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HISTORICA

Cassava, Manihot eseulenta Crantz, is a stareh-produeing tro¡rical root erop. Already a food for millions, it promises to be an effieient
Sourc e of rood and feed for alleviating expeeted shor tages as world population inereases and as food needs beeome more aeutr. ClAT has undertaken a eomprehensi ve series of investigations of eas sava designed to improve varieties and produetion praetiees and to disse minate material and
" know how" to applieable regions.

PRESENT STATUS OF THE CROP
Cassava (manioc, mandioca, yuea) is a short-lived perennial species
usually found in the eultivated state, but has numerous wild relatives.
Although believed to originate within meso-Ameriea or northern South
Ameriea, it is presently distributed between 30' north and 30' south latitudes at elevations from sea level to more than 2,000 meters, Cassava
grows as a woody bush with variable branehing habits, and sometimes
grows to a height of four' meters.
Some plant roots begin to enlarge two to four months after planting
beeause of stareh aeeumulation. The roots are harvested any time six or
seven months following planting, sometimes being left in the ground ror
two years or more.
The roots contain a cyanogenie glucoside, linam arin, which when
degraded by the enzyme linamarse, releas es hydro cyanic aeid. The peel,
constituting 10-20 pe reent of the fresh weight, eontai ns a higher concentration of the poisonous substanee than do the star ehy roots. Depending
on t he concentr ation of hydrocyanie aeid r el eased from t he linamarin, the
vari eti es ar e frequently cl assified as sweet or bitter. The level of hydrocyani e aei d in the flesh varies from less than 1 0 t o more than 150 parts
per mi llion,
Not an varieties of cassava flower freely, The s mall flower s are
borne in raeemes, and the fem ale flowers mature before the males. Ferti,lity is usually high, and seeds are easily produced through open or controlled pollination. However, ror convenien ee , and in order to m aint ain
varietal charaeteristics, cassava is usually propagated from stem euttings.
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The roots are used as a freshly boil ed 01' fried vegetable, as a flour
a[ter drying and milling, 01' as a paste. The leaves are cooked as a gr e en
"spinach." The fresh, dried 01' partially ferm ente d roots are used in
animal feeds. Commercially, the s tarch is used in adhesives, si zing, and
as a subs trate for processing. Tapioca is a cassava producto
Because fermentation and putrefaction begin shortly after harves t,
cassava can be stored for only a few days in its [resh state. But proce s sing into durable forms by a variety of t echniques is possible. It can be
drled as chips and sto red up to ayear with little deterioration. These
chips may be incorporated into complete diets for animal s as a substitute
for cereal grains. Flours are made by grinding the drled root either with
01' without prior ferme ntation treatment.
Cassava is an outstanding source of c alorles. The roots contain
approximately 30 to 4 0 percent dry matter. Tlús consists largely of
c arbohydrates, relatively small amount s of protein (usually 0.5 to 1. 5
perce nt) and even l ess fats, vitamins a nd míner;:]s.· Preliminar y am ino
a cid analysi s of c assava i ndi cates a di str ibution rat her si milar to that of
common corn with low l evels of methionine. T hr eonine levels i n the
protein are twice as high as those fou nd in c or n protei n . Analysi s of the
l eaves shows high l evels of protein, r angi ng from 3.7 t o 1 0.7 percent on
a fre s h weight basis and 21 to 36 percen t on a dr y weight basi s . Of the
e ssential amino aCids , only met hioni ne i s defi cient; excellent level s of
lys ine (5.6 to 8 percent) are presento

The m ajo rlty of the crop grows in s mall plant ings and is consumed
on the farm . Africa is the wor ld ' s largest r egional produc e r; Brazil harvests more cassava than any other s ingle country. Compared with the
world ' s a verage yield of 8.7 t ons per hectare, s everal countries (13r3 7.il,
Bolivia , Paraguay , Thail and , Mal aysia, T aiwan, Malawi, Mali, and
vrench Polynesia) report national average s ranging from 14 to 22 tons per
hecta re . When ca ss ava, grown as a plant ation crop, is well-tended. yie lds
of 2!; tons per hecta re are considered acc eptabl e , although from JO to RO
tons per hectare have been r eported.
Se veral factors contribute to the increasing interest in cassava.
, vi rst, the crop is \vid ely grown and acce pted, has a wide range of adaptability and seemingly has a gre at potential for improvements in yi('ld and
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(¡u"lit .v . -rhe role of cnssnva in providing lood for humans is expce ted
to il1 cr ea se il1 importance . Second, to an increasing ext en t, c1ried cassava
is used wiclely as a li vestock feed. Cassava has be en inc lucled suceess fulIy il1 dicts fOl' pigs, poultry ancl cattle ancl i s used extensively in Europc
",bere it s upplies up to 40 pereent of the ration fo r live stock leed.
Tbe e rA T Cassava Program
Intensive world-wicle revi ews of the literature, an international
symposium in 1972 which brought together sorne 25 of the worlcl' s scientists c on cernecl with cassava research, ancl a series of planning meetings
\vith representati ves of various countries assemblecl uncler the auspices
o[ the International Development Research Centre of Canacla ancl CIAT
have stimulate el the development of the current cassava programo Priorities were assigned anel general policies developed. The program outlinecl here serves as a guieleline for research activities, ancl as such, is
conceivecl as a permanent but flex ible framework.

OBJECTIVES
erA T' s main goal is to provide production package s which tolerate
a wicle climatic anel eelaphic variation, that are elirectly applicablc lo small
scale units, but can be adapted readily to large scale production. The
development of new varieties, the improvement of production practices,
and the control of pests, diseases, and weeds that limit production are
essential to this goal. These practices aH aim to increase one fundamental ch8racteristic - yield. Quality of the product wil! also be stressed.
While maxi mizing yields, CIA T also e mphasizes conservatiori of the crop
t hrou gh appro priate storage.
CIA T must move plant materials developed and info rmation g ained
outside th e farming community where its scope of direct influenc e is 1l0W
limited. CIAT's approach is four-fold:
1.

4

By establishing clase lillks with goverllm ent anel other agenci es
in variou s countries.

2.

By disseminating information among cassava researchers
throughout the world to stimulate further research and to transfer information that ultimately wiIl reach farmers.

3.

By training people who wouId return to their native countries
and expedite the spread of new technology, and

4.

By promoting the use of
systems.

improve d varieties and production

Yields
Adequate yields depend on superior varieties. The germ plasm
collection is being sc reened for high yielding varieti e s, for reoistance to
diseases and pests and for other factors that influence yields; types with
useful characters wiIl be evalu ate d fo·r quality. Both short-and long-term
breeding objectives have b een formulated and practical breeding activities
initiated. Although it is beli eved th at the same varieties wiIl be useful
for human food, animal feed, and industrial use , different varieties may
be nece s sary for various e cological zo nes, climates, and soil types.
Therefore, varietal tests in dive rs e location s are important.
It is recognized that data from m any sour ees influence breecling
goal s . Thus CrA T' s physiology group s tu dies factors associatecl with
yielding ability; the pathologists, cli sease r e si s tance and simple cultural
ancl sanitary pathogenic control methoe!s ; t he entomoIogi sts, in se ct resistance ane! control sys tems , ane! t he we ed control group, weed c ontrol
methocls.

Cassava is grown unde r varied climatic and soil conditions both as
a subsistence crop and on a commercial scale. No one production syst em
perfectly suits these diverse conditions. First, when e!ifferent ecozones
are considerecl, different production methods a r e required. CIA T wil! develop production methods that tolerate a wide range of local conditions;
these systems can then be modified for any particular locality, in many
cases by scientists trained at eIA T, ror that specific area.
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The Jll'oblems of increasing production on large and small scnlc
units ~r(' iJ~sicnlly similar;however, there are differences in lhe managcIllent ancl engineering functions, but not in biologieal processes. The
same variety "ill produce similar yields and show parallel ¡nseet and discase resistance whether grown on one-tenth of a hectare or 1,000 heetares. The method and ease of chemieal application, type of cultivation
and population of parasitic organisms depend on the size of operations. The majority of teehniques developed on small scale labor in tensive plots in ClA T should be directly applicable to small scale farm units
and readily adaptable to the larger scale units. Exeeptions to this rel ate
to meehanization and marketing.
CIA T has no immediate plans to develop meehanized planting and
harvesting systems. Cassava harvesting can be both diffieult and strenuous when soil eonditions are poOl' and varieties have a pOOl' root shape.
Observations at ClAT suggest that by selecting for root shape and distribution, manual harvesting beeomes a simple and rapid procedure. Nevertheless, in the future ClAT may, if neeessary, move into mechanizedharvesting. Mechanizing insecticide and fungicide applications is highly scale
dependent; however, ClA T' s approach to disease and pest control is
through simple cultural and sanitary practices 01' through varietal resistance.
The discipline-oriented groups, iilcluding plant physiology, patholo-gy, entomology and weed control expect to contribute to the agronomic
program. Economic analysis will provide data useful in evaluating produetion svstems and selecting optimum agronomic practices.

Quality
If consumption is high, the cyanogen in cassava can result in acute
toxicity and chronic diseases such as goiter 01' ataxic neuropathy.
Processing, 01' the use of low cyanide clones reduces the level of eyanide
and its precursors, but does not eliminate them. If any cyanogen remains,
there is danger of ehronie poisoning. Therefore, ClA T is searehing for
and will develop, as neeessary, low 01' zero cyanogen types.

Cassava eontains Httle protein and even the high protein Iines
conlain no more than six to seven percent crude protein (Nx 6.25) on a dry
6

weight basis. Only a bou t half of thi s nitroge n is true protei n, a nd t hu s i t
a ppears unlik e ly that cassava can b e an e ffecti ve protein sou r ce . ]'\ever t he less , the protein conte nts of new and selectecl varieties will be e s t~b
lished.
Ca ss ava is frequ e ntl y e aten a ft e r fe rm e ntatio n, amI it Ola)' pro l'e
possib le to make a prote in- en richecl p rod uct that fun ctions a s an a nim al
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feed by using microbial fermentation and inorganic nitrOgen. The pos sibility o( nn en ri c hed fe rmentation product for human consumpti on will be
cons id ered.
Sto¡'age amI Ma rketing
Bccause of the short storage IHe of cassava after harvest, the
farmer has difficuUy marketing his produce. The two approaches to this
problem are:
1.

Storage of fresh r oots that can later be used for human or animal consumption, and

2.

Drying oí roots prior to storage.

For both types oí storage, low cost processing systems that use
local materials and skills are required.
Increased cassava pr oducti on appears just ifiable only if international and national demands remain strong. CIA T collects the basic marketing data necessary fo r decision-making. Staff members or outside experts 01' agencies collect such information when necessary, with emphasis
on both food and feed markets.
Hig~ights

of Progress

Although the cassava team is not yet complete, CIAT cassava scientists have made substantial progress in many areas in 1972 and to date in
1973. In addition, cooperative programs were undertaken with McGill
University, the University of Guelph, and other institutions in Canada and
Latin America.
Plant Physiology
Study of the growth pattern of cassava suggests that cassava grows
continuously, producing additional starch with time. Since the number of
roots r emains constant, the increase in yield r esults from an increase
in size.
Pl ants show remarkable response to planting density. E arly yields
inc re ase with mounting density until a well-defined optimu m is reached.
While th e o ptima dUfer with varieties, the three varieties tested on the
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ExperiroeDIs are iD progress lo establish the interactions between plaDt
type and spacing

CIA T f:um showed optimum populations for yield between 3,000 and
10,000 plants per hectare. The most favorable planting density for total
dry matter production is greater than that for root production. This suggests that there is scope for yield increases by changing -dry matter distribution at higher plant populations.
Breeding programs are frequently delayed because sufficient quantities of planting material are not available. A rapid method of clonal multiplication for cassava was developed with mist propagators. For instance, six mature stem cuttings (total of 60 nodes) produced more than
180 shoots in 42 days, a three-fold increase over single-node propagation
methods.

~Iant

Pathology

A system of young shoot propagatior, eliminated bacteria from the
germ plasm bank of more than 2, 000 Gollecti~ns. As experiments with
bacteria on the farm are terminated, the CIAT farm will he compl-e tely
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Cassava hlight bacl<'riulll caus"s '"vel'<' ddoliation antl reduces yi"ld~:
howcve r, control llu,thods have hC('n d"'veloped and yarictal resislan('("
fOUIHI

cleaned. T he sys tem of eliminating bacteria is being tested on a commercial farm to assess its effectiveness, If succ essful, then certified
bacteria-free planting material can be made available.
A new dis ease, which resu lts in super e longation of th e internodes of
you ng stems, was identified. This disease a ppe ars serious, but high
¡evels of variet al resistance have already been found.
Entomology
Striking diffe r ences in susceptibility of varieties to tbrips were obs er ved. Thi s pest seems hig hly important unde r dry co nditions.
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Striking differenccs in ,"arietal r('~i~tance to thrips, a scdous pest in
Soulh Amerira. hav", \wrn found

The horn worm can be eifectively contr olled using in sec tici des ;however , the economics oC control cannot be established until the effects of
attack on yield are determinecl.
Weed

Control

Several potentially useful herbicides and we edi ng schemes for cassaya were identified in te sts in vol ving 27 chemical s and four methods of
management. Th ese sc hem es could lean to lower production costs, es pecially in the early stages of establishing a stand when cQmpetition [rom
weeds is severe.
Breeding
The breeding program was initlated in January,197 3, and already has
produced successft¡l bybridizati ons . The plant breeder is trying to develop higb yielding di sease and pest resistant types that are easily barvested and low in cyanide.
As little knowlec1ge exists on the genetic variability o[ cassava, a
variable hybridization program wi1l attempt to obtain improved types
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Chemical wced control s how. f1reat proruisc in cassa va (tes ti!(o absoluto

= wilhoul lrf"almenl)
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Cas.~ava ha~ :-;(·paralt· lIlalc ilrui f('mal,' flow(','!"> and ('an r('adilv lu'
'oyhri(liz ... '
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while at the same time gain scientific information on specific genetic
cha ra cteristics.
Storage and Processing
Research on the storage problem of cassava included testing. of a
simpl e and inexpensive on-the-farm method of storing cassava roots in
soil-covered pites
similar to those used for storing potatoes.
This
system needs further experimentation but the promising results obtainp.d,
plus the import ant implications the storage problem has for marketing
cassav-a, lead to the continuation of this research in 1974.
Th e basie physical parameters that contro l the drying of cassava
chips were investigated under natural ambient conditions. Results are
being used to design low-cost, simple methods of on-the-farm drying that
.employ solar energy.

Rools can he slorcd using simple on-thc·farm melhods
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A} Cassava slabs dried
on wire trays aboye
the flaor by natural
convection.

B} C05S0VO slobs dried
on the floor by natural convection .

Tbe dryiog rale aod qualily o f ~a"a\'a ('hips can oc improvcd oy I,lac iog
Ibem on wire lrays ahoye Ih e fl o or (A), ¡os tcad of 00 a coocrete floor (B)

Agricultural Economics
A survey of more th an 300 cassa va producers in various regions of
Colombia described present production systems an d provided data on e stimated costs of production a nd labor. This work is being extende d to other
cassava-producing countri es .
The Univers ity of Guelph, Ca nada, a nd CIAT are jointly analyzing
the potential demands fol' ca ss a va fo r direc t human consu mption, industrial starch and animal feed . The animal feed ma rk et looks pal'ticul a rly
promising.
Tentative results from an analysi s of the eco nomic feas ibility of
partially substi tuting wheat with cassava in bread in Colombia suggest·
that s uch substitution is not economically s ou nd at pres ento CrA T is studying the economic fe asibility of using cassava as an energy source for
swine .
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On the basis of seeondary data nn analysis of the world eassava proouction ano yield trends during the period 1960- 68 was condueted. The
analysis suggests an increasing produetion trend of about two million tons
annually during this period, bee aus e of an in cr ease in cassava a ereage o[
about 200 , 000 hectares each year.
Res earch is being initiated on the implications of expanded producti on on employment, farm returns, ineome distribution, and intern,ational
trade .
Library

and

Docu mentation

Cassava lite ratur e is estimated at about 3,500 articles in the world.
The ClA T Library has located and ordered more than 3,000 of these documents and approximately 1,200 have arrived to date. The Library uses a
mechanized system of information retrieval whereby eards containing the
literature citation, the main topies (keywords), and an abstract of each
article are produeed and distributed to cas sava seientists. This system
allows for retrospective searches to be made in terma of specifie keywords or eombinations of keywords.
A comprebensive bibliography based on these abstraet cards is
being produced in book-form and will be distributed internationally in

1974.

--------~D~----------~DJ_--------~D~----------~D~--------

CIAT is an aulonomous non-profil, ¡ntern.uienal, re search and educa rional organizarion which opera1el worldwide and inirially concenTrares on sclecled areas of rhe lowland trapies 01 larin Americ.a and rhe Caribbean.
Prese nrly, ClAT works with ,ix major commodit ies: Beef, cusava , swi ne, beans, rice .. nd meize. Researeh and
1,,,jl"ln9 in ea en commodity is CClrried oul by a muhidisciplin"ry lea m 01 scienli s!s /lnd specia lisrs. Ea , h leam
concentrares 01"1 identilying ilnd seeking 50lu lion1 for Ihe problems mO~ 1 limiling p roduclion. In addi' ion. ano lher
research lea m Sludies farm unils liS agricultura l Sy$ lems.
More Ihan $6,000,000 US wa s dOM ted by three phi\an!hropic organ izBtions: The Rockefc\!er Founda !ion. The
W . · K. Ke\log g Foundali on IInd Ihe Kresge founda lion, lor cons lru cling and equipping Ihe 'e n ter.
f unds I~ the Opefitlion 01 ClAT are provided by donQr$ represenled in ,he Consul,,,live Group fOr In,er·
na lio n,, 1 Agricultural Research. lhe C.lS$iNa and swine prog rams receive addi liona l fin,)ocial suppOfl (Ior $pecia l
projects) Irom the In,ernalional Oeve lopmen' Researeh Centre ODR e) of Ihe Canadían Inlerna lional Oeve lopmenl
Agency (CIO A).
CIAl wan's lO expre $$ ils app recia lion lO crO A gnd IORC lor Ihei, help and f1nancial participalion in spon\oring jorn lly Ihe (iJSSilV" program re vrew conlerence 111i1 1 provided valuab le idea1 an d informalion 10 our Cassilva
ProdUCllon Sy\tems Programo and fOr Ihe;r contribufion 10 'he core 5upporl o f ClAT resecHch and Iraining progrilm s.
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August, 1973

SPECIFIC RESEARCH PROJECTS IN 197 4
Mueh of the work started in 19 72-73 will be continued in 1974.
Among the specifie research pr ojeets to be completed 01' initiated in 1974
at ClA Tare the following:
plan~

1.

To determtne the effeets of va riation in plant type on
spac ing requirements.

2.

To deve l op a system for r a pid propagation fro m vegetative materials .

3.

To produce stake stor age systems.

4.

To determine whether the production of carbohyd rates
01' the r oots ' abili ty to acce pt carbohydrates limits yield.

5.

To find the interacti ons between plant spacing and different
weed control methods wilh respect to yield.

6.

To produce successful integrated weed contro l methods.

7.

To develop and demo nstrate methods for eliminating bacteria
from heavily . infected farms .

8.

To evaluate yiel d losses associated with shoot fiv attac k.

9.

To assess the seriou sness of horn worm attacks at differcnt
gr owth stages.

10.

To screen the ger m plasm bank for sources of resistance to
thrips.

~

se

Among the aetivities being undertaken by other institutions as part
of the CIAT program are Ihe following:
1.

To develop a si mple. low-cost method of on-the-farm stor age
of fr es h roots (Tropic al Prnduets In stitute/C lA T) . .

2.

To pr oduce and describe mineral defieiency sym ptoms
versity of Guelph).

3.

To describe faetors affecting variability among eassava varieties \vith r espect to photosynthesis (University of Guelph).

4.

To devi se methods of producing disease-free planting material
by using physieal inactivation methods
(I nstituto Agronómico
de Ca mpinas, B r azll¡.

5.

To c harac terize African cassava mo saic virus and to help define control methods. (McGiIl Univers ity) .

6.

To define methods of ti ssue culture that can produce virus-free
plantlets (NationaI Research eounei!, Canada).

(Uni-

