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1. General Intreduction

In spite of the success of the dwarf wheat and rice varieties in
the developing countries since the wid-1960"s, there still remains a

guarded pessimism about the continuing ability of the worid, and es-
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pecially the developing world, to feed itself. Food production in-
creased at similar rates of 2-3% per vear, in developed and developing
countries from 1961-1%75 (Wortman 1976), however per capita food pro-
duction in the developing countries has fallen from zn annual growth
rate of 0.7% in the 19860's to 0.3% in the 1970-76 period (FAQ 1377).
Growth tates in per capita production of cereal grains fell from 1.1
to 0.4% in the same pericd, despite the fact that the 1970's was the
major periocd of expansion in area planted te the dwarf rice and wheat
varieties (FAO 1977, Dalrymole 19738). Given substantial increases in
éar capita incomes in the developing countries, food production has not
been able to keep pace with effective demand, resulting in an B6% rise
in the level of grain imports into the developing market economies in

the 1970-1976 period (IFPRI 1977).

- Although the agricultural production of the developed world has
served as a buffer for food shortfalls in developing countries, balance
of payments restrictions, food distributicn systems that fail to reach
the most needy, and the economic and political expediency of food self-

sufficiency have moved the developing world to look for its own means
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of meeting rising food demand. Howsver, the ability of the developing
world to move toward, rather than away from self-sufficiency in food
staples is facing an increasing nuwber of constraints, Land/labour

ratios continues to increase and the ability of the develeoping countries

te productively abserb mere labour in the agricultural sector is becoming

igersasingly linited, due te relative land scarcity in.mich of Asfa and.
the Near East, social and institutional constraints in Latin America,
and technological constrainta in Sub-Sszharan Africa. Improving land
productivity, especially for raiunfed areas, appears essential to ge-
nerate higher rates of food production. Increasing labour produc-
tivity is critical for social reasons. Howaver, higher yield and agri-
cultural wages are increasingly constrained by the rising prices of
agricultural inputs, especially those beavily dependent on patroleum

for their manufacture. Higher yvields must therefore come from very

efficient use of fertilizers, especially nitrogen, and petroleum based

herbicides, insecticides, and fungicides.

Partly in response to the success of the miracle varietiles, agricul-
ture has been mads responsible for more than self-sufficiency in the
production of food. Agricultural development has been made accountable
for equity as well as growth objectives. fhis linkage of grals, cowming
on the heels of the Green Revolution, was in response to the following
empirical evidence: that among the 1.9 billion people in developing
market countries, 700 million lived in acute poverty, 480 to 500 million

suffered from a severe degree of protein/energy malnutrition, and 300
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mi{llion were either unemployed or underemployed (Schuh 1978). A major
portion of the poverty problem had its roots in the agricultural sector;

emphasis was therefore put on the critical role agriculture might play

in alleviaring poverty,

The agricultural sector in the developing world is therefore facing

oS e e otR e Following  taskr (1) in-order to.meet market-demand,..food. production .. ..

must increase from 3.0 to 4.2% per annum {(IFPRI 1977} (2) To meet
minimum'nutritianal needs of the total populaticn food production will
have to increase at between 5.4 to 6.3% per year (IFPRI 1%977) {(3) In
order to affect rural employment and improve the welfare of the most
needy in the rural sector, much of this increase will need to come
from outside irrigated areas and much of rhe small farm sector will .
have to have access to income raising activities, (4) This increase
in food supply will need to come principally from rainfed areas, will
be based princlpally on vield increases and more effective use of
marginal areas, and will require very efficient use of relatively
scarce agricultural inpuis. New agricultural technologies for the
tropics are therefore crucial if agricultural growth and equity ob=-

Jjectives in developing countries are to be met,

National policy planners and those who administer international
agriculture programs have focused on technology generation in cereals
as a primary strategy in Increasing food production (for example,

Wortman and Commings (1978) and IFPRI (1978)). Based on the current
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importance of cereals im the national food budget, this is a sound
strategy. However, this policy has tended to blas opinion toward
cereals as the solution, rather than as one potential solution among
many. Thus, for example research expenditures as percentage of total
value of production in Asia in 1975 were ,12% for rice, .117% for

millet and sorghum, .23% for vheat, and ,12% for maize; whereas for
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roots and tubers it was 0,03%, the lowest percentage for any commodity
except bananas (Bvenson 1978)., The CGIAR support to cassava research

in 1978 is ouly 2% of its total research budget whilst 5% of the ca-
lories in the food deficit countries came from cassava (CGIAR 1977).

The ceveal bias, particularly in the allccation of agricultural researgh
resources, hag tended to focus food poliey on means of expanding the
principal cercal ereps. Given the current needs in agricultural de-
velopment, as outlined above, a strict cereal policy is very shortsighted,
as it overlooks the substantial potential of root and tuber ecrops, This
paper will attempt to mark out the potential role of cassava in agricui-
tural development in the tropics and the factors that are necessary for

the realization of this potential.

Cassava Production Potential and Development Needs

-~

Status quo and potential

Phillips (1974) estimates that by 1980 cassava will provide approxi-
mately 37, 12 and 7% of the calorie intake of the tropical areas of
Africa, America and Asia respectively. Most of this cassava is preduced

on the more marginal agricultural lands with virtually no input of

fertilizers, fungicides, or insecticides. Many of the cassava growing -
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areas have a prolonged dry season {for example, up to six months in the
North East of Brazil) and yet {rrvigation is used only on a minimal number
of farms. Hevertheless, yields on a world average basis are close to
10 t/ha/year, which if converted to dry matter at 14% moisture, yields
a figure of 4 t/ha/year., This figure compares very favourably with
b sgmeeeiwhecBiadn . vields Ervom umirrigated aresas, a. pronounced. gy seasen wvhere only |, ...
one cereal crop per vear is produced better soils, with substantial dinputs
of chemicals such as herbicides, fertilizers, fungicides and insecticides.
Since cassava has received, until recently, little attention frow scientists,
these present yield levels are obtained uvsing local clones and traﬁitionai
agrononic pra;tices. Current yields fall well short of the potential for

the crop.

The yield potential of cassava under prime agricultural conditions
is tremendous. De Vries et al (1967) and Coursey and Haynes (1970} in
comparisons of different crops suggested that cassava wasmpatentially
one of the most efficient carbohydrate producers among the food crops.
Recent data from CIAT has shown that yields of up to 28 t éry matter ha/
yr can be obtained on experimental plots under moderate radiation levels
but with good rainfall distribution and high fertility (CIAT 1978).

Cock (1974) and Cock et al (1979) have suggested that under similar f
conditions theoretical maximum yield is approximately 29-30 t/ha/yr ‘

of dry matter,

All these yield data and predictions are based on near ideal cassava

growing conditions; however, the potential for expansion of the ecrop
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seems to lie in the more marginal agricultural areas.

The prime agricultursl areas tend to specialize in higher value,
export c¢rops and grain crops, which have a long history of research
on yield improvement, well developed markets, and usually a well-

articulated government price poliey. Cassava is as a rule just neot as
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profitable in such areas and as well usually entails a higher marketing
risk. The comparative advantage of cassava therefore usually lies in the
more marginal areas, where because of its better adaptation to strass
conditions wvis-a-~vis other alternative c¢rops, cassava hetomes one of

the most profitable cropi., Thus, cassava has the potential advantage
of producing cheap calories from the relatively unproductive marginal
areas due to its low price and its better adaptation to environmental

stress and its expected low unit cost of preduction,

Edwards et al (1976) concluded that "Several features that may be
associated with the special adaptation of cassava to low fertiliey
gituations, including high soil acidity, have been identified”. At
the CIAT Quilichao site which has good rainfall distribution but very
low soil fertility and a pH of 4.2 a yield of 27 t/ha was obtained with
only 0,5 t/ha lise and no fertilizer nor use of furngicides or insecticides
except for stake treatment costing 4 $/ha and 52 t/ha fresh roots in
one year was obtained with llt/ha of 10:20:20 fertilizer, (Toro, pers.
comm, CIAT 1978}. These data suggest that cassava is particularly well

adapted to give very high carbohydrate yields on the vast areas of under
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utilized acid infertile soils of the tropics, These soils exist to

the extent of 760, 650 and 250 million hectares in Tropical Americsa,
Africa and Asia respectively and approximately half are suitable for
crop or pasture production (Sanchez 1977). Apart from ipcreasing yield
on areas vhers cassava is presently grown there ig then tremendous po-

s+ rensewssne fe€nEial for increasipg.marginal land cultivation of cassava.
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However cassava productivity is not just restricted by low soil
fertility, but alsc by avallability of water and losses caused by weeds,
pests and diseases. Cassava does not have ecritical growth periods in
the same manner as for example flowering in the cereals. It also has
a long growth period. These factors enable cagsava to endure stress
and then recuperate, whether the stress be caused by either disease or
pest attacks or lack of water. The most critical period is in the esta-
blishment phase when either lack of water, severity of pest attack or

weed competition will severely reduce yields (Doll and Piedrahita 19763.

Although cassava recuperates well from acute disease and pest attacks,

continuous disease or pest pressure will tend tcngraatly reduce yields
{Cock 1978). However, cassava as a long season crop, reproduced vege-
_—— tatively appears to have developed as local clones with considerable
field resistance to the disease and pests prevalent in the areas where
it is cultivated (Lozano gt al in press.). This leads to relatively
stable vields of local c¢clones but also means that great care will be

required to ensure that new clenes introduced to areas have adequate
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tolerance to diseases and pests. Maintenance of hipgh levels of field

resistance in improved cultivars, implies that little use of pesticides

will be required to maximize yields of cassava.

The overall management of the culfivation of a crop is normally
wenensrme GELtical. Recent observations on the North Coast of Colombia in an
PEW S T AT NI S et § Wl el N . . . -
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extremely marginal area have shown that farmers using, their lecal
variety but improved cultural practices could increase yields from
7.1 to 12,1 t/ha with minimal additional purchased inputs (& 0U88/bha)

{(Lynam 1979). The potential of combining these improved practices

with selacted clones from breeding pregrams seems enormous.
R

In summary, cassava has the potential of gencrating large increases
3 2 < at 3

in low cost calories under relatively marginal production conditions and

3
§
with minimal increases in inputs. Cassava is thus well tailored to the ;
agricultural development needs of tropical countriesz, as outlined in !

the first section. What then are realistic estimates of the potential

of the crop? Taking the liberty of gazing into the crystal ball, we would |

estimate that the following yield levels are pdssible without major

changes in farmer production methods. Under high fertility conditions

with no proanounced dry season commercial yields {fresh roots) of more than

35 t/ha/fyr should be possible; under moderately fertile conditions with
up to 4 months dry season, yields of around 25-30 t/ha; and in the acid ,

infertile soils 25-30 t/ha with no dry secason and with a 3-4 wonth dry

season, yields of 15-25 t/ha (Table I). These estimates assume certain mi:
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cultural practices and moderate fertilizer dosages in acid soils. WUhat

+



then is required to achicve these yield levels., The means of reaching

this production potential are laid out in the following section,

Research Qverview

a) General policy

1f poar soils, often with uncertain rainfall, are to be used for cassava
e L A R T Lo N e LR Oy T S U U OO S NN
production without modifying them with costily amendmentsi then the varieties
and the concomittant technology develeoped must be well adapted to thesec csa;
ditions. Furthormore it is uuecononlcal to bage controel of diseases, pests
and weeds on the continuwous use of costly chemicals; rather, technology and
varicties will have to be developed that can per sc cope witl these stregs
conditions. It is quite evident that it is easier to develop hipgh yielding
varigties for usc with irfigatien and heavy fertilizer application and to

develop a technology to control weeds, insects and diseases based on chemicais%

© than to develop varieties that are especinlly adapted to give high yiclds undei
. |

sup-optimal conditions., A minimum input technology, however, implies a heavy E
investment in research given the greaster complexity of deveiaping Tadapted” §
: a
technolegy. 1t may appear paradoxical te talk on the one hand of high §
research investment and on the other of cheap preduction technology.

However, minimal cost but high yvielding production technolopy is recog-

nized as the key to realizing the production potential of cassava.

From the point of view of society it is fay more efficient Lo invest

in rescarch than in large increases in inputs, particularly for a

crop that has little history of applicd research and a very high yield

potential over current yield levels, The potential return of
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investment to agricultural vesearch has been shown te be very high.
Arndt and Buttan (1977} present rates of Teturn on agricultural
research investment for 32 case stud;es. Averaze internal rate of
return was 46%,. Scobie znd Posada (1977) showed that in éhe case of
rice in Colombia the internal rate of return on research was as high
oo o sve 880 3% . o Glven, the. dack of applied zesearch, In cagsava, there is good =

reason to believe that, the rate of return wiil be high for cassava

In certain crops a high proporticn of the research cost is assumed
by the private sactsr; In the U5 50% of the food and nutrition research
is borne %y the'pfivaﬁe sector {(MAS~KRC 1678). 1Much of the oil palm
research in Malaysia has been done by the very large exporting companies that

also control considerable sized plantations., These companies ave suffi-

ciently large and control such large production wvolumes that they can

obtain a good return on substantial investment in preduction orientated

regsearch. Casgsava is generally grown by small farmers and, except in the
case of Thailand, is not a major export crop; hence, it appears unlikely
that the private gector will finance cassava research on the same basis

as has happened in most of the export crops such as oil palm.

= New hybrid sorghum and maize wvarieties for the tropics have been de-

veloped by the private scctor, as considerable profitc can be appropriated

:
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from seed that cannet be resown in succeeding vears., Return to research

investment 13 guaranteed as a result of contipucus sale of new seced of

-

the same variety over several years. 1In the case of cassava, farmers

eV it 4 o
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produce their own "seed" and vwhen they change varieties they only require
a small amount of “seed” on & one shob basis vhich they themsclves mul-
tiply. There are few incentives for the private sector to become acti~

vely involved in the development of new cassava varieties and to form

a "geed" industry.

S

The private sector has also been heavily involved in the development
of chemicals for use in agriculture. If cassava is to be produced with
minimal chemiczl inputs, as was supgested eavlier in this paper, then it
is unlikely that the private scctor will perceive a sufficiently large
potential market to involve itself specifically in cassava, The two
areas of potential input use in cassava, fertilirzers and herbicides,
imply a potential market for these inpuls wien cassava starts to be
producad on a more commercinl basis. Again this will require little
cassava-specific research but rather investment in marketing. It is
however the authors' opinion that the privaté sector may become in-
rested in two areas of development: fertilizers and herbicides.

Cassava is alb prescent grown with minimal fertilizer applications and
indeed it has been shown to have relativcly low nutrient requirements
(Bdwards et al 1976, Cock and Howeler 197%9). Yields do however increase
substantially with fertilizer application on the acid infertile soils of
the tropies (CIAT 1975, 76, 77, 78) and hence there is a possibility of
increased fertilizer use. In addition cassgva has a reputation for exhaust:

the soil; this reputation is somewhat underserved becauss cassava ig

frequently grown as the last crop in 2 votation on ssils a6 depletead
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that cassava is one of the few crops that will still produce on them.
I1f cassava is to be produced continucusly on these depletaed seils then
ferrilizer, albeit not a very high level, will have to be appli&é. These
observations indicate that some interest maybe taken by tbe fertilizer

producers in reseavch and develeopment in fertilizer in cassava.

-
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Heed control is the ma;ar ldbcu? using activity in cassava (ﬁxaz and
Andersen 1977 ) and it is probable that cassava acreage may be limited
in many areas by the peal: labour demand at wesding time, The use of

herbicide offers amethod of resolving this preoblem and thus there mav

be interest in developing herbicide application for cassava by the
54 H ¥

private sector.

The main research effort for cassava will @owever have to be financed by
the public secter. In the following section we will try to describe
important arveas of rescarch emphasis and how.national and internationcl
agencies can divide the respensibility for this work, Two international |
centres CIAT and IITA are invelved in intensive cassava research, CIAT
concennrﬁteﬁ on problems related to producsianAiﬁ“the Awericas and

Asia and IITA in Africa. The two international centres are engaged in

o developing fmproved varieties and sinple agronomic practices to increase {
thie productivity of eassava. The work of these two institutes in neo
way negates the neced for strong naticnal tesearch efforts as it is

most unlikely that the technolopy developed by these two centres will

s s s e An e v

be directly appliezble to farmers fields in every cauntry. The centres

" will develop Lmproved germplasm and agronomic practices in general terms

c
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and these will need teo be adapted and validated under local conditions

by the naticnal agencies.

b} Research Areas

iven that the principal rosearch strategy should concentyate on
P P

develoning a cassava technology adapted to sore marginal condition

and that under such coac onao in ordor than

an adequate return on inpul investment is insured and adaptation is

maximized the technolog oy should be based ca minimal input levels, and

given thot this research is most likely carried out in the public

sector, the next logical step is to define the specific areas where

research would make the greatcst potentizl ifmpact. We consider the
four following arcas to be mopt vital in crder to meet the above

gbjectives;

Varietal Improvement: The options that exist for

improving cassava

productivity are numerous; howaver,

design for suboptimsl conditions,

given the restraints on technelogy

one option becomes strikingly approp-

riate, that is plant breeding. A variety that was resistant to all

diseases and pests aund had high yvield potential under stress conditions,

combined with low fertilizer and water reguircments would be the simplest

form of improved technology. However, the rate of breeding progress is

generally inversely preportional to the number of breeding objective

hence, objectives will have to be carcfully selected according to which

are congidered likely to contribute the greatest increment in eventual

national yields,
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The international centros are expecteé to produce high yielding

varieties resistant to major diseases and pests., These lines may on

pccasien be released direcrly as varictices for farmers after testing

under local conditions: howswver, it is probable that they will also

be used as parents in national programs vhere particular local re-
i v TCTEN 5. 6310, be, added,, Tn addition if f¢ expected that as mational
asencias produce ney ¢lones these will be interchanged. A Brazilian
line, sent Ly CIAT to Cubs is at present undergoing pre-relcase trixls
and the most widely grown line in Thailand was probably obtained frem
Malayeia sowe years ago. It is envicazed that in the future a close
network of varietal improvement orograms in national and international »
centres will interchange promising lines. This is now much more feasible
than a few years ago because tissue culture techniques nake germplasm

exchange much safer, from the guarantine standpoint, than the traditional

interchangs of cuttings. .

I
;
;
- ;
|
3

Pest management. The incideonce and scverity of disease and pest attacks

vary coormously from region to region. Cassava is traditionally thought
of as highly toleraul of discases and pests, nevertheless as productien

areas cxpamndis outside traditiomal areas and cultivavion methods become

wore intensive, disease and pest severity will almost certainly increase.
Hence adequate pest managemant systems must be developed., As a recult

of cassava protection workshop Thurston (1978) concluded that “Intes

grated pest contrel uystoms for cassava should place emphusis on com-

binations of three fundamental tuctiecs of (a) host plant resistanze
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(b} biological control and {¢} cultural controls. The use of chemical
pesticides and similar contral measures sheuld be resorted to only as
a supplemental adiunct to the other three. It should be noted that
this is not necegsarily the case for weods. The.usé of herbicides

should be integrated with other ceontrol measures in the event they are

M ey i Eadhs e

variability in danage caused by pests the final resglution of pest
problems is highly dependent on some tailering of pest resistance,

breeding and contrel technigues te local envirenmental conditions,

Agronomic practices: Receat experiences by ths sccend guthor .

suggest that small farmers under very unfavacurable conditions, both
agronomis and socio»eacgomic, in thQ’North Coast eof Colowbis caun in-
crease theilr yields by 70% through the use of gimple improved agronomic
practices that requirc extremely limited inputs (CIAT 1975, 1979). It

-

is alse interesting te note that in Kevrala, India, average yields on

the acid infertile soils of the arca are among the highesg in Asiz and
that this is probably duc to good agron&mic practices based on many vears
of experimentation at the Central Tuber Crops Research Institute, Al-
though certain baslic principles may be accepted on a world wide basis

as Ygood agrcnomicvpractices” the specific details are bound to be

very location specific., Rather simple agronomic research on such

factors as fertilizaticn, plant population, weed control, time of

“planting and harvest and crop rotation offer tremendous opportunitles

to davelop agricultural systems capable of greatly increasing cassawva
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production in different areas. The develepment of these individual

systens must be done by the national or leeal agencies.

, Multiote cropnipz, Tha authors estiezte that about 40% of the

worlds cassava ig grow in mixced cvopping systems; however, up to the
present only a minioal proportion of the total cassava research budget

"
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as boen spent on mixed crepping.  Cassava L8 LACATIVF dUTCEAVESE *filter~

cropping with short-scasen crops, given its slow early deovelopment and

vk

recuperative ability later in the cropping scason. The posgible advarn- .

tageuos of wnixed cropping frow an agronomic fand point are several;
disease and pest incidince tends to dzcline, weed control neecd not be
so intense, and cvop fertility canm be maintained by use of legumes.
From an economic stand point cassava cultivation suffers from the pro-
. blem of & long period between planting and thaining income. By mixed
cropping with short secason erops the farmer cbiajinfcariier income thus
relieving to a certain extent this cash flow‘preblems. In addition
interecropping with grain legumes ¢an produce protein thus compen-
sating for the very lew protein content of cassava particularly in

subsistenca systema. It is likely that traditicnal multiple cropping

practices can be much improved in terms of productivity.

Transfer of Techuolony Boouiroments

Not only is it necessary to devolop mere preductive technology but
also to ensure that it is adopted by the farwers. In ordey that this
occurs the farmers must be aware of the new techuolegy and also have

caccess to he required inputs. The new techooloey developed, if it
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results from the type of reseavch outlined in the previous secction,
will be based on improved varicties, improved agronomic practices,
integrated pest control and improved weed contrel. Furthermore in

hi

certain arecas mized rather than monoculture will be used.

Bunting (1979%) states that "Where an innovaticao offcred is profi-
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table znd practicable, and meets the necds and possibilities of the
‘producers, it will spread with little or no official communication,
cessenrssssete This conclusion has veelly only applied to the ndope
tion of new crops, asﬁecialiy highly prolfitable cash crops, and in
cortain instznces to the adoption of new varieties. Punting (1%79)
thus goes on to recoznize that extension will be necessaryy ... vhere
new and effective procedurcs or techniques have to be taught". Exten-
sion is thus reqﬁired wherc new technolopy is based on improvements in
farmer management and will be most effective where the technology is
relatively simple and approgiétc to the socio-economic and agronowmic

constraints faced by the farmer.

In the case of improved cassava technology new varieties will be a
principal component. These to g larvge extont will sell themselves, as
there is evidencé to suggest that while ;ommercial cassava farmors
usually plent 2 small numher of pzﬁacipal varietics, they as well
maintain other varieties under evaluation for potential replacement
of the priscipal varicty or for speciaéiz&d purposes.  Although the

new varieties may not need wuch extention for their adoption it should

be noted that this will be slow to oceurr due to the following reascns.



Cassava tends te be growa in small isolated lots so that communication
betwveen farmers maybe slow; the yield of cassava is only visiblo at
harvest so that the chances of obeerving the yield potential of a now
line are minimized; the crop evele is long and the muitipiication rate
using traditional propacotien systems is slow and there is little 1like-
**”““‘*”ww#wﬂ%wlihoedMoﬁwﬁvseedhindustxywdevalopiﬁgwwithwsaiesgan%pxgﬁat@gg“ggg%§p:§§4,’L?#‘f

of the new vavietiss. Hence althoush extension may not ke cgsential for

the spread of new varieties it will ensuve move rapid adoption.

*

Asg has been demenctrated, cassava respounds very well to improved
management. This vesponse will probably be even greater for improved
varieties. Thus, to increase yields to a level approxicating their
potential will require extension. This guggests then that the cld
adage that good techrolegy sells itsglf is true enly up to a certain
point in the case of cassava. 1t appears to the authors that there is
a further factor par;iculaf‘tﬁ cassava working agéinst the previcusly
sta?ed adage., The empirvical support for this adage rests~1argely on
diffusion of technoleogy in irriguted aréas, which are by their mature
highly concentrated and in which cooporation is & unccessary fact of life
Cassava is generally grown in very poor areas vhere communication bet-
ween farmers is Iiéi%ad by lack of inirastrunture, particularly in slaszh s
and burn systems. Morecover, cassavz is wsually grovn in small, widely :

P

separated plots, lindting diffusion by field observation. All these
factors peoint to a heavy involvemont of extension services if the yileld i

potential of the nevw techuwolozy 15 to be realizad,




A naior role in extension is often played by commercial companies
- who prﬁ?idﬁ froe advice on the best wmothods of producing high yvields
with their particular products whether they te secdz, fungicides, in-
secticides, herbicidecs or fertilizers. As has been.pointad oul earlier,
it is unlikely that cocmercial heuses will interest themselves in cas-

.

savo. This coaclusion may oven apply to fertilizers and herhicides in
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that the poor 1nL£a5urnctmrc Chavacterictic of Cannava areas, RIS

. gpread distrvibution of casesava produsers, and the relatively lew level

of utilization by each farwer vill probsbly cauce rmarvketing costs to be
- so hizh as to make the development of a distribution network unprofi-
table. The net rvesult of this is that if cassava yields ave to increase,
.
then ini=ially the extensicn will have to be dope by the public sector.
Once the new technnslopy ig=prwven it is posaible that vertically inte-
g%ate& egro~industry producing cassava for starch, animal fecd or alw-
cohol may provide extensicn services to the large producers. Nevoertheless
ezxtension to the small Farﬂﬂr will have te be dene Ly the public secior
Taus, even though the improved techinolegy is princnglly bzased on
new varieties, reguires minimal increases in purciiased inmputs, and is
in most instances baced on a very simple package; public investment in

extension and input distribution chzmnels «will bLe rejuvived LE the full
potential of the techneleogy is o be rezlized, Investment is particularly

esgential for sced multiplication facilities to rapidly reproduce foun-

dation sced. 1In the casc of seed and inpuet roguirements, such gervices

~whilst they should be provided by the public sector need nobt be subsicdized.

=7

Sa;& production facilities are welatively inexpensive {Cock, Whoeley, Lo-

"
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zano and Toro 1%74) and prices to farmers should cover production costs.
For example, farmers in Colombia pay up te 4 US$ per 100 cuttings of
promising clones. In the case of input  distribution channels farmer

rices shiould reflect actual costz, thoush investmont in distributio
P »

chamnels as well as extension services appear to be Justificd on the

r\‘a

Dt = R

cse henpfits derive from the
potential eupension in the end uvtilization eof cassava. We thusturn in
the next section to an analycis of the potontial markets for casgava

and the technnlersy necded to develop therse narbots.,
4

Utilizetion of Casznvai Potential and Develepment Needs *

Status que ond sotential

There i3 a deality betveen new cassava techaslogy and the cxpansion
and divercification of markets for cassava or cassava derived products.
Cn the one hand, expansion in demand is nscessary in order to absorb the
potential increascs from yield increasing tachnolagy.‘ Since this yield
increase is potentially so large, increased demand iaAtraditionaL markets
due to tﬁa expocted price drop would still uot ﬁe sufficient to maintain
all f&pmer producers at the scame area of production. On the other hand,
in order that eassavo eater these alt cernative markets prices have to be
much lower than current prices., Thereiorve, cost-lowering techoology is
2 necvessary element in making cassava cumpctitivm&with rost substitutes

in thogse markets.,

What are the prinmcipal current uses of casszava? What are the poten-
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tizl markets and the growth potential of these markets which cassava
might serve if competitively sriced? Vhat are the techuical probliems
(and therefor research areas) that necad to be solved go that cassava
beeomes perfectly substituable with eﬁisting alternatives? We Lriefly
survey thesc questions in this section, implicitly accepling the basic

hypothiesis that research on cassava utilization and investment in al-

mwwj‘wfi‘hﬂﬁ"&ln—g:ibsi«:s}gﬁ-é}gyrn«", PN RV BRI AR WA T e e et L PR LIPS e T e, WS il B K e Lt R WA T BT S i g

ternative markets for cassava arce as neccssgary as new production techno-

logy in realiziny the full potential social bencfits of the crop.

-1 <]

Human food: Apart from the exceptionnl case of Thailand, smost of
the world's casgava is currvently used as human feod., Moreover, the
major portion of cassava produced for human food is consumed in the
rural areas within or near the production centres. The advantags of
cagsava 4% a subsistence crop heve been well documentod, eepecially
the high caloric production per avea of land ox per labor input, the

relatively stable yields, and the leng potential harvest pericd.

The consumption of cassava 1s normelly much greater in rural areﬁs
nenr production centres than in the urbau areas, and therc tends to be
a greatey proporiicn consumed as processed product vather than the pre-
—— ferred fresh product in the vrban avess. In Brazil average per capita
caésumpticn of fresh cassava is 24,7 Bz in rural arcas and enly 3.0 ¥p
in urban areas, vhilst cassava flour consumption is 38.3 Ky in ruval znd

.

11.6 ¥g in the urban areas (CGetulic Vargas Foundation 1870).

Fresh cassava s high

1y porishabic and very bulky to transport and
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hence the warketing margin is often 751007 over the farm level

price. In addi

ion eassava on arrival av the urban markets hoas ofton ale

ready started to deteriorate so that consumers are forcod not only to

bug a lower quality product but alsu Lo either eat 1t immediately after

purchage or stors it in often unavailliable rveirigerated space, In addition

mﬂ“ﬁ*mnﬂ%%mﬁwwwhlghﬂ&td&eh;Qgﬁyentwlﬁ ngthz*yﬂﬂaﬁoyk“»@%‘hl;b b@t%gEhﬂufﬁét} bg§“§hﬁat?r
shelf lifc: as a resull producers for the urban market are likely to se-

lect varietics

shelf 1ife., The impevtance of gquality is higulighted by a price differentia’

sr clenes that have lewer starch content and hence lowvger

H0-60% for good guaiity cassava in tho Bopotd market. Thus due to the

high perishability of cassavz the urban pricc is high, the quality is

-
Fe)

low gnd the consumcr without excoss vefrvigeraced storase space will not

ecat cassava on a daily basis. It would appear prima facie that by

improving shelf 1ife of cassava, consumsr price could be reducad

(zssuming a downwand adjustment in marketing mavgind, quality improved

and demand increased in the urban arcas. .

Considerable potential as well ex :iste for increasing the demand for

processed cagsava. Qutside of Brazil, West Africa, and Indonesia {(coun-

trics which have the highost per capita congumption levels for cassava),

most cassava is marketed in frech form, There appears little reason to

doubt that processed cassava could not be a cheap vrban caloric source

in the other

tropical countries. Promoticn of processed cassava could

extend as far as the use of cassava £lour to roplace iuported ceveal

based {flours,

Sinec every major regioan of the tropices is 2 net importer

:
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of whaat

there is obviously soms
of self-sufficiency in this area,

ement for vheat £lour at levels up to 1074 with

quality

roduct. Herover
3

1f marketing margins can be rveduco

eostn lowered tg naty technolon,

N

tential fox supplying chenp

Supplemsentation with soya

cglorion

scope for zchicving o greater degree

Cassava flour can be partial repla-

miniwal changes in bread

flour can ensure a more nutritious

the ecsoromic advantapos depend on a cheap cassava

d and per-unit farm production
cassava will

tave a bremendoug po-

to urban food markets. The stable

supply of & chieap calerie nouvree bo urban markets has a number of

fmplicatious for naticnal

are relevant in thils

« .

recorniged as the major form of malpubtrition in LDC

Second, the recegnition thot food

comsodities con have difforential

food angd

nutrition policies, Two points

Fivrst, calorie deficits are being

(legsteaad 19783,
price policy for different food

jmnacts on thoe n&irxt ionual status

of vulnerable groups within the population (Pinstrugp 5nder«~u el al

1976 and T imcer 19795,

the resultont declines in relative prices,

income proups

Aldeaan (197%) noint oub,

Supply shifts in cax ‘bohydrate

wove than gupply shif

staples, and
appear to bencfit lower
te in othar

crops., As Timwer and

"A difierecatial price policy (or technology

policy) targets the nutvitioral impact without the ecafercement cosbts

B ﬁ

and pakages of programs ucing more profcrred foods,

" seli~enforcing becauss tho poor aat

hizher incoues

The policy is

taples no longer atlractive to

groups' . Timeer and Alderman (1972) go on te show that

vivoay
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lower prices for cassava in

the rest of the populaticn,

very high in the low income

and the cross price elas

substitution with chanzes in relative
senascoriee dg the preferred. staple,

with changes in relotive prices, Given

. importer of rice,
quantity harvested,
proeduction,
will have substant

to rising Ffood prices.

Promoting cassava g8f a

among nusritionists

there has beon some consern

goitoer and potentially cor

the consumption of cassava With

(Dzlange et. al, 1476),
ducing
large portions
and sulphur amino acids,
to change

intoervention.,

tuggest that thero is

that rice prices vary substantially dep
and taat

a pollicy wihich preomotes a countinvaus supply

cheap calerie sgurce

since it containg fow other food nuirionts,

olinism.

golter has only beon vopovied

of cassava and vhoso digc

the local steple and icdized zalp

Outside of such populatinns,

problem; in

- 24 -
Indenesia will bencfit the poor more than
i.e, income elasticities fov cassava are

avoup, cwn price elasticity vewy clastic,

ticity with rice very high implving high

prices {Tabie II). Thus although
thepoor-wnlll xeadily. shilt..to. cassava . .
that Indonesia is a pericdic
ending on the
it iz relatively costly to expond rice

of choap cassava

ial nubritionzl buaneflits zmens those most vulnevable

1as caused scome coneorn
As well
about potentiazl linksges between HCHW and
On the last point,

increases in the ecxceretion of iodine

Hovever, the texic cffect of cassava in pro-

amony populations that consume very

:t is alveady deficient in iodins.

Obviously, in such populations it is costly

ig the most practical
thoere {8 no evidence to

Parapguay and Brazil per capita

gtudies have linked

i e e
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consumption is greater than 100 kg/vyr and there are no reports of
towicity preblems. On the former point, given that calorie deficits
are the principal type of malnutrition, a cheap calorie source is the

most efficient instrument in imsroving calorie comsumption among vul-

nerable groups and incressed calorie consumption will inmcrease the nu-

sheesesvpritional ‘impaet of rexisting cprotaein dnthe.dist Hegstead 1973}, , Thus,

it is yave te find in populaotimrns with high cosgava consumption, a pro-

tein deficiency problem {(Gderins 1979). Lactating mothers and weaned
children will as always exhibit pavticuleoy velnerability. In summary,

there is little evidence to support a detcericration in vnutritional status

i

with increased coosevi consumption and a lot ofcevidence to sugpest a

large improvement.

Anfmal Teed: Cagsava can be used as a prinmipal energy component in
diets for pigs, poultry and gatile. The expericnce in Furepe, which in
1978 Imported six million tons of dried cassava from Thailand, for use in
animal dicts demonstrates the feasibility of using cassava in animal feed
on a massive scale,
has been with sroduct guality; however it is considered relatively siaple
to improve the quality of the dried produst with improved technolegy and
economic incentives. The Thal/buro pn easa is not likely to repeat itself
as fivstly Thails nl iz one of the feow developing market countries that is
a net food exporter and secondly because the Luropean Deonomic Community

- is becoming increasiugly unwilling to accept Thai cassavn under specially

low tariflf{ rates,

The main technical problem encountered in this sccter
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Nevertheless, arapidly growing wmarket Lor fecd concentrates now

exists in the developing world. The transfcor of poultry technology

from the developed countries to the LDC's has resultied in a substantial

fail in the relative price of poultry. Over a 5% annual growth rate

in expected demand for peultyry in the LDCG's is predicted through 1985

{FAO, }978) Demand is also strong for pork. Since the major compunant
VR L g e s R R R i T T L I S

of the zmprov é pladn tion tcchnoloepgy for pouli:y and for pigs, are the

feed concentrates, this increasing demand bas rvesulted in rapidly expanded

demand for feedgrains, particularly maire and serghum. Domestic producticn

has not been sufficient in most LT 's, resulting in iomports. As well in

countries where maize is a food staple, rising demand hias caused upwazé‘

pressure on prices, to the detvimant of the diet of lower income groups.

Cassava offers the potential for self-suificiency in trepical production

of energy sources for animal feeds. Since the price {or cassava to be

competitive in this market nceds to be much lower than current prices,

there will ag well be a dirccet benafit to consumers of cassava. Howevern,

to make the point again, such a price depends on the availsbility of new

technology.

v

Alcohnl: The dncrease in the price of oil over the last few ycars
has created a tromendous interest in aicghol from biomasfas an oil
substitute, Brazil has taken the lead and has now an operational plant
using cassava as the scurce of biomass, Active interest is now being
shown by Coloubia, %hailamd, the Philiéplu@s and Australia in the use

of cassava as a source cof alcchol., Cassava is a particularily attractive
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possibiiity as it can be grovm in marginasl agriculturzl areas and as

such will mot displase food crops, as might well be the case with

production of altermativaes such as sugarcane. One of»the major pro-
blems at present is the high encryy requiremsant of the distilleries
that make the total net encrgy gain very small unless thoe stems are
used as a heat source or other techuolopgienl Ermak-throughs reduce

B R TH A S5E A - Fe s fye : .
y ia A e R L R B R N A R O ST TR

the distillstion veiwivewment.

b} Implementaticn

{1} Reccarch

Human Feod, The malor problem with fresh ecassava consumplbion
is the extreme perishability of theo produst znd possibic tomicity pro- °
blems dum to high LCN content. 7The latter problem should be resolved
by breeding for low cyanide content, It appears difficult to breed for
high qualtity ¢high stavch content) varieties and at the same time obtain
lines with a long shelf life; however recent . vesearch hias shown that
relatively simple stovape nethods based on fusgicidal trestments and pace
kaging in polyetylenc bags enable cassava to be stored for up to 2 months
after harvest (Lozano et al 1978). More reseafeh‘is required $o as to
eﬁsure‘lack of toxic fungicidal residucs and alse to obtaln censistently

good gualivy of the stored rogts. This rescarch will have to be dono by

the public sectorn,

Tuprovement of traditional processing wothods may be possible. In
the case of Gari considerable f{vtercst has beon shown on the part of

manufacturcs of food processing cnuipmant., It is probable that any
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further new developments will come from development in the private
sector. In the case of subsiituting wheat Ilour much is already knowm
and the main obstacles te ndeption seem to be cconomic ruthar than

technical.

Aﬁlmﬂl Food, Research on cassava as an anilmal feed was recently

I A Y \

P N R T D
rev1ea¢d by I tﬂl and Gzaﬂ m (197533, The sein and most vrvanL nceéa
¥

for resecarch are in the arcas of fecding systens ond methods of drying

the cassava before incorpoerztion inte balanced dlgtd. Recently consi-

derable advances in drying nmethedoleogy have been made (Tharh and Lohani

1979, Best 1979); however, technology for drying in areas with high
husidity still need to be developed. These techuigquesd are not likely
to be vory lecaticn specific and can be developed by such institutes
as the Asicn Institute of Technolopy, Tropical Preducts Tostitute and

CIAT.

Alechol. Technigues havo alrveady been developed, éy private in-
dustry, for productica of aleohol from starch. It is iikely that
private igdustry will continue to improve these‘tachniQuos, The main
technological barrier that exists appears fo be to lower the energy
requirenents for distillation or use the cassava stems as an energy
source for this process, McCann and Prince (19783 supgest that al-
cohol tolerant yeasts that incrcase the ethanol caﬁtcnt of the fermon~
tation liquor frem 6 to 12% would veduce steam requivements by 30% and

that thermophilic fermoutntion of wastes (ep stews and fibrous wastes)

P
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can produce a methane carbon dioxide gas mixture suitable for firing
boilers. Energy refquiramsnts could probably be further voduced aither
by vacum distillation or usc of wolecular filtoers feo scparate the zle

cohol from the water, In addition if zlecohol/unter mixitures are uscd

ratphetr than aleshol/petrol mintuves then the alecchol need not be an-

[ 4
B

hydrous, High comprestion tatin ensings {14:1) “6dn’ rin ‘oh alcohdl with
10% water vith ne decrcease in pover per unit alcohol consumed (Stuspi
1978}, Use of these mixtures could further reduce the encrpgy regquired
for distillatiomn., Further vesearch iz nceded to develop these technifues

s0 that they are comaercially viable.

(23 Pollecy

The sccial benafits to incressed cassava production apprar to be
great, including not only increared agrieunltural production but reduced
grain imports, improved self sufficiency in {ood and potenitizlly encrgy,
improved nubtritional status of low income groups, and more productive use
of underutilized land and isbor resources in the agricultural sector.
What then is required in terms of government policy to achieve thesnc
benefits? First governments must invest heavily in research to develop
new low cost production toechnolopy. When the new cassava techaology is
ready, further invesitmont would be reguired in cassava extension and
overall government policy should be dirceted todismantle the wide ranse
of policics applicd to the cereal grains that tend to subsidize imported
grains againcst cassava and homa cereal production. In the post~war

period as LDC's have envelved f£rom a net export or seli-sefficient
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position, these countries have erceted o policy structure desigﬂéé

either to maﬁ&tgin low urban food priccs throuzh vsually conccssional
grain imporis or to promoie selﬁmsuﬁgicicncy in grain production, es-
pecially wheat, through critically high support prices or.subsidizeé

input and cradic schemes. Support prices for grains will tend to also

AT M WS 4 90 Bt P dy at bl & T I ST e A R + . £ % ?
: vﬁ”‘“gup?brfwfhe’pflcb’ef“casérwa where it can-substitute,~howevey subsidies...... .

i

]
(particularily input subsidics) te the grains will militate against |
cassava, .The bias of governments tovard manipulating agrieculture
throush subsidized grain policies will potentially jeopardizs economic
O =

incentives for the increased production and utilization of cassava, ;
i
i,

i
Neverthaless, in prescribing fhat the expansion in casgsava should %

be freec of any rmarket intervention implics that cassava prices will
have to be high éﬁcmgh to make production expansion profitable and low
enough to make it competitive with substitutes in the respective markets,
Cost reducing production techéol@gy is essential to achieve this market
price balance, Tablae 1 in the production section sunmariezed vhat we
congsider te be feasible yvieclds for cassava, We now ask the guestion .
as to whether these vields arce compatible with farmer profitability

and market coupctitive-nuess,

In order to evaluate the competiliveness of cassava it is necessary

to estimate production costs using the uew techinology and also the yield H

’ levels that might be obtained. In teorms of productien costs we have mnade

the {ollowing assumptions (1) 4 retumn to land and management of 500 85 $/ha



on prime land and 100 US $/ha on marvginal land (2) chemical use would be
& $/ha for stake treatment and on marginal land 150 U8 $/ha for ferti-
lizers whilst on prime land onlg 75 U5 &/ha would be reéuired. It is
agsumed that phoephorous can largely be applied in cheap forms such as

rock phosphate, A further cost of 30 US % per hectare is allowad for

SN SN Rl SN T 2 RS LTS e g
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chemical™Feed contrdl; " hovater 1f 'labour “to*Tow priced this could be » . nso
replaced by manual weed control. (3) A labour reguirement of 70 man
days per hectare is envisaged; thic is somewhat lower than the estimates
of Piaz and Piluostrup Andersen {1977} but 15 in line with data of Phiilips
(1974) considering the usc of chemical weed control. {4} Land preparation
was assumad to cost 50 US $/ha.  (8) It is assuwed that labour rates are‘
lover in marginal aveas than in prime land areng, These assumptions lead

. to @faéuction cost estimates shown in Table III for two different yield

levels and twro labour rates for both marginoal and prime land,

.

In addition to estimating production costs the possibilities for
substitution for varicus products are estimated accérding to the folloving
assumptions. In order Lo compare cassava and rice a vélue of cassava at
14% moisture of B0% cof that of milled rice is used, and a marketing margin

— for cassava oé 407, To convert fresh cassava to cassava at 147 moisture

a factor of 2.5 to 1 ia used.

Starch processing costs wvere estimated from data of (Bhuckle et al
1978} for small rural factorics at 50 $ per tou of starch preduced vith

an efficient extraction rate of 25%., Larger plants would lower cost ner



ton and increase exbraction rates.

The cost of production of pellets for animzal feed are based on data
from Thailend (Thillips, 18273)., The Thail industyy is very efficient and
we have raised the figuroes somawhat to the level of 20 US $/ton. One ton

of fresh ecassava is assumed Lo give 0.4 of pellees at 14% moisture (Best

§ g R e 5 i Y g e b £ 6 Bk 4 S PN gt BA L 2 « z . i
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1979) at a value of 80% of that of feed sorghum or maize.

Alcohcl production costs are taken as 0.15 §/1ltr (ses Cull and Batstone
1978, Milfent 1978, and Philiips 1978). One ton of cassava produces 170 lry

of alechol. (sec Meneses 1973, Me Cann ond Prince 19783,

.

These datn have been used to estinate the price of competing preoducts
at which cassava will enter the market as a substitute (Table IV). It can
immediately be scen that the yield level of cassava and labour rates are
of critical importance in detersining the ability of cassava to compete.
Howevery it can clearly be geen that cassava can readily compete with
milled rvice at yield levels of 15 t/ha and 30 t/hae on warginal land and
prime land respectively évea with relativaly high labour rates. In order
to enter the starch and animal feod markets it appéars that higher vields
will be required; however if labour rates are low (2 $/day and 4% on mar-
ginal and primce land respectively) even low yvields ars in the area wheore
they maybe competitive, especially if present trends in grain prices
continue. In thoe case of potvol suésti{ution it appears that cassava is
new becoming conpetitive and it is likely that as prlees further increase

it will become a viable alternative to impeorted petroleum products,
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From these rather speculative data ve conclude that if yields of
15 and 30 t/ha can be obtained on mazpinal and prime lands respectively
then caszsava irmediately becones an attractive staple te replace or
. complcmcnt such cereals as rice in the human diet. If as a result of
a conrerted resgearch and estencien effort primasvily from the public
'“*%W“*W“W?“MwsectorryieidS“can~be farther- raised to 25 tfha and 40 t/ha-on warginal -
and prime land vespectively then cossava can become a bagic encrgy source

for animal feed and as a patroleun substliute,
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Note: Improved varieties are not yet available for all conditions,

b

o} e s

ay eplaa

Temperature Rainfail Months Soil Fungicides ond Herbicides £ Fertilizer Yicld
to fertility Insecticides
Horvest :
1000+ mm , : to maintain
22 - e - ' I i * 35 +
2= 28°C well distributed 10-12 High stake treciment Qptional : ortility. t/ha
22 ~28°C EDGO+ mm 10-12 High stake frectment Cotional fo maintain
3-4 months dry fertility. 30-35 t/ha
petiod :
~ 93¢ 1000+ mm ) . to maintain -
22 ~23°C well distributed | 10712 Moderate ftake treatment Ophonnlf Fertility. 30-35 t/ha
22 - 28°C 1000+ mm 10-12 Moderate take treatment Opticnal’ fo m‘?if‘?aiﬁ ~30t
34 months éW F : r " P ; feriility. 25-30 t/ha
period, 3
22 -2g°C | 1000+ mm 10412 | Acid infertile | stake treatmeat | pyongl 73:10:100 1 90.25 t/ha
well distributed (+ zinc) MNPK
! 0.5 */hu iime
22 - 28°C 1000+ mm 10-12 | Acid infertile | stoke treatment {:)pﬁg‘;nci. 75:150: 100 15-20 t/he
3~4 months {+ zinc) : B - NPK

0.5 t/ha lime




Table 11,  Income and Price Elaesticities of Demand for Food wiih special reference to

cossavda in Indonesia,

Income Class
1 z 3 4
Low Low-mid  High-tid High Average
lncome Elasticities
s e Ricgs Urhan o 1A36, 0 1.100 0 0794 0.121 0,527
Rural 1.677 1.297 0.9a87 0.455 0.952
Cassava: Urban 0.835 0.524 0.231 -0.401 -0.010
Rural 1.037 0.674 0.233 -0.116  -0.350
74
Calerios: Urban 0,840 0.525 0.392 0.122 0.208
Rural 0,783 0.4628 0.501 0.283 0,486
Price Elusticities
Cassava ~}.281 - {3,818 ~{3,943 -(3.800 -0,804
.-, Cross Price Elasticities
Cassava with Rice 0,994 0.709 0.787 0,685 0.765

1/ Calories from rice, shelled maize and frech cussava only,
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Table ill. Production costs {(§/ton) of cassava of different labour rates on marginel

3

and prime land ot different yield levels . (See text for explunation).

Margina! Land . Prime Land

Daily lebour rate 2 . 4 ‘ 4 6
n».‘.q‘,'w(uss.} o S N ‘e T R e L LT T T o IR

Yield level 15 t/ha 33 42 / /
Yield leve! 25 t/ha 0 2 / /
Yield level 30 1/ha / / 32 37
Yield level 40 t/ha | / / .24 28

TR Y R e, g - T et A e g P R
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