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SUMMARY 

Cassava, for long a crop neglected by research workers is now receiving attention at both national and 
international research centres with the largest ever research programme for this commodity being provided 
by the International Centre for Tropical Agriculture (CIAT) in Colombia. The significance of the crop in 
tropical agriculture and its growth potential, especially as an animal feed, have recently been widely recog­
nized. The recent literature, and a substantial volume of unpublished ongoing work, are reviewed under the 
following headings: cassava as human and animal food: enrichment and fortification: toxicity: industrial 
use: economics of production: genetic improvement: diseases and pests: factors affecting yield: and im­
proved information systems. A multi-disciplinary approach to cassava research and a greater research input 
are recommended. 

RESUME 

Le manioc, une culture oublie pendant des annees par les investigateurs, recoit actuellement une atten­
tion particulil~re de la part des centres de recherches nationaux et internationaux; jusqu'a present, Ie plus 
grand programme d'investigation sur Ie manioc se fait au Centre International pour l'Agriculture Tropical 
(CIAT) en Colombie. /I n'a ete que tout recemment qu'on a reconnue la valeur de cette culture dans les 
pays tropicaux et sa capacite de production, comme nourriture pour animaux specialement. Des publica­
tions recentes et de nombreaux travaux actuel/ement en proces et qui n'ont pas encore ete publies ont ete 
decrit sous Ie titre: "Le manioc comme nourriture humaine et animal, sone enrichissement et renforcement, 
toxicite, utilization industrielle, economie de sa production, progrils genetique, maladies, pestes, facteurs 
qu'affectent son rendement et des methodes meilleurs d'information". On recommend I'utilization d'un 
plus grand effort investigatif et un apercu multidisciplinaire dans I'investigation sur Ie manioc. 

RESUMEN 

La mandioca, un cultivo olvidado durante mucho tiempo por los investigadores, ha despertado ultima­
mente el interes de los centros de investigaci6n tanto a nivel necional como internacional; hasta ahora el 
mayor de los programas de investigaci6n sobre este cultivo se est' lIevando a cabo en el Centro Interna­
cional de Agricultura Tropical (CIAT) en Colombia. Solo recientemente ha sido reconociao el valor de su 
cultivo en los tr6picos y su capacidad de producci6n, especial mente como alimento para animales. Un ra­
cuento de las public9ciones recientes y de una cantidad apreciable de trabajo actual mente en desarrollo que 
no ha sido publicado, aparece bajo el trtulo: "La mandioca como alimenta para humanos y animales, su 
enriquecimiento y fortalecimiento, toxicidad, utilizaci6n en la indstria, economia de su producci6n, mejora­
miento genetico, enfermedades 6 pestes, facto res que afectan su rendimiento y sistemas mejorados de in­
formaci6n." Se recomienda un jayor esfuerzo investigativo y un enfoque multi-disciplinario en la investi­
gaci6n sobre mandioca. 

INTRODUCTION 

One of the most thoughtful and perceptive contributions to the Second International Symposium on 
Tropical Root Crops in Hawaii was presented by Frank Martin 115 in his paper entitled 'Cassava in the World 
of Tomorrow'. Martin postulated that cassava represented an untapped resource in tropical agriculture and 
indicated what he felt was the type of research programme required before the potential of this commodity 
could be properly assessed and exploited. In some senses Martin's paper turned out to be prophetic in that 
within a year of its presentation, the International Centres for Tropical Agriculture in Colombia (CIAT) and 
Nigeria (liT A) both decided to give priority to cassava in their research programmes. 

Prior to 1971 the global resources available for cassava research were extremely limited and, with the 
exception of Kerala in India, the work was being carried out by individual scientists, usually with limited 
financial support, rather than by multidisciplinary teams. In the last two years this picture has changed 
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dramatically. CIAT now has a team of scientists from nine different disciplines backed up by basic research 
in Canada, and dealing with eight specific problems. The total annual budget of this joint programme ex­
ceeds one million dollars. The new multimillion dollar research -and training centre at CIAT is already re­
ceiving scientists for training, especially in methodology, not only from Latin America but also from Asia 
and Africa. Thus, the framework has been established for constructing an international network of cassava 
researchers somewhat analogous to that which already exists for wheat and rice. 

CIAT is fortunate in that Latin America is free from the problem of mosaic disease which causes 
serious losses in Africa. IITA's cassava programme is designed to work specifically on this problem through 
the disciplines of breeding, entomology and pathology with subsidiary support from other scientists and 
network links into other African countries. Like CIAT, with which it has close links, this institution has 
superb research and training facilities and is able to devote more resources to cassava than have hitherto 
been available in Africa. 

However, while the resources of international centres can do much in the way of basic and applied 
research and training, their impact on farm productivity ultimately has to be transmitted via national insti­
tUtions, which have traditionally paid very little attention to cassava except in India, where for the last 
decade there has been a strong Central Root and Tuber Crop Research Station, albeit with a rather small 
budget. Fortunately other good new national programmes are beginning to emerge. One of the newest and 
largest is in North East Brazil where there is a particularly broad-based and dynamic multidisciplinary team 
at the University of Bahia5 funded by the private sector and counselled by Normanha. Stronger (and in 
most cases new) national programmes are also under discussion in Peru, Malaysia and Thailand and in some 
African countries. Additionally, the private sector (Brascan in Brazil, Uniroyal in Indonesia and Nusbaum 
Associates) are beginning to look at the potential of this crop. 

To a group such as this, it is not necessary to detail the reasons for this upsurge of interest in cassava. 
Probably the most important factor is the development of the export market for chips and pellets which is 
now worth about $80 m a y,ear. However, the potential for growth in this market and the likely increase in 
the use of cassava for food 46, coupled with the general lack of knowledge about the crop in spite of its 
phenomenal energy producing potential36 in a hungry world, appear to have led to some rethinking regard­
ing the role of cassava. 

During the last two years, I have been associated with the management of research funds specially allo­
cated for cassava, and it has been my fortune to travel extensively throughout the tropical world and to 
visit many of the relatively small groups of researchers interested in this crop. In my paper today I have at­
tempted to present an overall assessment of the research situation as it is today. The rather ambitious title 
of this paper is not meant to signify that it is a definitive description of the 'status quo' - there are a 
number of cassava research workers whom I have yet to meet and I had not seen all of the papers presented 
at this Symposium when I prepared this paper. The objective of the paper is to provoke discussion on 
priorities and to stimulate the provision of information on unpublished and current research activities. 

I have deliberately biased my presentation towards the utilization side for two reasons. Firstly, 
because almost all the papers at this Symposium dealing with cassava are production-oriented and, from the 
formal and informal discussions this week, many of you will already be well-briefed on the agricultural 
aspects of the commodity. My second reason for stressing utilization is that I have the distinct impression 
that we are going to see the possibility of higher yields being demonstrated within a relatively short time. 
However, unless these yields can be produced, stored, dried, marketed and effectively utilized at competi­
tive prices, we may find ourselves, because of the very perishable nature of cassava, with even greater prob­
lems than occurred when the 'green revolution' passed its 'take-off' stage. 

CASSAVA AS A HUMAN FOOD 

Traditonal products 

The most important use of cassava is for human food. Whilst data on this are notoriously unreliable their 
quality does appear to be steadily improving. Current FAO e!timates indicate that about 55 mil!ion tons 
out of annual global production of 98 million tons are consumed by humans. Phillipsl46 has projected that 
by 1980 consumption will rise to about 71 million tons. 

Table 1 indicates those countries in which human cassava intakes appeared to be highest in the mid 
1970's. These national data do disguise regional differences within countries. For example Nicol 134 found 
that 25-56% of dietary calories in Southern Nigeria came from cassava (as opposed to a national figure of 
15% in Table 1). Likewise, as opposed to the Indonesia figure of 15% in Table 1. Bailey's12 surveys in Java 
indicated areas where the calorie intake from cassava exceed 63 percent. Normanha135 recorded urban 
intakes of 42 kg/caput and rural ones of 200 kg/caput to give a national average intake of 124 kg in Brazil 
in the early 1960's. 

The form in which cassava is consumed is very varied and traditional processing procedures may be 
very complex35 . They are also frequently labour intensive, and recently a process has been developed for 
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mechanizing the processing of gari, one of the most popular forms in which fermented cassava is consumed 
in West Africa3. A preliminary report from Ghana49 indicates that the mechanized gari has high consumer 
acceptability. Gari production is, however, an important source of employment and a study is presently 
underway at the University of Ife to examine the socio-economic implications of mechanizing this tradi­
tional process. 

At the Food Research Institute in Ghana an 'instarot' fufu powder has been developed and is being 
commercially produced49 . Miche 118 has pointed out that the industrial manufacture oftraditional African 
dishes will not only encounter all the classic difficulties met by the development of agro-industry in the 
tropics but will also have to build on a raw material which hEls not yet been the subject of extensive re­
search. He suggested that it will be necessary to develop roots of uniform, simple shape with a thin skin, 
high dry matter content, high degree of consumer acceptability and good storage potential. A number of 
these characteristics have been identified in the CIAT cultivar collection (and this issue is also discussed in 
the paper by Onochie and Makanjuola140 ), but much still remains to be done to incorporate them into a 
high yielding ideotype. 

Some promising progress has been made in storage, for which the litreature has recently been reviewed 
by I ngram and HumphriesBO. They refer to both early experiences, and to more recent work carried out in 
India and Venezuela using low temperature storage. Reference is also made to preservation by waxing, a 
technique which has recently received some publicity in Colombia8 where it is claimed to have considerably 
extended shelf life. 

More recently, Booth 17 has reported on a technique which extends both post-harvest on-farm storage 
and shelf-life. In another paper18 , Booth has stressed the importance of mechanical damage in post-harvest 
losses, thus confirming the observation of Averre9 that vascular streaking of cassava roots commenced at cut 
surfaces. Averre's claims9•1o that vascular streaking is enzymatic in nature received some support from the 
identification by Czyhrinciw38 of peroxidase and catalase in fresh cassava. Montaldo 122 , suggested that fac­
tors other than enzymes might be associated with vascular streaking, and noted some varietal resistance to 
this condition. Further work on this subject appears warranted. 

Enriched and fortified cassava products 

Because of its low protein content the nutritional enrichment of cassava has received a great deal of 
attention. Some work has been carried out on enriching traditional products such as gari2 and cassava soups 
and porridges124 ; however, the main attention has been given to fortification of cassava flour with soy pro­
tein isolates or soya grits. This work has been the subject of extensive research in Brazil6 where cassava 
flour is widely used in the production of composite flours as substitutes for wheat flours. USAI D are also 
supporting studies on fortified cassava in Nigeria and Zaire. At present the problem of using fortified 
cassava flour appears to be more of economics than of technology in that the protein deficient sector 
of the population seldom has the cash to purchase flour of any type. 

The subject of composite flours has received attention from the Institute for Cereals, Flour and Bread 
(TNO) at Wageningen in Holland, the Central Food Technological Research Institute at Mysore in India, the 
Instituto de Technologra Agrrcola e Alimentar in Rio de Janeiro and the Instituto de Investigaciones Tech­
nol6gicas in Bogota. The subject was exhaustively reviewed at a meeting sponsored by the Study Group on 
Composite Flours of the International Association for Cereal Chemistry in Bogota in October 1972. During 
the last decade remarkable progress appears to have been made in the use of non-wheat flours and starches 
(particularly cassava) as total or partial substitutes for wheat flour in bread making97 .147 .146.46. 

This process not only dilutes the gluten but also changes the concentration and characteristics of other 
components which affect the bread making properties of the mixture. The role of non-wheat starches and 
their effect on dough quality has recently been reported on by Hoseney et a1. 83 and the role of gluten 
substitutes has been examined by Lagendijk and Pennings101 and by Rasper, Mak and de Man153 who have 
studied the structural development of dou~ and its visco-elastic properties in cassava fortified mixes. Re­
search in progress in Manitoba by Bushuk is showing promising progress towards the development of a 
simple process of mechanical mixing which both simplified and improves the quality of the flour containing 
cassava. Technical and economic issues still remain to be resolved, but present and projected demands and 
the relative prices for wheat and cassava suggest that cassava-fortified flours may play an increasingly signi­
ficant role in commercial baking in the future. 

. Using cassava as a substrate for the production of fungal protein was discussed by Gray and Abou-EI­
Seoud73 , and later expan.ded upon by Stanton and Wall bridge 174. More recently Strasser, Abbott and 
Battey175 described a pilot plant process for which they prepared preliminary cost estimates for a 10 toni 
day plant. Gregory and Reade74 have developed a process using an Aspergillus sp. which grows on a liquid 
cassava substrate at a temperature of 50°0 and at a pH of 3.5. This process appears to have a potential for 
producing animal feed of 15% protein content form cassava at a relatively low cost under conditions which 
may be practical at a field scale in cassava producing areas. Related work is being undertaken by Hutagalung 
and Stanton in Malaysia using a solid cassava substrate. 
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CASSAVA AS AN ANIMAL FEED 

Although early work on fungal enrichment of cassava was related to the need to improve human pro­
tein intakes, current activities in this field tend to be more oriented towards livestock feed. The work of 
Gregory and Reade is particularly related to the use of residues from cassava (tapioca) starch factories74 • 

These residues are already used extensively as pig feed. The magnitude of this practice is difficult to 
estimate in the absence of data on cassava starch production, although Mahendranathan111 calculated that 
the production of starch factory residues in Malaysia totalled about 300,000 tons per annum. Obviously a 
means of raising the protein level of this residue from 2 to 15 percent could have important implications for 
the pig industry. 

The main thrust of work on livestock feeding with cassava is, however, based on the use of raw or 
dried roots. Preliminary work on this was carried out in the 1930's in Malaya although the modern litera­
ture appears to originate from the paper by Oyenuga and Opeke142 and more recently the work has been 
spearheaded by Maner and his associates at CIAT114, by a group of workers at the University of Malaya and 
by MUlier in Singapore 126,127 . 

Much of this research is being done in countries that are not major cassava producers in world terms. 
Furthermore, the major current users of cassava in animal feeds are feed compounders in the EEC who im­
port much of their cassava from Thailand where it is seldom fed to either man or livestock. European use of 
cassava in animal feeds has resulted from it~ favourable price, compared with that of feed grains, in 
countries deficient in feed energy. At present cassava seldom comprises more than 10 percent of com­
pounded feeds, although on occasion it has been used at levels as high as 40%, and in some of the tropical 
trials its level has reached 60 percent. The real potential for using cassava for animal feed appears to lie in 
cassava producing countries especially those in which the pressure of demand is leading to increasing prices 
for animal products and where a market for quality meat is developing. 

MUlier, Chou and Choo 126 found that cassava meal substituted satisfactorily for corn up to levels of 
60 percent in broiler rations, provided that the diet was balanced, and that at higher levels of substitution, 
the cassava was pelletized. Nutritional problems arose if the fibre content of the cassava meal exceeded 3.5 
percent and economic difficulties occurred if the cassava meal price exceeded 67 percent of the p,rice of 
corn. Somewhat similar findings were reported in Mexico by Tejada de Hernandez and Brambila 78 who 
were able to use up to 50 percent cassava meal in rations for young chicks. These had similar growth but 
lower feed efficiency than chicks on corn starch. The authors commented on the wide range of cyanide 
levels present in their rations and their uncertainty regarding the nutritional significance of cyanide. A 
similar rmamg or satisfactory growth but low conversion efficiency was reported by Jalaludin and Oh93 

who fed very high levels of cyanide to laying hens without producing obviously toxic effects. 
Hamid and Jalaludin78 used cassava successfully to replace corn at levels of up to 60 percent for 

layers. At higher levels they had difficulty in maintaining the protein content of the ration. Yolk colour 
became progressively whiter as cassava levels increased, so that a rich source of carotene needed to be added 
to the ration. There was also some evidence that methionine became a limiting nutritional factor on high 
cassava rations. The carotene level might, however, be of less significance in areas where yellow cassava is 
produced76 • 

The use of cassava root meal in both grower and layer diets has been reported from Hawaii54 where 
egg production, feed conversion, egg weight and shell thickness have been related to levels of cassava intake. 

In swine, the most comprehensive work has been carried out by the CIAT workers112 who have used 
up to 60 percent cassava in their rations. However, at this level, gain and efficiency declined although these 
could be improved by methionine supplementation which compensated for the low methionine level of the 
cassava and also provided a sulphur donor for cyanide detoxification. Hew and Hutagalung81 found that 
feed intake in swine decreased as the cassava level of the ration was increased. Performance improved signi­
ficantly following the addition of 0.2 percent methionine to a 50 percent cassava aiel, out did not improve 
with higher methionine levels.The further addition of palm oil (which also enabled the pigs to better utilize 
higher methionine levels) and glucose (which may have reduced cyanide levels by forming glyconohydrin 
and improving palatability) improved both daily gain and food conversion. From the economic standpoint, 
the fully supplemented 50 percent cassava ration gave 10 percent lower daily gains at a cost per kg. of gain 
that was 3 percent less than a corn-based ration. 

MUlier, Chou, Nah and Tan 126 recommended the use of cassava meal in pig rations when the price of a 
85 percent cassava, 15 percent soya meal was significantly cheaper than that of corn. They stressed the im­
portance of pelleting the cassava to avoid bulk and dust problems, and the need to balance fibre, mineral, 
vitamin B and amino-acid levels. Suggested maximum levels of cassava meal for starter, grower and finisher 
rations of different ash and fibre contents were tabulated. These ranged from 0 percent in starter rations 
with 5 percent fibre, to 75 percent in finisher rations of 2.8 percent fibre and containing only cassava, soya­
bean meal and minerals. 

Further recent reports using cassava for swine feeding originate from Fiji l79 and Venezuela29 • A 40 
percent cassava, 29 percent rice bran ration was shown to require the addition of zinc before it would give 
gains equivalent to a ration in which corn was the primary energy source, although evidence was notpro-
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vided to indicate whether the cassava or the rice bran was responsible for the reduced availability of zinc117-. 
The literature on cassava as a ruminant feed appears to be very sparse, although Chicco et al. 28, Shultz 

et al. 167 and Shultz and Chicco 168,169 have carried out extensive studies on the use of cassava in conjunc­
tion with urea in both bovines and sheep. In Malagasy, Serres'64 described the use of both cassava roots and 
leaves as components or rations for intensive finishing of cattle. Serres and Tillon'· described the produc­
tion of cassava root silage for pigs (fed at 3 kg/day) and cattle (fed at 5 kg/day). Extensive trials on the use 
of cassava root silage as a component of swine rations have been conducted by Maner at CIAT112. Low pro­
tein levels presented a problem, and attempts to raise this by microbial action have not so far been success­
fu1 74 • 

Serre's work on using cassava leaves as cattle feed followed Echandi51 who sought a substitute for 
alfalfa meal in Costa Rica. This work has been followed up in chickens and quails by Ross and Enriquez 159 

and in pigs by Lee104 and Lee and Hutagalung100 .It appears that in both pigs and poultry, 20 percent cassava 
leaf depressed both liveweight gain and feed conversion, but the addition of sodIum thiosulphate, methio­
nine and molasses and/or vegetable oil can partially correct these depressions. Further studies on cyanide 
content27 and water soluble protein66 of cassava leaf have been carried out to help elucidate its nutritional 
value. Additional work on this seems to be necessary since Juarez94 reported an annual leaf yield of up to 
27,000 kg from two leaf pickings in Peru and preliminary data from more frequent picking in Brazil (Bahia) 
and Colombia (CIAT) suggest that with appropriate management even higher leaf yields may be feasible. 
Since leaf protein values are reported to be between 20 and 30 percent on a dry matter basis156 , the 
possible role of cassava leaves as food or feed may need re-examining. Eggum62 has already shown that the 
digestibility of cassava leaf protein in rats was 70-80 percent, although the biological value of the protein 
was only 44-57 percent. However the addition of methionine to the diet raised the B. V. of the cassava leaf 
protein to 80 percent. A similar result was obtained by Adrian and Peyrot1 when adding cassava leaf pro­
tein to cereal diets. 

CASSAVA T,OXICITY 

Cyanogenic glucosides and cyanide toxicity 

In discussing the use of cassava in animal feeding frequent reference has been made to the subject of 
toxicity. The cyanogenic glucosides of cassava have been known for some time to be responsible for both 
acute and chronic toxicity in humans, although the importance of chronic toxicity has been studied exten­
sively only in the last decade. Recent work has indicated not only that high cassava intakes are associated 
with the incidence of tropical ataxic neuropathy in Africa141 , but that in the presence of marginal iodine 
and low protein intakes, high cassava diets may potentiate the development of goitre and cretinism53 •61 • 

Domestic livestock are seldom fed high levels of cassava for prolonged periods, but nevertheless there is 
evidence to indicate that impaired growth occurs in pigs and poultry on high cassava diets unless these are 
supplemented with methionine113 • 

A recent workshop reviewed the subject of chronic cassava toxicity. This covered the biosy"nthesis of 
the cyanogenic glucosides23 ,34, 130, the agronomic and physiological aspects of cassava toxicitr, and de­
toxification mechanisms35 , 138. The workshop proceedings133 contain 18 papers and recommendations for 
future research. Amongst these was the need to ensure that breeding for low cyanide cultivars would not 
consequentially increase susceptibility to pathogens and pests. The techniques and problems of adequate 
assay also received considerable attention. Cyanide in cassava results from the breakdown of the relatively 
stable Sjucosides linamarin and lotaustralin, whose own toxicity is unknown. There have been several recent 
papers ,161 ,191 dealing with cyanogen assay in cassava roots and leaves. The relevance of rapid assay tech- -
niques to the problem of toxicity requires further clarification, especially since both CIAT and IITA are 
selecting for low cyanogen levels. ' 

Aflatoxicity 

Cassava has also been incriminated in problems of alfatoxicity since it appears to be an excellent 
groVl 'h medium for Aspergillus flavus. Samples of cassava flour from Brazil were found to have relatively 
high levels of aflatoxins and at one time it was thought that this might be associated with the high incidence 
of black fever in children on the upper Amazon 19. More extensive studies with cassava starch in Thailand 
and Hong Kong166 and in fermented cassava from Dahomey1oo have also shown the presence of aflatoxins 
and an aflatoxin-like factor has been recorded in India128 • In a field study in Uganda163 there was cir­
cumstantial evidence that a highly contaminated cassava sample may have been involved in a documented 
poisoninq episode. However, by and large, particularly in vipw of the varied ways in which cassava is 
handled after harvest, there appears to be little evidence that aflatoxins present a significant problem. 
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THE INDUSTRIAL USE OF CASSAVA 

Apart from its use as direct food and feed, cassava is used in the food industry, principally in the form 
of starch. The low-amylase high-amylopectin content of cassava starch give it unusual viscosity characteris­
tics and great dimensional strength, these find a number of specialized uses11 . The characteristics and be­
haviour of this starch have been studied in great detail by Rasper150, 162 ,162, Banks et al. 13, Srivasta and 
Patel 173 Velikaya and Nguen182 , and by a number of Brazilian workers123 ,168 . 

Cassava can be hydrolized to produce glucose143 and a feasibility study for a cassava based glucose 
industry has been carried out in Nigeria47 • It can also be converted to alcohoI 177 , although this process does 
not appear to be used industrially. 

Dextrins made from cassava flour can be used to make adhesives which are superior to starch-based 
adhesives in a number of characteristics63 • Cassava stalks have also been used to make particle board66 • 

The technology for processing cassava has been described in some details by Grace71 • Usually the pro­
cessing procedures used are very traditional, although some modernization of the cassava starch industry 
has taken place recently. The last two years have also seen an interest in improving the drying of cassava 
chips. A simple solar heat drier suitable for cassava was described by Williams, Beeny and Webb 188 and a 
pilot solar drier of another type is currently undergoing tests in Trinidad172 . The drying characteristics of 
cassava are also being studied by Roa 156 who has developed machinery for producing cassavabars (1 x 
1 x 0.5 cm) directly from roots. However, none of these new techniques appear to have been evaluated eco­
nomically in comparison with current drying practices in which sun drying in concrete yards are normal. A 
variety of chip sizes and shapes are produced and there appears to be an urgent need for further research on 
the optimum size and shape of chips and perhaps on a simple technology to reduce radiation losses in 
drying yards. 

This need for improvement in current drying and pressing techniques was stressed in a study by 
Mathot116 which pointed out that these procedures could lead to substantial improvements in both quality 
and cost price of pellets exported from Thailand (which supplies the bulk of world trade In this item). 

THE ECONOMICS OF CASSAVA PRODUCTION 

In order to exploit the markets for cassava, it has to be sold at a price that is competitive. To some de­
gree this depends on the use to which the crop is put. Thus the Thai farmer, who grows most of the cassava 
which reaches the world market, obtains U.S. $11-12 for the farm-dried chips produced from a ton of 
fresh cassava, whereas for fresh cassava for human use, the Jamaican farmer obtains 2-4 times this price147 

and, at certain times of the year, the Colombian farmer may obtain 6-10 times the price obtained by his 
Thai counterpart. However, generally speaking the farm price seems to lie in the range of U.S. $10-15/ton 
of fresh root equ ivalent. 

It is difficult to cost cassava production since the main inputs are family labour and land, and in sub­
sistence farming areas, the land is often communally owned. Brannen20 reviewed some of the literature on 
production costs and found that the usual cost of producing cassava was about U.S. $6/ton. The major pro­
duction cost was labour. For a variety of reasons, it is difficult to compare the various labour costings avail­
able, but in various surveys the man-hours used to produce a ton of cassava appeared to range from 30-200 

_ and to average about 1004 ,147 ,20 ,48. Obviou!Jly the return to labour from cassava production Is very low, 
notwithstanding the fact that Raeburn et 111. found the l,ield per man-day from cassava production 
exceeded that of other tropical staples. Clarke and Haswell 1 reported a similar finding when comparing 
both the output value and the labour productivity of various tropical crops in terms of F AO standard wheat 
equivalents. 

The low return to labour relates to the fact that the opportunity costs of labour in many subsistence 
areas is often regarded as being close to zero, otherwise a production cost per ton of U.S. $6 would not be 
possible. However, we may anticipate that some mechanization may be necessary in the future since, as 
economies develop, labour generally tends to demand a higher return, especially for an unpleasant job such 
as harvesting cassava (which commonly accounts for 25-30 percent of the total labour costs), For this 
reason production costs maybe expected to rise. Against this it must be taken into account that subsistence 
yields are often only about 10 percent of the production potential of the crop, so that there is a great deal 
of scope for reducing the costs of production by raising yields. This is especially true If high-yielding cul­
tivars can be produced that are more easily harvested (by either man or machine) but still retain adequate 
drought and disease tolerance. 

In view of the limited past resources devoted to both the breeding and the mechanization of cassava, 
compared with those now available, it is difficult to make any forecasts of the likely future pattern of 
production costs. What does appear probable is that these costs will be strongly influenced by the results of 
plant breeding work in terms of the achievements that are made with respect to yield and morphology. 

Andersen and Diaz4 have examined this situation from the standpoint of public policy and have drawn 
particular attention to a possible conflict arising between the social objective of employment-creation and 
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the profit-maximizing objective of introducing new technology. They point out the labour-intensive nature 
of cassava production and the adverse effects on employment which could arise from both extensive mecha­
nization of land preparation and the widespread use of chemical herbicides. The impact of mechanization 
on the labour requirements for planting and harvesting has also been examined by Krochmal99 and the eco­
nomics of mechanization by Dulong50 who claimed that very high yield levels would be required for me­
chanization to become economic in the Malagasy Republic. 

Andersen and Diaz's paper4 highlights the need for more information on the total economic structure 
of the cassava industry. The global market for animal feed has been looked at by the International Trade 
Centre92 and by Phillips146 and the processing sector in general by Grace71 and more specifically in West 
Malaysia by Wahby and Eriksen 184 and in the Malaysian State of Perak by Chye and Loh30 • However, in­
tegrated studies dealing with production, processing and marketing are harder to come by. The Ministry of 
Agriculture in Thailand completed such a study in 1973 but to date, I believe, it is only available in Thai. A 
similar type of study is being pursued in Brazil by the Comissao Nacional de Mandioca and by Dantas39 in 
the Brazilian State of Bahia. Probably the most complete study of the cassava industry at the national level 
is a recent Ph.D. Thesis by Tan 176 in Malaysia. 

At the farm level, Diaz46 has published a preliminary report on a 300 farm survey in 5 zones of 
Colombia. This survey is attempting to provide very detailed information on production practices and to 
relate these to the CIAT research programme. Some farm costing studies involving cassava are also being 
carried out at I IT A and by the team at the University of Bahia. However, the absence of adequate economic 
data would appear ~o be a constraint from the standpoint both of identifying growth opportunities and 
attracting new investments. I n this context it is relevant to observe that cassava does appear to offer oppor­
tunities for labour-intensive production on small farms and since small farms and rural employment are im­
portant issues in many tropical countries, the need for more research on the structure of production and 
the relationship of this to public policy cannot be overstressed. 

THE GENETIC IMPROVEMENT OF CASSAVA 

Even in the absence of detailed agro-economic studies, the cassava breeder does have some guidelines. 
Foremost amongst these is the need to evaluate the genetic material which is currently available. To date 
very limited attention has been paid to the study of fundamental aspects of the genetics, cytology and 
breeding of the crop. Little has been added to the literature in these fields recently, the current state of 
knowledge has been covered in the review of Dempsey44 and in the reports to the previous and current 
Tropical Root Crop Symposia by Magoon 107,108 and Magoon and Krishnan 110. 

The main efforts in plant breeding are devoted to increasing yield, although both CIAT and /ITA are 
screening for cyanogen level and for disease and insect resistance. Plant breeders working with cassava are 
known to be operational in Brazil, Colombia, Costa Rica, India, the Malagasy Republic and Nigeria, al­
though the number oftrained geneticists inVOlved with the crop is still very small. The use of radiation or 
mutagenic agents has been practiced in Turrialba (Costa Rica), and Mala~sy Republic50 and India, where it 
has been associated with efforts to enhance the protein level of the crop . Colchicine has also been used to 
induce polyploidy by Magoon et al. 109 and later by I mam86 , but significant yield increases do not appear to 
have followed this treatment. 

The recent publication by Rogers and Appan 157 of a monograph on the genus Manihot is useful for 
both agronomists and plant breeders interested in cassava improvement. Their bio-systematic work has iden­
tified some particularly interesting opportunities for further research in interspecific hybridization which 
has already been used successfully to produce disease resistance in cassava. In Java, grafts of M. glaziovii on 
M. esculenta stock have been found to lead to the production of enormous roots (up to 100 kg in 24 
months) on individual plants, but whether or not this technique has a potential beyond 'backyard' produc­
tion remains to be determined43

. Similar but less spectacular increases in yield have been reported from 
grafting M. flabeUifolia onto M. esculenta, although, according to Rogers and Appan157 , M. flabellifolia is 
the same species as M. esculenta. 

A recent upsurge of interest in the ethnobotany of cassava may also be of interest to the plant breeder. 
The role of cassava in the development of civilization in lowland South America was discussed at a Sym­
posium of the American Anthropological Society in November 1971 at which it was postulated that the use 
of manioc (cassava) may pre-date that of corn. Other evidence concerning the area of origin of M. esculenta 
as a crop plant has been reviewed by Renvoize154 • 

A major problem associated with efforts to select and improve cassava is the difficulty that is faced in 
moving material around the world because of disease problems. The normal method of propagation by vege­
tative means accentuates this problem, as does the outbreeding nature of the plant (due to protogyny) and 
the frequency with which pollen sterility occurs. Efforts to overcome this situation are being made by pro­
pagation studies99· 185 • 

Wholey and Cock have developed a field multiplication procedure which enables them to produce 
1800 stem cuttings from one plant in one year. Under mist propagation in a greenhouse, they have in-
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creased this number to 18000 cuttings from one mature plant. Another possible approach to rapid pr0fe,a­
tlon is through tissue or cell culture. This is being developed primarily to produce mosaic-free plants 6, 6, 
but may also offer possibilities for rapid propagation (and perhaps for the production and dissemination of 
mosaic-free material) provided that the genetic stability of culture material can be assured. 

DISEASES AND PESTS OF CASSAVA 

Mosaic disease in cassava has been the subject of a number of recent studies and the state of current 
knowledge was reviewed at a Workshop held at liT A in December 197T'1. This meeting categorized cassava 
'mosaics' into: 

a) a mechanically transmitted disease found in Brazil whose causal agent is a virus of the potato 
virus X group. 

b) a white-fly transmitted disease found in Africa and India whose causal agent is unknown. 
c) mycoplasm-induced diseases, of which at least three occur in Brazil and one in the Ivory coast. 

The meeting was not attended by anyone familiar with mosaic disease in India and the relationship of this 
to the African and Brazilian mosaics does not appear to have been studied although Peterson in Canada 144 

has recently established a programme which will enable him to study cassava mosaic diseases from all three 
geographic sources. 

A report on Indian mosaic is being presented at this meeting by Narasimhan and Arjunan129 and Kita­
jima and Costa98 are reporting on their EM studies with cassava virus and mycoplasms in Brazil. The liT A 
report contains a review of most of the African literature but excludes reference to a paper by Golato70 in 
Ghana and to the most recent contribution by Chant, Bateman and Bates26. It also excludes mention of a 
paper by Ganguly, Raychaudhuri and Sharma68 describing a serodiagnostic method for detecting mosaic 
infected plants in the field. This is a subject which may justify further study in view of the difficulty of en­
suring that vegetative material is mosaic-free. 

No work on the 'brown streak' virus disease of East Africa appears to have been published recently. 
However, the literature on the major bacterial, viral and fungal diseases of cassava has recently been review­
ed by Lozano and Booth 106. Their review in fact covers most of the work reported on at this meeting in 
addition to many observations from recent research at CIAT. They draw attention to the large number of 
diseases, many of them poorly understood, which can attack cassava both prior and subsequent to harvest­
ing. Little information is available on control measures except for bacterial blight. 

Cultivars which are resistant to some diseases are noted, and the need for more information on host­
parasite relations in other better to understand the nature of this resistance is pointed out. A similar plea is 
put forward by Rosseto et al., and it appears to be relevant to resistance to insects since van Schoon­
haven 181 has noted varietal differences in tolerance to attack by thrips and mites. The possibility of relating 
disease and pest resistance to a chemotaxonomic classification of the CIAT and other cultivar collections is 
being examined by Grane2 • 

The literature on parasitic nematodes associated with cassava appears rather sparse. In his biblio­
graphy, Montaldo 121 lists only two species recorded as parasites of cassava. There is, however, a recent re­
ference on this subject from Trinidad21 • An up-to-date review of insect and mite pests of cassava also ap­
pears to be iacking although Montaldo lists about ninety species of insect pests as having been found on 
cassava. Currently detailed work on thrips and spider mites is under way at CIAT. In Uganda the accidental 
introduction of a neotropical mite, Mononychellu. tanajoa (Bondar) is causing considerable devastation16 

and the mite is being studied by Nyiira 136. 

Research on weed control in cassava also appears to be relatively new. Doll and Piedrahlta48 at CIAT 
have a fairly comprehensive programme which Is of particular interest from the standpoint of the relation­
ships between morphology, yield and weed control. Their programme is linked to the cost studies of Ander­
sen and Diaz referred to previously. Doll's work highlights the need for a multidisciplinary approach to 
cassava research, in which the definition of the ideotype which the plant breeder must seek may be de­
pendent not only on yield but on factors such as disease and insect resistance, weeding costs, ease of har-
vesting, drought tolerance, fertilizer response, cyanide level, starch composition, etc. The complexities of 
these interrelationships may imply the necessity for some model-building inputs, once more information is 
available on the basic production parameters. 

FACTORS AFFECTING YIELD 

It is in these production parameters, particularly 'yield' that the major research thrust is taking place 
at present. This is hardly surprising since yields under farm conditions are frequently reported as averaging 
only 5-15 tons/ha whereas experimentally it has been claimed that this range can be far surpassed. 
Dulon~ reports 70 tons/ha in the Malagasy Republic, Cock33 47 tons in Colombia, and Schmidt and 
Pereira 162 34 tons in Brazil. These yields are well in excess ofthose encountered under commercial condi­
tions, plthough on a recent visit to Malaysia I witnessed. the harvesting of a crop on virgin land which was 
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estimated as yielding over 50 tons/ha, and I understand from Chan that this is not unusual. At this meeting 
we have reports on yield responses to various fertilizers from Sierra Leone75 , Kenya77, Peru82, Nigeria'37 139 
and Colombia 185, and recent papers on this theme also originate from the Seychelles 171 , Mozambique 126 
and Malaysia24 . 

Amongst the factors influencing yield, one that has been relatively neglected in past research efforts is 
that of the onset and rate of tuber root bulking. Wholey and Cock found that differences in yield after 
seven months were associated with variations in the rate rather than in the time of onset of bulking. How­
ever, seven months may be too early to make decisions on yield maximization. Chan found that a number 
of his cultivars yielded significantly higher at 12 months (but not at 14) than they did at 8 months. There 
appear to be very great differences in local practices in relation to harvesting age. This factor must obvious­
ly be an important component of any systematic study on yield. 

Chan and Okigbo have both studied the effects of planting stick orientation, length, and polarity at 
planting time on subsequent yield and performance. This is a subject on which the early cassava literature is 
very rich. There seems to be little consensus on the issue of orientation although most authors seem to get 
better growth from longer cuttings and to have a fairly high mortality in cuttings planted upside down. 
Enyi56 has also shown that there was a positive linear relationship between root yield and age of planted 
cutting (this is a subject that may justify re-examination within the context of the rapid propagation tech­
nique of Wholey and Cock.) 

Enyi56 •57 .58 has also examined the effects of spacing on growth development and yield of single and 
multiple shoot pla!1ts. He found that bulking rate was positively related to net assimilation rate and that 
both net assimilation and tuber yield were higher in single shoot plants. Maximum yields were obtained 
from a planting density of 12,600 plants/ha. (A further report on this is contained in a more recent paper59 

which has not yet come to hand). 
The relationship between spacing, yield, assimilation and dry matter distribution has also been 

examined by Sinha and Nair170 and Williams'86 •'87 .188 and in papers presented by Cock32 , Cuerv037 , Na­
tarajan and Rengasamy'3' and Natarajan and Vijayakumar'32 . It appears that leaf area index is sub-optimal 
after six months due to leaf fall although in one cultivar Cock found that he could compensate for this by 
raising the plant population as high as 20,000/ha and that the improved LAI was associated with increase in 
yield. However, the application of modern techniques and ideas in plant physiology to cassava research is 
very new, and there is obviously scope for more research on factors affecting dry matter production 
especially leaf area index, leaf inclination and photosynthesis. 

Research on the responses of cassava to fertilizer has given conflicting and generally unsatisfactory 
results. It has been suggested that high levels of nitrogen rna')' increase leaf production at the expense of 
roots'OO , and in one experiment40 P and K applied before planting depressed survival. On the other hand 
various authors (Chan24 , Chew26 , Cock32 , de Silva and Freire41 , Vijayan and Aiyer'83 and Young'90 ) sug­
gest a positive response to fertilizer, especially nitrogen, although this response is not always significant. 
Research on fertilizer use is currently underway in a number of stations and is also reported on at this sym­
posium by Godfrey-Sam-Aggrey and Gurnah. 

More basic studies on the mineral nutrition of cassava have been carried out by Forno, Asher and Ed­
wards67 in Queensland and by Bates'4 in Canada who is preparing a series of colour slides on macro and 
minor element deficiency and toxicity symptoms. This work is being carried out at the University of 
Guelph on behalf of CIAT. A related programme85 in the growth rooms at Guelph is examining: a) photo­
synthesis and b) growth and tuberization in M. esculenta and some other Manihot species. Growth and 
tuberization are also being studied in the field in Colombia32 , India87 •88 , New Guineaoo and Trinidad64. 
Ketiku and Oyenuga96 have traced the changes in the carbohydrate constituents of cassava roots during 
growth. The starch level peaked (81 percent of the carbohydrates) at 8 months and sugars reached their 
peak concentration of 5.7 percent (of which 69 percent was sucrose) 9 months after planting. 

The water requirements of cassava have received little study although it is known to be very drought 
tolerant. The only paper that I am aware of on this subject is that by Garcia and Montaldo69 although the 
group at the University of Bahia are studying the responses of cassava to irrigation. 

IMPROVED INFORMATIUN :iYSTEMS 

Until recently it has been difficult to track down the literature dealing with cassava, although in the 
past few years there have been several special blbliographles'21 ,79,89,7, in addition to some reports with 
lengthy lists of references71 •80 • However, none of these bibliographies appears to include more than about 
half of the world literature which is currently believed to exceed 3500 references. An effort is being made 
to fill this void by preparing a comprehensive bibliographoX with a key word index and abstract of each item 
referenced 119 • A cassava thesaurus has been prepared 1 and an interim bibliography with about 1500 
abstracts is expected to be published at the end of 1973. When the final document is prepared, hopefully 
in 1974, CIAT will institute a cassava information centre which will be linked into the AGRIS network and 
will be able to provide abstracts and photocopies of the world literature to interested workers. 
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In recent years the literature on cassava has grown by about 50 documents each year. The last two 
years have seen a remarkable upsurge in these numbers, particularly in 1973, due especially to this meeting 
(48 papers mention cassava in their title) and to the meeting on cyanide toxicity in cassava (18 papers). In 
this paper I have mentioned the names of nearly 100 scientists who are actively engaged in research on cas­
sava at the present time. 

This Is a big change from the situation only three years ago. However, if the world really produces al­
most one hundred million tons of cassava a year, and if this has a farm value which is normally at least 
US$10/ton, as my figures suggest, we are talking of a commodity whose annual production value exceeds 
one thousand million dollars and may reach $1.5 billion. As far as I can judge, the research expenditure 
devoted to the production side of this industry lies between 2 and 3 million dollars a year, or perhaps 
0.25% of the value of production with perhaps 40% of the research funding going to CIAT and related pro­
grammes. 

Concerning human resources, there appear to be less than ten trained geneticists working full-time on 
this crop, the number of physiologists and economists may be even smaller. The state of knowledge des­
cribed in this paper and some of the questions raised suggest that the current research input may still be 
too low, especially in terms of the value of the crop and its apparent growth potential. Areas requiring more 
research are numerous but perhaps most important of all is to ensure that more work is performed on an 
interdisciplinary basis. One has only to study the literature to recognize how limited has been the breadth 
of past research on cassava and how irrelevant are many of its findings. Hopefully, with the network of 
cassava researchers and the information services that are developing, we will not see these past mistakes re­
peated. 
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TABLE 1 

Human intak-e of cassava in 14 countries 1964-66 

(Source: FAO Food Balance Sheets 1974-66) 

-----~----~---------------------------------------------------

Human Cassava Calories Cassava 
population as % per day consumed 

(million) total from per year 
calories cassava (kg/head) 

Congo(Brazzaville) 0.84 54.8 1184 470 

Zaire 15.63 58.5 1193 437 

Central African Rep. 1.33 48.7 1057 354 

Gabon 0.46 47.0 1027 342 

Mozambique 6.96 42.6 908 304 

Angola 5.15 34.5 659 220 

Liberia 1.08 26.2 600 ;.!Ol 

Togo 1.64 26.5 590 197 

Dahomey 2.36 20.1 438 148 

Paraguay 2.03 19.7 540 181 

Ghana 8.14 18.2 380 130 

Brazil 80.77 10.8 274 107 

Nigeria 58.48 14.1 306 103 

Indonesia 105.74 15.3 269 92 

Total: 304.15 

Weighted 
average 19.4 374 124 
(14 countri es) 

-------------------------------------------------------------
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