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The authors expiain how although fresh
cassava is important in rural nutrition,
its importance in urban areas is limited
and declining. in Colombia, the third
most important cassava-producing
country in Latin America, both the
structure of the marketing channei and
consumer preferences are considered
in explaining this difference. The prin-
cipal factor limiting urban market
volume and demand is identified as the
rapid root past-harvest deterioration
which necessitates high margins to
cover marketing risks. Appropriate
storage techniques which overcome
this problem are evaluated and their
possible positive impact, through re-
duction of marketing margins, on retail
and farmgate prices and on urban con-
sumption is estimated. A strategy for
storage technology adoption is discus-
sed.
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Urban cassava markets

The impact of fresh root storage

Ww. janssen and C. Wheatiéy SR ESE

Cassava is the major root crop of the Latin American lowland tropics
with a total producton of 31.6 million tonnes in 1981.' It has several
gualities which enable it to yield well in the marginal environments
characteristic of many tropical regions especially in areas of poor soils
and/or low raintall.? The roots have no period of absolute maturity, and
can be harvested over a timespan of several months if necessary.’ The
vigorous nature of cassava growth makes it especially suitable for
integration into the associated cropping systems important in small-scale
tropical agriculture. Despite a relatively high labour requirement per
hectare, this is evenly spread throughout the growth period.* Cassava
has a low cost of production per calorie at farm level {Table 1).

The crop does. however, have some disadvantages: a protein content
of only 1% of fresh weight, a moisture content of between 60 and 70%
which increases transport costs, and a very short post-harvest storage
life. This is due to a rapid physiological deterioration of the root and can
lead to very high losses within two or three days of harvest. The losses
have been estimated at 14 to 75%.°

Cassava still constitutes an important part of the human diet in Latin
America, supplying 7% of total calorie requirements in 1971.° Data do,
however, suggest that this proportion is decreasing (Table 2). Between
1971 and {981 world cassava production increased by 24% but fell by
12% in Latin America (Table 2). During the same period. yearly
population increases averaged 2.96% in Latin America, ie per capita
cassava production decreased by 24%, compared with a 4% decrease
for potatoes and a 4% increase for rice {Table 1). The role of cassava as
a calorie source has thus been declining during the last 10 vears with
other crops. especially rice. expanding to take its piace.

Fresh root consumption of cassava comprises about 17% of total -
Latin American production, including Brazil. and about 50% excluding
Brazil. The remainder is used for starch, flour, animal feed or alcohol
production.” Current evidence suggests that fresh cassava consumption
is declining rapidly. due to two main factors: a decrease in consumption
per capita in urban areas {Table 3) and the rapid migration from rural
regions to urban centres (Table 4 and 5). Cassava consumption is falling
in urban areas because of its increasing price relative to that of other
products (Table 6).
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Urban cassava markets

Table 1. Dirsct production costs of rice, potatoes and cassava in Colombia in 1981
{US dollars per hectare).

Irvigated rice Potato Cassava
Machirniery 185 83 81
Labour 108 473 289
Water 74 - -
Seed R 335 93
Other inputs 201 502 88
Sources: For rice, CIAT, Annual Aeport, CIAT,  Total costs 661 1394 55%
Cali, Colombia, 1981; for potato, Flores, et al,
Costos de Produccion da Algunos Cullivos,  Yield (kg) 2560 20 000 2000
Documento de Trabajo, ICA-Bogota, Colombia,  Yieid (kcal) 913 2068 1 400 000 2 398 000
1979; for cassava, CIAT, Cassava Program  Total costs per kg 0.26 0.07 0.03
Internal  Document, mimeograph, CIAT, Cali,
Colombia, 1983. Total costs
100 000 keal 72.4 996 230
Note: The tabie considers only direct costs, not
land. Data are slightly biased in favour oi Total cost-iabour
cassava because of its longer growing cycie. 100 000 kcal . 50.6 65.78 10.93
entaling higher iand management and capital
costs. These costs can be estimated at approxi-  Tolal costs
mately USS10¢ per crop for rice, US$160 for  100g protein 0.34 Q.42 0.27
potato and US$173 for cassava,
Table 2. Area, yield and production of cassava, rice and potatoes on a global and Latin America basis, 1971 and 1981,
r World 11 Latin America 1
~ Area Yield Production Area Yieid Production
({thousands of {kg ha"1) (thousands of {thousands of (kg ha 1) (thousandas of
hectares) tonnes) heclares) tonnes)
1971
Cassava 10 836 9 436 102 248 2597 13 788 35 808
Rice 134 148 2304 309096 6 581 1706 11 224
Potato 22204 13 140 292945 1127 8189 9229
1981
Cassava 14 054 94055 127 161 2734 11 569 3t 63t
. (24%)* {(~12%)
Rice 144 915 2855 413788 8220 1 B96 15 586
(34%) . (39%)
Potato 17 861 14 387 256 978 1046 11 261 "7
{—12%) {(28%)

Note: * Growth pver 10-psar peniod given in parentheses.
Source: FAQ,. Production Yearbooks, FAQ, Rome, 1972 and 1982
' Table 3. Consumption of fresh cassava in Latin American countries; total urban and rural

Note: * Year of estimate in parenthases.
Source: Lynam and Pachico, op cit, Ret 7.
1

Source: Interamencan Bank, Annual Report,
DB, Washington, DC, 1981,
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consumption per head (kg/year). .

Rural Urban Total
Bolivia (1972)* 17.0 5.4 15.3
Brazil (1975) 1.2 27 6.3
Colombia {1970} 35.0 16.5 204
Cuba (1976) 30.0 12.4 18.8
Domimcan Republic (1975) 42.3 20.0 334
Ecuador (1974) 3.0 6.0 18.0
Paraguay (1976) 180.0 350 1101
Peru {1976) 18.3 5.6 11.0
Venezuela (1975) 274 5.0 98
Totad 191 5.9 114
Table 4. Latin America: rural, urban and total population, 1960 and 1981,

Rural population Urban population Total popuiation

1960 absolute 101 611 000 100 142 000 201 753 000
P L] 50:4 49.6 100.0
1981 absolute 114 067 000 235 139 000 349 206 000
Percentage 32.7 67.3 100.0
Yearly growth 0.85% 4.15% 2.65%
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Source: Interamedcan Development Bank,
Annual Report, IDB. Washington, DC, 1981,

Source. P. Pinskup-Andersen and "N. de
Londovio, Estaio de Consumidores de la
Ciudad de Cab, CIAT, Cali. Colombia, 1971:
Nora de Londono, personal communication,
1983.
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Table 5. Colombia: rural, urban and total population, 1960 and 1981

Rural population Urban population Total popuiation
1960 absolute 8957 000 8 256 000 17 213 000
Percentage 520 48.0 100.0
1981 absolute 5833 000 20 832 000 26 565 000
Percentage 213 78.1 100.0
Yearly growth -1.5% 4.5% 2.1%

Tabie 6. Change in consumption and price of cassava, rice and potatoas in Call, 1970-82.

Per capita Per capita Percentage Percentags
consumption consumption change in change in
{kg/year) {kg/year) consumption price
1970 1982

Cassava 27.4 128 =533 210

Rice 332 378 138 16.0

Potato 279 58.6 102.9 -4.3

Cassava post-harvest deterioration

Amonyg the tropical root and tuber crops. cassava is unique in having
such a restricted post-harvest life.” The deterioration in quality can be
remarkably fast: sometimes roots become unacceptable for human
consumption within 24 hours of harvest, aithough a 24 to 72 hour period
is more usual.”

Cassava has a short post-harvest life because of the development of a
blue-black pigmentation in the vascular tissues of the storage root
accompanied by desiccation of the parenchymal (starch containing)
cells. These combine to give the roots an unwholesorne black'or brown
appearance, very unsatisfactory cooking qualities and a bitter taste.
These pigmentation reactions are the resuit of compiex physiological
changes in the root tissues, which are initiated within a few hours of
harvest.'"” and which require oxygen.'' Hence moisture loss from root
tissues acts to accelerate the deterioration reactions.'? Areas of damage,
where moisture loss is most rapid. are therefore the regions where
deterioration first appears. The avoidance of root damage by careful
harvesting and handling can, by itself. reduce the incidence of
deterioration significantly. '

In order to increase the storage life of cassava roots this physiological
deterioration must be prevented. However, there is a subsequent.
microbial deterioration, consisting of general rotting and tissue fer-
mentation which develops in roots stored for fonger than tour to seven
days. [n some ways symptoms can be similar to those of physiological
deterioration since the vascular pigmentation can also occur, but with a
different distribution in the root tissues. Establishment of the root
pathogens involved in rotting is aided by the presence of damage. giving
the microorganisms easy access to the. starch and sugar substrates of the
root interior.

At present this microbial deterioration is rarely a problem since root
acceptability is invariably affected previously by ph ssiological deteriora-
tion. if this latter were prevented, however. a method for controlling
this microbial probiem would be necessary. Control of one without the
other would hardly improve root storage life over the present one to
three days.

267



Urban cassava markets

Cassava Economics. CIAT, unpublished
survey matarial, CIAT, Cali, Colombia,
1983.
41bid.

Note: * Pricas in USS.

Source: CEIMA, Estudio del Mercadeo de
Alimentos, CEIMA, Bogota, Colombia, 1973,
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Effect of deterioration on cassava root marketing

_ Currently, no storage methods are used in the marketing of fresh

cassava roots in Colombia. The rapid deterioration which occurs in the
prevailing post-harvest ambient conditions effectively makes cassava
storage impossible. Roots must be consumed within two days of harvest.
In the case of urban markets. often distant from the producing regions.
roots have to be handled within a very shert time to reach the consumer
before deterioration becomes visible. There is a substantial risk to the
wholesalers and retailers that roots will deteriorate before they can be
sold. ’

This necessitates a close integration of producer, intermediary,
wholesaler, retailer and consumer, so that the daily demand can be
transferred backwards down the marketing channel to the producer.
Because of this reverse demand integration of the marketing channel.
the following description will work from retailer to producer.

In Colombia, retailers often have established contacts with whole-
salers. For example, the retailers in the Atlantic coast region trade in
rather small quantities of roots - around 50 kg of roots per day - and
travel daily to the wholesale market to purchase this quantity.'? This is
because {a) they do aot want to risk being left with unsold, perishable
roots, (b) they must make many small transactions each day and (c) they
are dispersed throughout the town in order to facilitate shopping by
housewives. A higher percentage of cassava than of other crops is sold
in local neighbourhood markets despite the higher price found for
cassava compared with large. central markets (Table 7).

Although retailers attempt to minimize the risk of having unsold
cassava left at the end of the day, deterioration is a serious problem for
them. They were, in fact, left with unsalable, deteriorated roots 14% of
the time." For them. cassava is a risky product with a high cost-
structure. )

Urban wholesaiers usually buy their cassava from rural interme-
diaries, without having to leave the town. These wholesalers also handle
small volumes of roots per day (around 2000 kg in the Atlantic Coast
region of Colombia). A wholesaler who buys 2000 kg a day and sells to
retailers in 50 kg lots must make 40 transactions a day. These
transactions are made in the early morning, allowing the retailer to sell
the cassava during the remainder of the day. This. together with the risk
of having unsold roots, effectively prevents him from increasing the
quantity of roots handled.

Often. wholesalers will arrange future purchases and fix prices with
rural intermediaries, who then organize producers’ harvests to obtain
the required quantity.. They otfer prices to farmers based on the
knowledge that the price with the wholesalers is already agreed. When

- agreement is reached between intermediary and farmer, the harvest is

Table 7. Percentage of total volume of cassava, potatoes and rice 3oid in neighbourhood
shops and in the centrai market place in Cartagena, Colombia, 1973, compared with their
prics in sach location.

Neighbourhood shop Centrai market place,
Commaodity Percentage Price/kg® Percentage Pricarkg
sold sokd
Cassava 46 0.15 50 0.13
Rice az 0.25 57 0.2%
Potato 39 0.23 55 0.23
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Source: CEIMA Estudic del Mercadeo de
Alimentos, CEIMA, Bogota, Calombia, 1973.

. Figure 1. The demand mechanism of

fresh cassava in Colombia and its -

effects on prices.

The upward arrows represent demand that
is lransfesred, downward arrows are the
actual amount of supplied cassava. Start-
ing_from consumers’ demand in equilib-
rium, demand transfer decreases gradual-
ly and eventually less cassava than actual-
ly demanded reaches the consumer. This
causes a price above the equilibrium level,

* ¢ @ = price elasticity of demand

= percenlage change in demand
percentage change in price
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Tabie 8. Characteristics of the wholesale sector of Cucuta, 1973,

© '+ Buying Average Trade per Always
Number of  frequency  purchase whalesaler buy at
employees  (days) (tons) per month  same supplier
Wholesalers {tons) (percentage)
Grains, processed
products 27 137 34 76 375
Potato 1.0 1.6 8.6 140 Q.
Plamair/cassava 13 1.1 25 75 100

usually arranged for the following day, although sometimes longer-term
agreements are made when demand is guaranteed. Thus it is clear that
many people are involved in making small transactions: a feature which
inevitably increases prices (Table 8).

Another factor contributing to high prices is related to the risk
wholesalers and retailers face of having roots left unsoid at the end of
the day: deterioration could make them unmarketable the next day.

In order to avoid this traders will tend to order less than they expect
to sell on an average day. Suppliers will be faced with an intermediate
demand actually lower than the final consumer demand and will deliver
a restricted amount of cassava onto the market. Oversupply in the
market will thus be much less likely than undersupply and consequently
daily prices above equilibrium level will be more likely than prices
below equilibrium level (Figure 1). This mechanism also holds at the
level of the rural intermediary: he will harvest a sufficient amount to
cover his guaranteed szles and no more. It is possible that he wiil not be
able to harvest a sufficient quantity of roots to meet this target (eg whien

Damand Supply
Non-reslized purchases of —— ——— Realized purcheses of
rural intermadisry —'[___— rural intermediary
Whaolesasler demand /\ Market channel
wan st
/] '\ - Narious stages
m 2 1. "y ” )
Astailer demand
. Demand Suppty
n"""‘f | trangler wransfer l ‘
reduction |
Consumaer demand / Eflective supply
n aquitibrium 10 conmaer
Market channel machanism
£flect of market channel mechanism U
) Sonmmer < Prica reatized
price in " market
eqailibrhum \ -\f—
£%<-r 950
"4 ’ N
Total market turnover Tatal market tumaver
jower than equilibrium higher than squilibrium
Market agents could tithar be Market agents batoer off
batter of worss olf with with limited supply
) limited supply
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harvests get delayed) but he will never harvest more than the needs.
When the price elasticity of demand for cassava falls within a range of
—1 to 0. a restriction of marketed volumes leads to higher money
turnovers, favouring the marketing agents: they get more money for less
work. Cassava price elasticity has been estimated at —0.8 and —0.96,"%
indicating that market restriction favouring traders could indeed be
occurring in Colombia.

Deterioration thus puts pressure on the supply to be below the
equilibrium level. Prices increase as a result, leaving traders with extra
profits. This mechanism also explains why, while market prices are high,
many farmers do not start growing more cassava: if they are not
integrated into the market channels via the rural intermediaries they will
be unable to sell their produce.

The negative effects of deterioration on the fresh market are twofold:
the marketing channel has to be fast moving and labour intensive and
the high risk invoived with this crop diminishes the quantities marketed
and causes price rises. As a result the marketing margin for cassava is
very high, approximately USS$0.30 a kilogram. ie 60% or more of the
final retail price. The retail margin comprises US$0.12 to 0.20. the
wholesale margin US30.03 to 0.06 and the assembly-agents’ margin

-1JS$0.05 to 0.12. Transport costs account for less than 20% of the total

margin. For potatoes, a similarly bulky product produced at farms of
similar size, a marketing margin of only 36% was calculated at US30.13
a kilogram in Colombia during 1982.'¢

Advantages and disadvantages for consumers

In the rural areas cassava can often be ‘stored’ simply by harvesting
plants oaly when required. [n the town, however. where consumers
must buy and eat cassava on the same day, the high cassava shopping
frequency that this necessitates leads to increased consumer purchasing
costs because of the often large distances between home and market-
place. .

These storage and market characteristics strongly influence the
suitability of cassava for consumption by rural and urban societies This
ts shown in Table 9. where the relative advantages and disadvantages of
cassava for rural and urban consumers have been compared with those
of rice and potatoes by assigning values to 10 consumer demand factors.

Cassava & a very attractive crop for rural subsistence communities; it
has a low price and production costs (see Table 1). ease of association
witl other crops and year-round availability. The deterioration problem
is not severe in rural areas since roots can usually be left unharvested
until required for immediate local consumption. The low nutritional
value due to the poor protein content is only a problem when additional
protein sources are absent. The available data on nutrition in Latin
America suggest that this is not the case.!”

In the urban market, however. the rapid perishability of the roots
becomes a major disadvantage: because of the risk of large losses in
storage, wholesalers and retailers need high marketing margins, which
result in the roots being expensive for urban consumers. Low cassava
production costs are completely outweighed by the higher marketing
costs. The supply of roots may also vary throughout the year as storage
to even out fluctuations in supply and demand is impossible. Finally. the
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Note: * In rural societies this means production
cosls, especially cash expenses. In urban areas
it refers 10 the retail pnce; ° As regards inter-
and mixed cropping, plantng and harvest imes
and spread of labour needs through crop cycle:
© Dwlferent ways 0 whach it can be incorporated
o a meal; ° Diterent ways the crop can be
processed; * Size of minimum purchase unit.

The scale used was: 5. good: 1. bad; na means
nol applicable,

Source: Cassava Economics CIAT, Consump-
fon Swvey o the Allantic Coast Region of
Colombia, unpubiished data, 1983,

Nole: * Price catone of ace or potato divided by
-price/calorie of cassawa;  Calories of rice or

posako/calones of cassava,

Souwrces: Lynam and Pachico, ap cit, Ref 7 for
price data. For consuroption figures, for Brazil:
Eskxdio Nacional da Despaesa Familiar, Secretar-
is de Planeamiento da Presidencia da Republi-
ca. Rio de Janairo, 1977; tor Colombia, ECIEL-
studies, Brookings instiyta, Washington. DC,
1978: for Peru, P. Lizardo de las Casas Moyas, A
Theoretical and Apphed Approach Towards the
Formulation of Altemative Agrcultural Sector
Poicies in. Support of the Peruvian Agricultural

ing Process, PhD thesis, lowa State Uni-
versity, 1A, USA, 1977, for Venezuela. Longterm
Forecasts of the Supply and Demand of Agn-
cultural and Livestock Products in Venezuela,
Consejo de Bienestar Rural, Caracas, Vene-
Zusta, 1965.
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Tabie 9. Comparison of the different characteristics of cassava, rice and potata in both rurai
seif-producing and urban-purchasing communities.

_ Rural Urban
Characteristics Cassava Rice Potato Cassava Rice Potato
Price* 5 3 4 3 S 3
Composition
{nuiritional quality} 2 4 4 2 4 4
Production®
Rexibility 4 2 3 na na na
Combination in
the diet* 3 4 2 3 4 3
Availability
through year 2 3 2 3 5 4
Perishability 4 4 3 1 4 3
Acquisition cost/
eftort na na na 1 5 3
Waste in
preparation 3 3 3 3 5 4
Facility of :
preparation . 4 4 4 4 4 4
Utilization
passibilities? 5 3 4 na na na
Minimum size of
consumption/purchase® 3 5 3 2 5 3

rapid perishability means that consumers must make frequent small
purchases and still risk a considerable likelthood of deterioration before
consumptior. As a consequence of rapid deterioration cassava is more
expensive than either rice or potatoes in urban areas {Table 10). The
urban consumer regards purchase of cassava as invelving considerable
effort and risk. Thus while it is well adapted to rural consumption,
cassava is out performed by almost all other major foodstuffs in urban
areas.

All the above factors contribute to explaining the difference in
cassava consumption per head found between rural and urban areas.
For rural consumers who do not produce cassava themselves the
situation Is intermediate: they still face the high margin and the risk of
deterioration, but to a more limited extent since marketing channels are
shorter and quicker.

The emphasis placed on cassava in helping to feed expanding
Third-World populations is based heavily on its production properties,
but these are outweighed in urban communities by the marketing
problems of fresh roots caused by post-harvest deterioration. In the last
two decades urbanization has continued at a rapid rate in Latin America
(Table 2), limiting the incentive to improve cassava cultivation for rural
communities and reducing the advantageous impact of improvements

' Table 10. Relative price and consumptlion of potatoes and rice in comparison with

cassava in several Latin American countries.

Potato Rics
Relative Relative Relative Relative
price® consumption® price consumption

Brazit® .

Recite 3.18 1.06 0.66 13.0

Sao Paulo 215 . 8.18 0.35 115.0
Cotombia

Baranquilta 1.51 0.63 0.65 5.7

Bogota 0.85 3.06 0.43 T.18
Peru

Lima 1.41 7.54 0.66 27.0
Venezuela

Caracas 1.18 1.06 0.20 293
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since the rural subsistence populations are relatively declining. An
improvement in the production potential of cassava can only have a
limited impact on its urban consumption as a fresh root since only 35%
of the final urban price reaches the producer. To increase the role of
cassava in the nutrition of the urban population of Latin America. a
more direct and effective strategy would be to develop a solution to the
problem of cassava root deterioration. In this manner, the marketing
margin could be diminished and the attractiveness of fresh cassava roots
to the urban consumer increased.

Prevention of post-harvest root deterioration

There are three aspects to the solution of the deterioration problem.
One concemns the storage conditions which prevent the appearance of
physiological deterioration. the second involves the inhibition of
microbial growth and subsequent root rots which can develop during
storage and the third relates to the correct handling and selection of
roots before storage with the aim of avoiding damaged roots which will
not store. It is essentiai, even for relatively short-term storage of only

. one week, that all three of these factors are taken into account.

Together, they should not add greatly to the costs of marketing and
should be simple to carry out with minimal capital costs because the
producers of cassava tend to be small farmers with limited access to
fuads. ,
Some high-cost, high-technology storage processes have been de-
veloped for cassava which couid be useful in the limited sphere of export
maskets, where the high product price would permit higher storage
costs, Examples of this are paraffin wax coating of roots developed by
T in Bogota, Colombia'® and freezing of peeled. parboiled root pieces -
for supermarket sale. However, if there is a desire to introduce root
storage imto the normal fresh root marketing chain as presently
operating in Colombia. a simple. low-technology method is required.

Before comsideration of simple storage methods, the question of
damage cawsed during harvest and handling must be considered:
however effective the storage method may be, if broken or damaged
roats are used the result will invariably be poor.

Both physiological and microbially-induced deteriorations tend to be
initiated at points or regions of injury and subsequently spread to the
rest of the root. When roots are separated from the plant. two points of
inpury are necessarily made. one at the distal and one at the proximal -
end. In addition, the bark is often damaged.

After harvest, careful handling of roots is crucial. Frequently, roots
are piled up into heaps in the field — sometimes even thrown. not placed.

" The bark easily becomes damaged as roots rub against each other. An

improved harvesting and handling process; in which roots were not
subjected to the more damaging practices, would be a simpie way of
reducing the incidence of both types of deterioration without the use of
costly inputs, as well as reducing losses due to broken, damaged roots
which are currently unmarketable. The percentage of roots . uitable for
storage would also be increased.

Traditional cassava cultivators, who are principally subsistence
farmers producing cassava for their own consumption. avoid the
deterioration problem by harvesting a few plants at a time as necded.
Where root storage is required after harvest, the usual practice is to
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rebury the roots in a trench, covering them with soil. This is rather
unreliable because of the dependence on local environmental conditions
and does not seem to be in widespread use.'”

In a TDRI/CIAT project this reburial method was improved through
the use of a straw lining, ventilation pipes and a drainage ditch. This
worked well in less extreme tropical climates, but when temperatures
inside the ‘field clamp’ structure exceeded 40°C, losses from microbial
rotting were considerable.” The method has not been adopted on a
commercial basis, because in addition to its relative unreliability. it does
not solve the problem of marketing fresh cassava, since roots cannot be
transported during storage.

The reburial, or field clamp, method relies for its success on the
natural wound repair processes which the root itself initiates given the
right conditions, namely high temperature (higher than 30°C} and high
relative humidity (higher than 85%).%' The root lays down a protective
barrier over any injured tissues, effectively preventing moisture loss and
air entry into the root. This takes approximately five days and
completely inhibits the initiation of the reactions producing physiologic-
al deterioration. as weil as proyiding a barrier against pathogen access to
the starch substrate of the root interior. This curing process cannot,
however, be completely effective if the amount of damage is too great:
hence the importance of root selection prior to storage.

Unfortunately, the conditions needed to obtain fast curing are also
favourable for the pgrowth of microorganisms. Despite the physical
barrier laid down over damaged areas, post-harvest root rots can rapidly
develop. A method of controlling this must therefore be integrated into
any method in which root curing is used.

The prevention of physiological deterioration by root curing has been
used in the development of two simple storage systems with low-
technology inputs which do seem to be suitable for fresh cassava
marketing since, unlike the previous systems mentioned, storage is
possible during transport and marketing operations.

In the first system, > roots were stored in wooden boxes packed with
moist sawdust or other locally available materials. Roots could be stored
successfully for from six to eight weeks and were of an acceptable
quality for both human and animal consumption.” They did. however,
have a slightly sweeter taste caused by a breakdown of the root starch to
sugars. However transport costs are relatively high since box and
packing material must also be transported. This method appears
suitable for high-value export markets only.

More recently, trials of roots stored in plastic bags have proved
successful.>! The microclimate inside the bag is ideal for root curing: the
roots themselves rapidly generate sufficient heat and humidity. Howev-
er, a fungicide application prior to storage is necessary to inhibit the
growth of microorganisms. If no applications are made. roots begin to
rot only five to seven days after harvest. Of course, it is necessary to
ensure that any fungicide used does not leave toxic residues in the
interior of the root, although this is unlikely given the thickness of the
peel layer.

Given good control of the microbial rotting problem, storage times of
two to three weeks with losses of less than 5%, or only 1% after one
week, are readily obtainable.” Roots maintain a fresh appearance both
internally and externally and taste and texture after boiling are not
altered, although there is a tendency for roots to taste sweeter after
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mic benefits,
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benefits.
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because of improved qualily and de-
cease in the marketing margin and
subsequenmt shift of supply function:
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benefits. ;

274

more than two weeks of storage as the root sugar content increases
slightly, Neither the amount of roots packed per bag. nor the bag
thickness or colour has any eftect. It is. however. important that roots
should be packed within three hours of hurvest. A longer delay allows
physiological deterioration to start and curing is thus not completely
effective. Root treatment and packing must be carried out in the field
for this deadline to be met.

Plastic-bag storage has advantages over the other methods mentioned
previously. It is the best adapted for integration into the current
marketing system. With the additional costs of plastic bugs (US$0.01 a
kitogram) and chemical treatment (US30.01 a kilogram} the traditional
flexibility of the marketing chain is greatly improved. The two week
storage time made feasible by this method is more than adequate to
eliminate the probiems of marketing fresh cassava.

Expected benefits from cassava storage technology

Eliminating deteriorition of cassava in the fresh market through use of
the storage technology discussed above will basically have two effects.
First, the pressure on the market channel for 'quick handling and
limitation of traded volumes will be relieved. As a consequence of
storage technoiogy the cost of commercialization will decrease. Thus
traders can transfer back the final demand at a lower cost and. assuming
open access to cassava trading, the marketing margin would fall. This
should lead to increased consumption (see Figure 2(i)). In Colombia in
1982 the marketing margin for cassava was US30.30 a kilogram. A
maximum reduction of this marketing margin would be 1o about
US$0.13, close to the marketing margin of potatoes (a similarly bulky
but non-perishable crop). Taking into account the cost of the developed
storage techniques (estimated at US$0.02 a kilogram) plus some extra -
labour costs it would be more reasonable to expect margins between
UJS30.18 and 0.23.

‘Second. the quality of cassava as a consumer commodity will be
improved. If detentoration can be prevented a constant availability in
the market place is more easily guaranteed. The risk of perishability at
home wiil be small and no special items like refrigerators will be needed
to store .cassava. Waste due to deterioration developing between
purchase and food preparation will be reduced. Purchasing costs will fall
since the necessity to buy fresh roots every day will disappear. In this
way, cassava would become a more attractive toodstuff for urban
consumers who would be willing to pay more for it (Figure 2(ii)).
Although aimost all research tends to influence not only the availability
of a product but also the quality. estimates of this effect are rare.

Consumer willingness to pay more for storable cassava is difficult to

‘measure ex anre because of the highly abstract nature of the question

and the difficulty for the consumer of making a reliable estimate of the
fall in costs on cassava consumption. Instead three different values have
been estimated for the increase in the willingness to pay (WNP): a zero
tncrease, implying no growth in the WNP (ie the benefits calculation in
its traditional torm). a US$0.05 a kilogram increase. equal to a 10%
increase in WNP; and a US$0.10 increase. equal to a 20% increase in
WNP. The modest US$0.05 increase is probably the best of these
estimates,

The benefits of successful storage technology were estimated with
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economic surplus theory.”® In 1982 in Colombm almost 15 miilion
people were living in towns of over 100 (00 people,”” where reduction of
deterioration could have considerable effect on the marketing margin.
The consumption of cassava in these towns was estimated at 10 kg per
capita (40% down from the 1970 estimate). The price elasticity of
demand was estimated at —0.88, the average of the two values
mentioned betore. Values of 0.5 and 1.0 for the price elasticity of supply
were assumed.™® Other assumptions were: linear demand and supply
functions, a pertectly elastic supply of marketing services and a parallel
shift in final demand and suppiy function through the application of
storage technology. With these assumptions and using the method of
Freebairn, Davis and Edwards.™ the benefits of successful storage
technology for the fresh market of Colombia would be between USS$ 19
and 28 million per year (Table 11).

Consumption per head in the urban areas would increase from 10 kg
to between 11.3 and 12.3 kg (Table 11, Projected consumption per
capita). Prices at the consumer level would fall from US$0.47 to
between US$0.45 and US$0.39 a kilogram (Tabie 11, Projected prices at
retail level). Farm-level prices would increase from an average US$0.17
to between US$0.29 and US30.24 a kilogram (Table !1, Projected
prices at farm level),

In Latin America as a whole, fresh consumption of cassava is seven
times greater than that in Colombta alone. The importance of rural
versus urbun consumption is similar to that of Colombia (Table 4). A
rough estimate of total benefits for Latin America of cassava deteriora-
tion research then should be seven times the figure for Colombia, ie
between US3$133 and 189 million per year if the assumptions made for
Colombia hold for Latin America in general.

Table 11. EMtect of successiul cassava-deterioration research in Colombia.

Price elasticity of supply Price oluﬂeily of supply
0.5
Margin decreases to Margin domu to
0.18 (1 3] 013 0.
Expeacted benefits (million US$/year)
Willingness to
pay (WNP): o 18.89 10.74 19.17 10.84
+10% 27.42 18.89 2799 19.17
+20% 36.35 3742 ran .

consumer benefits = 74.8%
producer benefits = 25.2%

consumer benefits = 59.7%
producer benefits = 40.3%

Projected consumption per capiﬁ {present consumption = 10 kg)

{WNP) +0 11.29 10.76 11.60 10.94
+10% 11.82 11.29 12.26 11.60
+20% Z8 naz % 2%

Projected prices al retail level, (present remrlprice-= 1/550.47)

(WNP) + 0 0.40 0.43 0.38 0.42
+10% 0.42 0.45 0.39 043
+20% [Ty 047 o4t Opd

Projected prices at farm level (present farm price = US$0.17)

(WNP) 0 0.22 0.20 0.20 018
+10% 0.24 0.22 0.2t 0.20
+20% 026 0.24 023 [i¥3)
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Strategy for increasing urban availability of cassava

Previous sections of this paper show that storage technology could have
considerable impact on the urban fresh cassava market. Another,
production-orientated (yield increasing) strategy would also be ex-
pected to have impact on cassava consumption in urbun areas. Yield
increases of 67% were estimated to benefit Colombia by approximately
USS$5 million per year.™ An additional benefit of around USS$2 million
would be produced in the animal feed market. Thus, the expected value
of storage technology could be four to five times that of prodaction-
orientated technology in Colombia. '

In order to compare the relative advantages of these two different
technological strategies, the cost of their successful introduction needs
to be assessed. Basically, two major ¢ost components can be disting-
uished: the research cost of designing appropriate technology and the
cost involved in the actual introduction of this technology in the specific
region under consideration.

Development of appropriate technology for yield-increasing research
requires the identification of high-yielding, good quality cassava
varieties integrated in a package of agricultural practices (such as land

- preparation, fertilization and weed control). [dentification of high-

yielding cassava varieties is highly complex, given the regional specific-
ity of the different varieties. The development of an appropriate
technological package is therefore a long-term activity, especially
because of the generaily poor development of national cassava research
programmes. A simple, practical storage method has already been
developed and tested, with only minor factors (such as bag size and
optimum harvest procedures) still to be determined. Storage technology
has given stable results over different envirocnments, except for the
socioeconemic factors involved. Thus, from a research point of view,
regionally-adapted storage technology will be far easier to develop than
productivity improvements.

Once appropriate forms of technology have been developed and
tested, introduction into the target region can commence. Since almost
every Latin American developing country operates a relatively success-
ful agricuitural extension service. the adoption of adequate improved
production teclinology can occur through already established channels.
Coasiderable experience with the introduction of agricuitural improve-
ments is available, suggesting that such new production technology will
be disseminated rather easily, though perhaps slowly, to the user. To
introduce storage technology however, new adoption strategies must be
used. The technology has to be accepted by small farmers and traders.
Whereas the first group can be reached through the extension service,

_traders might be difficult to approach. They are very rarely actively

involved in development programmes and are often suspicious of any
institutional action. However, their adoption of storage technology will
critically depend on the acceptance of stored cassava by the final
consumer. '

For the final consumer, storage technology in plastic bags will change
the appearance of the product. At presen. consumers are used to
purchasing unpacked cassava often cut open as an indication of an
undeteriorated state. Adoption of storage technology will necessitate
purchase of roots in a plastic bag, preferably intact. Consumers aiso
have to become aware that storage of cassava at home is possible if roots
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are kept inside the baa (bags must be resealed after removal of part of
the contents).

The coordinated and simultadeous demonstration and introduction of
storage technology to farmers, traders. retailers and consumers will be
necessary. The use of consumer panels will enabie the acceptability of
stored roots to be judged and will provide a means of making consumers
aware of this new ‘product’. In-store experiments will serve the same
purpose for traders and retailers. On-farm demonstrations of the
storage technology will enable farmer interest to be gauged. Com-
munication between the different test groups will be important in
ensuring that the technology is adopted (traders will be aware of
consumer willingness to buy and of farmer willingness to supply stored
roots).

[nformation myst also reach the general urban consumer, probably
through the use of leaflets and the mass media: this will have marked
similarities with a commercial product-release campaign rather than the
usual low profile of most development projects. normally directed to
market structure improvement. Personnei resources will have to be
directed into non-traditional areas where government institutions lack
experience.

Thus, although technology development and testing costs will be
lower for storage research than for production research, the extension -
and market acceptability costs will be higher. The introduction lead time
might well be shorter than for production technology. perhaps being
comparable with normal industrial product-adoption lead time of two
years.*!

Improvements in storage technology will have a greater impact on the
urban availability of fresh cassava than will production-orientated
technology. The marketing approach required to achieve the adoption

-of this storage technology demands the use of unconventional develop-

ment models. Subsequently, yield related technology, which has a -

longer lead time, will further improve fresh cassava supplies at reduced

costs in urban areas. A combination of these two complementary
research and development strategiés should maximize the contribution
of fresh cassava to improved urban nutrition.
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