdecita) L 7.0a (D€
Venezolana 12 he! 10.3a
(Cotfiito) L 6.8b (52)
Secundinaa H 10.2a
L 6.0b (64}
M Col 113 H 18.7a
L ] 17.7a (6)
M Col 222 h 38.%a
L 32.3b (1I7)
cMe 40 H 29.5a 9.6a
L 18.6b (58) 5.8b (64)
M Pan 19 H . 9.0a
L 7.5a (21)
M Ven 77 H 13.5a
L 12.2a (21)
a

b Clones which were evaluated as susceptible to production constraints in the respective locations.
H= percentage of plants with higher vield than the plot average; L=percentage plants with lower vield than
the plot average.

Data taken from four replicarte plots of 3C 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 nort significantly different at 0.05 level cf the Duncan Multiple Range Test.
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VIROLOGY

Method for the detection of double-strarded 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 manv crop species including cossava. Since the technique does not
require prior knowledge or the viral pathogen it is particularly suited
for detecting unknown viruses or for viruses which Ilack a sensitive
indexing mathod. The dsRNA analysis technique has been developed for
cassava as a useful supplement to conventional serological and graft
indexing methods now in service at CIAT.

The standard procedure includes au estraction, column
chromatographv, nuclese digestion and electrophoresis step (Table 1).
Routinely 16 samples ~on he processed at a time with resvlts available
in 2 to 3 days. ULiquid nitrogen should be used in the first step to aid
in tissue homogenization and cell disruption. The extraction buffer i -H
6.8) contains: SDS \a detergent protein Jdenaturant), bentonite (a pote. .
ribonuclease inhibitor); 2-mercaptoethanol (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 isclation of undegraded plant nucleic acids
relatively free from contaminating proteins and other cell components.

Since this total nuce?seic  acid preparation contains cassava
single-stranded RNA (ssRNA) . ¢ DNA as well as anv viral-specific dsRNA,
it is necessarv to isolate tue dsRNA from any host nucleic acids. This
is accomplished by exploitina 2 unique pruperty of the dsRNA molecule;
the reversible binding to cellulose fibers in the presence of 15 to 18%
ethanol. Cassava ssRNA and DN& do not bind to cellulose at the same
ethanol concentration. Using column chromatography it is possible to
elute or wash awvay cassava ssRNA and DNA wica a buffer containing 16.57
ethanol while retaining the dsRNA Lound to the cellulose. 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 samples can be analyzed for the presence of
dsRNA quickly (in 3 to 4 hr) and 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 1is lengthy thus
limiting the number of plants that can be processed. This test 1s most
suitable for the production of small numbers of virus-tested mother
plants r multiplication (i.e. elite breeding 1lines) or for the
confirration 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-like diseases of cassava in lLatin America. The SCRI contingent
includes Dr. Brvan D. Harrison, Dr. Angela M, lLennon, and Maud M.
Aiton. The project was initiated on March 1, 1984 to last three years
until March 31, 1987. The project has been mutually beneficial and very
productive as evident, ¥rom the characterization and production of
antiserum to a novel sympltomless potexvirus of cassava within the first
vear of the project (D.D. Harrison and A.M. Lennon, personal
communication),

In 1983, CIAT scientists mechanically transmitted a similar virus
from cassava (cv. Secundina) exhibiting a severe leaf mosaic and mild
frogskin discase (FSD) root symptoms, to the virus indicator hosts
Nicotiana benthamiana and Chenopodium amaranticolor (CIAT Cassava Annual
Reporre, 1983, A virus designated WI was purified from
systemically-infected N. benthamiana and shown to be serologically
related to several isolates of cassava common mosaic virus (CCMV) (CIAT

Cassava Annual Revnort, 1983, A symptomless potexvirus was recently
isolated at SCRI from FSD affected cassava collected in the Quilcace
region of Cauca, Colombia. The SCRI virus produced local lesions on C,

quinoa and was also purified from systemicallv-infected N, hgnthamiang.
Purified virus was used for the production of an antiserum. The virus
was shown to be serolegically related to several members of the plant
potexvirus group, which include a distant relationship to CCMV, The
SCRT virus onroduced a symptomless infection when transmitted back to
cassava (cv. Secundina).

In recent tests at CIAT the original WF virus and the symptomless
potexvirus were compared serologically and biologicaily on several virus
indicator plants. Both viruses produced identical symptoms on C.
murale, C. guinoa and N. benthamiana, and were symptomless in cassava
(cv. Secundina) following mechanical or graft transmission. l.ikewise a
very close serological relationship was demonstrated in the direct ELISA
test (Table 2). Since the WF virus and the svmptomless potexvirus are
the same virus, the WF designation should be dropped to avoid

unnecessary confusion.

Symptomless potexvirus antiserum was used for indexing plants grown
in an F5D endemic area near Quilcacé (Table 3). The virus was detected
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 TSD,.
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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(Table 2) isolated from cv. M Col 33. The exact relationship h:tween the
symptomless potexvirus and the M Col 33 virus is under investigation,

Comparison of geographical isolates of cassava common mosaic virus.
CcOMV is tound  throughout the cassava-growing region of lLatin
America. A comparison of several geographical isolates was conducted to
determine if CCMV existe as biolopical (host range)  or serological

strains.  The occurrence of distinet steains would make virus indexing
difficult because more than one set ol hoot ranpe plants or 4 range of
antisera would e regquirved, Five peographical  isolates, one  f{rom

Brazil, threce v ©olombia, and one from Parvaguay were inoculated onto
a set of differencial host ranye plant: (Tahle 4).

AL the iselntes infected cach of the hosts inoculated. However the
Paraguavan isolate consistently produced the most severe reaction on
cassava, }i; Diﬂlﬁjlﬂﬂ’fﬂﬂfl’ and lii"i”l“9 commis, whereas Colombian isolate
U produced the mildest reacd hﬁ;widbngYﬁj’jl svimptomiess  infection on
cassava.  There arve surfficient differences te maintain separate isolate
designations for the Parasneoan and Colombian U isolates. lowever, the
Nieves, BPL 1 and BPT 2 howt range reactions were foo similar to be
maintained as separare dcolates. Antiserum developed ot CIAT rto the
Nieves Isolate fs capable of detecting all the isolates in infected
rassava and is routinely used for virus iadesing.

Effect of planting date on the incidence of a severe leal mosaic

disease on the cassava clone Secundina in Ouilcace, Cauca.

The cassava clore Secundinag  is native to  the “orth Coast of
Colombia, where it pr - oud acceptable viclds until the cutbreak of the
Caribbean meosaic dise... (CHDY (CIAT Cassava Annual  Report, 1981).
Secundina ie extremely susceptible to CMD inicetion (CLAT Cassava Annual
Report, 1Y84) and so far is the onlv clone to exhibit leaf mosaic
symptoms on the Colombian Nerth Coast. Tater trials demonstrated the
extreme susceptibilitvy of Secundina to other viruses and virus-like
agents Including CCMV, a latent diseasc (CIAT Cassava Annual Report,
1983), and the FSD (CIAT Cassava Annual Report, 1982)., The unusual
susceptibility of Secundina has been exploited by using stakes of this
clone as virus indicator scions in graft indexring. When Secundina was
planted 1n a FSD endemic area it was one of a few clones that produced
aboveground symptoms and the only clone to express a severe leaf mosaic,
The ocourrence of leaf symptoms on Secundina was not always correlated
with the ~xpression of FSD root svmptoms.

Secundina was included in a planting date trial in an FSD endemic
area near (uilcace, Cauca, to: (1) observe the incidence and rate of
dissemination of the severe leat mosaic agent; and (2) to cunipare 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
Harch 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 tiie stakes planted between April and August, 1984 were infected
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within 3 1/2 montha. 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 ot least 607 (March 20/85 planting).

Results from prior experiments suggested the role of whiteflies in
the transmission of FSD (CTAT Cassava Annual Report, 1982) and the
Secundina leaf mosaic (CIAT Cassava Annual Report, 1984) . The
population of adult whiteflies was estimated at the time of planting and
on each evaluation date. Whiteflies were consistently obhserved in the
trial but rlere was not a clear correlation between the estimated
population and disease incidence. Whitefly counts should have been taken
at wezkly intervals (o more accurately account for population
fluctuation but the distant locatrion of the trial prevented more
frequent sampling dates.

Root svmptoms of FSD were identified on only two plants in the
entire trial at the time of harvest. The incidence of FSD 1in adjacent
plots of susceptihle clones was also low with the exception of cv M Col
113, The role, if anv, 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. Tf the mosaic agent were the sole cause of FSD one would
expect a higher FSD 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 hvpothesis (CIAT Cassava Annual Report, 1983) can
now be tested with the availabi'ity 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 ecvolves as the level of characterization for
each pathogen increases. Such is the case with the cassava viruses
under investigation at CIAT. 1In the 1983 CIAT Cassava Annual Report, a
list of viruses and a virus-like disorder was presented. This year it
1s possible to update the 1983 list based on recent developments 1in
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.

[NS]

Freeze tissue in liquid N, and powder by grinding in a mortar.

Extract tissue in a mixture containin. STE buffer, SDS, bentonite,
2-mercaptoethanol, phenol, chloroform, and iso-amyl alcohol.

Shake mixture at RT for 1/2 hour, centrifuge for 10 min, collect
supernatant, and adjust to 16.57 ethanol.

Add CF-11 cellulose powder, shake at RT for 1/2 hour, and load into
a small column.

After column has formed wash with STE:16.57 ethanol and elute the
dsRNA from the column with STE buffer, and precipitate overnight in
70% ethanol.

Centrifuge the precipitated dsRNA, drv pellets under vacuum,
and resuspend in STE buffer.

Treat with nucleaces to remove contaminating host DNA and ssRNA,
precipitate in 707 ethanol, and resuspend final dsRMA in electro-
phoresis sample buifer.

Toad samples onto a 17 aparose gel and electrophoresce for 3 to 4
hours.

Stain the gel in ethidium bromide and check lor 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.

. ...a
lLeaf sap dilution

Virus isclate

1/10 1/50 1/250 1/1250 1/6250

Cassava common mosaic virus .147b .133 134 127 .126

Isolate U
Uncharacterized latent ~irus 1.334 1.170 478 .223 . 140
Isolate M Col 37
Original WF virus 1.979 1.921 1.061 466 .205
(CTAT)
Symptomless potexvirus® 1.850 1.778 .893 .359 .182
(SCRTY

a Each virus isolate was maintained in Chenopodium quinea.

b Average A, . absorbance of EITSA replicates,  The A, . of a 1/10 dilution of
leaf sap {rém a healchy plant wae 154, Two times ﬁhe A405 for the healthy
plant control is considered positive reaction.

c

omologous antiserum used in ELISA test was produced at the Scottish Crop
Research Tnstitute, (SCRI).
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Table 3. Results from ELISA indexing of clones and seeds collected from
virus-infected plants from Quilcace, Cauca, Colombia.

# ELISA Positives® # ELISA Positives®
# Plants Testedb # Seedliags TestedS
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
1L COL 113 3/7 0/208
M COT. 1684 2/7
QPR 6/6 0/10

a . . . ~ T
Antiserum to the symptomless potexvirus was used in the EiLISA test,

Stakes were collected from randomly selected plants in the f