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PREFACE
 

The President's Science Advisory Committee Panel on the World Food
 

Supply recommended that the agricultural potential of vast areas of
 

uncultivated lands, particularly in Latin America and Africa, be
 

thoroughly evaluated and research projects initiated to develop soil
 

and crop management practices and systems for sustained food production
 

in these areas. However, in order to make the most rapid increases in
 

world food supply, particularly in developing countries, it seems logical
 

that the emphasis should be placed first on selecting a crop or crops
 

which have the greatest potential of satisfying the huge demand for food
 

and feed, and second, to analyze the key problems which limit the
 

production and expansion in utilization of the crop or crops selected.
 

Cassava (Manihot esculenta Crantz) fits the first criterion well
 

since the tubers of the cassava plant have been used extensively as a
 

basic food crop by a majority of the people residing in regions generally
 

between 300 N and S of the equator. The root has been one of the
 

cheapest sources of carbohydrates available to people. In some areas it
 

has been used alsc as an inexpensive source of livestock feed. Its
 

culture appears to be simple since it is readily propagated and widely
 

adapted to a variety of soil types and climatic conditions.
 

Cassava has beun described as a "door-yard" crop. It is found
 

mainly on small plots and utilized for individual family needs. In
 

some countries, however, such as Brazil and Thailand, large commercial
 

acreages are found. Where cassava is produced commercially, the products
 

of the plant are utilized in local industry and also are exported to
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foreign markets, primarily in the form of dried chips or flour where it
 

is utilized as a grain substitute in animal and human diets.
 

Inasmuch as the crop is used principally in a garden type production
 

for home consumption, information concerning its total production, yield
 

per hectare, insect and disease problems and economic importance is not
 

as fully known and documented as the more extensively grown crops or
 

those giving greater economic returns per hectare, Moreover, statistics
 

are maintained by dry weight in some areas of the world and by fresh
 

weight In others which complicates the comparisons needed in any type of
 

study. However, the trends in production which are reported by the Food
 

and Agriculture Organization intheir Production Yearbook give some crude
 

indication of the growing importance of the crop on a world-wide basis.
 

InLatin America, average annual production apparently increased during
 

the period from 1952/56 to 1966 from 17,374 million metric tons to
 

29,860 million metric tons. In Bolivia output increased by 178 percent
 

during this period; in Brazil by 74 percent; in Colombia by 86 percent;
 

in Panama by 136 percent; and in Peru by 119 percent. Inthe Far East
 

cassava production grew during this comparable period from 12,105 million
 

metric tons to 18,246 million metric tons; in Africa from 26,554 million
 

metric tons to 29,372 million metric tons. However, these figures may
 

not be completely reliable since they may represent more accurate
 

reporting as well as genuine increases.
 

Diets consisting mainly of cassava are considered by most experts
 

as deficient because of the low protein content of the tubers. However,
 

the crop could become a more important source of food for humans and
 

feed for animals if an efficient method were found to add proteins
 



artificially or by genetic manipulation and if the production and
 

economic problems encountered could be solved. It now seems quite
 

possible that new varieties can be developed that have higher yielding
 

capacity and contain larger amounts of available protein than 2 percent.
 

Additional uses for the crop as a human food should be feasible if
 

research in this area were initiated and completed. Such considerations
 

are particularly relevant in view of the dual problem of malnutrition
 

areas.
and populatiohgrowth in the tropical 


Also, there may be additional industrial uses for the crop. The
 

root is high in starch content, which is easily extracted. Cassava
 

starch may be substituted for other starches in making beer, paper,
 

bags and textiles.
 

Inspite of the above considerations, cassava has been largely
 

overlooked by crop scientists. In view of the second critericn, a
 

great deal of spL-ulation has been made concerning its potential in
 

overcoming world hunger or malnutrition, but relatively little is
 

known about its specific limitations. Scattered throughout the world
 

are pieces of research data, but until recently no concentrated attempt
 

has been made to compile, synthesize and analyze this information--an
 

effort which is clearly required to orient future meaningful research.
 

Inthe fall of 1969, a team of scientists from the University of
 

Georgia was commissioned by the Technical Assistance Bureau of the
 

Agency for International Development to (1)compile on a systematic
 

basis the available information about cassava and related research
 

now in progress; (2)synthesize, appraise, and analyze the information
 

gathered and to determine as near as possible the broad limitations and
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potential of cassava as a food and feed crop; and (3)to prepare a list
 

of research needs in their order of importance, for the orientation of
 

future research on cassava. The University of Georgia engaged
 

Dr. D. J. Rogers of the University of Colorado to work with the team
 

based on his knowledge and experience with this crop.
 

This team, consisting of ten men, represented the areas of Agronomy,
 

Animial Nutrition, Botany, Economics, Food Science, Genetics, Horticulture,
 

Human Nutrition and Plant Pathology. Each of their reports appear as a
 

separate chapter in this manuscript and in each case represents their
 

own view on cassava in their particular area of specialty.
 

Dr. C. H. Hcndershott, Chairman, Division of Horticulture, University of
 

Georgia, served as chairman of the group, and Dr. F. C. Obioha, Associate
 

Professor, Animal Nutrition, Agricultural Research Station, UImudike-


Umuahia, Nigeria, served as co-chairman.
 

Two essential characteristics necessary in a survey of this kind
 

were brought together in this team. First, it isan interdisciplinary
 

group representing a broad background of knowledge and experience.
 

Second, by far the majority were unfamiliar with cassava and could look
 

at the published information without any preconceived ideas or bias as
 

to its importance and potential.
 

Early inthe investigation, it became quite apparent that the
 

accumulation and assimilation of the information existing on cassava
 

was a monumental task and could not be done completely on a world-wide
 

basis within the time limit, funds and the time each team member could
 

devote to the project in relation to his other duties. However, the
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Job was undertaken with enthusiasm and it is believed that the infor

mation presented represents an unbiased basic evaluation of the crop. 

C. H. Hendershott, Chairman
 
KMarch 1972
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CHAPTER I
 

Cassava (M.nlhot esculenta Crantz), the Plant,
 

World Production and Its Importance inWorld Food Supply
1
 

The tropical root crop cassava 2 isthe seventh largest producer
 

of staple food inthe world (295). It is grown all over the tropical
 

region and consumed as primary, secondary or supplementary staple.
 

Products from cassava roots such as industrial starch (including 

derivatives) and livestock feed are used insubstanial end increasing
 

quantities in areas within and outside the tropical belt. 

Cassava originated inthe new world tropics (643). Itwas probably 

first domesticated inthe low land areas of meso-America (present day 

southern Mexico, Guatemala, and Honduras) and from here the crop was 

probably carried throughout the American tropics by Indians long before 

the advent of white man (645). Earliest Mayan and Aztec chronicles 

mention "yuca." Cassava seeds and leaf remains were discovered inthe 

caves In northeastern Mexico, referable to the "Laquna" culture about 

2100 years old (468). The crop must have been domesticated much earlier 

because Sauer (660) reports the discovery of 4000-year-old Peruvian 

pottery depicting cassava roots. 

1Prepared by D. J.Rogers and S. G. Appan, Taximetric Laboratory, 
University of Colorado, Boulder, Colorado.
 

2The crop iscalled by various common names indifferent parts of 
the world. All apply to the one species Manihot esculenta Crantz. The 
names most frequently encountered are: cassava in English-speaking
tropical areas, yuca inSpanish-speaking areas, mandioca or macacheira 
in Brazil, manioc among French-speaking peoples, and by other less well
known epithets inIndo-Malaysla. Tapioca, one of the produicts manufactured 
from the roots, issometimes used as a common rime. Inthis manuscript, 
cassava, the most common name for the crop, will be used throughout. 
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After Columbus, the crop was disseminated to other tropical areas 
of the world. The durability of cassava bread as a shipboard food was
 

taken advantage of by the sea voyagers between the new world and the
 

old world (728). The Portuguese probably brought itto their stations
 

around the mouth of the Congo River during the last half of the 16th 

century, and itwas probably introduced to countries bordering the 

Indian Ocean (India, Ceylon, Malaya, Indonesia, etc.) during the 18th
 

century (409).
 

THE PLANT 

Manihot esculenta Crantz is the only edible cultivated species in 

the genus Manihot comprising about 125 species. The genus belongs to 

the spurge family Euphorbiaceae to which several other economically 

important species such as para rubber (Hevea brasiliensis), castor bean
 

(Ricinus ccmunis), etc., belong. The computer-aided delimitation of
 

the species of Manihot (654) revealed that several species names are 

synonyms of M. esculenta. These include M. utilissima, !j.aipi,
 

M. dulcis, M. flexuosa, M. flabellifolia, M. diffusa, M.melanobasis, 

M.digitiformis and M. sprucei. It isclassified in section Esculenta
 

of the genus.
 

B 	 of the Plant:
 

Manihot esculenta Crantz is a shrubby perennial species. 
 The
 

plant is cultivated primarily for its tuberous roots, but young shoots
 

and leaves are also edible and are used as food insome parts of the
 

tropics. The plant is 1-4 meters tall. (For detailed species
 

description see reference 650.) 
 Stem 	either unbranched, tall, and
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slender, or variously branched with a whole range of intermediate 

branching patterns to that of a highly branched plant no more than
 

1 meter tall. The stems are predominantly brown but sometimes yellow 

or silver; woody, usually with a very large pith and therefore quite
 

brittle. The nodes along the stem are usually prominently raised.
 

Leaves are simple, palmately lobed, with 3-10 linear, obovate, or
 

pandurate lobes. Inflorescence is a panicle, generally 2-10 an long. 

The flowers are monoecious, the pistillate basal, opening first, the
 

staminate apical, opening later. Fruit isa'schizocarp, usually
 

winged, 3 carpellate, 3 locular. Seeds are carunculate, mottled or
 

plain. Under cultivation the plant ispropagated vegetatively by
 

means of stem cuttings, and adventitious roots radiate from the base
 

of the stem cuttings. Within the first few months of the plant's 

growth some of the roots become tuberous with reserves of carbohydrates.
 

The tuberous roots are variously shaped - from long and slender to 

globose; each 0.25-1.00 inlong (sometimes longer), 5-15 cm in diameter 

and weighing uspally 1-5 kilos. There isgreat variability in the 

yield of roots per plant; a total of 2-3 kilos of roots per plant is 

common but improved strains yield more than 10 kilos of roots per plant. 

Several aspects of the botany of cassava are discussed by Rogers
 

(641, 643, 645, 647), Appan (63), and Rogers and Appan (654, 655).
 

Capinpin and Bruce (147) described the floral biology of cassava.
 

De Toledo (764) discussed the anatomy acd ontogeny of cassava flower.
 

Anatomy of the vegetative parts isdescribed by Viegas (783). Holleman
 

and Aten (371) briefly describe the anatomy of the tuberous roots.
 

Photoperiodic effects on the development of tuberous roots are
 

http:0.25-1.00
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reported by Nair and Sinha (531) and Bolhuis (121). A light period of
 

12 to 16 hours was considered optimal for promoting tuber formation.
 

Menon et al. (498) observed that application of plant growth regulators
 

significantly influenced the length and weight of storage roots in
 

cassava. Longman (460) investigated the effect of orientation and
 

root position on apical dominance in cassava.
 

WORLD PRODUCTION
 

World cassava production has steadily increased from 62.5 million
 

metric tons in1955 to 85.6 million in1968 (295). The quantity pro

duced ineach of the various cassava growing countries ispresented
 

inTable 1-1. Total production isprobably greater than reported
 

because cassava is still grown largely by subsistence farmers who
 

cultivate small, irregular and scattered plots, usually with much
 

intercropping and undershifting cultivation (204). Therefore, the
 

collection and interpretation of actual production statistics is
 

difficult. Infact, accurate statistics from the areas where cassava
 

ispredominant are almost nonexistent. This may be due to the fact
 

that it isfrequently treated as a "door-yard" crop and does not enter
 

into the usual report pattern required for agricultural statistics.
 

A distribution map of cultivation would not be meaningful, inasmuch as 

some cassava is produced in nearly all tropical areas of the world, 

but the freqnency of cultivation can not be accurately judged. 

Accordihij to FAO statistics (295) total world production in 1968 

amounted to 85.6 million metric tons and occupied 9.8 million hectares 

of land. However, these figures do not include the large production 



TABLE 1-1. World Production of Cassava in 1968. 

AREA 	 IN HA MITRC TONS YIELD 100 KG/HA
(X 1,000) (x 1,000) 

N. & C. America (15 nations) 
Cuba 

Dominic Rep. 

Haiti 


South America (11 nations) 


Argentina 
Bolivia 

Brazil 

Col8mbia 

Ecuador 

Paraguay 

Peru 

Venezuela 


Asia 	(16 nations) 


Ceylon 

China (Taiwan) 
India 

Indonesia 

Malaysia, W. 

Philippines 

The'land 

Viet-Nam. Nth. 

Viet-Nam, Rep. 


Africa (40 nations) 


Angola 

Burundi 

Cameroon 

Central Africa Rep. 
Congo, Brazz. 

Congo, Rep. 

Dahomey 

Gabon 

Ghana 

Guinea 

Ivory 	Coast 
Kenya 
Liberia 

Madagascar

Malawi 
Mali 

Niger 

Nigeria

Rwanda 

Senegal 

Sudan 

Tanzania 

Togo 

Uganda

Zambia 

Oceania (5nations) 


World (88 nations) 


92 
30 
15 
25 


2,409 


25 
10 


1,998 

152 

39 


100 

42 

41 


2,410 


73 

21 

335 

1,600


17 
83 

135 

100 

35 


4,872 


120 

75 


114 

200 

100 

750 

180 

52 


172 

30 


200 
90 
65 


280 

5 

13 

20 


1,200 
15 
63 

1v 

270 
150 
530 


42 

11 


9,794 

547 
200 
155 
80 


33,179 


273 
160 


29,203 

900 

280 


1,504 

500 
341 


20,911 


425 

342 

4,520 
11,800


280 
496 


2,000 

700 

260 


30,869 


1,545 

875 

762 


1,00 
400 


8,100 

1,142 


130 

1,446 

420 

530 
620 
430 

910 

110 

220 

150 


6,700 

190 

232 

132 


1,125 
1,120 
2,000 


150 

119 


85,625 

60 
67 

103 
32
 

138
 

110 
160
 
146
 
59
 
71
 

150
 
119
 
84
 

87
 

58 
161 
135
 
74
 

165 
60
 
148
 
70
 
74
 

63
 

129
 
117
 
67
 
50 
40
 
108
 
63
 
25
 
84
 

140
 
27 
67 
66
 
33
 

220
 
159
 
75
 
56
 

127
 
37
 
78
 
42 
75 
38
 
38 

108
 

87 

Source: FAO Production Yearbook. 1969 (295) 
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area on mainland China. The Continent of South America produced
 

slightly more than the African Continent and Brazil alone produced
 

about one-third of total world supply (Table 1-1).
 

IMPORTANCE OF CASSAVA IN WORLD FOOD SUPPLY 

There isno doubt that cassava makes a significant contributicn
 

to the world food supply. Coursey and Haynes (204),have stated that
 

cassava may be regarded as the staple food of about 200 million people
 

in the tropics. 

Cassava contributes to the world food supply inthe following ways:
 

1) roots are detoxicated and consumed as primary, secondary or supple

mentary food; 2)roots are used as livestock feed, and the livestock
 

products are consumed by man, and 3)cassava starch or flour isincor

porated by food industries into food products for human consumption.
 

The most important use of the cassava root, approximately 95% of
 

the world production, isthe consumption of fresh roots as a primary,
 

secondary or supplementary food. Its importance as a staple food in
 

the various countries can be assessed by determining the per capita
 

intake, but such estimates are available only for certain countries.
 

Brazil isan example of a country consuming cassava as a primary staple.
 

Brazilian tonstimption was reported to be 124 kg of roots per person per
 

year compared to 39 kilos of rice, 27 kg of beans and 17 kg of corn 

(figures for the year 1962-63). In urban areas the per capita intake 

was 42 kg, whereas inrural areas itwas 200 kg (546).
 

Jones (409) presents the results of several dietary surveys
 

conducted inmany areas of Africa. Inthe Belgian Congo 50-79% of
 

the total calories consumed was contributed by cassava (244). Another
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survey inthe Congo region indicated 27-72% (212). Insouthern Nigeria, 

24.9-55.7% of the diet was composed of cassava (540). Itcontributed 

38-47% of the calories in the diet in a survey inGhana (331). Ineast 

Africa cassava contributed 12-20% of all calories inone survey in 

Ruanda-Urundi (454). These figures indicate that inAfrica cassava 

varies from being the primary staple incertain areas, to being the 

secondary or supplementary staple incertain other areas. 

In Indonesia dietary surveys conducted by Bailey (78) indicate
 

that cassava isthe primary staple inJava and Madura region. As much
 

as 1,010 calories out of an average daily intake of 1,592 calories,
 

are contributed by cassava. Inthe Indian State of Kerala, cassava,
 

along with fish, forms the main item of the diet of the working classes
 

(200), but no reports of dietary surveys are available.
 

Cassava is being used as livestock feed for dairy cattle, beef
 

cattle, goats, pigs, and chickens (see Chapter VII). Phenomenal
 

increase inthe quantities of cassava imported by European Economic
 

Community is reported by UNCTAD-GATT (774). The imports have steadily
 

increased and reached 883,514 metric tons in 1966, which ismore than
 

double the quantity imported in 1962. The Federdl Republic of Germany 

accounted for 79% of this import. Although this represents only 1-3%
 
\ 

of the total world production, it nevertheless signifies the increasing 

trend in the use of cassava as a competitive livestock feed. 

Cassava starch and flour isused by several food industries for
 

the manufacture of a variety of food preparations such as sauces,
 

gravies, soups, baby foods, desserts, biscuits, pie and cake fillings,
 

salad dressings, mustard powders, confectionary and as a substitute for
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sago. The roots are also used for the manufacture of fermented
 

beverages such as beer;
 

Several fortified products have been made, using cassava as one of 

the ingredients. The Central Food Technological Institute (82) in India 

developed Paushtik Atta and a fortified grain called Tapioca Macaroni 

(both the products consist mainly of tapioca flour, wheat flour a I 

peanut flour). Kwee et al. (437) made a pasta product composed of 

rice, corn, soya and tapioca enriched with fish protein concentrates. 

ADVANTAGES OF CASSAVA AS A STAPLE FOOD CROP
 

As mentioned before, world cassava production issteadily increasing
 

despite the fact that nutritionists have blamed itfor kwashiorkor and
 

a host of other maladies, and economists predicted that economic growth
 

would result in the replacement of cassava with other so-called
 

"superior" staple food crops.
 

Inany given agricultural region, certain crops are favored and
 

grown as a part of the food production system generating man's.
 

nutritional needs. An analysis of the factors which favor the adoption
 

of cassava inpreference to other staple food crops in such systems
 

would throw some light on the relative importance of cassava in
 

indigenous food production systems. Inthis context some of the
 

advantages of cassava are described below as follows:
 

High Calorie Productivitv.--de Vries et al. (807) concluded that
 

cassava's productivity interms of calories per unit land per unit
 

time was significantly higher than other staple food crops. Coursey
 

and Haynes (204) Indicated that cassava can produce 250 x 103
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calories/ha/day as compared to 176 x 1O3 incase of rice, 110 x 103 of 

wheat, 200 x 1O3 of maize, and 114 x 10 of sorghum. They also pointed 

out that grain crops have been subjected to intensive improvement 

research so that the limits of their genetic potential for yield have 

almost been reached, whereas the tropical root crops are still virtually 

untouched and there iswide scope aforsubstantial improvement.
 

Greater Biological Efficiency as Food Producers.--Coursey and
 

Haynes (204) indicated that root crops have higher biological
 

efficiency as food producers, and part of this efficiency stems from
 

what might be called structural engineering considerations. In a grain
 

crop.the edible portion, the seed, has to be supported above ground and
 

a substantial portion of the mass of the plant isdevoted to structural
 

support which has to increase roughly parallel to any increase in
 

useful yield. Inroot crops the edible part of the plant ishypogeous
 

and no support isneeded. Hence, there is.less limitation on the
 

proportion of the total mass of the plant the edible portion constitutes.
 

Inwheat only up to 36% of the total dry weight of the plant isedible,
 

whereas inroot crops 63-85% isedible.
 

The Crop IsNot Season Bound.--In most of the tropical areas
 

cassava can be planted anytime of the year.* This allows the farmers
 

greater flexibility intheir work schedule.
 

*For maximum yield, however, it is necessary to synchronize the
 
planting time with the rainfall distribution pattern so as to enable
 
the plants to obtain greater amounts of moisture inthe initial
 
growing period and lesser and lesser as the crop approaches harvesting
 
time.
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The harvesting can be delayed if necessary for several weeks with

out serious changes in the composition and quality of roots. This wide
 

flexibility in planting and harvesting time enables the farmers to
 

utilize their spare time, after attending to the.main crop or chief
 

avocation, thereby avoiding the necessity to hire large numbers of
 

laborers duripg the peak planting and harvesting season as in the case
 

of many other season bound staple food crops. This is significant
 

because mechanized cassava cultivation is as yet not practicable in
 

most of the cassava growing regions.
 

Cassava as a Famine Security Crop.--Due to the fact that cassava
 

roots can be left in the ground without harvesting for several weeks or
 

even months, local growers usually retain cassava plants in the field
 

as a security against famine and other unforeseen food shortages. 

Cassava is ideally suited to be grown as a subsistence crop and the 

bulk of cassava produced in the world even today is through raising 

cassava plants as a backyard crop. In some areas a few of the roots of
 

a single plant will be harvested and used to meet the family's needs for
 

that day, and the remaining roots will be left intact for future use.
 

This admirable suitability of cassava as a subsistence crop is the
 

primary reason why cassava is tremendously popular inareas of
 

subsistence farming in the tropics throughout most of the world. 

Low Cost of Production.--The comparatively low cost of production 

of cassava is evident in the fact that cassava is one'of the cheapest 

foods in most of the cassava growing regions. This is attributed to 

several factors such as low labor requirement, easy cultivation, high 

productivity, low investments, etc.
 



Ecological Adaptation.--The cassava plant iswell adapted to 

a wide range of ecological conditions. Jones (409) describes the 

ecological adaptations of cassava as follows . . . 

"The range of cassava inopen field cultivation isessentially
 

confined to the tropics, although ithas been grown commercially as
 

far north as the southern United States and as far south as northern
 

Argentina. Approximate boundaries for its culture may be taken to be
 

from 30°N to 309S. Inequatorial regions itmay be grown 2000 meters
 

above sea level. Itdoes best at temperatures that vary only moderately
 

from 180C,although temperatures up to 350C are not harmful. But it
 

cannot stand cold and growth stops at about 1OC. It is killed by frost."
 

lhus, cassava is valued for several outstanding ecological adapta

tions, among which the following 3 are perhaps the most significant:
 

(1)its drought tolerance, (2)its ability to grow insub-optimal soils,
 

and (3)its aggressiveness towards weeds and insect pests.
 

Certain cassava varieties can grow inregions with as little as 500
 

mm of annual rainfall, and other varieties are adapted to regions with
 

5000 m rain, provided water does not stagnate in the root zone. The
 

plants need sufficient moisture only in the early stages to get estab

lished and thereafter ithas the capability to withstand drought periods
 

of considerable intensity during which most other food crops would
 

perish. The reserves of carbohydrates in the roots enable the plants
 

to make a quick start when moisture becomes available again.
 

On account of this flexibility of the crop with respect to its 

moisture needs, farmers are able to raise successful crops of cassava 

inregions with low annual rainfall inadequate to support the 
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cultivation of many of the cereals. It is considered as a safe risk 

crop inareas with erratic rainfall distribution and danger of drought. 

In some areas the total productivity of the land is maximized by 

raising a crop of cassava after the main cereal crop, thereby taking 

advantage of the scanty rain which is sufficient for cassava but
 

insufficient for a second cereal crop. During the 1943 famine in 

India, due to drought, over a million persons died in Bengal (a 

province where cassava was not being grown) whereas there were almost 

no starvation deaths inthe State of Kerala where cassava was being 

grow.,n extensively (82). This rugged quality of cassava gives it a 

competitive superiority over cereals and can promote the productive 

use of agricultural niches presently unsuitable for cereal cultivation 

(66). This isparticularly important since the U. S. President's
 

Science Advisory Committee report (631) indicates that 1.78 billion
 

hectares of potentially arable land in the world isas yet unutilized.
 

It is said that cassava can grow indepleted soils where even
 

many weeds will not grow, however, as inthe case of its drought
 

tolerance, the eco-physiology of this adaptation has not been
 

adequately investigated. Jones (409) indicates that cassava roots
 

penetrate deeper and tap nutrients from lower soil strdta which are
 

inaccessible to many cultivated annuals. Cassava cultivars are
 

capable of growing on soils ranging from a stiff marine clay with a 

pH of 8 or 9 to sands and loose laterites with a pH of 5 to 5.5 (645). 

Most of the wild species of Manihot exhibit weedy tendencies and are 

usually observed to colonize disturbed habitats (653). There isa
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cassavageneral tendency in many parts of the world to grow in sub

optimal lands and use superior lands for other crops. Hence, the crop
 

has been grown year after year, ever since its domestication, in
 

depleted soils, aK4 the farmers have been selecting cultivars better
 

adapted to such conditions. On account of this, many of the cultivars
 

extant today appear to have become adapted to low soil fertility
 

conditions and do not respond optimally to higher levels of soil
 

fertility (470).
 

This ability of cassava to grow insub-optimal soils offers it a 

competitive superiority over other staple food crops, and perhaps this 

isthe most significant aspect to be considered in evaluating the 

importance of this crop in indigenous food production systems. 

Cassava defends itself well against weeds ifthe proper variety is
 

chosen and adequate soil water and nutrients are available. Usually
 

within 3 to 4 months after planting, the crop puts up a dense canopy of
 

foliage and the weeds beneath are shaded out. Papadakis (577) reported
 

was infested with Imperata brasiliensis,
that InAfrica when a soil 


cassava was planted densely and, thus, the grass was controlled.
 

As far as isknown at the present time, cassava has been relatively
 

free from serious infestations of pests and diseases, particularly in
 

the old world where the crop was transported from its new world home,
 

but most ifnot all of the associated insects and diseases appear to
 

have been left behind. InAfrica it isgreatly valued for its
 

invulnerability to the migratory African locust (Locusta migratoria 

migratorioldes). Wood (838) has suggested that one of the cyanugenic
 

glucosides incassava, linamarin, which serves as a non-toxic precursor
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of hydrogen cyanide, is used by the plant to repel insect pests. When 

the tissues of the plant are attacked, linamarase will be liberated 

and coming into contact with its substrate produces hydrogen cyanide 

(839). AMrahm (4) states that in the State of Kerala in India 

cassava is one crop on which no insecticides or pesticides are ever 

used or even recotmended. 
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CHAPTER II
 

Genetics and Cultivars of Cassava
 

Our knowledge of the mode of origin and ancestry of cassava is 

mostly hypothetical. The species M. esculenta is not known to exist as 

a self-perpetuating natural population (apopulation flourishing as a 

wild species) anywhere in the world today (692). Sohmer (693) hypothe

sized that a species complex -- a group of closely related Manihot 

species -- existed, and this complex was in the process of rapid 

speciation and range extension when the Indians arrived on the scene. 

They discovered that many of the members of this group produced a more 

or less edible root and began cultivating some of the members of the 

complex; since then they have been maintained by man through vegetative
 

propagation under cultivation (694). Based on computer-aided analysis
 

of phenotypic variation, Rogers and Appan (655) inferred that species
 

such as M. aesculifolia, M. rubricaulis, etc., could have been the
 

progenitors of the domesticated genotypes. The great complexity of
 

M. esculenta gene pool, as it exists today, indicates that it became 

enriched through introgressive hybridization ( 65). Rogers (645) 

pointed out that because of the biological nature, itwould be possible 

for cassava cultivars, once introduced, to hybridize with locally 

occurring native species in the neotopics. The preliminary cytogenetic 

evidence reported by Appan et al. (66) indicates that even though varied 

ecological specializations are inherent in the constituent closed gene
 

1Prepared by A. H. Dempsey, Department of Horticulture, Georgia 
Experiment Station, Griffin, Georgia, and D. J. Rogers, Taximetric 
Laboratory, University of Colorado, Boulder, Colorado. 
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pools of Manihot, the predominantly functioning reproductive Isolating
 

mechanisms are possibly prezygotic and the genus appears to be an
 

aggregate of easily interchangeable germ plasm.
 

Some preliminary aspects of the genetic structure of today's
 

cassava gene pool 
are discussed by Appan et al. (66). The predominant
 

outcrossing of this monoecious species has contributed to the enormous
 

recombination of the genetic material at the intraspecific level, and
 

the vegetative propagation of this crop facilitated the preservation
 

of many of these numerous gene combinations. There are indications
 

that inthe process of world-wide dissemination of cassava cultivars,
 

the primary and subsequent transplantations of subsets of cassava gene
 

pool leading to the founding of colonies resulting from the tremendous
 

proliferation of the subsets at their respective transplant points,
 

apparently lead to the manifestation of "founder effect" in the cassava
 

gene pool.
 

CYTOGENETICS OF THE SPECIES
 

Knowledge of the fundamental cytology of thir crop is scanty.
 

Perry (597, 598, 599) concluded, on the basis of cytological analysis
 

of the members of the family Euphorbiaceae, that the basic chromosome
 

number of the genus Manihot is 9, and that M. esculenta is a tetraploid.
 

Magoon (471) critically studied pachytene karyotypes inconjunction with
 

cytogenetic data and confirmed the polyploid origin of M. esculenta.
 

Jennings (397) suggested that it is an allopolyploid.
 

The diploid chromosome number of hundreds of cassava cultivars has
 

been determined by various workers (339, 470, 598, 693) in different
 

parts of the world and there is no variation from 2n=36. The only
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exceptions are the counts made by Boiteau (111, 112, 113, 114) with 2n
 

numbers of 4, 8, 12, 16, 24 and 32. Perry (598) considered these counts
 

very unusual and Darlington and Wylie (217) rejected these as miscounts.
 

Several workers (1,3, 5, 340, 341, 343, 470, 477, 479) have induced
 

colchiploids in cassava. The chromosome counts of about 15 wild Manihot
 

species have so far been made and all of them are reported to have 2n=36
 

chromosomes (211).
 

Perry (598) reported the somatic chromosome morphology of a few
 

cassava cultivars (and also 2 wild species) and pointed out that they
 

are quite uniform. Sohmer (693, 694) studied meiotic metaphase I
 

chromosomes of several cultivars and reported that in general the 

chromosome size and configurations are approximately the same. Exten

sive karyomorphological studies are being reported by Magoon and 

associates, this includes morphology of the pachytene chromosomes of 

M. esculenta (480), cytomorphology of induced polyploids in cassava
 

(479) and cytomorphology of interspecific hybrids between M. esculenta
 

x M. jlaziovii (475, 482).
 

Cassava cultivars are reported to have varying degrees of sterility. 

Cours (201) observed that 20% of the cultivars studied by him were male 

sterile. Sohmer (693) poiiited out that clonal stocks have been main

tained for centuries through vegetative propagation, and there has been 

an accumulation of spontaneous mutations through these years because 

the plants did not pass through sexual reproductive cycle and as such 

most of the mutations did not get eliminated. Moh and Valerio (505) 

and Hsu and Valerio (378, 379) investigated cytological abnormalities 

of some cassava cultivars with the aim of determining the advantageous 
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effects of cytological aberrations, as heterosis isoften associated
 

with heterozygosity for deletion, inversion or translocation of chromo

some. They observed that the aberrations were able to be transmitted
 

through generations of somatic division, but there was no evidence to
 

ascertain that these aberrations were advantaqeous while they did not
 

appear to be deleterious either. The major difference between M.
 

esculenta and its related wild species, according to Rogers (645), is
 

that M. esculenta isgenerally less fertile. This is natural because
 

as inother vegetatively propagated crops farmers have been selecting
 

cultivars without regard to fertility. Jennings (397) observed in
 

East Africa that, due to severity of brown streak virus, farmers have
 

frequently evolved new varieties by propagating from self-sown virus

free seedlings and this resulted inthe maintenance of a relatively
 

high seed setting ability inthe native cultivars inthat region.
 

Magoon et al. (478) and Jos et al. (414) determined the mechanism of
 

pollen abortion insome male sterile lines. Degeneration of individual
 

microspores was reported to be due to the failure of the separation of
 

microspores from the tetrad which lead to the formation of empty anthers,
 

whereas in certain other male sterile lines the pollen abortion appeared
 

to be due to the persistent nature, abnormal behavior and development
 

of the tapetum. They reported that meiotic abnormality was not the
 

cause of pollen degeneration in the material studied by them. Jennings
 

(397) reported that variations inpollen fertility was not correlated
 

with variations inovule fertility; cultivars which were above average
 

for pollen fertility did not necessarily have above average ovule
 

fertility.
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Little published information is available with respect to the
 

inheritance patterns of the genetic traits in this crop. Magoon (471)
 

indicates that biometrical indices are beinq prepared to rationalize
 

breeding procedures. Doku (237) observed positive correlation between
 

root yield and certain other characters of the plant and indicated
 

that a knowledge of the inheritance pattern of those characters are of
 

crucial significance in designing breeding procedures. Magoon (471)
 

reported that studies were also underway with respect to objective
 

assessment of genotype environment interaction of agronomic, morpho

logical and other important characteristics of promising germ plasm
 

collections and hybrids to evaluate their phenotypic stability and
 

identification of genetic systems conferrinc; wider adaptation.
 

Inorder to systematically evaluate the genetic variahility
 

existing in the genus I.nihot, and to investicate the cytocenetic
 

relationship of M. esculenta with its related wild species, computer

aided taximetric studies of the Manihot closed nene pools are being 

conducted by Rogers and associates (63, 66, 654). Closed qene pools 

represent the bioloically most meaninaful operational units in natural 

populations, and being the largest interbr2edinq units, they also 

represent the mct efficient samplinq units for evaluation studies. 

Taking advantaqe of the speed and efficiency of modern computers, 

effective methods have been develooed (653) which deploy a series of 

interlinked computer programs, the sequential application of which 

aids accurate delineations of the closed qene pools in natural popu

lations (64). The computer output presents graphic indications for 

the recognition of patterns of the genetic structure such as 
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introgression, genetic drift, adaptive radiation, incipient primary
 

speciation, secondary speciation, zones of gene exchange consequent on
 

the breakdown of reproductive barriers, etc. (65). The 18 closed gene
 

pools (including the 3 newly discovered ones) which together constitute
 

the North American segment of Manihot have been delimited (655). Their
 

geographic domains have been delineated, and their ecological adaptations
 

and tolerance limits have been defined. Working hypotheses have been
 

advanced for the proposed cytogenetic investigations as outlined inthe
 

2nd phase of the taximetric methods (63). The delimitation of the
 

closed gene pools inthe South American segment of the genus is in
 

advanced stages of completion.
 

Classification of the Cultivars:
 

Thousands of cassava cultivars are extant under cultivation today,
 

and all of these have originated as open pollinated seedlings (rarely
 

as somatic mutants). Usually the crop is harvested before the sexual
 

phase begins, but occasionally ifthe harvesting isdelayed the plant
 

will set seeds. Some seedlings may attract the attention of the
 

farmers on account of their hybrid vigor and freedom from virus diseases
 

(the virus disease, cassava mosaic, iswidespread all over the world on
 

account of easy transmission of the virus through vegetative propagation
 

of the crop, and the seedlings being free of the virus usually stand out 

in a field of infected plants). Predominant outcrossing in this crop, 

on account of its monoecious flowers, promotes the production of
 

innumerable new recombinant types and potentially each F1 recombinant 

in cassava can become a cultivar, unlike inseed-propagated crops
 

wherein a variety must satisfy th!' requirement of possessing genetically 
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fixed traits which do not significantly break down inthe progeny. When
 

a seedling becomes a cultivar, farmers give it a name to identify it.
 

Sometimes a cultivar gets transported to another region and gets another
 

name and as such it is not uncommon for one cultivar to masquerade under
 

different names. Rogers (645) located one cultivar in Costa Rica, the
 

name of which was "Brazil". This cultivar was carried by the Dutch
 

from Brazil to Indonesia, returned from Indonesia to Cuba and from Cuba
 

taken as an ideal producer to Costa Rica.
 

Usually only a few cultivars (about 1/2 dozen) would be popular in
 

any given locality and the local growers would be quite familiar with
 

the characteristics of those cultivars enabling them to identify them
 

easily. When agricultural workers began building up assemblages of
 

cultivars, classifications of the cultivars bepame necessary. Rogers
 

and Fleming (650) review indepth the history of classification of
 

cassava cultivars. Zehntner (844) divided the Brazilian cultivars into
 

two groups, one grotip with high concentrations of the cyanogenic gluco

sides and the other supposedly none. Tests conducted by Rogers (645)
 

of about 100 Jamaican cultivars proved that such a separation isnot
 

taxonomically valid. The CN" concentrations are present in a continuum
 

from low to high and do not appear to be correlated with any morpho

logical or ecological feature, and insome known instances they vary
 

with the maturity of the plant.
 

Several informal classifications of cultivars restricted to local
 

areas have been developed by workers indifferent parts of the world.
 

These are largely useful for the identification of the cultivars growing
 

inthese regions but cannot relate to the plants inother growing regions
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of the tropics. Such are the classifications by Cours (201) for
 

Malagasy, Koshy (427), and Abraham (2)for India, Chandraratna and
 

Nanayakkara (164, 165) for Ceylon, Templeton (753) for Malaysia and
 

Doku (238) for Ghana.
 

A universal classification of the cultivars based on natural
 

relationships isan essential prerequisite for efficient evaluation
 

and utilization of the genetic variability embodied in M. esculenta
 

gene pool. The work of Rogers and Fleming (650) completed after 18 

years of research attempts to respond to this need. The large number 

of variants of cultivated species, differing in some cases only in on( 

biochemical property, maintained only by intercession of man's conscious
 

cultivation, exhibit an apparent continuum in-their phenotypic properties;
 

'in contrast to members of wild species which are constantly subjected to 

selection pressures maintaining a high frequency of genotypes manifestinq 

phenotypic properties varyinq within specific limits conferring maximum 

fitness. However, efficient methods of analyzing the phenotypic data 

could enable us to discover "constellations" of cultivars reflecting 

natural relationships. Therefore, in order to evaluate the overall 

phenotypic similarity between a large number of cultivars and to dis

cover constellations among them reflecting natural relationships, 

computer-aided methods were developed by Rogers and associates (275, 276, 

362, 644, 646, 649, 651, 653, 834). The application of the mathematics 

of the information theory inassessing the relatiGnships amongst reticu

lately related members, such as cassava cultivars, is illustrated by 

Fleming and Ropers (304). 
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Rogers and Fleming (650) divided the cassava cultivars into two
 

major subdivisions, based on characters of roots and stems. The larger
 

subdivision contains all those cultivars having roots with roughened 

and generally dark brown epidermis, and stems either brown, red, or 

yellow. The smaller subdivision (about 30% of the cultivars) is 

characterized by having roots with smooth epidermal layer,.colored 

light tan, sometimes with pinkist cast. The stems are "silver" or 

light gray. Below these two categories, the cultivars are clustered 

into 19 groups, each group delimited rather tenuously based on 15
 

morphological characters (Table2-1). The classification was based on
 

population samples collected mainly by David J. Rogers and are samples 

of the new world tropics only. Inasmuch as the crop was derived from 

the new world tropics, the authors felt that this classification would 

be applicable for cultivars in any part of the world. This classifi

cation, purely morphological in nature, was designed largely to aid
 

plant breeders and other persons involved in agricultural research to
 

relate their own material to the world-wide types that exist. No 

attempt was made by the authors to provide Latin names to the groups 

because of the nature of variation in this species. This computer

aided classification of M. esculenta (650) provides a sound framework 

for 1) developing an universal catalog of cassava cultivars describing 

their economically significant phenotypic attributes; 2) efficiently 

designing cytogenetic investigations to understand the karyological 

mechanisms of differentiation in this group of cultivars, and 

3) building computer banks of phenotypic and cytogenetic information 

so as to enable breeders to search and pick appropriate genetic stocks 

by manipulating the bank. 
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TABLE 2-1. 	 Phenotyplc Characters Employft in 
the Computer-Aided Clas iflcation 
of Cassava Cultivars. 

ROOT CHARACTERS
 

1. Texture 	of root surface
 

2. External color of root 

3. Color of root cortex 

STEM CHARACTERS
 

4. Color of stem
 

5. Storey lenoth
 

6. Nature of scars on stem 

7. Branching of nlant 

LEAF CHARACTERS
 

8. Number of lobes of leaf
 

9. Leaf lobe shape
 

10. SinuosiLy of lobes of linear leaves
 

11. Sinuosity of lobes of obovate leaves
 

12. Length 	of median lobe
 

13. Width of median lobe
 

14. Petiole color
 

15. Color of young foliaqe
 

Source: D. J. Rogers and .. S. Flemino (650)
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STERILITY AND BREEDING BEHAVIOR
 

Many cassava varieties are male sterile as reported by Cdpinpin
 

and Bruce (147). Sterility and poor fruit set of cassava have been
 

studied by Moh (504) and Jenninqs (397). The partial sterility of
 

cassava may be an obstacle in making certain combinations and Martin
 

(491) has suggested the use of mass selection techniques to overcome
 

this problem. Itmay also be a valuable tool for quickly developing
 

gene pools or used in population breeding as is currently being done
 

with sorghum. This would be especially important for improved protein
 

and improved starch development. This factor coupled with an asexually
 

propagated plant might be an extremely important key factor. The
 

specific cause of partial sterility i.n some cassava species is not
 

known, but Jennings (397) is of the belief that it may be a genic or
 

chromosomal unbalance caused by the outcrossinq of cassava to related
 

species. Magoon et al. (476) investigated the mechanism of pollen
 

abortion in twelve male sterile lines of cassava and they noted ten
 

lines with a failure of disjunction of individual microsDores from the
 

tetrads at the proper time; however, sterility in two of these lines
 

resulted fro,:, the persistent nature, abnormal behavior and development
 

of tapetum. Magoon et al. (476) also reported that meiotic abnormality
 

was not the cause of male sterility in the twelve lines investiqated.
 

Pollen sterility in the induced tetraploids of cassava ranged from 65%
 

to 78% and seed fertility was also poor under open pollinatedconditions
 

(477). A triploid showed 79% pollen sterility and the triploid plants
 

did not set seed on selfing; however, slight seed fertility was noticed
 

under open pollinated field conditions. Abraham et al. (5)found that
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tetraploids were lower in vigor, productivity and hardiness, higher in 

water content, and less capable of resisting unfavorable conditions
 

when compared to diploids.
 

CULTIVARS AND VARIABILITY ASSOCIATED WITH GENETIC DIFFERENCES 

Yield variability associated with genetic differences isdifficult
 

to ascertain except under uniform controlled trials since they would be
 

confounded with environmental effects. However, the results of Abraham's
 

(3)investigations suggest a fairly high heritability of yield and he
 

has reported producing some hybrids with superior yield and vigor. He 

demonstrated the usefulness of inbreeding cassava to increase predict

able results ina breeding and improvement program. Doku (237) studied
 

the breeding of cassava for yield and noted a significant association 

between certain plant characteristics and root yield. 

Chandraratna and Nanayakkara (166) studied the reproductive process 

of cassava as it related to production of hybrids. They reported that 

the stigma remain's receptive up to twenty-four hours, dried pollen 

remains viable for six days, insect and wind both carry pollen, eight 

to nineteen hours are required for fertilization to occur, flower drop 

in about ten days, and seeds require 2 1/2 to 3 months to mature. 

JMnnings (394), while working inEast Africa, reported that Manihot
 

melanobasis contributed factors which enhanced the fertility of its
 

hybrids with cassava and five local varieties which included the local 

variety, Katoto.
 

Increases in production may result from the improvement of pro

duction methods and cassava varieties. The evaluation of present
 

cultivars for local adaptability and to changing production practices 
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will be of great importance in future expansion of this crop. In
 

established cassava varieties, bud sports have been reported (499);
 

however, the low frequency of these mutations would offer few oppor

tunities for thei, utilization to develop better types. Mechanized
 

good potential.
production and harvest of cassava appears to have a 


Cassava iscustomarily propagated by cuttinas; however, the high
 

fertility level of Manihot melanobasis offers a source of genes for
 

True seeds might be used to propagate
good capacity to set seeds. 


this crop ifdesirable types could be developed by mass selection,
 

hybridization and inbreeding. Furthermore, this might be utilized
 

means of obtaining virus-free stock ifit can be demonstrated
as a 


that viruses are not seed transmitted.
 

PROSPECTS FnR IMPROVING YIELD 

The Brazilian average yield of cassava roots in the last few years
 

has-been about 14 metric tons/ha, compared to 8.4 metric tons/ha on a
 

world-wide basis (546). However, Normanha (546) states that for the
 

State of Sao Paulo, Brazil, on a basis of 135,000 ha (1968-69), yield
 

has been estimated to average 17.5 tons/ha which is20% ureater than
 

This is
the Brazilian and 52% higher than the world's average yield. 


also greater than the average yield of cassava in India which was
 

reported to be about 12.5 tons/ha (471).
 

Increased production per unit area appears possible for cassava
 

locally adapted cultivarseven without extensive breeding programs if 

with high yielding potential are grown under controlled and improved 

production systems. Nevertheless, the great variability and species 

crossability of cassava appear to offer many opportunities ina
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breeding program to develop new and more productive types for commercial 

production. 

In trials (Table 2-2) of cassava cultivars carried out in the
 

Paraiba River Valley on a tertiary soil, a new cultivar, antiquelra, 

created by the Instituto Agronomico was superior to all others (663).
 

This cultivar was reported by Schmidt and Pereira (663) to have pre

cocious initial shoots, high productivity, roots of excellent type and 

to be easy to harvest. It was also reported to have upright plants 

which makes cultivation easy, an apparent resistance to the root rotting 

and bacteriosis caused by Xanthomonas manihotis (Arthand-Berthet) Stars,
 

tolerance to drought, and to be free of virus induced mosaic,
 

Ramos (616) stated that a collection of 200 Manihot clones were
 

being evaluated for yield earliness, protein or nitroqen content, and
 

resistance to diseases on the very fertile, heavy soil of the Cauca
 

Valley in Palmira. The best varieties for yield were Llanera, Yuca-

Papa, Tempranita, Amarilla, Respetada, and the clones CMC 29, 39, 40, 

and 93, and the Brazilian variety, Santa Catarina. Ramos (616) states, 

"the Llanera variety has been outstanding for yield in the Cauca Valley, 

producing up to 78 metric tons of roots/ha in experimental plots and 

40 tons/ha ingrower fields. The CMC 29 and 39 varieties have been 

better adapted to warmer temperatures of the Caribbean Coast." The 

earliest maturing varieties were Llanera, Yuca-Papa, and Tempranita, 

being ready for harvest in about 10 months (616). 

PROSPECTS FOR IMPROVING FOOD AND FEED VALUE 

One of the most important aspects of cassava breeding in addition
 

to total yield is the prospects of improving the protein and starch
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TABLE 2-2. 	 Average Production of Roots in Tons Per Hectare 
from 5 Experiments Harvested on Two Vegetative 
Cycles for the Years 1962 to 1966. 

Percent 
Experiment producti on of 

Treatment 1 2 3 4 5 Mean check variety 

Mantiqueira 47.9 45.6 49.2 49.2 44.8 47.3 189.2 

IAC-7-127 35.1 37.2 34.2 38.6 33.5 37.2 148.8
 

IAC-5-165 34.2 31.4 36.5 32.5 29.6 32.8 131.2
 

Branca de Santa 24.6 25.9 22.3 25.7 26.5 25.0 100.0 
Catarina (check) 

Marion 	 19.8 16.9 15.8 19.1 16.3 17.6 70.4
 

d.m.s. (Tukey 5%) 	 3.8
 

Source: N. C. Schmidt and A. S. Ppreira (663) 
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content. Bolhuis (118) recorded the prutein contents infresh roots of
 

seedlings and their clones from the cross Manihot saxicola with the
 

clone Basiorao. Inhis study, the protein content infresh roots range
 

from 0.46 to 2.06%, and Bolhuis reported that there was poor corre

spondence between the protein content of seedlings and the clones
 

derived from them. Bolhuis stated, "the hybrids from cross of Manihot 

utilissima with Manihot saxicola seem to offer the greatest possibilities, 

although they are adversely affected by a high degree of poisonousness
 

and unfavorable habitus."
 

Ramos (616) reported in initial tests the highest content of total
 

nitrogen on dry basis for roots was 6.40% inthe variety Llanera; he
 

also stated twelve varieties had more than 7%protein in the leaves.
 

PROSPECTS OF DISEASE AND NEMATODE RESISTANCE THROUGH BREEDING
 

Studies of mosaic resistance incassava by Doughty (242) suggest 

that this trait ismultigenic and hybrids obtained by him had a high 

level of resistance but none with complete immunity. First generation 

hybrids were all tree-like when M. glaziovii was used as one parent.
 

Inthe M.esculenta x M. qlaziovii hybrid, some cytological abnormalities
 

have been observed; however, a gene flow from one species to another
 

appears to be a potential breeding method for cassava. Nichols (536)
 

studied virus resistance incrosses of tree-type Manihot with shrub-type
 

cassava. Graner (342) reported that incassava a narrow lobe leaf was
 

dominant to wide lobe leaf and dark skin roots were dominant to light
 

skin roots.
 

Guiran (350) evaluated 42 cassava clones for resistance to Praty

lenchus brachyurus (nematode); he reported Touye clone to be one of the
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most susceptible and B25x5O crosses one of the most resistant. Tables 

2-3 and 2-4 present plant and root characteristics for several cassava
 

cultivars (549). 

RECOMMENDATIONS FOR BREEDING IMPROVED CULTIVARS 

A breeding program for cassava should include short-term and long

term goals. This crop is usually propagated vegetatively by stem cuttings 

which should be an advantage on a short-term basis for selecting high

yielding, locally adaoted clones for commercial production. Short-term 

goals should be devoted to the collection and evaluation of existing
 

cultivars for adaptability to areas of production, yielding ability,
 

disease and insect resistance, and types suitable for mechanical
 

production and harvest. Attributes of importance for types to be
 

mechanically harvested are single stem plants, short internodes, and
 

bulbous roots clustered close to point of attachment near the soil
 

surface.
 

Success for an increase of protein incassava roots appears possi

ble as indicated by the 6.40% protein content of the variety Llanera.
 

Bolhuis (118) suggested the protein content of cassava varieties might
 

be increased by use of high protein varieties from Indo-China and
 

crosses of M.utilissima with M. saxicola inbreeding programs.
 

Short-term goals might include objectives for cassava improvement
 

suggested by Magoon (471) and others, as follows:
 

1. High-yielding varieties possessing excellent response
 

to fertilization (80 to 100 tons/ha).
 

2. Resistance to "cassava mosaic", scale insects, red
 

mite, and drought.
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TABLE 2-3. 	 Recommended Cassava Varieties According to 
Use or Principal Pest Problem of the Region. 

Principal problem 	 Recommended varieties Purpose of crop 

Excess sproutinq .... Preta
 
(virus) Itu
 

Bacterioses ......... 	 Branca Santa Catarina
 
Cafelha
 
IAC-1 2-1
 
IAC-5-165 General industrial use
 
Brava de Itu
 
Itu 

Stem borers ......... 	 Brava de Itu
 
Itu 
IAC-12-1
 

Bacterioses ......... Guaxup6 
Santa 
Piraqununga Human consumption 
Ouro do Vale (table) 

Stem borers......... Santa 
Pi raqununga 

Excess sprouting.... Itu 
(virus) 

Bacterioses ......... 	 Guaxup6
 
Santa Forage

Piraqununga 	 (raw roots)
 

Borers .............. 	 Santa
 
Pi raqununga
 
Itu 

Source: E. S. Normanha and A. S. Pareira (549) 



TABLE 2-4. Some Characteristics of the Main Cassava Varieties for Industry,
Table or Forage for the State of Sao Paulo, Brazil. 

Varieties 


IAC-12-1 


Branca Santa Catarina 


Preta 

Cafelha 


Brava de Itu 


Itu 

Branca do Vale 

Marion 

Vassourinha 


Santa 

Guaxupi 

Tatu 


Piraqununga 

Ouro do Vale 

Resistance to attacks caused by Resistance to plagues Root characteristics
 
I -r 

Bacteria Fungi Virus Borers Larvae Cortex Pulp

(Xanthomonas (Cercosporal Branching (Coeloster- in Skin Outside Inside or
 
manihots) henningsii ) nus, spp.) bud core
 

Color/texture Color Color Color 

Industrial Varieties 

Good - - Good Good Clear, smooth White White White 

Good - Average Average Average Clear, smooth White White White 
Average - Optimum Good Average Brown, rough White White White 

Good Average Poor Average Average Clear, smooth Light pink White White 

Average Average Average Good Good Brown, rough White White White 

Good Average Average Very good Good Brown, rough White White White 

Poor - - Very poor - Clear, smooth White White White 
Average Poor Very poor Good Clear, smooth White White White 

Table and Forage Varieties 
Poor Average Poor Very poor Very poor Brown, rough fWhite White White
 

Good Good - Very poor Good Brown, rough Purple White White
 
Good Very poor Poor Very poor Poor Brown, rough mWhite White White
 
Average - Poor Very poor Poor Brown, rough jWhite White White 

Good - - Very good Good Brown, rough Light cream Light cream Cream 

Good - - Good Good Brown, rough Cream Cream Cream 

Source: Normanha and Pereira (549)
 

Ca 
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3. Tuber quality --high starch (30 to 35% infresh tubers) ind
 

high protein (6to 8%) content, low HCN.
 

4. Early maturity (10 months). 

5. Close-set buds on the stems.
 

6. Varieties with unbranched stems (late flowering).
 

7. Roots clustered close to the point of attachment and near
 

soil surface.
 

8. Bulbous roots that are easily removed from the soil.
 

9. Good keeping quality.
 

Many long-term goals are outlined by Martin (491) in the intro

duction and genetics research program below:
 

1. Introduction Program 

(a) Collect and maintain all possible species of Manihot. 

(b) Study the interrelations of the species by morphological, 

cytological, and biochemical approaches.
 

(c) Screen the collection of traits of agronomic value, including 

disease resistance, morphology of roots and shoots, tuberi

zation of roots, resistance to rain, drought, insects, and
 

burrowing aniimals, and for starch characteristics and amino
 

acid profile. 

(d) Screen for crossability to Manihot esculenta.
 

(e) Screen for intercrossability of selected species.
 

f) Establish a virus-free site for assembling and maintaining
 

a cassa',a varietal collection. 

(g) Assemble a collection of virus-free varieties. 

(h) Document the characteristics of these varieties. 
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(1) 	 Select contrasting characteristics for conventional genetic 

studies. 

2. Genetic Program 

(a) 	 Develop a genetic program to test the mode of inheritance of 

particularly useful single-gene characteristics.
 

(b) Test the heritability of yi'eld, plant size and shape, and
 

other agronomic characteristics.
 

(c) 	Test the effects of inbreeding ana outcrossing on yield.
 

(d) 	Determine pollen vectors and degree of outcrossing.
 

(e) 	Develop and characterize a series of inbreds.
 

(f) 	 Use single genes to improve existing inbreds. 

(q) Develop open-pollinated populations with a wide genetic base,
 

utilizing male sterile techniques.
 

(h) Use mass selection techniques to gradually modify such popu

lations.
 

(i) 	 Screen all generations for potentially valuable individuals. 

(j) 	 Cross cassava to species with desired traits. 

(k) Introgress new and desirable traits into inbreds and open

pollinated populations.
 

(1) Introduce varietal selections into agronomic field trials.
 

The formation of a Cassava Cooperators Group to develop plans for
 

a cooperative uniform replicated yield trial to be conducted at several
 

locations should expedite the evaluation of existing cassava varieties.
 

Group regional testing and evaluating of varieties provides information
 

on the performance of varieties under a wide range of environmental
 

conditions.
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Long-term breeding goals for cassava should include studies to 

determine the inheritance patterns of characteristics 'Forexisting 

varieties and wild types. Investigations to determine genetic infor

mation should include combining ability, inbreeding, linkage, and mass 

selection. A study of the reproductive mechanisms incassava should 

provide information to assist in the development of breeding procedures 

for controlled hybridization of this crop. 
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CHAPTER III
 

Cultivation and Fertilization of Cassava1
 

The great prominence of growing cassava results mainly from the
 

capacity for producing large amounts of food calories in the form of 

carbohydrates per unit land with a relatively easy culture and low
 

labor requirements, compared to other food plants. With minimal 

effort and very poor conditions the yields may be as low as 7,500 kg/ha 

(3tons/acre) while under better conditions the yields may even amount
 

to 50,000 kg/ha (20 tons/acre) (70, 426). This may rank cassava first
 

in production capacity compared to Irish potatoes, sweet potatoes, yams,
 

taro, etc. (453, 624), and it also surpasses definitely the yield of any
 

cereal crop. In this respect, estimates indicate that the yield is 2
 

to 4 times that of rice and maize in West Africa (412) and about 10 

times that of wheat (289).
 

CLIMATIC CONDITIONS
 

The cultivation of cassava has always been limited to the tropics. 

Its success is considered to be dependent on a warm not too humid
 

climate, and recently evidence was submitted that cassava can adapt
 

itself also to a subtropical or warm temperate climate. According to
 

Averre (75) and Tracy (765) cassava has been grown since 1900 in the
 

Southern United States, especially in Dade County, Florida, although 

unpublished reports (personal comunications, Dr. D. J. Rogers) stated
 

that it had been grown by the Seminole Indians long before this date.
 

'Prepared by K. H. Tan and A. R. Bertrand, Department of Agronomy,
 
University of Georgia, Athens, Georgia. 
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The areas inwhich cassava is extensively grown have the following
 

climatic types. In Latin America it is mostly cultivated in areas with
 

Koppen'sl Am and Aw climatic types and to a less extent also in Af and
 

Bs or Bwh climates (813, 817). In Brazil the area includes the Amazon
 

basin, while in Colombia cassava is generally restricted to the northern
 

part of the country. In Africa cassava growing areas are located
 

according to De Viliers (797) from Senegal in the west, over Nigeria
 

and the Congo, to the northern tip of Malagasy (Madagascar) in the east.
 

These areas vary in climate types from "equatorial humid" to "tropical
 

summer wet" (815), corresponding approximately to Am and Aw (or savannah)
 

climatic types of Koppen. In tropical Asia the areas with cassava have
 

a somewhat wider variation in climate. In India this climate would be
 

an Aw or As monsoon climate, while in Southeast Asia, comprising of
 

south Burma, Ceylon, Thailand, Cambodia, Laos, South Viet-Nam, Malaysia,
 

Brunai, Serawak, the Philippines and Indonesia, the climate is designated
 

as a humid-tropical climate with 8 to 12 months with mean monthly
 

temperatures >18 0C (Koppen: A) and a mean relative humidity of at
 

least 65% (308). In Indonesia cassava is scattered throughout the
 

country from the warm humid climates in the lowlands (Koppen: Af) to
 

the cool dryer climates of the mountains (Koppen: C), with the largest
 

concentration of cassava again inAma and Asa climates.
 

1Koppen's classification of climate (743): A=coldest month >18°C;
 
B=steppe climate; C=average annual temp. between 18 and -30C; a=warmest
 
month >220C; h=annually >18 0C; i=difference between coldest and warmest
 
month <50C; f=humid;-s=summer dry; w=winter dry; m=condition between f
 
and w (or s).
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It can he summarized that the areas for cassava production are
 

generally imited between 120N and 120S latitude, if changes in climatic
 

conditions with elevation are not taken into consideration. In general
 

the climate in the tropics changes,with altitude above sea level.
 

Rainfall increases and probably reaches a maximum at about 1500 to 2000 m
 

above sea level. Temperature decreases with increasing altitude.
 

Differences in temperature in Indonesia (743) can be calculated with
 

the formula:
 

t = 26.3 - h x 0.60C
 

where 26.3 is the temperature at see level and h is the elevation in
 

hectometers. So at high elevations temperatures comparable to those of
 

temperate-climates can be'reached. As cassava is a tropical plant, it
 

requires moderate temperatures and a frost-free growing period, although
 

it is produced in Southern Brazil where frost may occasionally occur.
 

For this reason it usually does not grow well at higher altitudes, where
 

temperatures may drop below the optimum limits, for cassava plant growth.
 

At 800 meters above sea level the cassava plant starts to require a
 

longer growth period for a good harvest of roots. The yield also
 

decreases considerab y (426). Above 1500 m conditions become very
 

unfavorable for growth.
 

With respect to rainfall De Viliers (797) considered an average
 

annual rainfall of 760-1,015 mm (30-40 in)optimum for cassava growth.
 

However, the present authors have observed that depending upon other
 

conditions cassava can also be grown successfully in high rainfall
 

areas, i.e., in Indonesia cassava is grown and produces well in areas
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with 4000 mm rain annually. The same is true for parts of Latin America 

and India (162, 436, 813). Ifthe rainfall istoo high the young
 

cuttings may be damaged by fungus, while the chances for root-rot in
 

mature stands increase. On the other hand, ifthe rainfall istoo low,
 

like in a steppe climate, the roots may develop into woody and stringy
 

knobs, although the cassava plant is known to resist lengthy drought
 

periods. An arid climate or an abnormal dry spell inmoderately humid
 

regions will affect cassava growth unfavorably. Inolder stands the
 

plants will be defoliated by an extreme drought period and consequently
 

the roots will not develop sufficiently. There are, however, some
 

varieties and species well adapted to drought but the roots are usually
 

small. The plants may also become more susceptible to pests and
 

diseases under drought conditions.
 

SOILS
 

General Requi rements:
 

Cassava may grow ina wide variety of soil conditions, but for
 

optimal growth and good harvest itrequires a friable and rich soil.
 

The best result may be obtained on light textured soils, provided
 

sufficient amounts of plant nutrients are available. Generally, in
 

heavy textured soils the roots do not enlarge sufficiently, while in
 

less fertile soils unsatisfactory results are obtained due to a poor
 

development of the foliage. Here again varietal differences can be
 

noted invarious parts of the world. A point worth mentioning inthis
 

respect is the fact that Oxisols (lateritic soils) in the tropics are 

characterized by a very high clay content (,up to 90% inthe subsoil)
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and yet they do not exhibit the plasticity and stickiness as would be
 

expected by such a fine texture. This isdue to the presence of a
 

very stable aggregation by free iron.
 

The cassava plant also can not endure marshy, swampy or hydro

morphic conditions and, in regions dominated by paddy rice, cassava
 

isusually cultivated as an "upland" crop.
 

Since cassava has high nutrient requirements, it tends to deplete
 

the soil, especially with respect to soil potassium content (234).
 

This will be discussed more indetail inthe section on mineral nutrition.
 

Because inmost countries cassava does not produce significant financial
 

returns, the best soils tend to be reserved for more profitable crops
 

and only the poor soils are planted with cassava. Inthis way, it is
 

usually argued, even the poorest soil may then produce some food. This
 

fact is probably one of the reasons why the reported yields inmany
 

countries, especially Africa, have been so low.
 

Soils of Cassava Areas:
 

Inthe following discussion of soils and soil characteristics, the
 

reader should keep inmind that only soils considered as potentially
 

important for cassava cultivation are reported. The soil groups were
 

selected from the viewpoint of their potential for growiing cassava, by
 

superimposing the corresponding maps for soil types and climatic
 

conditions over that of the cassava growing areas of the world,
 

specifically inLatin America, Africa and Asia. Adaptation of these
 

soils for cassava production is quite possible under proper wiater and
 

fertility management.
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Latin America.--Depending upon the conditions the following soil
 

groups may be found inthe cassava growing regions of Latin America (132);
 

red yellow latosols; red yellow podzolic soils; non-calcic and calcic
 

brown soils; red and brown mediterranean soils; terra roxa soils; tropical
 

mountain ando soils; desert soils; and alluvial soils. A comparison of
 

these soil types with the U.S. Comprehensive System of Soil Classifica

tion ispresented inTable 3-1.
 

Oxisols and Ultisols are widely distributed inBrazil, Peru,
 

Equador, Colombia, Bolivia, Paraguay, and Costa Rica. Brazil is
 

covered generally by Oxisols and Ultisols with Alfisols occurring inthe
 

northern and southern part. Inthe northern part of Col6mbia, where
 

cassava ismainly concentrated, the soils are Oxisols, Ultisols and
 

Entisols.
 

Not all of these soils discussed above are presently suitable for
 

cassava cultivation but could become important under proper management.
 

Most cassava isproduced on Oxisols, Ultisols and Entisols. The
 

Aridisols are too dry but if irrigation were available they probably
 

could be adapted. The Andepts are suitable soils inareas where the
 

cool climate isnot a limiting factor. The latter isworth investiga

tion, since in Indonesia the lowland Andepts (743) provide excellent
 

soil conditions for cassava, tobacco and other horticultural crops.
 

The Alfisols, with mineral fertility and structure being generally
 

good, may also be important for cassava, especially the Terra roxa.
 

According to Bramao (132) two types of Terra roxa soils should be
 

recognized inBrazil and Paraguay: e.g., Terra roxa "ligitima" and
 

Terra roxa "parana." Both originated from diabase rocks of the
 



43
 

TABLE 3-1. Summary of the soils inthe cassava growing regions, as
 
correlated with the U. S. Comprehensive System.
 

U. S. Compre- Latin America Africa Asia 
hensive System 

Entisols Alluvial soils Alluvial soils 

Inceptisols Trop. Mount. Ando - Andosols 

Aridisols Desert soils Desert soils -

Vertisols Trop. Dark Clay Trop. Dark Clay Grumusols 

soils soils 

Mollisols Brown Trop. soils Acid Brown 

of humid regions Forest soils 

Alfisols Non-calcic Brown Trop. Ferruginous Red and Brown 

Mediterranean 

Calcic Brown Non-calcic Brown 

Red and Brown 

Mediterranean soils 

Terra roxa 

Ultisols Red Yellow Podz. Trop. Ferruginous Red Yellow Podz. 

Oxisols Red Yellow Latosols Ferralitic soils Red-Reddish Brown 

Latosols 

Ferrisols 



44 

Brazalian Trapp formation and are considered the most productive soils
 

of South America. Terra roxa of Parana iswell adaptid for growing
 

coffee, sugar, pineapple, upland rice, cotton, maize and groundnut.
 

Bramao (132) reported further that the production of coffee may decline
 

after a few years of cultivation, due to a rapid decrease of organic
 

matter content and deterioration of the moisture retention capacity of
 

the Terra roxa soil. Ifthis occurs, the productivity of this soil
 

could be restored by proper management and irrigation and would be well
 

adapted for cassava.
 

Africa.--Using the ORSTROM and INEAC soil classification system
 

(230, 231), the soils in the cassava growing regions of tropical Africa
 

may be distinguished roughly into the following groups: tropical
 

ferruginous soils (or fersiallitic soils); ferralitic soils; ferrisols;
 

tropical dark clay soils; brown tropical soils of humid regions; and
 

desert soils.
 

Using the Comprehensive System (Table 3-1), itappears that the
 

Oxisols, Ultisols, and to some extent the Alfisols, are the most widely
 

distributed soils inthe cassava growing areas of Senegal, Guinea,
 

Liberia, Ivory Coast, Nigeria, Congo, Ruanda, Tanzania and the northern
 

tip of Mozambique. Most of the Aridisols are located to the north
 

bordering the Sahara. Dark clay soils of the tropics are scattered
 

throughout the countries with the largest distribution found in
 

Nigeria and the Congo (255).
 

As stated before, the Aridisols are unsuitable for cassava
 

production, unless irrigation can be provided. Since no data are
 

available inthis respect, this problem may have some potential value
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for research on cassava cultivation in arid climates. The Vertisols
 

will create problems, due to their poor physical propertles but could
 

be utilized under proper management programs. The most important soil 

groups for cassava production in Africa are the Alfisois, Ultisols and
 

Oxisols. However, the best soils among these groups are usually
 

selected for cocoa and yams, but generally crops such as coconut,
 

rubber, oil palm and cassava can be found on all these soils. Finally,
 

it should be noted that to some extent the brown tropical soils of the
 

humid regions originating from volcanic ash can be considered to belong
 

to the best soils of Africa. From the description as reported by
 

D'Hoore (230), it is, however, difficult to conclude whether this soil
 

has properties similar to those of the Andepts.
 

Asia.--The soils occurring in the cassava growing areas of Asia
 

are as follows: Alluvial soils; red, red-yellow, and reddish brown
 

latosols; red-yellow podzolic soils; red and brown mediterranean soils;
 

non-calcic brown soils; grumusols; acid brown forest soils; andosols;
 

and paddy soils (256, 733, 742, 744).
 

According to the Comprehensive System (695, 696), the most widely
 

distributed soils in Southeast Asia are probably the Oxisols and
 

Ultisols. Extensive areas of Entisols are usually confined to the
 

Irriwady and Sittang Valleys of Burma, the central plain of Thailand,
 

the Mekong Delta of Cambodia and South Viet-Nam, the Red River Delta
 

of North Viet-Nam, the east coast of Sumatra, the west, south and east
 

coast of Borneo and the north coast of Java. The Alfisols occur mostly
 

in the dryer regions, i.e., in central Burma, Ceylon, in the central
 

plain and in parts of northeast Thailand, in East Java and the Lesser
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Sunda Islands of Indonesia. Vertisols are scattered throughout Southeast
 

Asia usually in relatively small areas of East Java, Madura, the Lesser
 

Sunda Islands of Indonesia, the Philippines, South Viet-Nam, Cambodia and
 

the central plain of Thailand. Large areas of Vertisols can only be
 

found in India. The occurrence of Mollisols are limited to the cooler
 

regions of the uplands and mountains, while Andosols are confined to the
 

volcanic areas of Sumatra, Java, Bali and the southern part of Luzon.
 

Paddy soils may occur in the rice producing areas of Southeast Asia on
 

any of the soil groups mentioned above.
 

The Entisols, Oxisols and Ultisols are perhaps the most important 

agricultural soils. Entisols, with the exception of "cat clays," 

saline and mangrove soils, are extensively used for rice and other 

tropical crops, e.g., maize, cotton, tobacco, coconut, jute, kenaf, 

etc. Oxisols and Ultisols are cultivated mostly with peanuts, sweet 

potatoes, cassava and fruit crops such as bananas, pineapples, citrus,
 

papaya, watermelons, jackfruits, etc. The most important rubber,
 

cocoa, sisal and oil palm plantations are located on these soils. In
 

Java, specifically, these soils support population densities of approxi

mately 1,930 persons per square kilometer. Alfisols are moderately
 

fertile soils and respond well to fertilization, providing sufficient
 

amounts of water can be supplied. With adequate irrigation, satisfactory
 

yields can be obtained for cotton, tobacco, soybean and kapok. The same
 

is valid to a certain extent for the Vertisols. Andepts, on the other
 

hand, are very fertile soils. Inthe lowland of north Sumatra the
 

famous Deli tobacco wrappers plantations are located on ando's, while
 

inthe mountains of Java the best tea plantations and extensive
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horticultural operations are found on Andepts. The more rugged part
 

of the mountains covered by Andepts are planted with Pinus merkusli
 

Jungh and De Vr., an indigenous pine species of north Sumatra (745).
 

Fertility Status: 

The major land use and general agricultural potebtialities of the
 

soils occupying the cassava regions of the world have been discussed
 

above. This is considered essential as background information for
 

developing long-range programs of land utilization. Inthe following
 

pages more detailed considerations on the chemical and physical
 

characteristics of the soils are given. Results of investigations on
 

cassava soils are adequate to establish a high correlation between
 

yield and chemical composition or between yield and physical condition
 

of the soil. However, great differences may occur not only inthe
 

chemical composition, but also inthe physical properties of the soils
 

used for cassava production. Table 3-2 demonstrates the limits within
 

which the chemical composition of the soils may vary inseveral cassava
 

growing regions of Southeast Asia (326). The data were, in fact,
 

collected for "rice soils", but since cassava inSoutheast Asia is
 

frequently grown on the same soils as a second major crop, they may
 

also serve as general information for cassava cultivation, however,
 

they should not be viewed completely as desirable for cassava. The
 

point is that this isthe general condition though itmay not be
 

optimum. Itcan be noticed from the data that the soils are relatively
 

well supplied with nitrogen, but they are low inavailable P and K. The
 

Ca and Mg content are moderately high, considering the humid tropical
 

conditions inwhich the soils have been formed.
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TABLE 3-2. 	 Average percentage chemical composition of "rice soils" in
 
selected countries of Southeast Asia.
 

Citrate soluble Exchangeable 

Countr , I K Ca 

Southern India 0.070 0.007 0.015 0.979 0.481 

Ceylon 0.184 0.005 0.128 0.200 0.211 

Burma 0.112 0.005 0.013 0.420 0.676 

lalaysia 0.132 0.002 0.006 0.189 0.263
 

Thailand 0.248 0.003 0.011 0.189 0.168
 

Pa~ilippines 0.179 0.006 0.013 0.325 0.173
 

Average 	 0.154 0.005 0.031 0.384 0.329
£ 

Source: Glander, 1957 (326)
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The composition of many good Oxisols iswithin the limits shown in
 

Table 3-2, that of Ultisols isusually lower, whereas that of Alfisols
 

is higher inCa and Mg, but may often be lower inN, P and sometimes K. 

The same istrue for the Vertisols. The chemical composition of Andepts
 

shows, ingeneral, higher nutrient contents than those of Table 3-2,
 

especially the nitrogen content which may amount to 1.0% inthe A
 

horizon (745). Yield trials of cassava on these soils should yield
 

valuable information on nutrient requirement for high production.
 

Variations inpH, which usually reflect the base saturation of the
 

soils, are shown in Table 3-3. It can be noticed that the conditions in 

Oxisols and Andepts are moderately acid, on the other hand, in Ultisols 

very acid, whereas in Alfisols and Vertisols they are neutral to slightly 

alkaline, corresponding to conditions with moderately low, very low and 

high percentage base saturation, respectively. A comparison of yield
 

trials on these soils should yield valuable information on the ef"ect
 

of pH on cassava production.
 

The data in Table 3-3 also show broad differences in soil texture, 

which is a factor of importance for a successful root development of 

cassava plants. Oxisols, Alfisols and Vertisols are characterized by a
 

finer texture than Ultisols and Andepts. Inthis respect itshould be
 

pointed out again that Oxisols exhibit ingeneral a lighter textural
 

characteristic or coarser feeling, despite the high clay content. 
As
 

previously mentioned, this isdue to a stable aggregation, creating a
 

friable condition in the soil. Vertisols and Ultisols are considered
 

to be very poor in physical condition. The fine texture incombination
 

with the presence of expanding montmorillonoids are the cause in
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TABLE 3-3. Selected physical properties of soils in Southeast Asia
 
(average of 15 pedc.s for each soil group).
 

Mechanical composition Type
 
Soil1PH2 of
 

20 sand silt clay ca
 
% % % clay 

Oxisol 
 5.6 6.1 23.7 70.2 Kaolinite
 

Ultisol 4.3 30.1 28.1 
 41.8 Kaolinite
 

Alfisol 6.9 13.1 21.8 65.1 Halloysite
 

Vertisol 
 7.2 4.4 28.9 66.7 Montmorillonite
 

Inceptisol 	 5.1 21.7 58.5 19.8 Allophane
 
(Andept)
 

Source: K. H. Tan (742)
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Vertisols, while the acidic condition and very low base saturation are
 

responsible for the poor physical condition in Ultisols. Alfisols are
 

intermediate between Oxisols and Vertisols, while Andepts can be
 

considered to have the best physical properties among the soils
 

concerned. Comparisons of experimental results on these soils should
 

give some insight into the effect of the soil physical structure on
 

the size, shape and quality of cassava roots.
 

CULTURAL PRACTICES
 

Plant Material:
 

Many varieties of cassava are available for plant propagation.
 

For edible purposes strains with the highest starch and protein
 

content but little or no HCN content are preferable. Time to maturation
 

of the roots is also a factor in the selection of a proper variety.
 

Early cassava is considered to mature within 6 months, whereas late
 

cassava can be harvested in the tropical lowlands no earlier than 7
 

months, and many varieties require more than 10 months. For the
 

production of starch or tapioca fl,'Jr and "gari", late varieties with
 

high starch content are selected as planting material. The roots of
 

these plants are usually high in HCN content and consequently bitter
 

in taste and unsuitable for direct consumption.
 

For the propagation of cassava. stem cuttings are used. Seeds
 

have been employed only for breeding purposes. A large number of
 

cassava varieties have been known not to flower in the lowlands of
 

Indonesia. The best cutting material is obtained from 1-1.5-year-old
 

cassava stands. Cuttings should be made from mature parts of the well
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developed stem, e.g., 1.5 meters up, measured from the rootneck. The
 

green top part of the stem is considered inferior as planting material
 

and the lower the section on the stem the better will be the material
 

for cuttings, as illustrated by the data in Table 3-4. Although it has
 

occasionally been found in Africa (816) that planting long cuttings
 

(45 cm = 18") would result in higher tuber yields than planting short 

(15 cm = 6") cuttings, it has been the experience of the present authors 

that 20-25 cm (8-10") cuttings will do sufficiently as planting material. 

The use of shorter cuttings permits a higher rate of multiplication (746) 

with a given amount of plant material. However, short cuttings may be 

more difficult to establish should s~nditions, such as low soil moisture, 

be unfavorable. Short cuttings would dry out more quickly. 

The cuttings should be planted as soon as possible, but can ba
 

stored, if needed, in a dark, cool place for as long as 10 days. Longer
 

storage than this increases the risk of the cuttings drying out. In
 

some areas, the cutting material is stacked together or shocked and
 

covered with a wet cloth. This maintains a high relative humidity around
 

the plant material and prevents rapid drying out. This greatly increases
 

storage life. Old cuttings when planted in the field may be severely
 

affected by termites. Pre-treatment of the cuttings with insecticides
 

and growth promoting substances will no doubt aid in solving these
 

problems, especially when short cuttings are involved. However, data
 

are unavailable in the literature and the need for more detailed
 

research in this respect is apparent.
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TABLE 3-4. 	 Average germination percentage, root- and starch-yield
 
as affected by cuttinq niaterial.
 

Stem part Germination Root yield Starc& yield
 
% tons/ha tons/ha
 

Top 41.4 13.2 1.54
 

Hiddle 77.8 19.0 2.13
 

base 82.7 19.7 2.11
 

Source: A. S. Huertas (380) and C. D. 11olinyawe (507)
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Land Preparation:
 

Land preparation isusually started inthe dry season, except in
 

regions with a very humid climate. Here land isprepared at the end of
 

the "heavy rain" season and cuttings are then planted in the beginning
 

of the "dry" seas n, during which they can take advantage of the lighter
 

rainfall for early root development. In lower rainfall areas earlier
 

plowing is sometimes necessary during the time when some rainfall is
 

still present, due to the fact that the soil istoo dry and hard for
 

tillage during the dry period.
 

For large plantings, the land is usually prepared as for corn.
 

The field isplowed to a depth of at least 25 cm, followed by disk
 

harrowing. Planting can then be done inrows on the flat surface.
 

However, on heavy soils inhumid areas banking, or making beds on
 

ridges of at least 15 crm height, should be practiced inorder to permit
 

drainage and decrease root rot associated with high soil moisture levels.
 

Insome cases a second plowing isneeded before the harrowing. Many
 

farmers inSoutheast Asia plow to a
depth of only 15 cm, but this results 

frequently in a decrease intuber yield. 

Methods of Plantina: 

Cassava is cultivated either as a major crop or as an intercrop
 

with upland rice, peanut, corn, rubber, etc. Intercropping with upland
 

rice gives a poor effect on tuber yields, due to the shallow land
 

preparation conducted for rice cultivation and the unfavorable effect of
 

shading under the shadow of the faster growing rice plants. With peanuts,
 

cassava isusually planted a month after planting the peanuts, since
 

planting at the same time would result in the cassava overshadowing the
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peanut plants during the growth stage. With corn, planting at the same
 

time is feasible. Between young rubber plantings, cassava is sometimes
 

grown as an annual cash crop.
 

The cuttings are planted either horizontally, slightly inclined or
 

perpendicular to the soil surface. Upside down placement should be
 

avoided. Perpendicular planting is considered the best method, but this
 

requires much more hand labor. Likewise, depth of planting must be
 

regulated in terms of environmental conditions. Too much exposure of
 

the cuttings in areas where soil moisture is below optimum could result
 

in poor stands and low yields. Horizontal placement and thus complete
 

coverage of cuttings may affect yields unfavorably, particularly in the
 

drier regions and in light or heavy soils. However, in the case of 

mechanization of the culture, this may be the most practical method of 

planting. 

Planting is usually in rows or ina square (equidistant) pattern.
 

Row planting is generally used when intercropping with corn or rubber.
 

Inthe case of intercropping with corn, cassava is planted in rows at
 

1.50 m between each row or with two rows of corn between each cassava
 

row. The spacing will depend on such factors as soil fertility, the
 

growth characteristics of the variety, rainfall, etc. On good soils
 

and with adequate soil moisture, a close planting distance can be used,
 

e.g., 80 x 80 cm, with which a population of 15,600 plants per hectare
 

can be obtained. However, planting too close is considered to increase
 

the chances for lodging, particularly with some varieties (426). On
 

the other hand, a greater planting distance is required on poor and/or
 

droughty soils, such as 1 x I m, which gives 10,000 plants per hectare.
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Under some conditions a wider spacing is employed.
 

As soon as the cuttings have sprouted new stems, many growers choose
 

to maintain one stem on the plant, while the remainder is removed
 

completely. Others prefer the development of two stems per plant. This
 

isof special importance for periodic harvest of young cassava leaves for
 

human and livestock consumption. However, the choice between growing a
 

'one-stem" or a "double-stem" plant is still open for investigation,
 

since it has been based mostly on personal experience or prefereence
 

rather than on scientific research.
 

Finally, it should also be mentioned, that in Indonesia considerable
 

success has been obtained by grafting superior cassava clones on to
 

cassava root stocks. In some cases, yields have been doubled or even
 

tripled. This particular practice isknown to the author to exist only
 

in Indonesia and is not a widespread practice. However, it is worthy of
 

mentioning as a method of increasing yield though inmany cases it
 

would probably be economically non-feasible.
 

Maintenance Operation:
 

This consists chiefly of replacement of cuttings that did not
 

develop, weeding and additional plowing. Cuttings, which fail to
 

develop, must be replaced as soon as possible, if a uniform stand
 

and higher yields are to be obtained.
 

Weeding is usually required for a month or two after planting, and,
 

where necessary, the soil should be cultivated again, especially where
 

heavy rains have closed or compacted it. In relatively wet areas
 

special attention should be given to maintaining proper drainage to
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prevent flooding conditions. Inmany cases a second weeding may be
 

necessary after about two months of growth. A cassava stand with the
 

proper variety, planting distance and soil fertility has, after three
 

months, usually grown so closely together, that further weed develop

ment is not necessary or minimal. Probably only the border areas of
 

the plantation are at this stage still infested by weeds, which are
 

sometimes controlled by planting hedges of legumes, e.g., Tephrosia
 

candida. Weeds may become serious again at the time the plants start
 

to mature and the stand becomes thinner in foliage by shedding off
 

the old leaves. Chemical weed control is no doubt of importance, but
 

not much data are available in this respect (416). Research is needed
 

to determine the precise kind, amount and time of application of 

herbicides for the specific ca.;sava producing areas in question. 

Harvest and Storage:
 

Harvest is conducted when the plants are mature, which depends
 

upon many factors, e.g., variety, soil, planting distance, climatic
 

conditions, etc. Usually only the roots are harvested, but occasionally
 

the leaves are utilized for human and livestock consumption. Whole
 

plants have been utilized in some areas as silage. Recently, it has
 

been reported that cassava stalks ,,ave been harvested for the production
 

of particle board (303). The cassava plant is considered mature when
 

the roots have attained a maximum content in starch. The distinction in
 

age made in this respect between "early" and "late" varieties is generally
 

8 months. Early varieties are mature within 6-8 months, whereas late
 

cassava requires 12-18 months to reach maturity. The exact time is
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dependent upon rainfall and temperature. In the cooler climate of the 

mountains, cassava sometimes requires 24 months before it can be 

harvested. In general, it can he stated that the total root weight and
 

carbohydrate content increase until the age of approximately 14 months
 

and both decrease again approaching the period of 21 months (426).
 

At the age of 9 to 12 months, root yields may vary from 1.5-6 kg 

per plant, corresponding roughly with 18,000-50,000 kg per ha. Grown 

with the proper management on good soils, late varieties may yield as
 

much as 70,000 kg roots per ha (426) or more. When peeled the net yield 

may decrease by 20%; although with many varieties the loss by peeling is 

only about 10%.
 

Harvest is usually done by hand, however, mechanical harvest is under
 

investigation (158, 160). Mechanical harvest is usually less thorough
 

than hand harvest as more roots remain in the soil. In order to facilitate
 

mechanized harvest, the plants may be cut completely to stumps prior to
 

harvest and the stems can be collected and used for cuttings for the
 

next crop.
 

After harvest cassava cannot be stored in a fresh condition as can
 

Irish potatoes. Within 1 week or less if bruised, the roots turn greyish
 

in color, or develop many bluish veins (75). Storage procedures reported
 

with partial success are: slicing the roots and drying in the sun;
 

burying the roots in a cool place; refrigerating the roots at -2.50C; and
 

desiccating the roots to 10-12% moisture (75). A new practice of waxing
 

the roots has been tried but the results are not definite. For direct 
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consumption the farmer seldom harvests his crop at one time but lets the
 

plants grow further. This cannot be done indefinitely since the starch
 

contert decreases, while the roots become woody and develop many
 

cavities as the plants grow older. Fresh cassava ispreferred inthe
 

many preparations for local consumption, but where conservative
 

preparation is required, the peeled roots, after careful washing, are
 

steamed or cooked, followed by cutting into very thin chips and dried
 

inthe sun for 4-5 days. Kept in a dry place these chips may be stored
 

for a period of at least 1 year and are favored snack after frying in
 

deep fat.
 

For industrial purposes, the entire harvest isdried without prior
 

cooking, to a moisture content of 12-14% (325). The roots are frequently
 

peeled in the field to reduce 20% of the transport expenses and are then
 

washed with clean water. To conserve these roots, chips are made from
 

the raw, fresh material, which are dried inthe sun or inthe oven with
 

controlled heat and air flow. The latter isfaster; sundrying requires
 

4-6 days before the product isready for market. The quality of raw
 

cassava chips, as isthe case with cooked cassava chips, isconsidered
 

to increase (426) as the chips are made thinner, however, reports have
 

been published (325) that for consumption purposes the thickness of raw
 

cassaa chips should not be less than 1.8 cm (3/4") because of
 

rehydration problems. The yield of dried chips from 100 kg fresh
 

roots is approximately 40 kg. This product, called "gaplek" in
 

Indonesia, is suitable for human and livestock consumption as well as
 

for the production of tapioca flour, pearl and flake.
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MINERAL NUTRITION AND FERTILIZATION
 

Nutrient Uptake: 

Cassava is well known not only for producing large quantities of
 

carbohydrates, but also for exhausting the soils. 
 The amount of
 

nutrients taken up by the plant increases rapidly from the second month
 

of growth and reaches a maximum for most of the elements at the age of
 

10-14 months (541). With nitrogen the uptake reaches a maximum at 10
 

months, whereas in the case of phosphate and potassium the maximum
 

uptake is observed at 14 months age. The rate of production of oryanic
 

matter in the plant in the course of the growing period corresponds with
 

that of the nutrient uptake, as can be noticed in Figure 3-1, showing also
 

a rapid increase starting at the age of 2 months, except in the leaves.
 

Among the various nutrients removed from the soil, especially
 

potassium is taken up in large quantities by the cassava plant. The
 

extraordinary potassium requirement of cassava can be noticed from the
 

data in Table 3-5. However, root yields seem to be more affected by
 

adequate phosphate and nitrogen supply, rather than by high potassium
 

supply. Itwas reported from results of hydroponic and sand cultures
 

of cassava (431, 484) that high potassium levels did not favor tuber
 

production, although it was observed that the weight of the roots
 

decreased by omission of K and low levels of N in the nutrient solutions
 

(431, 432). 
 The major effect on root yield was due to increasing the
 

amount of phosphate, while at adequate phosphate levels, nitrogen was a
 

limiting factor. The greatest tuber production is associated with 1:1
 

top to tuber ratio and a high P level. The high P response is considered
 

to involve metabolic processes of the young plants inmobilizing the
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TABLE 3-5. 
 Average nutrient removal by 14-month-old cassava plants.
 

Yield/ha Removal kg/ha 
P K Ca Mg 

52,000 kg Ioaves
and stems 64 19 176 102 26 

59,000 kg roots 42 28 291 43 19 

Whole plant 106 47 467 145 45 

Source: J.A. Nijholt (541) and J.W. Van Dijk (234) 
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reserve carbohydrates (phosphorylation) for their vegetative growth 

(485). Adequate amounts of N are needed for the growth of the plant, 

since both height and weight of the plant are drastically reduced when 

N is omitted from the nutrient solution (432). High levels of N in the
 

nutrient solution decreases the starch but increases the protein
 

content of the roots (485). Potassium seems to have an important role
 

in controlling the glucoside content of the roots. As investigated by
 

Bolhuis (119), bitterness and toxicity of cassava are promoted by
 

deficiency in potassium as well as by drought periods. In this respect
 

nitrogen can also be a factor, but the relationship between soil N and
 

the degree of root toxicity is still lacking evidence.
 

Fertilization:
 

From the discussion above and from the results of many field
 

experiments conducted in Latin America, Africa and Asia the necessity
 

for the application of at least three major nutrients, N, P and K, is
 

apparent for obtaining good root yields in cassava cultivation
 

(Table 3-6). Omission of N and P may decrease the protein content and
 

the tuber yield, while lack of K may reduce plant growth and weight of
 

tubers. In Sao Paulo (547) an increase of 85-88% over the control is
 

obtained by NPK fertilization (Table 3-7), whereas N, P and K alone
 

have resulted in a yield increase of only 8.8, 35.4 and 2.6%,
 

respectively, over the control. InMadagascar and Vietnam the highest
 

yield is also obtained with a balanced complete treatment with NPK
 

(202, 386). Experiments in Costa Rica (7)support these results by
 

showing the presence of a close interaction between N, P and K
 

fertilization, resulting inmaximum tuber yields. The importance of
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TABLE 3-6. 	Root yields (metric tons/ha) infertilizer experiments

conducted invarious countries.
 

Country (NPK kq/ha) 
 0 NK PK NP NPK
 

Brazil Sao Paulo (80-120-60) 11.3 13.9 16.9 19.1 21.0
 

Madagascar (33-96-90) 32.5 38.7 39.9 40.0 40.5
 

Vietnam (40-75-70) 10.0 12.9 10.5 12.3 15.2
 

Indonesia (45-40-100) 10.7 20.8 - 9.0 33.6
 

Source: G. Cours (202); T.Jacoby (386); E.S.Normanha and A.S.
 
Pereira (547) and J.W. Van Dijk (234)
 



65 

TABLE 3-7. 	Yields (metric tons/ha) in long-term fertilizer experiments
 
(1923-1940) with selected tropical crops in Indonesia.
 

Treatment Cassava Unhulled Corn Soybean
 
kg/ha roots rice Peanut grain seeds
 

45 N 	 10.7 0.60 0.48 0.10 0.05 

45-40 NP 9.0 0.32 0.53 0.20 0.05 

45-100 NK 20.8 1.14 0.73 0.23 0.11 

45-40-100 NPK 33.0 1.22 1.27 1.29 0.39 

NPK + Ca 33.6 1.24 1.37 1.56 0.46 

Source: J. W. Van Dijk (234)
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complete fertilization of cassava is reflected also in results of
 

investigations conducted in Indonesia, where in long-term experiments
 

from 1923 to 1940 (234) the hIghest root yield is obtained by the
 

application NPK.
 

Concerning the effect of fertilization with the other macronutrients,
 

micronutrients and the use of green manure on cassava yields, not much is
 

known at present and this problem is still open for invastigation.
 

Perhaps only for Ca and the use of Crotalaria spp. as green manure, a few 

limited reports have been published in Indonesia (234), stating that Ca
 

may have some effect on root yields (Table 3-7), while Crotalaria is a
 

suitable replacement for inorganic N fertilizers. Plowed under and
 

incorporated into the soil, Crotalaria in combination with PK fertiliza

tion has the same effect as inorganic NPK supply to the cassava plant. 

Apart from the nutrient content of the soil and climatic limitations, 

the yield of cassava is also determined to a large extent by the variety
 

grown. 
As is the case with other crops, low and high yielding cassava
 

varieties are present among the many cultivars available. Figure 3-2
 

illustrates the different response of three different cultivars to a
 

similar treatment of 300 kg of a 10-10-20 fertilizer in two locations in 

Nigeria (386). 

Finally, it should be mentioned that fertilization may increase the
 

quality of cassava roots only to a certain extent. Plant breeding should
 

also be conducted to develop new high yielding varieties, containing or
 

introducing high protein, starch and mineral contents. High protein
 

content in starchy root crops is not the general case, but ithas been
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reported that some varieties in Cambodia and Viet-Nam have protein
 

contents amounting to 3.5% in the roots, and in Surinam (426) it has
 

been found that Manihot saxicola L. contains 12% protein besides high
 

amounts of PICN. Colombia has reported a variety with 7.5% protein (486).
 

Whether or not this high protein content in roots has been verified is
 

not known but should certainly be investigated.
 

The yields of cassava roots as discussed above are unparalleled in
 

size compared with other major tropical food crops. 
 Grown under similar
 

conditions on Oxisols and completely fertilized, the cassava yield in
 

Indonesia is approximately 25 times that of rice, corn and peanut
 

(Table 3-7). Its potential contribution to the world food supply with a
 

relatively easy culture is thus withcut question, especially if new high
 

yielding varieties with low HCN and high protein, starch and mineral
 

contents can be obtained. Varieties with low HCN content are available
 

but not commonly grown since their yield potential is very low and
 

farmers have long since learned that most of the HCN could be liberated
 

easily and thus make an acceptible food.
 

DISEASES AND PEST CONTROL
 

Cassava is seldom affected by serious pests and diseases. (See
 

Chapter IV for a 
more complete discussion of pests and diseases.) This
 

is thought to be associated with the high HCN content. However,
 

occasionally it may be damaged by certain insects and diseases. 
 In
 

this respect a distinction can be made between groups attacking the
 

parts of the plant above the ground,, the roots and the stored product.
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The parts of the plant above the ground, especially the leaves,
 

may be affected in the dry season by the red cassava mite (Tetranychus
 

telarius), which lives underneath the leaves. The leaves may become
 

yellow and drop off, thus reducing carbohydrate formation. When the
 

soil is sufficiently moist, repeated new leaf fomation may decrease
 

the effect of mite infestation. Spraying with insecticides is too
 

expensive, considering the present low prices offered for cassava roots
 

except as itmight be used to control initial spots of infestation.
 

Scales, mealy bugs and others, and also Dasymus manihotis Blote in
 

Indonesia are sometimes found to be harmful, while in new planted cuttings,
 

termites and fungi may become active, however, damage is frequently on a
 

limited scale. In 1967, a report came from St. Croix, U.S. Virgin Islands
 

(433), describing the infestation of cassava by hornworms or larvae of
 

the sphingid Erinnys alope Drury. Spraying with any suitable insecticide,
 

such as DDT or Sevin, has proven to be successful.
 

A more serious problem for the parts above the qround is the mosaic
 

disease, caused by a virus, and manifested in lightspotted or mottled
 

curly leaves. Control methods include destroying the ',ector and
 

affected plants, selection and breeding of mosaic-resistant varieties 

of cassava. 

The roots are also not free from pests and diseases. The larvae of
 

the beetle Leucopholis rorida Fab. feeds on fresh cassava roots, which
 

can be noticed from wilting symptoms of the plant. No control methods
 

have been tried, except manual collection and destruction of the larvae.
 

However, wilting can also be induced by Pseudomonas solanac,-arum E.F.S.,
 

which may sometimes cause serious damage in cassava stands.
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Occasionally monkeys, wild pigs, porcupines, rats and elephants have 

been reported troublesome, the latter especially inAfrica (162). In
 

Indonesia, wild dogs have also been known to root out cassava roots (426).
 

Inthe stored product, the beetles Lasioderma sp. and Tribolium sp.,
 

and other "storage" insects and fungi are harmful for tapioca flour, 

cassava chips or "gaplek" and gaplek meal. 

OPERATION ECONOMY
 

Cassava production using existing simple techniques, involving
 

negligible capital investment, iseconomic incountries where the labor
 

is prepared to accept a low standard of living. Like many ither tropical 

food crops, inthose countries cassava isstill cultivated largely by the
 

farmers and plantations using manual methods. Data on the economics of
 

producing cassava have seldom been documented, and those available show
 

labor requirements varying considerably from country to country. This
 

is illustrated with the data inTable 3-8, which show that cassava
 

cultivation inIndonesia requires approximately 4 times more labor work
 

per hectare than inJamaica (269, 426). The figures reported for
 

Indonesia are indeed high, but results of investigations inthe
 

Philippines (158, 160) seem to support these, since it has been
 

observed inthe latter country that 111 working-days/ha (666 man-hours/ha)
 

are required only for manual harvest of the roots. On the other hand,
 

the labor input stated for Jamaica issupported by Krochmal (429), who
 

shows for Latin America and the Caribbean region similar labor requirements
 

as mentioned for Jamaica, e.g., 62.5 working-days/ha (500 man-hours/ha).
 

Such a large difference in labor input must be due in part to the
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TABLE 3-8. 	Estimated labor requirements per hectare of crops
 
in6-8 hours working days.
 

Crop 	 Indonesia Jamaica
 

Cassava 300 77-89
 

Sweet potatoes 532 127-141
 

Yams 
 - 329-460
 

Irish potatoes 554 -


Source: D.T. Edwards and J. Cropper (269) and A.J. Koens (426)
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different methods and standards employed in the countries involved. As
 

can be noticed, the units for working-days are based on a 6-hour work
 

day in Asia versus an 8-hour working day in Latin America.
 

Compared with a few selected food crops grown under similar
 

conditions as with cassava, the data inTable 3-8 also show that the
 

labor input for cassava is approximately 1 l/Z to 2 times lower than
 

that for sweet potatoes and Irish potatoes in Indoneia, and 3 to 4 times
 

smaller than that for sweet potatoes and yams grown in Jamaica. 
These
 

data illustrate the relatively lower labor requirements of cassava
 

compared to other crops, when cultivated under similar conditions.
 

The estimated cost in man-hours per ton of yield will even drop
 

considerably for cassava, considering its potential of being able to
 

produce 50 tons/ha. 
The data in Table 3-9 show the estimated cost in
 

man-hours/ton for cassava, yams and Irish potatoes, the latter grown in
 

Europe with semi-mechanized methods (203). 
 It can be noticed that the
 

estimated cost for cassava with manual labor and based on a production
 

of 50 tons/ha is approximately 10 times lower than that for the
 

production of yams, however, it is 2 times higher than the estimated
 

cost per ton of Irish potatoes in Europe. Consequently, if cassava
 

production is to be developed in the changing economic matrix of
 

countries, where pcople are progressively asking higher standards of
 

living, something needs to be done in the improvement and mechanization
 

of cultural techniques. Complete mechanization of cassava cultivation
 

in Latin America (429) has shown to drop the labor input from 500 to
 

110 man-hour, na, while in the Philippines for the harvest only,
 

mechanization can drop the labor requirements from 666 to 16 man-hours/ha
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TABLE 3-9. 	 Estimated cost of production inman-hours/ton (not included
 
are animal and tractor hours).
 

Crop 	 Man-hours/ton
 

Cassava, 	manual1 180 (based on 10 tons/ha)
 

Cassava, 	manual1 36 (based on 50 tons/ha)
 

Yams, manual2 	 380
 

Irish potatoIs, semi- 18
 
mechanized
 

Source: 	 1Calculated by author
 
2D. G. Coursey (203)
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(158). This means that inLatin America 2.2 man-hours/ha or lower are
 

required for the production of 1 ton of cassava (based on a yield of
 

50 tons/ha), which must be considered low, even for European and U.S.
 

standards.
 

Inconclusion, itshould be mentioned that cassava will probably
 

always be ver, important as a subsistence crop to those laborers who
 

raise itfor their own food while working during the day at some other
 

form of income endeavor.
 

RECOMMENDED AGRONOMIC RESEARCH
 

An active agronomic research program on cassava isneeded and should
 

be initiated as soon as possible. The primary objective of the program
 

would be to increase yields/ha economically.
 

Considerable emphasis should be placed on soil and water management
 

practices, particularly on dry or droughty soils since the crop is
 

adapted to dry areas. Attention should be given to the relationship
 

between essential elements in the soil solution and yield. An over- or
 

under-supply will result inreduced yields. A continuous supply in
 

dilute solution isessential and therefore slow release fertilizers
 

should be incorporated into tne research and management program.
 

Research emphasic nould also be placed on determining thi optimum
 

soil moisture requirement, soil pH, nutrient requirements, and stand
 

density on the better cultivars ineach of the 3 continents of the
 

world (Africa, Asia and South America). The cost of production in
 

terms of planting, weeding, insect and disease control, and harvesting
 

should be tabulated incooperation with an economist and efforts made to
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reduce production cost to the point where cassava can be produced for
 

processing of starch or chips for export and/or utilized inanimal
 

feeds.
 

Since cassava soils are extremely variable inorigin, texture,
 

fertility, etc., all field research should be coordinated with the
 

soil specialist before initiation.
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CHAPTER IV
 

Insect and Diseases of Cassaval
 

When man has attempted to change his patterns of agriculture
 

intensive monoculture, plant breeding, and cultural practices, he some

times unwittingly creates conditions which favor destructive epidemics
 

by pathogenic organisms and insects. It is often stated that cassava
 

has fewer diseases and insect pests than other crops. While numerous
 

field observations indicate that cassava may have unique inherent
 

resistance to disease and insect pests, this observation must also be
 

evaluated in light of the traditional methods of cultivating the crop,
 

and the losses that disease and insects cause on other crops, which are
 

compared with cassava. The shifting cultivation associated with the
 

"door-yard" method of growing cassava may limit epidemics of certain
 

diseases and insects. Compared to other crops, less effort has been
 

made indefining the insect and disease problems on cassava and the
 

methods of controlling them. This probably, in part, reflects that
 

the predominately poorer small land owners, who traditionally cultivate
 

cassava as a "door-yatd" subsistence crop, exert less pressure for
 

research than do the larger land owners, who grow cash crops and are
 

more aware of the losses due to disease and insects. Cassava, however,
 

is certainly not free of disease and insect pests. A review of the
 

literature indicates at least 40 different organisms that can cause
 

disease on cassava. Ifcassava is compared with other crops in the
 

lPrepared by P. S. Lehman, Department of Plant Pathology and
 
Genetics, University of Georgia, Athens, Georgia.
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tropics, itmust be considered that generally diseases and insects
 

cause much greater losses in the tropics. Wellman (824) has compared
 

the number of diseases attacking crops that were grown under intensive
 

cultivation in both tropical and temperature regions and has found the
 

number of diseases to be five to ten times greater in the tropics.
 

Thus, even though there is general agreement that due to inherent
 

qualities cassava has fewer insect pests and diseases than other
 

tropical crops, any valid conclusion regarding the potential threat
 

that diseases and insect pests may pose to intensive and extensive
 

production of cassava, will be dependent on further definition of
 

disease and insect problems of cassava, and on further knowledge of
 

how altering the patterns of cultivating the crop affects insect
 

populations and disease epidemics.
 

NATURE AND EXTENT OF INSECT PROBLEMS
 

Description of Prevalent Insect Problems:
 

There appear to be no major pantropical insect pests on cassava.
 

However, insectb have been reported to locally limit production,
 

especially under intensive cultivation of cassava.
 

Hornworms.--These caterpillars, sphingids belonging to the genus
 

Erinnyis, are sometimes extremely destructive on cassava. This pest
 

has been reported in Brazil (305, 451, 546), Colombia (277), Venezuela
 

(68), and the Virgin Islands (433). A general increase in this pest has
 

been noted in areas where there has been extensive and intensive culture
 

of cassava (701). Occasionally, these caterpillars completely defoliate
 

cassava, for example, in Brazil this pest denuded all the foliage of
 

more than 1,000 hectares of cassava in less than a week (77). The
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larvae also probably transmit bacterial wilt from plant to plant (546).
 

Several natural enemies of the eggs and caterpillars of Erinnyis have
 

been described (306, 661, 705). The importance of these parasites and
 

their potential in biological control has not beet, determined.
 

Spider Mites.--The red spider mite, Tetranychus telarius, isone
 

of the most widespread insect pests on cassava. Oei-Dharma (554) in
 

Indonesia reported that plants that were severely attacked were stunted,
 

the younger leaves were often wilted, and the older leaves developed
 

red-brown patches. InBrazil the spider mite is primarily a problem in
 

the northeastern states with a hot dry climate, and if it is not con

trolled, itmay in some cases cause defoliation (122, 546). Tetranychus
 

species have also been reported as pests of cassava in Colombia (278),
 

Ghana (317), Haiti (494), Malaysia (347), Mozambique (637), Puerto Rico
 

(494), St. Kitts (494), Taiwan (741), and Trinidad (299).
 

Stem Borers.--The larvae of certain weevils, mostly belonging to
 

the genus Coelosternus, are reported to cause serious loss of planting
 

material and decrease root quality and production in Brazil, Puerto Rico
 

and the West Indies (513, 514, 546). The adult beetles deposit their
 

eggs on the young stems and the larvae damage the stem as they bore into
 

the pith and xylem of the stem. The adult weevils feed on the tips of
 

young shoots and may retard growth (317). In Brazil importance of stem
 

borers varies greatly from year to year and with locality. In Africa,
 

Lefevre (447) reported that the stem borer, Heterobostrychus brunneus,
 

was one of the most harmful insects on cassavi. He also reported stem
 

borers from six other genera that were pests on cassava.
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Scale Insects.--In Ghana (241, 832) and India (55), and scale
 

insect Aonidomytelus albus attacks cassava causing chloroses and
 

aggravating the effect of drought. Other scale insects, Saissetia sp.
 

and Lepidosaphes sp., have been reported as pests on cassava in Brazil
 

(451), Dominican Republic (336), Indonesia (554), and the Madagasy
 

Republic (314). 

Shoot Flies.--In Brazil several species of flies, Silba pendula
 

Bezzi and Antherigona excisa, damage the terminal portions of the
 

stems of certain cultivars of cassava (546, 549).
 

Termites and Ants.--Occasionally termites destroy newly planted
 

stems (525, 549), and leaf-cutting ants, belonging to the genus Atta,
 

sometimes defoliate cassava (546, 709).
 

Locusts.--Cassava is one of the few crops that is free from the
 

ravages of the migratory African locust, Locusta migratoria
 

migratorioides (399, 409). Other locusts, Zonocerus variegjztus and
 

Z. elegans, do defoliate cassava when other vegetation is scarce in
 

dry seasons, but new shoots are usually produced after the attack (3612
 

399, 689, 808).
 

Storage Insects.--When cassavp is stored commercially as dried
 

chips, control of storage insects ismandatory. Frappa (314) listed
 

13 genera of insects that were pests of dried stored cassava in
 

Madagascar. Pingale et al. (603) found nine different species of
 

insects capable of causing damage to stored cassava chips.
 

Effect of Insects on Yield:
 

For most of the insect pests mentioned abLve, researchers have
 

made qualitative statements that severe attacks by these pests will
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reduce cassava yields. However, few quantitative evaluations of actual
 

losses have been made, except for storage losses. Pingale et al. (603)
 

reported that insects frequently reduce cassava chips to dust in about
 

four to five months. They introduced insects, most of which were
 

previously found in cassava warehouses, to bins containing 45 kilos of
 

dried cassava chips, and studied insect reproduction and the damage
 

these insects caused to stored cassava chips during a three-month period
 

(Table 4-1). Among the inects tested, Araecerus fasciculatus and
 

Stegobium paniceum were the most destructive, damaging 100% and 58% of
 

the stored chips, respectively.
 

Present Status of Insect-pest Control:
 

Some of the control practices that have been recommended are 

summarized in Table 4-2. For cassava, as with other crops, although 

damage due to insect pests usually increases with extensive and inten

sive culture, labor and equipment costs of pest control decreases per 

plant, so the returns per hectare for a control practice increases to 

a level where chemical control becomes more feasible. 

In the traditional "door-yard" method of cultivating cassava, 

chemical control usually has not been practiced nor is it considered 

economically justified unless losses due to insects are unusually severe. 

For this reason more effort should be made to develop control based on 

cultural practices and host resistance to insect pests. InBrazil,
 

cultivars that are partially resistant to stem borers have been found
 

(546) and a program involving the selection of cultivars resistant to 

the shoot fly, Silba pendula, is currently underway (Pereira, personal 

communication). 
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TABLE 4-1. Damage Caused by Insects to Dry Tapioca Chips in Storage.
 

Average adult Proportion of Proportion of 
Insect population/50 

kg of chips 
damaged chips 

(%) 
dust to chips 

(%) 

Araecerus fasciculatus 41 100 34.8 

Stegobium paniceum 317 58 7.8 

Oryzaephilus surinamensis 112 0 1.2 

Ephestia cautella 52 2 0.5 

Corcyra cephalonica 29 1 0.3 

Tenebroides mauritanicus 18 1 0.2 

Alphitobius diaperinus 18 0 0.2 

Laemophloeus minutus 18 0 0.0 

Rhizopertha dominica 17 2 3.4 

Tribol ium castaneum -- 0 0.7 

Source: Pingale et al. (603) 
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TABLE 4-2. Recommended Control Practices for Insect Pests of Cassava.
 

Insect pest Recommended control practice 

HORNWORMS 

Erinnyis ello 0.1% or 0.05% dinitro-o-cyclohexylphenol 

(451); 10% w.p. DDT or 20% Toxaphene 

(58) (549); dusting with 1.5% Endrin, 

7.5% Sevin (549); Telod,ex, 7 cc/liter 

water (278), DDT or Sevin (433). 

Erinnyis alope DDT or Sevin (433). 

SPIDER MITES 

Tetranychus telarius Sulfur dust (347); 5%mixture of sulfur 

and lime with soap; 0.8% white spraying 

oil; 0.02% Folidol E605 46.7% EC; 

Toxaphene 50% EC + Rotenone (0.3%,+ 

0.5%); Roxion, 500 cc/hectuare or 

Kelthane A.P. at 4 kilograms/hectare 

(277). 

STEM BORERS 

Coelosternus sp. Destruction of stems after harvst and 

(C.rugicollis, crop rotation (514); use of less 

C.granicollis, susceptible cultivars (546). 

C. manihoti, 

C. notaticeps) 
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TABLE 4-2. (continued)
 

Insect pest 	 Recommended control practice
 

SCALE INSECTS 

AonidoM.ytilus sp. Spraying or dippiny in 0.1% Meta-systox; 

0.05% Parathion; or 0.1% Malathion (687). 

Saissetia nigra 8-10% Carbolineum Plantarium; 0.02% 

Folidol E605 46% EC (554). 

SHOOT FLIES 

Silba pendula and DDT or Telodrex (277); spray with 

Antherigona excisa 	 mixture of 200 g dieldrin 50% w.p.,
 

5 kg of sugar in 100 liters water (549);
 

resistant varieties (Pereira, pers.
 

comm. 1971).
 

TERMITES 	 Benzene hexachloride 1.0%, aldrin 2.5%;
 

10% Canfeno Clorado 10% (549).
 

STORAGE PESTS 

Araecerus fasciculatus Fumigation with methyl bromide or 

Stegobium paniceum ethylene dibromide; impregnation of 

storage bags with Lindane-dieldrin 

mixture (603). 
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NATURE AND PREVALENCE OF DISEASES
 

Description of Prevalent Diseases:
 

Viruies.--Based on the literature currently available, viruses are
 

considered the greatest threat to cassava production. Cassava m11osaic
 

was first reported in East Africa by Warburg in 1894, and since that
 

time it has been found in almost all the countries of Africa where
 

cassava is grown (398), in Brazil (195), Indonesia (530) and India (20).
 

Although the symptoms expressed following infection with mosaic virus
 

may vary considerably, severe infection generally results in chlorosis
 

of discrete areas of the laminae, distortion of the leaves and a
 

reduction in the size of the leaves. 
 Chant and Beck (170) have shown
 

that chloroplasts of infected cells are abnormal and fewer in number,
 

intercellular air spaces are reduced in number, and the palisade layer
 

does not differentiate normally. These anatomical changes are associated
 

with a decrease in photosynthetic rates and an increase inrespiratory
 

rates, that result in an overall net loss in carbohydrates and in lower
 

yields (97). Factors that may influence the symptoms expressed following
 

cassava mosaic virus infection are: host genetic variation, host age at
 

the time of infection, environmental factors such as temperature and
 

rainfall, and virus strains. Based on the variable symptoms produced
 

on the same cultivars of cassava, Storey and Nichols (724) divided the
 

Tanganian mosaic virus into a severe strain and a 
mild strain. Kitajima
 

and Costa (421) have compared the mosaic viruses from infected plants in
 

West Africa with the mosaic virus in Brazil. The virus in Africa is
 

apparently spherical, whereas the common cassava mosaic virus inBrazil
 

isa long flexuous rod, 480-580 mp. This indicates thatthere are
 



85 

several different viruses that produce similar mosaic symptoms on
 

cassava, and that a more critical comparison is needed to establish how
 

many different viruses or strains are present throughout the world.
 

Since cassava is normally propagated vegetatively from stem cuttings,
 

this disease is spread if infected cuttings are planted. Jameson (388)
 

has noted that in East Africa in times of drought or food scarcity, the
 

incidence of mosaic disease greatly increased since people ate the best
 

of the crop and used the poorer remnant plants for propagation. In
 

has been shown to transmit the
Africa, the white fly, Bemisia tabaci, 


The insect transmits
virus from diseased to healthy plants (168, 725). 


the virus only to young leaves which are less than 25% of their mature
 

length (725).
 

Another virus disease, known as brown streak, occurs only on the
 

The virus, if severe, may cause
east coast of Africa (396, 39:, 539). 


plant death, but the symptoms are exceedingly variable in frequency and
 

Leaf chlorosis or mosaic frequently occurs, but except
intensity (539). 


no
for severe infections, only mature leaves are affected, so there is 


leaf distortion. Other symptoms that occur are necrosis of the root

storage tissue and in some cases brown lesions occur on the stem. The
 

brown streak virus is about 600 mp long and rod-shaped (421). In the
 

field the virus is transmitted by vegetative propagation. Lister (456)
 

has also transmitted itmechanically to several hosts. Although Storey
 

(720) suspected that the virus may be transmitted by white flies,
 

Bemisia, there has been no research that has conclusively shown that
 

insects are vectors of this virus.
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Mycoplasma.--In Brazil, a disease of cassava known as "witches'
 

broom" occasionally caused high losses, especially in large plantations
 

(253). Originally this disease was thought to be caused by a virus, but
 

the causal aqent is now known to be a mycoplasma or Pleuropneumonia-like
 

organism (Pereira, personal communication). In addition to causing
 

numerous abnormally developed stem-sprouts, this organism reduces plant
 

growth and starch content of the roots (546).
 

Bacteria.--Bacterial wilt caused by Xanthomonas manihotis is a
 

serious disease in limited areas of Brazil and Argentina (546, 663, 847).
 

Infection of the vascular system,by this pathogen causes wilting and may
 

greatly decrease root production. Angular leaf spot is also caused by
 

this oraanism. Defoliation due to this disease has been reported in the
 

Pacific coastal regions of Guatemala (546).
 

A bacterial wilt caused by a Pseudomonas sp. has been observed in
 

the majority of the plantations in central and northern Colombia.
 

Symptoms of the disease are grey-maroon leaf spots, stem cankers, and
 

vascular necrosis. Infection is thought to occur through the stomates.
 

The bacteria advance to the vascular system and cause wilting and death
 

of young plants. A yellowish exudate containing bacteria is emitted
 

from the stem cankers, from which the bacteria are dispersed (463).
 

Fungi.--Brown leaf spot caused by Cercospora henningsii has been
 

found in the majority of countries where cassava is grown. White leaf
 

spot caused by Cercospora caribaea is not as widely distributed and of
 

lesser importance. Both pathogen,; primarily infect mature leaves; only
 

rarely do they cause severe defoliation. Other foliar fungi that are
 

pathogenic on cassava, but are usually considered of minor importance
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are: Glomerella cingulata causing anthracnose or whithertip (444, 832);
 

'leaf and stem rust caused by several species of Uromyces (317, 444, 736);
 

ash leaf spot caused by Oidium manihotis (639); and powdery mildew caused
 

by Microsphaera euphorbiae (Wellman, personal communication). A vascular
 

wilt caused by Verticillium dahliae is reported to be a sporadic problem
 

inGhana (356).
 

A number of fungi cause root or tuber rots of cassava in the field. 

White thread, a disease caused by Fomes lignosus, ii reported to be wide

spread in Ghana (241, 832). It has also been reported in Ceylon (737), 

Malaysia (822), and Thailand (404). Wellman (personal communication) has 

also observed it to be a problem in new clearings in Equador. The fungus 

affects mature tubers, which become covered with a network of white 

mycellium, which is the reason the disease is commonly known as white 

thread in Ghana. It is reported to cause a wet-rot of the tubers, and
 

it becomes even more severe after harvest and may destroy the tubers in
 

a few days. Other fungi reported pathogenic on roots of cassava are
 

Fusarium sp. (769), Phytophthora parasitica (297, 409), and Rosellinia
 

sp. (155, 252, 444, 795). In storage, fresh cassava roots are subject
 

to soft rot which has been attributed to various species of Penicillium,
 

Aspergillis, Rhizopus, and several species of bacteria (483, 732).
 

An abiotic problem associated with stored cassava roots is known
 

as vascular streaking. After the tubers are harvested, a dark bluish
 

discoloration of the vascular bundles starts from the cut surface and
 

rapidly progresses inward. In a few days, the discoloration is usually
 

so severe that the tubers are unsuitable for the fresh market. Attempts
 

to isolate fungi and bacteria from the leading edge of the discolored
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vascular tissue have been neqative (75). The cause of the discoloration
 

is thought to be physioloqical or due to oxidative enzymatic degradation
 

(75, 76, 548). Vascular streaking has been recognized as an acute post

harvest problem in Brazil, Costa Rica and Florida, U.S.A. (75, 246, 548).
 

However, in many other parts of the world it has been a long accepted
 

practice to harvest only tubers that can be used immediately, which
 

indicates that rapid spoilage due either to vascular streaking or micro

organisms is a very widespread problem (409, 765).
 

Nematodes.--At least fourteen species of nematodes are known to be
 

parasitic on cassava roots. In the Ivory Coast where cassava is simul

taneously grown in the same field with okra and eggplant, root-knot
 

caused by Meloidogyne incognita is a serious disease of cassava (464).
 

The lesion nematode, Pratylenchus brachyurus, and the spiral nematode,
 

Helicotylenchus erythrinae, are frequently found on cassava in Togo
 

(350). InJamaica high population densities of the reniform nematode,
 

Rotylenchulus reniformis, which causes damage on many other tropical
 

crops, have been found on cassava (236). Meloidogyne and Rotylenchulus
 

have also.been found on cassava in Nigeria (R.A. Odihirin, personal
 

communication).
 

Effect of Diseases on Yield and Quality:
 

The most extensive attempt to analyze the effect of any disease on
 

yields of cassava has been the studies inAfrica on losses due to cassava
 

mosaic. Based on Table 4-3, which is a summary of the research on the
 

effect of the mosaic virus on yield (398), it is apparent that even
 

though estimates vary greatly, virus diseases do reduce cassava yields.
 

These different estimates are likely due to variation in virulence of
 



89 

TABLE 4-3. The Effect of Virus Infection on Cassava Yield.
 

Estimated yield
 
Area loss due to yirus Authority
 

infection
 

Congo 20 Muller, 1931
 

Nigeria (a) 33 Golding, 1936
 

(b) 43
 

Nigeria 34 Beck and Chant,
 
1958
 

Nigeria (a) 33 Ekandem, 1964
 

(b) 14.5%
 

Madagascar (a) 83 Cours, 1951
 

(b) nil
 

Zanzibar 76 Tidbury, 1937
 

Zanzibar 95 Briant and Johns,
 
1940
 

Tanzania (a) 65 Jennings, 1960
 

(b) 16
 

IResults listed (a)are for plants or cultivars which had more
 

severe symptoms than (b).
 

Source: Jennings (398)
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virus strains, variation in resistance of cassava cultivars to the
 

virus, and variation A the different locations due to environmental
 

influences on the host, virus, and vectors. Plant age at the time of
 

infection is another factor that greatly influences the effect that the
 

mosaic virus has on yield. InTanzania, Briant and Johns (137) found
 

that the most serious reduction in yield results from primary infection 

that occurs when infected plants are propagated vegetatively. Secondary 

infection, through insect transmission after cassava is established, has
 

much less effect on yield.
 

Reliable estimates of reduction inyield due to the brown streak
 

virus are not available. It is not usually possible to accurately
 

estimate the losses due to brown streak because diseased stocks also
 

often carry cassava mosaic virus. The higher estimates of losses due
 

to viruses on the coast of East Africa are probably due to the presence
 

of both viruses (398). Although his study was not primarily related to
 

yield, Nichols (539) reported that the brown streak virus may cause
 

severe stunting of very susceptible plants and a reduction in root arowth.
 

However, infection of establisned plants apparently did not reduce yield. 

The reduction inquality of the tubers is ofter, of more importance than
 

the reduction in yicid. Severe infection by this vivus causes internal 

so that they are of little economic value.necrosis of the tubers, 


Information on the influence of other disease organisms on yield
 

is very meager. Fomes lignosis is reported to cause losses up to 20%
 

inGhana. Losses due to nematodes in Togo, West Africa, were reported
 

inone case to be approximately 7% (464). Leaf spot caused by Cercospora
 

is very widespread, but since it primarily attacks mature foliage, it is
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generally considered to be of minor importance. However, this evaluation
 

is based primarily on observation rather than experimental data. Since
 

fungi such as Phytopthora, Fusarium, and Verticillium, and nematodes,
 

such as Meloidogyne and Rotylenchulus, cause serious damage on other crops,
 

critical experimental evaluations are needed to determine the potential
 

that these organisms have on the reduction of cassava yield.
 

Although data for a critical comparison is lacking, it appears that
 

storage losses may be a much greater threat to extensive production than
 

would be the reduction inyield due to diseases. Majumder et al. (483)
 

states that the short storage life of cassava tubers is a limiting factor
 

in handling large quantities because the fresh tubers start rotting in
 

2-3 days after harvest, and soon become unsuitable for industrial use and
 

human consumption. After initiating a relatively large-scale production
 

of cassava, one grower in Costa Rica found that itwas not possible to
 

market the cassava in the nearby city of San Jose because of excessive
 

deterioration of the tubers enroute to market. Similar problems have
 

been experienced by small growers in Colombia (Averre, personal
 

communication). Cassava that was grown in Florida, U.S.A., and was
 

shipped to New York inwooden crates containing moist sawdust, was
 

rejected in New York because extensive decay and discoloration of the
 

tubers occurred during the 3 to 4 days of transport. Although these
 

may be isolated cases anJ appear unimportant, it is felt that the
 

magnitude of the post-harvest problems of cassava has not been
 

appreciated or fully evaluated. This may be partially associated with
 

the fact that the "backdoor" producers do not usually dig more tubers
 

than can be used or sold in a few days. Obviously, such a practice
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will not be compatible with large-scale commercial marketing of cassava 

for human and industrial consumption.
 

Present Status of Disease Control Measures:
 

Screening of cultivar collections and breeding for mosaic virus
 

resistance has been attempted in Ghana, Nigeria and Tanzania (237, 241,
 

242, 272, 393, 395, 536). Nichols (536) succeeded in selecting
 

cultivars with improved resistance and good yield. Jameson (388)
 

reported a relatively successful mosaic control program in Uganda that
 

consisted of distributing moderately resistant cultivars followed by the
 

roguing of diseased plarts. In some cases the latter practice was
 

enforced by the District Councils who passed laws requiring the removal
 

of mosaic-infected plants. However, cultivars that showed moderate
 

resistance in in land Uganda were susceptible in the coastal regions of
 

East Africa. Jennings (393) was successful in developing cultivars for
 

this region which he described as having near-immunity, but he was not
 

able to incorporate satisfactory yield into these lines. Inaddition
 

to low yield other factors, such as palatability and tradition, have
 

led growers to reject virus resistant cultivars. Innorthwest Uganda
 

cassava is left in the ground for 2-3 years and under these conditions
 

rot-resistant cultivars are required, but none of the mosaic-resistant
 

cultivars possessed this characteristic and, consequently, were not
 

accepted by growers.
 

Breeding for resistance to brown streak virus has been conducted in
 

East Africa. Jennings (393, 398) was able to develop highly resistant
 

hybrids by crossing Manihot esculcnta with Manihot melanobasis. Thes.
 

hybrids were promising for yield and had double the protein content of
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ordinary cassava. However, none of these have been released to local
 

growers because the breeding program was discontinued partially due to
 

political changes.
 

White thread, caused by Fomes lignosus, can be partially controlled
 

by early harvest, since mature tubers are most susceptible to the fungus.
 

Doku (241) reported that no differences in resistance were found among
 

the cultivars that he tested.
 

Brown leaf spot can be controlled with Bordeaux mixture, hit in
 

most cases control is not required (317).
 

Cultivars having at least partial resistance to bacterial wilt,
 

caused by Xanthomonas manihotis, have been found and these are now
 

widely used in Brazil (253, 547, 663). In Colombia, screening tests
 

have indicated that certain cultivars have resistance to foliar
 

penetration by the Pseudomonas sp. that causes bacterial wilt. However,
 

no cultivars were found that had resistance to the bacteria once it
 

became localized in the vascular tissue (463).
 

Nematodes can be controlled chemically with dibromochloropropane
 

(DBCP) or other nematicides. Since studies have indical.i that cultivars
 

of cassava differ widely in resistance to Pratylenchus, it appears that
 

the development of cultivars resistant to nematodes may be feasible and
 

certainly would be more economical than chemical control (464).
 

Storage rots, particularly those due to Rhizopus, can be chemically
 

controlled with any of the following treatments: ethylene dibromide
 

(EdBr); EdBr and ethyl bromide (EBr) mixture (1:1; v/v); and a formalde

hyde treatment (483). Cassava fumigated with EdBr and EBr might be used
 

for human consumption, since the bromide residue was 13-19 ppm. Thus,
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chemical control of the storage rots appears feasible.
 

Experiments indicate that vascular streaking can be controlled
 

through drying (548); refrigeration at 00-2.50 C and 85-90% relative
 

humidity (548); a pre-storage hot water dip (75); storage of the
 

tubers at high temperature (75), and anerobic storage (76).
 

RECOiMMENDED FUTURE RESEARCH ON DISEASE AND PEST MANAGEMENT
 

It is estimated that inthe coming decades eighty percent of the
 

increase in the world's population will be in the tropics. An expansion
 

of cassava production, the development of high yielding cultivars with
 

high protein and starch content, and greater control of losses due to
 

pests and disease will be necessary to help meet the needs for food in
 

the future. Among the problems relating to disease and pest management
 

of cassava, and in general among the problems relating to cassava
 

production, priority should be given to investigating methods of
 

controlling losses of ca3sava during storage and marketing. The
 

following reasons are given for considering this a primary priority
 

for research:
 

1) Post-harvest losses due to microorganisms and physio

logical degradation presently appear to be a major
 

obstacle for the commercial marketing and export of
 

fresh cassava, as well as the future expansion of
 

cassava production.
 

2) 	Based on research to date, the practical solution of
 

this problem appears feasible with limited resources,
 

and the odds for success of such a project should be
 

good.
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3) An investment for the solution of this problem would
 

offer high dividends since itwould have a position
 

impact at the grass roots level on the economic
 

development of many countries in the tropics.
 

4) It has been suggested that one approach to solving the
 

storage problem would be through rapid post-harvest
 

drying and storing the cassava as flour or chips. This
 

may offer a partial solution if post-harvest techniques
 

could be developed that would be practical and economical
 

for the grower, and if the end product was acceptable to
 

the consumer. However, with increasing migration of
 

lower economic masses to the larger tropical cities,
 

potentially there will be a growing market for fresh
 

cassava, and a greater need to solve the post-harvest
 

degradation problems of fresh cassava.
 

Following are some considerations for developing a program to control
 

marketing and storage losses of cassava.
 

1) Although basic research has been conducted on vascular
 

streaking due to physiological breakdown and microbial
 

degradation of cassava tubers, there is a need for further
 

integrat2d research on harvesting, storage, and marketing
 

problems. Averre (75) indicated that certain treatments
 

that control vascular streaking caused an increase in
 

soft rot. However, several of these procedures,
 

especially high temperature or anerobic storage combined
 

with limited chemical control of microorganisms might
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provide growers with an inexpensive means of controlling
 

losses, so that they could ship cassava to larger markets
 

or processing plants. There is also a need for basic
 

research on differences in resistance of cultivar to
 

vascular streaking and microbial breakdown.
 

2) Pathologists, food technologists, and agricultural
 

engineers will need to cooperate to develop practical
 

economic control of storage losses for both the small
 

"door-yard" growers and larger commercial growers.
 

Extension personnel will be needed to demonstrate
 

these techniques and help solve problems for individual
 

growers.
 

The lack of quantitative data on the influence of many insects and
 

diseases on yield indicates a need for further research in this area.
 

There is also a need for international cooperation to compare the
 

cassava viruses and virus strains found in various countries. Research
 

by Kitajama and Costa (421) indicates that several different viruses
 

cause mosaic symptoms on cassava. Confusion in the past has arisen
 

because identification of the viruses has been primarily based on
 

symptoms. Serology and electron microscopy should be used to provide
 

further information on the number of viruses and virus strains present
 

incassava. This is recommended since such information is a pre

requisite for an effective breeding program for virus resistance and
 

is also necessary to help prevent the introduction of new viruses into
 

countries where they currently do not exist.
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to
Intropical areas with strong population pressures, the trend is 


be expected toward improving yields through plant breeding, the use of
 

fertilizer and extensive and intensive planting. These changes qenerally
 

have increased the vulnerability of other plants to disease and insect
 

epidemics and there is evidence that this will also be true for cassava.
 

For example, in certain areas of central Africa where cassava was grown
 

extensively, a rotation of rice, peanuts and cassava was recommended and
 

practiced. At the end of two cycles the average yield of rice and
 

peanuts fell to approximately one-fifth that of the original plantinq
 

and cassava yields fell to one-third the original yield. The decrease
 

in cassava yields was largely due to root rots caused by Phytopthora.
 

which rose from less than 10% infields newly cleared to 50% at the end
 

of the rotation cycle (409).
 

The fact that cassava is to a great extent peculiarly free from the
 

ravages of the migratory locust, Locusta migratoria, indicates that it
 

may have some inherent genetic qualities that make it unusually resistant
 

to disease and attack by insects. Furthermore, research is needed to
 

understand if or why cassava ismore resistant than other plants. For
 

example, cassava contains a cyanogenic glucoside that may serve as a
 

chemical defense against some diseases and insects. This is supported
 

by the fact that cultivars with high HCN content have fewer disease and
 

insect problems than do cultivars with low HCN content (Pereira, personal
 

communication). Low hydrocyanic acid content is generally considered by
 

plant breeders to be a desirable characteristic. When such objectives
 

are adopted in any breeding program, concurrently an attempt should be
 

made to monitor the effect that decreased HCN content has on host
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susceptibility. For history clearly indicates that any breeding
 

improvement program that overlooks the natural breeding program of
 

microorganisms and insects is courting disaster. As an example, in
 

1970 the southern corn leaf blight in the United States was an epidemic
 

that resulted when susceptibility to this disease was inadvertently
 

incorporated along with desirable characteristics in cultivars that
 

were widely distributed. Inone year this disease caused losses
 

estimated to be near 15% of the national corn crop. Since disease and
 

insects generally pose a greater threat to agricultural production in
 

the tropics, it is imperative that any program designed to increace
 

cassava yields through genetic improvement or altering cultural practices
 

should also be designed to continually evaluate the changes in host
 

susceptibility to disease and insects.
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CHAPTER V
 

Biochemical Properties and 
Nutritive Value of Cassava

l
 

ROOT
 

There are varying concentrations of carbohydrates, lipids, 
proteins,
 

cassava roots. Their composition is
 minerals, vitamins and water in 


more or less similar to that of other tropical starchy roots (Table 5-1). 

is 60-65% water, 30-35% carbohydrate,
An estimated average composition 

1-2% crude protein, and a relatively low content0.2-0.6% ether extract, 


of minerals and vitamins (Table 5-2). The variability which is evident
 

can be attributed to strain or 
in the results of approximate analyses 

variety, location, a host of environmental conditions and the method of
 

This variation in composition can be illustrated by
chemical analysis. 

The fiqures

eiqht different samples analyzed by workers at INCAP (59). 


inTable 5-3 show the minimum and maximum analyses 
in the eiqht samples.
 

It isquite evident that some 3,000 different varieties 
would have an
 

The values reported
 
even wider range between the low and high values. 


not the tuber was peeled or dehydrated -
%-,ould also depend on whether or 

Table 5-4 summarizes someauthors generally ignore.a detail which many 

of the data on proximate analyses from various 
sources on a dry weight
 

Table 5-5 snows the proximate analyses for unpeeled 
fresh cassava
 

basis. 


tuber and Table 5-6 presents the chemical composition 
of the peel or rind.
 

5-5 and 5-6 that
It would appear from a comparison of Tables 5-4, 

a considerable amount of protein is lost in the peel which isgenerally
 

IPrepared by R. W. Seerley, University of Georgia, Athens,
 

Georgia; D.J. Rogers, University of Colorado, 
Boulder, Colorado;
 

and F. C. Obioha, Fort Valley State College, Fort Valley, 
Georgia.
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TABLE 5-1. 	 Average Food Composition of Five Starchy Roots,
 
Per 100 Grams Edible Portion*
 

Sweet Fresh
 
Item Unit Potatoes potatoes cassava Yams Taro
 

Food energy calories 82 117 146 105 104 

Water gms 78 70 62.5 72.4 72.5 

Carbohydrate gms 18.9 27.3 34.7 24.1 24.2 

Protein gms 2.0 1.3 1.2 2.4 1.9 

Fat gms 0.1 0.4 0.3 0.2 0.2 

Calcium mgs 8 34 33 22 23 

Iron mgs 0.7 1.0 0.7 0.8 1.1 

Vitamin A I.U. tr. 500a tr. tr. tr. 

Thiamine, B1 mgs 0.10 0.10 0.06 0.09 0.15 

Riboflavin, B2 mgs 0.03 0.05 0.03 0.03 0.03 

Niacin mgs 1.4 0.6 0.6 0.5 0.9 

Vitamin C mgs job 23 36 10 5 

*Data from FAO, Food Composition Tables for International Use 
(2d ed., Jan. 1953), pp.2324, and FAOFdoodCPosition Tables -
Minerals and Vitamins for International Use(Mar. T95 ")-,p.T3031. 
The abbre ftion "I.U.'Tndicates international units, "tr." indicates 
trace. 

aPale yellow variety: deep yellow average 7,000, nearly white 

80 I.U. 

bAppriximate value at six-month's storage; at 0, 3, and 9 months 

after harvest the values are 40, 15, and 6 mgs, respectively. 

Source: W. 0. Jones (409), with permission 
from Stanford University Press
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TABLE 5-2, Average Composition of Fresh Cassava Roots, and Estimated
 
Daily Total Food Requirements of Adult Males.
 

Composition of cassava Adult male 
roots per 1,000 grams daily 

edible portion requirements 
a I c IVd U.S.A.e Tropicsd
 I IIb
Item Unit 


Food energy calories 1,310 1,460 1,310 1,440 3,200 2,500 

Water gms 600 625 647 620 

Carbohydrate gms 320 347 327 350 

Protein gms 7 12 11 7 65 65 

Fat gms tr. 3 3 0 

Calcium mgs 250 330 330 250 800 500 

Phosphorus mgs ... ... 530 500 

Iron mgs 10 7 8 5 12 8 

... 5,000 2,500Vitamin A I.U. 0 tr. tr 

Thiamine, B1 mgs 0.2 0.6 0.7 0.2 1.6 1.2 

Riboflavin, B2 mgs 1 0.3 0.3 0.7 1.6 1.2 

Niacin mgs ... 6 6 6 16 15 

Vitamin C mgs 300 360 400 300 75 25 

aData from B. S. Platt, Tables of Representative Values of Foods 

Commonly Used in ro..cal Countries ( Brit., Meical Research Council, 
Spec. Rep. Ser. 23, 1945), pp. 12-13. 

bData from FAO, Food Composition Tables for International Use (2d 

ed., Jan. 1953), p. 23, and FAO, Food Composition Tables - Mine-rals and 

Vitamins for International Use (Mar. 1954), p. 30. 
CData from U. S. Dept. Agr., Composition of Foods Used in Far 

Eastern Countries (Agr. Hdbk. #34, 1952), p.20. 

dData from Lucius Nicholls, Tropical Nutrition (3rd ed., London, 

1951), pp. 315, 406; requirements are for an active man. 

eData from U. S. National Research Council, Food and Nutr. Bd., 

Recommended Dietary Allowances (rev., 1953), p. 22; requirements are 

for an adult male, aged 25 years. 

Source: W. 0. Jones (409), with permission 
from Stanford University Press
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TABLE 5-3. Average and Range in Composition of Cassava Roots.
 

No. of analyses Max. Min. Avg.
 

Dry matter, % 8 43.3 29.6 32.2 

Nitrogen-free extract, % 8 90.9 85.3 88.9 

Ether extract, % 8 1.1 0.6 0.9 

Crude fiber, % 8 7.3 3.8 5.1 

Crude protein, % 8 2.7 1.8 2.2 

Ash, % 8 4.0 1.6 2.8 

Calcium, mg/l00 g 8 131.0 30.0 72.0 

Phosphorus, mg/l00 g 8 116.0 70.0 102.0 

Iron, mg/100 g 8 70.1 13.7 33.8 

Source: INCAP Publication No. E440 (59)
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TABLE 5-4. The Composition of Peeled Cassava Tubers on Dry Matter Basis.
 

Source
 

INCAP* Chadha Akinrele
 

Water (%) 66.0 62.5 71.50 

30.8 34.7 26.82
NFE (%) 

Ether extract (%) 0.27 0.3 0.13 

Crude fiber (%) 1.36 1.3 0.12 

Protein (%) 0.68 1.2 0.74 

Mineral matter (%) 0.85 1.3 0.69 

127.5 146.0
Calories/QO0 gm 


*Institute de Nutricion de Centro America y Panama.
 

Source: I.A. Akinrele et al. (18);
 
Y. R. Chadha (162); and 
INCAP (381)
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TABLE 5-5. Chemical Composition of Unpeeled, Fresh Cassava Tubers.
 

Source
 

INCAP Ak irele
 

67.8 68.06
Water (%) 

29.06
Nitrogen-free extracts (%) 28.6 

Crude fiber (%) 1.64 0.99 

Crude protein (%) 0.71 0.87 

Ether extract (%) 0.30 0.17 

Ash (%) 0.90 0.85 

Calories/100 gm 120.00 

Source: I. A. Akinrele et al. (18) and INCAP (381) 
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TABLE 5-6. Chemical Composition of Cassava Peel (Rind).
 

Wet basis Dry basis
 

Dry matter (%) 27.3 

NFE (%) 72.9 19.90 

2.2 0.60
Ether extract (%) 


Crude fiber (%) 14.6 3.98
 

Nitrogen (%) 0.8 0.22
 

Protein (%) 5.0 1.36
 

Ash (%) 5.1 1.39
 

88.72
325.0
Calories/100 gm 

Source: INCAP (381)
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removed during processing of the tubers for food. This contention is
 

supported by Barrios and Bressani (91).
 

The composition of cassava as reported in the literature does not 

always indicate type, form or moisture basis on which the data were 

presented. The variation coming from these factors 'isenormous. Bitter 

cultivars differ from sweet cultivars, not only in the amount of HCN 

they contain, but also in the proportion of nutrients. Similarly, it 

makes the appraisal of nutrient value much easier if the data reported 

referred to the peel. root, unpeeled root, fresh or dry root, etc. 

Table 5-7 shows the chemical composition of various forms, and types of 

cassava roots, leaves and products as determined by Oyenuga (567). 

It should be noted that only the peeled root is edible to humans 

whereas unpeeled cassava has been fed to various classes of livestock 

with varying degrees of success. 

Maner (486) also reported a large variation in analyses of fifteen 

cultivars tested in Colombia (Table 5-8). The average composition of 

the fifteen varieties was 65% moisture, 1.25% crude protein, 1.45% 

crude fiber, 0.29%fat, 1.43% ash and 30.8% NFE, 0.12% calcium, 0.16% 

phosphorus, 0.06% sodium, 0.86% potassium and 0.37% magnesium. 

Carbohydrates: 

The bulk of the dried matter in cassava tubers consists of carbo

hydrates, 64-72% of which is reported to be starch; amylose and amylo

pectin together constitute 99% or more of the dry cassava starch (403). 

Recently, a new disaccharide - maniocose - was reported from cassava 

flour (387, 469). The most important other carbohydrate is sucrose, 

which can amount to as much as 17% in some sweet cultivars. Small 
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TABLE 5-7. 	 Average Chemical Composition of Cassava
 
on a Percent Dry Matter Basis.
 

Dry Crude True Crude Total Silica 
matter protein prot. EE fibre NFE ash free 

% % % % % % % ash % 

Bitter cassava 
2.71 1.68 	0.53 3.09 91.01 2.66 2.41
Root unpeeled 31.94 


0.43 94.12 	2.41 2.29
Root peeled 28.50 2.58 2.58 0.46 

5.93 4.60
Peel only 27.94 5.29 4.59 1.18 20.97 66.63 


Sweet cassava
 
1.95 92.13 	 2.89 2.73
Unpeeled 31.94 2.38 1.30 0.65 


1.66 1.66 	0.65 1.60 90.86 5.23 4.96
Peel only 28.50 


5.61 2.37 	1.39 10.31 78.25 4.44 3.83
Sweet cassava 27.94 


13.76 8.39 15.63 45.22 16.07 7.87

Cassava leaves 25.60 14.69 


1.02 0.38 2.31 94.03 2.08 0.92
86.47 	 1.20 


Source: V. A. Oyenuga (567)
 

Gari 
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TABLE 5-8. Prvx'mate Analysis of 15 Colombian Cassava Varieties1 .
 

Ni trogen
free 

Variety Moisture Protein Fiber Fat Ash extract 

Llanera 67.90 2.33 0.97 0.18 0.95 27,67 

Santa Catalina 64.76 2.14 1.16 0.24 1.00 30.71 

H-50 66.71 0.56 2.03 0.35 1.71 28.58 

Tolima 61.85 0.4', 1.35 0.25 1.54 34.61 

C.M.C.-50 60.61 1.55 1.09 0.36 1.40 35.07 

1-35 Brava 61.21 2.06 1.18 0.31 1.03 34.14 

Blanca No. 2 62.70 1.25 1.02 0.29 1.36 33.36 

C.M.C.-1 62.18 1.97 2.16 0.30 2.49 30.89 

C.M.C-3 61.50 1.70 1.77 0.24 1.38 33.34 

C.M.C.-4 67.59 1.71 3.46 0.35 1.59 25.27 

Seis Meses Comun 65.35 0.67 1.00 0.43 1.29 31.35 

Amaril a 64.16 0.59 1.64 0.33 1.81 35,90 

Tempranita 77.32 0.63 1.07 0.24 1.58 19.17 

La Respetada 62.84 1.03 1.02 0.22 1.36 33.49 

Bartolita 68.81 0.18 0.77 0.25 0.94 29.05 

Average 65.03 1.25 1.45 0.29 1.43 30.84 

1Nutrition Laboratory - ICA. 

Source: J. H. Maner (486)
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quantities of fructose (levulose) and dextrose are also reported, but
 

these could have been formed by the action uf enzymes on the sucrose.
 

The rate of starch deposition in cassava roots during the growth
 

cycle of the plant was studied by Cours (201). Typically the starch
 

content reaches an early maximum near the end of the first year, and
 

then itmay decline until production of starch is resumed again. The
 

peaks coincided with periods when the leaf cover was a minimum.
 

Viswanathan et al. (804) observed diurnal variations in some enzymes
 

of carbohydrate metabolism in cassava leaves, indicating carbohydrate
 

synthesis in the daytime and breakdown in the night. The metabolic
 

activity of starch granules from cassava plants was investigated by
 

Viswanathan an Krishnan (800, 801, 802, 803). Indira and Sinha (382)
 

concluded that though the tuber development was affected by different
 

durations of illuminations, the starch deposition was not influenced.
 

Cassava starch granules vary from 5 to 35p (averaqe 171). Magoon 

and Appan (473) have reviewed some of the properties of cassava starch. 

Cassava starch gelatinizes almost completely and forms a colorless, 

odorless and transparent soft gel when set. The qelatinizing temper

ature of cassava starch was 710C. The gel was relatively stable and 

retrogradation did not occur. The swelling and solubility patterns of
 

cassava starch were reported by Rasper (618, 619). Commercial samples
 

of cassava starch contain S-18% moisture, 0.3-1.0% protein, 0.1-0.4%
 

fat, 0.1-0.8% ash and 81-89% of starch, fibre, etc. (162). Kaufman
 

(417) describes tests cf quality of commercial cassava starch. 

There are indications that the glucoside coihtent of the tuber is
 

correlated with the starch content, because bitter cultivars are usually
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high starch yielders. There is also some relationship between starch
 

Doku (239) indicated that tubers
content and palatability of the tuber. 


with higher starch content had lesser fibre content and therefore, were
 

Others have suggested that when the parenchymatous
less "stringy". 


cells were packed with starch grain,. they readily burst open on cooking,
 

thus giving the cooked product good palatability. Magoon (471) and
 

Magoon et al. (474) reported the selection of high starch yielding
 

contrast to 20-25%
strains, with 29-31% starch on fresh weight basis in 


of the native strains. Vasudevan et al. (778) isolated a radiation
 

induced mutant yielding 31.3% starch on a fresh weight basis.
 

Lipids:
 

The level of lipids isquite low in cassava and there could be a
 

Cassava has only
possibility of a deficiency incertain animal diets. 


approximately 0.5% ether extractable material, while most animals
 

The type of fatty acids
should have 1 to 2% lipids in their diets. 


in cassava is not generally known.
 

Protein and Amino Acid Profile:
 

Cassava roots have a 	low content of nitrogenous substances varying
 

major portion of the total nitrogen exists as
from 0.7-2.6% (403) and a 


Cassava proteins are comparable to
simple nitrogenous compounds (703). 


value (Block and Mitchellrice protein in digestibility; the biological 

equivalent) of the total proteins is 48%.
 

The crude protein content of roots appears to be relatively stable 

and constant with maturity of the plant. Research at ICA in Colombia
 

showed that roots harvested at 12 to 17 months of age had similar crude
 

protein content (486). 
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The peeling contains a higher percent of nitrogen than the flesh
 

portion of the root, yet the flesh contains more total nitrogen by
 

virtue of the wide flesh:peel volume ratio.
 

Table 5-9 shows that roots and tubers compare unfavorably with
 

cereal grains and especially legumes in amino acid content. Lysine,
 

methionine and tryptophan are especially low. A high yielding variety
 

(Llanera) has been discovered at the ICA Exper4mental Station at Cali,
 

Colombia. The yield was 78 tons per hectare in one experimental plot
 

(486). Equally ex,-eptional about this variety is that the crude protein
 

content ismuch higher than the average of many varieties. It contained
 

2.32% crude protein on a wet basis or 7.25% on a dry matter basis. If
 

varieties can be developed with more amino acids, it would enhance the
 

value of cassava as a food and/or feed.
 

The amino acid analyses of two varieties of cassava are compared
 

in Table 5-10 with that of Colombian hybrid corn H-253 and a Colombian
 

opaque-2 corn, H-255. The lysine content of the cassava varieties
 

appears to be more favorable in these varieties, but methionine was
 

very low.
 

According to Close et al. (184), the protein of tapioca meal
 

includes the following amino acids: 4.4% aspartic acid, 2.1% threonine,
 

1.9% serine, 12.7% glutamic acid, 1.6% proline, 2.4% glycine, 4.6%
 

alanine, 2.6% valine, 0.6% cystine, 1.0% methionine, 2.0% isoleucine,
 

2.9% leucine, 1.6% tyrosine, 2.3% phenylanine, 3.5% lysine, 0.6%
 

tryptophan, 10.4% ornithine, 1.2% histidine and 3.7% arginine.
 

Sreeramamurthy (703) also reported that the essential amino acids
 

present in the total proteins (1.33% in the sample) are (g/16 gN):
 



TABLE 5-9. Amino Acid Content Per 100 Grams Food. 

Fond Moisture 
(grams) 

Nitrogen
(grams) 

Conversion
factor

(W) 
Protein 
(gram) 

Lysine
(mg) 

Methi-
onine 
(rg) 

Threo-
nine
(mg) 

Trypto-
phan
(mg) 

Total 
essential 

amino 
acids
(mg) 

Total 
amino 
acids
(mg) 

Cereal grains 

Barley 
Maize 
Millet 
Oats 
Rice-brown 

-polished 
Rye 
Sorghum 
Wheat 

12 
12 
11 
10 
13 
13 
12 
11 
12 

1.88 
l.5Z 
1.55 
2.23 
1.26 
1.13 
1.89 
1.62 
2.09 

5.83 
6.25 
6.25 
5.83 
5.95 
5.95 
5.83 
6.25 
5.83 

11.0 
9.5 
9.7 

13.0 
7.5 
6.7 

11.0 
10.1 
12.2 

406 
254 
332 
517 
299 
255 
401 
204 
374 

196 
182 
239 
234 
183 
150 
172 
141 
196 

389 
342 
374 
462 
307 
234 
395 
306 
382 

180 
67 

189 
176 
98 
95 
87 

123 
142 

4,203 
3,820 
3,979 
5,169 
3,033 
2,695 
3,732 
3,945 
4,280 

11,118 
9,262 
9,505 

12,998 
7,973 
6,785 

10,868 
9,756 

12,607 

Roots and tubers 

Potato 
Sweet potatoes 
Taro (Colocasia) 
Yam (Dioscoria) 
Cassava (Manihot) 

meal 

78 
70 
72.5 
72.4 
13.1 

0.32 
0.21 
0.29 
0.38 
0.26 

6.25 
6.25 
6.25 
6.25 
6.25 

2.0 
1.3 
1.8 
2.4 
1.6 

96 
45 
70 
97 
67 

26 
22 
24 
38 
22 

75 
50 
74 
86 
43 

33 
22 
26 
30 
19 

667 
414 
707 
821 
404 

1,572 
994 

1,737 
2,009 
1,184 

Legumes (pulses) 

Beans (Phaseolus) 
Beans, Broad (Vicia) 
Chick-pea 
Cowpeas (Vigna) 

11 
11 
11 
11 

3.54 
3.74 
3.22 
3.74 

6.25 
6.25 
6.25 
6.25 

22.1 
23.4 
20.1 
23.4 

1,593 
1,513 
1,376 
1,599 

234 
172 
209 
273 

878 
786 
756 
842 

223 
202 
174 
254 

8,457 
8,244 
7,802 
8,640 

20,043 
20,951 
19,290 
21,086 7 



TABLE 5-9. (continued)
 

Total 
essential Total 

Food Moisture 
(grams) 

Nitrogen 
(grams) 

Conversion 
factor 

(W) 
Protein 
(gram) 

Lysine 
(mg 

Methi-
onine 
(mg) 

Threo-
nine 
(mg) 

Troto-
phan 
(mg) 

amino 
acids 
(mg) 

amino 
acids 

(mg) 

Legumes (continued)
 

305 9,502 27,610
25.6 1,036 338 764
Peanut 5.2 4.69 5.46 

231 9,504 23,447
3.87 6.25 24.2 1,739 194 960
Lentil 11 


914 202 8,464 20,901
11 3.60 6.25 22.5 1,692 205
Peas 
6.25 20.9 1,607 107 608 117 7,505 18,460


Pigeon pea 11 3.34 

5.71 38.0 2,653 525 1,603 532 16,339 40,945


Soybean 8 6.65 


Meat and poultry
 

198 7,875 17,163
2.83 6.25 17.7 1,573 478 812
Beef and veal 61 

205 8,380 18,206
66 3.20 6.25 20.0 1,570 502. 794
Chicken 
 583 162 5,203 11,496


Pork 42 1.90 6.25 11.9 961 321 

416 634 184 6,338 12,763


Egg (hen) 74 1.98 6.25 12.4 863 

Fish, fresh,
 211 8,465 18,338
1,713 539 861
all types 74.1 3.01 6.25 18.8 


75.0 5,808 2,052 3,180 720 30,360 70,308

Fish, meal 10.1 12.00 6.25 


153 48 1,620 3,553
6.38 3.5 268 86
Milk, cows 87.3 0.55 


of Foods and Biological Data on Proteins. Nutritional Studies No. 24, Rome 1970
Source: FAO, Amino Acid Content 

(296)
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TABLE 5-10. Amino Acid Values of Cassava and Corn Varieties.
 

Variety
 

Opaque-23
 Cassava2 Cassava 2 Common3 


Amino Acid1 C.M.C.-4 Llanera Corn H-253 Corn H-255
 

Arginine 16.0 18.0 4.6 6.2
 

Histidine 0.5 2.3 2.9 2.7
 

Isoleucine 2.9 1.7 5.0 3.6
 

Leucine 3.2 2.0 16.0 8.0
 

Lysine 3.2 2.6 2.8 4.0
 

Methionine Trace Trace 3.0 4.5
 

Alanine 1.1 2.6 9.4 5.9
 

Tnreonine 6.8 6.2 3.5 3.3
 

Phenylalanine 1.5 1.0 5.4 3.8
 

Valine 2.1 1.1 7.2 5.6
 

Tyrosine 1.0 0.6 4.9 3.5
 

Glycine 1.4 0.9 4.1 5.3
 

Glutamic acid 9.8 5.3 20.6 15.2
 

IExpressed as percentage of protein or grams of amino acid per 100 
grams of protein. 

2Metabolic Laboratory - University of Valle Hospital; Cali, 
Colombia. 

3Shuman Chemical Laboratory, Inc., Battle Ground, Indiana.
 

Source: J. H. Maner (486)
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arginine 7.74, histidine 1.50, isoleucine 5.33, leucine 5.56, 
lysine
 

6.23, methionine 0.60, phenylalanine 3.45, threonine 3.83, 
tryptophane
 

some
Methionine and tryptophane are deficient;
0.53, and valine 4.51. 


The essential
 
workers have reported the complete absence of the 

4ormer. 


amino acid profile of cassava based diet in Indonesia, as reported by
 

Bailey (78), also indicates that it is particularly deficient 
in sulphur
 

Osuntokun

containing amino acids (methionine, cystine and cysteine). 


(564) pointed out that both cysteine and cystine are involved 
in
 

et al. 


cyanogenic gluco
the cyanide detoxication (cyanide is produced when a 


side (linamarin) present in the dietary derivative oF cassava is
 

This cyanide ismainly detoxicated
 hydrolysed by linase or by acid. 


by conversion to thiocyanate, in the process of which it reacts with
 

cysteine and cystine), and excessive cyanide.detoxication 
may be
 

responsible for the low concentration of sulphur 
containing amino acids.
 

The findings of Adriaens (11) that nitroqenous fraction of cassava flour
 

varied widely according to the method of preparation of the flour would
 

also indicate that the degree of detoxication of 
the cyanide would
 

significantly affect the quantity and quality of 
cassava protein.
 

Soaking the roots transforms, under some circumstances, the arginine
 

acid hitherto unknown in the higher vegetables,
into ornithine, an amino 

although known to be present in mushrooms (11). At the same time, some
 

of the nitrogen formerly held in certain amino acids (arginine, tyro-


The investigations of
 
sine, tryptophane) is released as free ammonia. 


103, 104) indicated
 
Adriaens and associates (9,10, 11, 12, 13, 


that the amount and quality of protein in cassava 
roots may be altered
 

significantly by processing; they also suggested 
that this has
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implications for specific nutritional problems of Africa, including
 

Kwashiorkor. 
However, Jones (409) stated that the incidence of
 

Kwashiorkor is by no means well correlated with 
 cassava comsumption,
 

appearing rather to be a function of total protein intake, and that
 

the connection suggested by Adriaens and associates must remain
 

unproved until much more is known about Kwashiorkor and cassava protein.
 

Bailey (78), investigating the nutritional problems in the cassava areas
 

of Indonesia, also concluded that it cannot be indisputably stated that
 

the sulphur containing amino acid levels in the cassava diets are too
 

low. Cox et al. 
 (205) established that in human beings supplementary
 

methionine failed to increase nitrogen retention. Johnson et al. (402)
 

also proved that inethionine supplements did not save body protein or
 

decrease the nitrogen losses in humans subsisting on low protein diets.
 

However, Bailey (78) did not rule out the possibility of any connection
 

between cassava diet and Kwashiorkor because Ladell and Phillips (438)
 

found that the nitrogen retention in Africans on diets of cassava and
 

peanut flour increased when methionine was added to the diet.
 

All these findings will have to be taken with caution because, in 

the light of our modern knowledge of human metabolism, it isrecognized 

that protein absorption and utilization in the human system is an
 

extremely complex phenomenon.
 

Efforts have been made in the past to increase the protein content
 

of cassava roots by interspecific hydridization with M. saxicola and M.
 

melanobais. Over a period of years, beginning in 1932 and ending with
 

the Japanese occupation of Java in 1942, Bolhuis carried on a program of
 

cassava breeding for increased protein content in roots. Crosses with
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M. saxicola yielded a few seedlings with as much as 2% protein in the
 

fresh roots, but in the clones propagated from these seedlings protein
 

content fell back to typical levels (118). Lanjouw (441) has determined
 

that fresh roots of M. saxicola posses 2.3% albumen. Jennings (393) 

reported that the roots of the F1 progeny of M. esculenta x M. melano

basis possessed approximately twice as much protein as their cassava 

parent. Ammann (31) reported that some Indochinese cassava cultivars 

contained as much as 7.4% nitrogenous material on a dry weight basis. 

A number of crosses were made using these cultivars but the work was
 

interrupted by the Japanese occupation. Barrios and Bressani (91)
 

reported 6.5% protein in a Panamanian cultivar. Recently, a similar
 

report of a cultivar in Colombia, "Llanera", with as much as 7.25%
 

nitrogenous matter in the roots generated much excitement. Estimates
 

of total nitrogenous matter will have to be viewed with caution because
 

it is not certain whether the breakdown products of cyanogenic gluco

sides do enhance the total nitrogen content or not. Nart2y (532)
 

showed that the hydrolytic products of glucosides are incorporated into
 

amino acids for protein synthesis in cassava. Therefore, it is not
 

unlikely that the reported cultivars of high nitrogenous content turn
 

out to be nothing but bitter cultivars with high glucoside content.
 

Besides, the entire tuber including the rind is sometimes ground up
 

for nitrogen estimates, in which case the values can be abnormally
 

high since most of the glucosides of the tuber are concentrated in the
 

rind. Jennings (398) stated that the protein in cassava roots tends to
 

be concentrated in the outer zones of the root. It is not clear whether
 

Jennings meant the phelloderm (the rind) or outer zones of the xylem
 

parenchyma.
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A discovery of great potential significance is the protein enrich

ment of cassava substrate through microbial fermentation. Gray and 

Abou-El-Seoud (346), and the work reported from the Tropical Products 

Institute, London (Confidential), indicate that it is possible to
 

factor of 6-8. Fermenting
increase the protein content of cassava by a 


cassava roots is the standard centuries-old method of processing cassava
 

roots for human consumption inmany parts of South America and Africa,
 

but no accurate estimates of the chemical composition of the fermented
 

products are available. This is particularly significant because, 

besides making the product rich in total protein, microbial activi ,y 

can also possibly modify the amino acid profile, making the protein 

more balanced. McPherson (496) indicated that essential amino acids, 

such as methionine, can be supplemented in the diet through microbial 

fermentation, and in this context the possibility of increase in the
 

amounts of sulphur containing amino acids including metnionine (known 

to be deficient in fresh roots of cassava) in the fermented cassava
 

products, needs to be investigated.
 

Minerals and Vitamins: 

Cassava roots are relatively rich in calcium and ascorbic acid and 

contain nutritionally significant amounts of thiamine, riboflavin, and 

niacin. Jones (409) estimates that 1 kilo of fresh cassava roots could 

125% iron, 58% thiamine, 83% riboflavin, 40%contribute 66% calcium, 

niacin and 1600% vitamin C of the daily requirements of an active adult 

living in the tropics, but he also points out that in the process of
 

soaking, grating, washing, heating, pounding, etc. (methods employed in
 

processing cassava roots for human consumption) a large amount of the
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vitamin and mineral content was lost. Estimates of vitamin and mineral
 

content of some cassava products are presented in Tables 5-11, 5-12 and
 

5-13.
 

Data from Chadha (162) indicates the following values for fresh,
 

wet, peeled tuber: calcium - 33 mg/100 g; iron - .07 mg/100 g. Vitamin
 

C appears the most unstable and may be entirely eliminated (621), but
 

when peeled roots were boiled only half of the vitamin C was lost.
 

Roots roasted with the peel on lost only a small amount of the ascorbic
 

Most of the vitamin B2 may also be lost inwashing and steeping,
acid. 


but vitamin B1 seems to be more persistent (520, 521, 522, 523, 556,
 

635).
 

LEAVES
 

Cassava leaves are rich in protein; the percentage of crude protein
 

of some Jamaican cultivars ranged from 20.6 to 36.4 on dry weight basis.
 

The 4 different estimates of the composition of fresh cassava leaves as
 

compiled by Jones (409) is presented in Table 5-14. Seventy-five per

cent of the crude protein is reported to be true protein and its feeding
 

value is high (779).
 

The sumiiary of proximate analysis and the amino acid profile of
 

Brazilian and Jamaican cassava leaf meal samples reported by Rogers
 

and Milner (652) is shown inTables 5-15 and 5-16. The cassiva leaf
 

protein was deficient inmethionine and possibly marginal intryptophan
 

only. The values of ali other essential amino acids exceed the require

ment of the FAO reference pattern. The lysine level is remarkably high.
 

Rogers and Milner (652) considered cassava leaf protein as superior as
 

soy bean protein. Rat feeding tests indicated that supplementation of
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TABLE 5-11. Mineral Composition of Dry Cassava Root. 

With peel Without peel Peel only 

Calcium (mg/100 g) 

Phosphorus (mg/100 g) 

Iron (mg/100 q) 

72.0 

102.0 

33.8 

64.0 

97.0 

45.6 

313.0 

111.0 

90.4 

Source: Y. R. Chadha (162) 
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TABLE 5-12. Vitamin Content of Cassava. 

Fresh, peeled Dry, peeled 

Thiamin (mg/100 g) 

Riboflavin (mg/lO0 g) 

Niacin (mg/lO0 g) 

Carotene (mg/lO0 g) 

Ascorbic acid (mg/lO0 g) 

0.06 

0.03 

0.60 

trace 

36.00 

0.07 

0.03 

0.70 

0.012 

Source: Y. R. Chadha (162) and INCAP (381) 
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TABLE 5-13. 	Estimates of Vitamin and Mineral Content
 
of Some Cassava Products.
 

(Milligrams per 100 grains product)
 

Vitamin
 
Product Source Vitamin B1 Vitamin B2 Niacin C Calcium
 

Farinha de mandioca 	 a .107-.165 .044-.07 2.3 ...
 

Farinha de mandioca a .020 .010 1.7 ...
 

Gari, white b ... 44
 

Gari, white 	 b ... ... ... ... 46 

Gari, yellow 	 b ...... ... ... 83 
Farinha de raspas a ...... 1.8
 

Flour and meals c ... ... ... 20-60
 

Flour 	 g ...... ... 1.4-1.7 

-Roots, dried 	after d ... 0.8 86-100 
suaking
 

Cassava cakes 	 e .06 .10 ...
 

2.0 ...
Chickwangue, batons 	 f ... ... ... 

a .109-.218Cooked roots 


... ...
Boiled roots g ... 	 ... 20,33 

... ... 26,47 ...Roasted roots 	 g ... 

Sources as follows:
 
aF. A. de Moura Campos, "'Estudo de algunas tubdrculos usados na alimen

tacao Brasileira," in Problemas brasileiros de alimentacao (Serv. de Aliment.
 
da Prgvid. Social. Biblio. Bras. de Nutr.), Sao Paulo, 1949, pp. 763-768.
 

DJ. Perissd and S. Le Berre, Table de composition des aliments du Togo
 
apercu sur 1'alimentation des popu rurales (Inst. de Rech. du Togo,
_on 


cj. L. Bergouniou, A. 0. F. Probl6me alimentaire et nutritionnel 
(Gouv. Gen. de l'AfriqueOcEcEidentale Francaise, Ig51T,-p. 20, 21; 
0. Guernelli, "Estudo s6bre as possibilidades de enriquecimento da farinha
 
de mandioca," Trabalhos e Pesquisas (Inst. de Nutr., Univ. do Brasil, 1952);
 
and Barros Barreto and TtoCavalcanti, "Problemsa Alimentar da Amazor'a,"
 
Mem6rias do Inst. 0. Cruz, Tomo 45, Fasc. IV,1947, Arquivos Bras. de Nutr.
 
(Tomo 6, Num. 2, Inst. de Nutr., Univ. do Brasil, 1949).
 

dG. M. Culwick, A Dietar Survey Among the Zande of the South-Western
 

Sudan (Sudan, Min. Ag., 1950), p. 139.
 
eJ. M. Bengoa and W. Jaffe, Tabla de Composiclon de Alimentos, Serie
 

de Pub. del. Inst. Nac. de Nutr. (rev. e., Caracas, 195), p.19.'
 
fB. Bergeret, "Teneur en acide ascorbique de quelques aliments du
 

Sud-Cameroun," Medecine Tropicale, Mar.-Apr. 1957.
 
gW. D. Rayond, W. Jojoand Z. Nicodemus, "The Nutritive Value of Some
 

Tanganyika Foods: II-Cassava," E. Agr. Agr. J. (Nairobi), Jan. 1941, pp. 156-1
 

Source: W. 0. Jones (409), with permission 	from Stanford University Press
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TABLE 5-14. Composition of Fresh Cassava Leaves.
 

(Per 100 grams edible portion) 

II Ill IV V
Item Unit I 


55 ...
Food energj calories 	 44 62 


85 80.5 74
Water 	 gms 


6 9.6 5 ...
Carbohydrates gms 


4 6.8 7.5
Protein gms 

Fat gms 0.4 1.3 0.7 

210 206 100 206 ...Calcium ngs 


3 2.0 3.0 3.5 ...Iron 	 mgs 

9,000 ...
Vitamin A I.U. 13,090a 10,000b 


0.15 0.16 0.30 0.15 0.27
Trhiamine, B1 mgs 
0.t20.30 0.43 0.30
Riboflavin, B2 mgs 0.25 


1.8 1.5 2.0
Niacin mgs 0.85 	 3.53
 

265 60r 311Vitami n C nrgs 100 	 320 

Sources as follows:
 
I. Data from B. S. Platt, Tables of Representative Values of Foods
 

Wr-.Brit., Medical ResearchCounciT,Commonly Used inTropical CountrT 
Spec. Rep. Ser., 253, 1945), pp. 20-21. 

II. Data from FAO, Food Composition Tables - Minerals and Vitamins 

for Internat4onal Use (Mar 954), pp. 35, 48. 

III. Data from G. M. Culwick, A Dietary 
the Southwestern Sudan (Sudan, Min. Xgr., 

S Aon 
p950,p.141. 

the 7.ande of 

IV. Data from R. S. Harris and Hazel E. Munsell, "Edible Plants of
 

Central America," J. of Home Economics, Oct. 1950, p. 
630.
 

V. Data from F.A. de Moura Campos, "0 Complexo da mandioca 
como
 

traco da influincia amerindia na alimentac~o brasileira," 
0 Hospital
 

(Rio de Janeiro), June 1951. 

aAs carotene.
 

byoung green leaves; shoots, green color not yet developed,
 

about 110 I.U.
 

cAs eaten.
 

W. 0. Jones (409), with permissionSource: 
from Stanford University Press
 



TABLE 5-15. Sumary of Proximate Analysis of Cassava Leaf Meal. 

Jamaican samples (Nos. 312-321) Brazilian samples (Nos. 322-331) 

Frozen (fresh) Dried1 Frozer (fresh) Dried l 

Range Average Range Average Range Average Range Average 

Moisture (%) 76.72-80.50 79.2 67.01- 74.82 71.2 

Protein (N x 6.25)(%) 3.73- 6.54 5.4 18.52- 32.42 25.8 5.37- 10.74 7.8 17.80- 34.82 27.3 

Ether extract 2 (%) .77- 2.67 1.6 3.95- 12.78 7.6 1.91- 4.18 3.0 6.64- 15.24 10.5 

Ash (%) 1.47- 2.23 1.8 7.46- 11.07 8.8 1.40- 2.01 1.6 4.65- 6.83 5.7 

Crude fiber (%) 1.34- 1.92 1.7 6.41- 9.43 7.9 1.11- 1.78 1.4 3.98- 6.79 4.8 

Carbohydrates 3 (%) 8.17-13.77 10.4 40.51- 59.15 50.1 12.28- 19.76 14.5 40.96- 63.74 51.9 

Calories (per 100 g) 70.04-86.70 77.4 347.80-404.00 372.5 101.50-134.40 118.0 387.20-43P.J 411.0 

Cyanide (ppm, wet) 33.00-73.00 46.0 42.00- 80.00 56.5 

1Dry values calculated from analyses of fresh frozen material.
 

2Considered as fat for the calculation of calorie values. 
3Calculated by difference. 

Source: D. J. Rogers and M. Milner (652)
 

http:33.00-73.00
http:101.50-134.40
http:347.80-404.00
http:70.04-86.70
http:8.17-13.77
http:76.72-80.50


---

---

---

TABLE 5-16. Amino Acid Profiles for Cassava Leaf Protein (Percent, 16 g Nitrogen Basis). 

Average for Range of Average for Range of FAO essential
 
Jamaican variation Brazilian variation amino acid
 

Amino acid samples % samples % reference pattern
 

Alanine 5.98 5.66- 6.39 6.19 5.22- 6.66 
Arginine 5.28 4.00- 6.80 6.12 5.30- 7.35 ---
Aspartic acid 10.14 9.49-10.72 9.63 9.10-10.53 ---
Cystine 1.37 1.04- 1.99 1.04 0.74- 1.47 
Glutamic acid 10.22 9.37-11.83 10.12 8.80-11.02 ---
Glycine 5.39 4.29- 5.95 5.32 4.94- 5.58 ---
Histidine 2.23 1.44- 3.28 2.56 1.48- 3.40 
Isoleucine 5.01 4.85- 5.26 4.84 4.34- 6.31 4.2
 
Leucine 8.89 7.66- 9.67 8.85 8.33- 9.47 4.8
 
Lysine 7.20 6.00- 8.24 6.33 5.60- 7.82 4.2 
Methionine 1.65 1.39- 1.84 1.71 1.51- 2.00 2.2 
Phenylalanine 5.82 5.06- 6.39 5.53 5.11- 6.65 2.8 

5.40 5.12- 6.40 ---Proline 4.64 4.12- 6.14 
Serine 5.16 4.74- 5.81 4.60 3.58- 5.56 
Threonine 4.92 4.70- 5.14 4.73 4.49- 5.08 2.8 
Tryptophan 1.47 1.28- 1.69 2.07 1.56- 2.50 1.4 
Tyrosine 4.18 3.74- 4.82 3.93 3.71- 4.08 ---
Valine 5.73 5.30- 6.22 5.58 5.34- 6.09 4.2 

Source: D. J. Rogers and M. Milner (652)
 

http:8.80-11.02
http:9.37-11.83
http:9.10-10.53
http:9.49-10.72
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0.3% methionine to a diet containing dried cassava leaf meal yielded
 

results that compared well with casein (584, 585, 586, 587). Singh
 

(683) discussed possibilities of extracting protein from cassava leaves,
 

for use as food supplement. InCosta Rica dehydrated leaf meal produced
 

ina food dehydration plant contained 22-25% protein (403).
 

Fresh cassava leaves contain appreciable quantities of ascorbic
 

acid (621), but once picked they lose it fairly rapidly at tropical
 

temperatures. Raymond et al. (621) reported that fresh leaves from the
 

plantations inTanzania had 352.2 mg/l00 g of ascorbic acid. He also
 

extracted the juice from cooked leaves and vacuum concentrated it and
 

obtained preparations containing upwards of 2,000 mg ascorbic acid per
 

100 g. Leaves also contained carotene, 9,746-11,136 u/l00 g in the
 

fresh leaves and 7,172 u/100 g after cooking. Van Veen (779) showed
 

by chromatographic analysis that vitamin A, vitamin Bl and vitamin B2
 

were also present in addition to ascorbic acid.
 

CYANOGENIC GLUCOSIDES
 

Cassava cultivars contain varying quantities of cyanogenic qluco

sides. Besides the toxicity, the cyanogenic glucosides are of signifi

cance in that they are "[*nked by chemical pathways with proteins.
 

Nartey (532) points out that the nydrolytic products of glucosides are
 

made available, in cassava plants, for incorporation into amino acids
 

for protein synthesis.
 

Cassava plants possess two cyanogenic glucosides; linamarin and
 

lotaustralin (105, 181, 258). The former accounts for 93% of the total
 

cyanogenic glucocides and the latter 7% (532). These glucosides break
 

down after the plant is harvested into prussic acid (hydrocyanic acid
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or HCN), acetone and glucose, through the action of enzymes or organic 

acids; thus the hydrocyanic acid is liberated and the product becomes 

detoxicated. The various ways of processing cassava roots for con

sumption, practiced by cassava eaters all over the world, include 

procedures for accelerating the detoxication. Heating, soaking the 

roots in water, cutting or grating roots, etc., accelerate the activity 

of the hydrolytic enzyme system present in the roots, thus hydrolizing 

the glucosides. Another enzyme system present in the roots catalyzes 

the condensation of hydrocyanic acid with aldehyde compounds, thus the 

prussic acid is eliminated (403). The glucosides are also highly 

soluble inwater and decompose when heated to a temperature of 150°C. 

Fermentation of roots results in the production of organic acids which 

hydrolize the glucosides liberating gaseous HCN (16, 18, 188). Unhy

drolyzed glucosides, if remaining in ingested food, can still be broken 

down by enzymes that may already be present in the intestinal tract 

(409).
 

Cassava cuItivars are usually called "sweet" or "bitter" by farmers.
 

Whether these differences are based strictly on taste or upon the content
 

of CN- is a question that has not been settled. Pereira and Pinto (593)
 

and Pereira et al. (591) have concluded that CN" content is the sole
 

basis for the divisions, but Sinha and Nair (685) indicate that other
 

factors, possibly sugars in the roots, influence organoleptic evaluations.
 

The content of HCN in the peeled tuber of samples analyzed by
 

various workers ranged from 6-190 mg/kg (838); 30-370 mg/kg (347); 

29-213 mg/kg (569); and 31-151 mg/kg (117). Analysis of about 100 

cultivars for available HCN by Raymond et al. (621) gave an average 
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value of 158 milligrams from one kilogram of whole root, with a maximum 

value of 434 milligrams. Bolhuis (119) classifies roots containing less
 

than 50 milligrams of prussic acid per kilogram of flesh as non-toxic
 

(or sweet), on the basis that the minimum lethal dose of prussic acid
 

for human beings is 50-60 milligrams.
 

Prussic acid content varies markedly with qrowing conditions, soil,
 

moisture, temperature, perhaps altitude, and with age of the plant (409).
 

Considerable research is needed to determine the precise mechanisms
 

influencing the concentration of CN-, both during the ontogeny of the
 

root and under different environmental conditions. Ingeneral, prussic
 

acid content tends to be higher as growing conditions are less favorable
 

(409). Bolhuis (119) states that potassium deficiency clearly leads to
 

increased toxicity. Sinha and Nair (684) studied the influence of
 

various sources of nitrogen (nitrate, nitrite, ammonium sulphate,
 

ammonium nitrate, urea and glycine) on the cyanogenic glucoside content
 

in cassava leaves and young roots insand culture and concluded that in
 

the initial stages glycine and ammonium sulphate enhanced the amount of
 

cyanide. After five weeks of growth, urea and ammonium nitrate pro

duced less amounts of cyanoqlucosides. They also found that certain
 

amino acids in the soil such as valine, isoleucine and glycine,
 

enhanced cyanoglucoside content 3 to 4 fold within 24 hours. It is
 

known that valine and isoleucine act as precursors in the synthesis
 

of linamarin and lotaustralin, respectively (532). There is some
 

evidence that lot; temperatures increase the prussic acid content of
 

roots (161). There is also considerable variation with respect to the
 

distribution of glucosides within the root tissues, usually with higher
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concentrations in the phelloderm (rind) and along the central vascular
 

core of the root. Wood (838) reported that the mean value of HCN for
 

the phelloderm was over 10 times thdt of the mean value 
of HCN for the
 

Rogers (643) indicated

remainder of the tuber, in the samples analyzed. 


that "sweet" varieties tend to have most of their tuber 
glucosides con

"bitter" varieties may have a more
centrated in the phelloderm, whereas 

even distribution throughout the parenchymatous storage 
tissues.
 

roots is not statis-
Pereira et al. (590) observed that the age of the 

Wood 
tically correlated with the prussic acid content in the roots. 


(839) also concluded that the glucoside concentration in the root was 

its age, however, the enzyme concentration became low
 not affected by 

as the roots approached maturity, thus affecting the readiness 
with
 

which hydrogen cyanide was released when the roots 
were cut.
 

It has been suggested (838, 839) that the function of the 
glucosides
 

in cassava is that of liberating hydrogen cyanide and thereby repelling 

Nartey (532) suggests that the
 insect pests when they attack the plant. 


He
 
glucosides ire active rather than inert constituents 

of the plants. 


adds that during germination high concentrations of 
valine and isoleu

the action of proteinases and peptidases on 
cine are made available by 

reserve proteins, and under non-photosynthetic conditions in the dark
 

are catabolized through
it is highly probable that these amino acids 

the formation and accumulation 
energy yielding processes which lead to 

The occurrence of highly
of high concentrations of the glucosides. 


cassava seedlinqs provides the condition under
 
active linamarase in 


which the glucosides may subsequently be hydrolyzed 
and the hydrolytic
 

breakdown or incorporation into
made available for respiratoryproducts 


acids for protein synthesis.
amino 
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Cassava leaves have been reported to contain varying amounts of
 

prussic acid, 200 mg/kg of fresh leaves (779), 180-200 mg/kg (621).
 

Raymond et al. (621) and Razafimahery (622) indicate that the leaves
 

contain comparatively lesser quantities of prussic acid than in roots.
 

Pechnik and Guimaraes (584) analyzed the prussic acid content of
 

cassava leaf meal and reported that the rate of detoxication in leaves
 

was slower than that of roots.
 

Some investigators have considered the possibility of cumulative
 

or chronic poisoning due to prussic acid and have suggested that the
 

prussic acid of cassava is responsible for a number of illnesses,
 

including poliomyelities (667), sterility (666), and various pellagroid 

diseases (182). Osuntokun et al. (564), assessing the plasma amino acid 

levels in patients with tropical atoxic neuropathy in Nigeria, observed
 

that the plasma thiocyanate concentration was high. He attributed this
 

to excessive cyanide detoxication, in the process of which the sulphur
 

containing amino acids react with the cyanide and get depleted.
 

Ekpechi et al. (274) reported that cassava diets in Nigeria, particularly
 

those involving unfermented cassava which may not be completely devoid
 

of prussic acid, is goitrogenic. Recent investigations in the State of
 

Kerala (India), where large amounts of cassava are consumed as secon

dary staple, show the prevalence of a kind of diabetes called K-diabetes
 

(personal communications from Dr. S. Paranjothi). It is suspected that
 

this may be due to prussic acid.
 

Vogt (805), investigating the use of tapioca meal in poultry
 

rations, indicated that the residual prussic acid in the tapioca meal
 

causes growth depression.
 



CHAPTER VI
 

Utilization of Cassava as a Human 
Food1
 

Cassava is utilized as human food, in one form or another, in all 

five continents. The extent to which it is used varies from daily 

(staple) consumption intoose tropical countries where it iswidely 

grown, to occasional dessert items in western and European countries 

in which it is prepared in a form widely known as tapioca. 

Reliable data on actual consumption inmost countries are difficult
 

to obtain, since cassava is largely produced by subsistance farmers and
 

maintains a more or less backyard status inthe overall economic and
 

industrial framework of these countries. Furthermore, in most countries
 

where cassava is widely grown, up-to-date statistics on food commodity
 

movement and trends are not maintained.
 

Gross national production figures are generally available, but
 

export/import data are too fragmental to permit a valid estimate of
 

consumption to be calculated. The most realistic estimates must
 

therefore be developed from indirect sources, such as total hectares
 

devoted to the crop, total gross production computed on per capita
 

basis, gross caloric yields, proportion of national fo~od expenditures
 

pertaining to cassava prouucts and finally, recorded import or export
 

Within any given country, these sources are generally reliable,
data. 


but a considerable margin of error must be allowed if global estimates
 

of consumption are desired.
 

1Prepared by F. C. Obioha, Department of Animal Science, Fort
 

Valley State College, Fort Valley, Georgia. Now located at the
 

Agricultural Research Station, Umudike-Umuahia, Nigeria.
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CALORIC PRODUCTION AND CONSUMPTION
 

Selected Countries:
 

Yield data on cassava varies immensely between countries, between
 

localities within a country and between varieties within a locality.
 

It is therefore impossible to extrapolate total global production from
 

available statistics on hectares under cassava. Yet another variable
 

in the estimation of yield is the moisture content. Several authors 

are content with expression of total yields without any reference to
 

moisture content or total dry matter yields. The total caloric yield
 

of cassava grown in Nigeri, in 1950 was 42,188,563 millions (570).
 

Assuming the population of Nigeria in 1950 to be 55 million and taking
 

2,600 calories as the average per capita daily caloric requirement, it
 

can be calculated that cassava alone was able to supply 2,100 calories 

per capita per day. Inother words, the entire population of Nigeria
 

could have relied on cassava alone to meet 80% of its caloric needs
 

(Table 6-1).
 

In 1966, the Dominican Republic produced about 150,000 metric tons
 

of cassava. With its population of 3.5 million, this country can be
 

said to have consumed on the averaqe, 119 grams of cassava, per capita,
 

per day. The caloric equivalent of this figure is 457, which represents
 

almost 18% of the daily caloric requirements for the entire population
 

(Table 6-1). Itshould be noted that these are apparent consumption
 

figures since import and export data are fragmental.
 

This estimate is quite realistic and has tempted many nutritionists
 

to conclude that diets of tropical peoples have an overwhelming prepon

derance of starch. Actual consumption may not be close to this estimate
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TABLE 6-1. Calorie Yields and Consumption from Cassava.
 

Country Year 
Population 
(millions) 

Calorie 
yield 

(millions) 

Per capita 
consumption 
cal/head/day 

Percent 
of calorie 
requirement 

Nigeria 1950-51 55 42,188,563 2,101.5 80 

Ghana 1952 6 1,997,923 912.3 35 

Dominican 
Republic 1966 3.5 585,000 457.9 18 

Source: V. A. Oyenuga and L. K. Opeke (570)
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but it is quite obvious that countries where cassava is largely produced 

should have no problem with undernutrition. The contribution of cassava 

to the caloric component of diets in many tropical countries is there

fore enormous even when one recognizes that cultural practices, storage 

and marketing in these countries are still in the primative stage. 

World Production and Consumption: 

The annual global yield of cassava can be estimated at 70 million
 

metric tons, from figures provided by Chadha (162). Assuming an average
 

yield of 3.9 million calories per metric ton (570), the anual global
 

production of calories from cassava alone would amount to 279,104
 

billion, enough to provide about 218 calories per day to every man,
 

woman arid child in the entire world. This means that with all its
 

cassavalimitations on ci tural and storaqe facilities, alone could 

provide the world with about 8% of its daily caloric needs. Estimates 

from the Food and Agriculture Organization (FAO) of the United Nations 

are not far from the above figures. According to the 1968 Production
 

Yearbook (293), the annual global production of cassava was 83 million
 

metric tons. Applying the above computations to these figures, one
 

would arrive at 10% as the daily contribution of cassava to global
 

caloric needs. Coursey and Haynes (204) estimated the contribution of
 

root crops to total diets of the world at 6% for the Near East, 11% for
 

the Far East, 15% for Latin America and 29% for Africa, giving an
 

overall average of 15%. 

orThe significance of these relative fiqures is that world food 

nutritional problems are not exclusively protein-related. There is a
 

definite and widespread deficiency of bulk in the diets of millions of
 

the world's population which many nutritionists define as undernutrition
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or hunger. More specifically, sub-caloric intake is a significant
 

component of the total food picture in the world. Inthis context,
 

therefore, cassava as an inexpensive calorie source can contribute
 

immensely to the world nutritional welfare by sparring limited resources
 

which can be diverted toward proteinacious foods.
 

One useful way to evaluate the importance and potential of cassava
 

is to relate its value to those of other alternative carbohydrate sources.
 

Comparative figures on cost of production, yield of calories, proportion
 

of food expenditure, etc., have been made between cassava and a number
 

of competing carbohydrate sources. A nationwide survey inGhana in 1952
 

(240) revealed that cassava and its products accounted for 12% of all
 

food expenditure; as compared with 17, 14 and 18% for cereals, meat,
 

and fish, respectively. Cassava and ics products accounted for nearly
 

as much percent expenditure as did the rest of grains, tubers, and
 

roots, all put together (240).
 

FOOD CASSAVA
 

Although cassava is believed to have originated in the new world
 

tropics (643), its widespread cultivation and adaptability throughout
 

the tropical world accounts in part for the key role it holds as a
 

dominant food crop in tropical diets. That cassava occupies a staple
 

status in most undeveloped economies is not difficult to document or
 

explain; what is very surprising is the uniformity existing in the
 

techniques of preparation and processing and the almost identical
 

nature of the edible form from one tropical habitat to another. For 

example, gari, one of the forms of food cassava which has universal 

usage among some six countries in West Africa -- a geographical region 
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with over 200 languages and half as many distinct ethnic groups -- is
 

very similar to farinha de mandioca in Brazil and the MesoAmericas.
 

The question may be asked: Why has a food crop with such industrial
 

and economic dimensions as cassava eluded the interest and priorities
 

of industrialists over the years? Some of the answers to this question 

may be found in the limitations inherent in the nature of the cassava
 

food which renders it a second rate crop in the social preference
 

ladder of many countries. The limitations include the presence of a 

cyanogenic glucoside, linamarin, which on hydrolysis yields glucose, 

acetone, and hydrocyanic acid (HCN) which is poisonous if taken in 

high concentrations (119, 570, 590, 591). Another limitation is that 

cassava is largely, almost exclusively, a carbohydrate food and possesses 

other nutrients in far less than adequate amounts. Food cassava is per

haps as far removed from a balanced diet as is possible, and so it has 

earned a low preferential index among communities where protein 

deficiency is a dietary rule rather than an exception. Another 

possibility is that due to its bulky and perishable nature, cassava 

did not command enough attraction as a raw material for large scale 

export to developed countries in spite of its relatively low cost of 

production. For these and other possible reasons cassava has remained 

essentially a famine reserve crop, the tubers being about the only 

edible portion to humans. A glimpse of the potential of this crop, 

however, suggests that not only the tubers but also the leaves should 

play a more significant nutritional role in the diets of tropical 

countries. 
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Comparative Food Value of Cassava:
 

From the chemical composition of cassava presr.nted in Chapter V
 

(Tables 5-1, 5-2), it is quite evident that cassava is rich in calories
 

and deficient in protein, fat and some vitamins and minerals. Itshould
 

be pointed out that several other caloric sources in tropical diets
 

share these same general characteristics but to a less extent. Some of
 

the grain and root crops which compete with cassava for staple status
 

in the menus of tropical countries are: yams, cocoyams, plantain, rice,
 

conmillet, corn, and pulses (legumes). The yam, like the potato, is 


sidered an underground stem while cocoyam is a corm. The comparative
 

food value of cassava in relation to any of these alternate starch
 

crops is unfavorable; however, the cost of production and yield of
 

calories per hectare, per man-day or per capital investment, appears
 

to be overwhelming'y in favor of cassava. The comparative risk due to
 

disease infestation, drought or climatic uncertainties also tends to
 

favor cassava. Table 5-9, inthe previous chapter, shows the relative
 

food and biological values of cassava vis a vis the other competing
 

can be noted from this table that cassava compares
calorie sources. It 


amino
quite favorably with sweet potatoes in protein content, and total 


acid content, whereas taro or cocoyam has a distinct edge over cassava
 

inall nutrients.
 

The protein quality of cassava tubers is inferior to most of the
 

Native cassava users have developed ingenious
alternate starch sources. 


systems (367) to c'mpensate for the low protein content of cassava roots,
 

and thereby, take advantage of all the above mentioned advantages of
 

this crop and at the same time obtain a balanced diet.
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InSouth America, the natives employ elaborate techniques to
 

eliminate the prussic acid and detoxicate the roots for human consump

tion. These methods include prolonged fermentation, sometimes as long 

as 8-10 days, during which considerable microbial synthesis of protein
 

occurs. The work done at the Tropical Products Institute, London, and
 

by Gray and Abou-El-Seoud (346) showed that the protein content increased
 

by a factor of 6-8 through microbial conversion. Gray (345) pointed out 

that such a system of microbial conversion of carbohydrates into protein
 

is highly efficient; 15 times more efficient than beef, 12 times more
 

efficient than poultry, and 4 times more efficient than milk. Pinto
 

(604) showed that the microbial protein also possesse. a very satis

factory amino acid composition from a nutritional point of view.
 

Strasser et al. (726) developed a process for growing yeast on 

hydrolyzed cassava and producing a dehydrated product containing 33% 

protein. They suggested that this low-cost protein (the processing 

cost, not including the cost of cassava, was estimated as 34.7 cents/ 

kilo), can be incorporated with untreated cassava flour during the 

process of preparing native cassava dishes such as "gari" or "farinha 

de mandioca." Besides giving a meaty flavor to the product, italso 

improves the taste. 

Of overriding importance in the chemical and nutritional character

istics of cassava is the presence of a glucoside often referred to as
 

linamarin, which on hydrolysis releases free prussic or hydrocyanic 

acid (HCN). This HCN is poisonous to humans and livestock. Evidence
 

for the latter has been observed by the author. When goats are fed
 

browse composed of cut (and invariably) wilted cassava leaves, death
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occurs rapidly -- maybe in a matter of minutes. However, goats can
 

browse on cassava leaves and stems in situ without any apparent health
 

hazard. Itwould appear that the hydrolytic enzymes are activated by
 

bruise or wilting. The amount of HCN, and consequently the degree of
 

cassava toxicity, varies with variety, the soil in which it is grown
 

and the climatic factors predominating in the environment (371, 569).
 

Both "sweet" and "bitter" varieties contain HCN although the "sweet" 

varieties are believwd to contain much less of the poison; hence,
 

these varieties can be safely consumed by humans without any elaborate
 

fermentation or detoxification process. Pereira et al. (591) reported
 

a strong correlation between bitter taste of the root and high hydro

cyanic acid content. By tasting the raw cassava tubers, these authors
 

found those varieties which tasted sweet had 4-7 mg HCN/0O g while
 

those which tasted bitter had 29 mg/l00 g, or more HCN. The range of
 

concentration of HCN can vary from 10 mg to 370 mg/kg of fresh root 

(119). However, the peel or rind may contain up to 10 times as much 

HCN as the tuber core (569). The lethal dose for an adult human is
 

estimated at 40-60 mg (535, 591). There is strong evidence that
 

within varieties, climatic factors and age do influence the content
 

of HCN. Oyenuga and Amazigo (569) found the HCN content of several
 

varieties increased when planted in dry soils or harvested during dry
 

weather rather than under wet conditions. This phenomenon may be a
 

simple dilution effect.
 

The presence of HCN in cassava has far reaching significance, not
 

only from agronomic, genetic and economic considerations, but also from
 

a nutritional standpoint.
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Edible Parts:
 

The primary source of food from cassava is the tuber; the central
 

core is a starchy mass which can be prepared,into food in a variety of
 

ways.
 

Although the tuber isgenerally considered the predominant food
 

source, evidence from the literature suggests that cassava leaves do
 

contribute to the menus of certain communities in the Congo, New Guinea
 

and Central Java. In these and other areas, the eating of cassava
 

leaves has generally been associated with stress conditions imposed by
 

climate, disease or war. According to Oomen (559), as much as 454 grams
 

of cassava leaves are consumed per capita per day by some of these
 

people. Chemical analyses have indicated that the cassava leaf is a
 

rich source of protein, containing up to 30% on dry matter basis
 

(Table 6-2). Leaf consumption, not only of cassava, but also of other
 

sources like kang kung (Ipomea reptans), ferns, sweet potatoes, papayas
 

and cocoyams, does not appear to be a generally popular habit among
 

people in the tropics where greens can be found practically year round.
 

However, kang kung leaves are a very popular vegetable in the Far East.
 

This situation led Dr. Burgess (559) to ask, "How is it possible, that
 

there is so much xerophthalmia in so green a country?" He was referring
 

to Indonesia (559).
 

At a time when several sources of protein such as chlorella, sea

weeds, protozoa and wax are being suggested as possible alternatives
 

to meat in alleviating tropical malnutrition, the importance of readily
 

available, cheaply producible sources such as cassava leaves must not
 

be ignored. While theseother alternative sources may hold some
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TABLE 6-2. Average Nutrients in 100 gm Dry Matter of Green Leaves,
 
Beans, and Fruits. 

Protein Calcium Iron Carotene Vitamin C 
gm mg mg I.U. mg
 

Green leavesI (amaranth,
 
cassava, ipomea) 30 1,300 20 6,200 810
 

Beans (mung type) 27 160 7 150 0
 

FruitsI tbanana, orange,
 
papaya, mango, pine
apple) 5 140 3 4,500 315 

1Data represents an average of all crop leaves or fruits mentioned. 

Source: H. A. P. C. Oomen (559)
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promise, the fact remains that tropical countries with year-round summer 

climate and abundant rainfall have no excuse for suffering from malnutri

tion and a deficiency of vitamin A. The abundance of highly nutritious 

green vegetables and fruits in these areas and their untapped potential
 

have been appropriately referred to as "the hidden wealth" (559).
 

The dietary habits of people are very difficult to change, but
 

industrial means should be sought to blend cassava leaves into acceptable
 

edible forms which would entice consumer acceptance. Educational programs
 

should then emphasize the nutritive value of such new products through
 

advertisement and other available media.
 

Direct or Immediate Consumption:
 

Cassava roots of the sweet varieties may-be eaten raw since they
 

are relatively high in soluble carbohydrates and low in HCN. Roots of
 

these varieties can also be cooked and when boiled they somewhat resemble
 

potatoes. In Ghana, ampesi (boiled cassava) is often eaten in combination
 

with roasted peanuts, fish, stew, or alone (240).
 

More elaborate preparation methods are used for bitter varieties
 

with the major objective being detoxification, since these varieties
 

are usually high in HCN. Surprisingly, there exist few reports or
 

evidence of fatal accidents resulting from direct human consumption of
 

raw, bitter cassava, presumably because people have learned to select
 

varieties either by experience or on the basis of morphological
 

characteristics (162). 

Bitter varieties can be cooked, peeled and sliced into shreds. 

These shreds, measuring about 5 cm long and 1 cm wide, when wet, cling 

together like macaroni. They are packed into hand-woven baskets with 



143
 

Then they are washed
lids and immersed in running water for 24 hours. 


several times and eaten with coconut, oil, peanuts, spices, vegetables 

and other condiments -- all mixed together. They can also be eaten
 

alone as a snack. This form, which is called Ji Akpu or simply Akpu
 

in Nigeria (Ibo), can be dried and stored indefinitely. Rewetting
 

soft form and thus it can be combined with
restores it to its original 


a variety of condiments including oil, spice, gree-ns and salt.
 

Another form in which cassava may be stored against famine is
 

called Kokonte (dried cassava) in Ghana, Achicha in Nigeria, and Carima
 

The peeled roots are dried in the sun for several days until
in Brazil. 


they become quite brittle. They may be stored in this form, often with
 

a heavy risk of insect pests which bore holes into the dry chunks, or
 

they may be around into a flour and stored. The flour can be moistened,
 

molded, boiled and then pounded into fufu and eaten with soup. This
 

form of cassava is considered perhaps the least sophisticated and is
 

generally eaten by humans only in the event of nutritional stress,
 

since the end product is often brown or black and may posses an
 

objectionable odor. Yam flours (from Dioscorea) are definitely preferred 

to the cassava analogue and have been mechanized and commercialized in
 

tropical African countries.
 

The preceding forms of food cassava are essentially domestic
 

plot of cassava and prepares
processes where a household harvests a 


what it needs for immediate consumption or storage. They are not
 

cases of overproduction when a family would
marketed usually except in 


normally sell some inorder to purchase other items of food.
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Other forms are more commercial and naturally more widespread.
 

Cassava starch, which is bagged and marketed inwet, sometimes
 

unhygienic conditions, belongs to this category. Inpreparing it,
 

the fresh tuber iswashed, cut into pieces 10 to 15 cm long and
 

fermented inlarge pots for 3 to 4 days. Fermentation isfrequently
 

performed on a large scale instagnant ponds and creeks. A layer of
 

foam can be observed on the top of the fermentation vat, presumably
 

as a result of the evolution of gaseous HCN, volatible fatty acids and
 

a variety of other products (18). During this process the hydrocyanic
 

glucoside isdestroyed and the pulp loosens and separates easily from
 

the peel which then looks like a hollow cylinder. The central fibrous
 

shaft also loosens and isremoved during washing and subsequent dialysis.
 

The resulting white starch is heaped into piles and reduced inmoisture
 

content by applying pressure. It is then bagged as an ammorphous white
 

mass, which is high inmoisture content, and transported to market or
 

consumed. Storage isdifficult for this kind of cassava product. A
 

period of 2 to 3 days is considered maximum for use; beyond this period,
 

pitrefaction sets inand the quality deteriorates.
 

For immediate consumption, this starch can be dextrinized by
 

boiling inwater and then pounded into "fufu", a product similar in
 

consistency to mashed potatoes. Fufu iseaten throughout tropical
 

Africa inconjunction with a cooked mixture of meat, oil, vegetables,
 

spice and water referred to as "soup". Cassava fufu isconsidered
 

"heavy" in comparison to yam (Dioscoria) fufu or even cocoyam
 

(Colocasia) fufu.
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Storage Forms of Cassava:
 

InAfrica, the most widespread and commercial form of food cassava
 

is a fermented product called "qari." The evidence for this comes from 

the fact that unlike other forms of cassava, gari has no localized names 

In this form cassava has received the greatestthroughout West Africa. 


It has also been
attention industrially, both domestic and abroad. 


intensively studied from the point of view of fortification, mechani-


The Federal Institute of Industrial Research
zation, and fermentation. 


(Nigeria) has made a number of pilot and feasibility studies on improving,
 

The
facilitating, expanding and modernizing the processing of gari. 


a finedomestic or home process consists of grating the peeled root to 

This mash is then placed into jute bags and the moisture extruded
mash. 


by applying pressure. After 4 or 5 days, the mash, which now has a
 

moisture content of about 50%, is spread out, sieved and fried, some

palm oil for flavor. In the traditionaltimes with the addition of red 

It 
sense, the addition of soil prevents burning and adds to the flavor. 


is not certain whether the fortification which accompanies it is
 

is a rich source of vitamin A.
intentional. Nevertheless, palm oil 


During frying, the particles are continually stirred to prevent 
clumping
 

The particle size of gari is 10-80 mesh, depending on the
 
or burning. 


grating diameter. 

The fermentation period for gari processing appears to be the
 

most important set-back in efforts to industrialize it. Two stages of
 

(18). First, a
fermentation have been described by Akinreie et al. 


hydrolytic action by Corynebacterium manihoc which causes the break-


The second
down of cyanogenic glucosides liberating gaseous HCN. 
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stage of fermentation involves the fungal activity of Geotricum candida
 

which produces aldehydes and esters that impart the characteristic 

taste to gari. Reduction of the fermentation time has been accomplished
 

by Collard and Levi (188) by inoculating the fermentation mixture with
 

liquor from a three-day fermentation broth. This enabled them to
 

shorten the fermentation time to 24 hours without any apparent loss in
 

quality of flavor. 

The processing method described for the "village" factories has 

been modified by indigenous industries, particularly the Federal 

Institute of Industrial Research. They demonstrated that when cassava
 

peeling was done mechanically, loss due to peeling was reduced from 30%
 

to 5%. The time required for making gari has also been increased. A
 

pilot plant described by Akinrele et al. (18) can produce a ton of gari
 

daily from three tons of cassava root.
 

One factor contributing immensely to the popularity of industrially
 

processed gari is that storage is possible for as long as six weeks due
 

to its low moisture content. Other contributing factors are the ease
 

of transportation, the hygienic conditions under which it is processed
 

and stored, and the ease by which it can be prepared for eating.
 

Gari, when prepared for home consumption, isfrequently soaked in
 

cold water and eaten like a cereal, often with peanuts, cashews, or
 

other similar snacks. However, this practice should be discouraged
 

from a nutritional point of view since it provides little other than
 

carbohydrates. By filling the stomach with bulky gari taken in this
 

manner, an individual can quell the pangs of hunger and yet be starved
 

for nutrients. Unfortunately, in West African countries, this form
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appeals to urbanized low-income 	people, particularly unmarried people, 

time saving. Other forms of preparingwho find it very convenient and 

gari include soaking it in hot water to make fufu, popularly known in 

Nigeria and Ghana as Eba. The soaked gari can swell to three times its
 

volume and this swelling ratio determines to some extent its price value. 

The Nutritional Value of Gari: 

Gari has a higher nutritional value per unit consumed than cooked 

or raw cassava because it has a lower moisture content and some
 

nutrients are accumulated as a result of fermentation. Table 6-3
 

compares the values of peeled cassava root, village-processed and
 

It is evident from this table that the
industrially-processed gari. 


industrially-processed gari has a luwer moisture content, a higher
 

proportion of NFE, crude protein, calcium and fiber, but a lower HCN
 

and ash content than village-processed gari or unprocessed cassava.
 

The most important advantages of the industrial gari would be an
 

increased storage ability, a slight increase in nutrient content, and
 

The most serious disadvantage is
 a safer margin with regard to HCN. 


its physical characteristics as they relate to consumer acceptability.
 

Adeyinka and Akran (8)reported on a consumer acceptability test con

ducted on industrially prepared gari and found a widespread consumer 

texture. There were manyrejection on the qrounds of flavor, color and 

lumps in the garifyer and the gari floated in hot water, thus making it 

The color turned black after
difficult for preparation of Eba (fufu). 


2 days due to a high content of phenolic compounds and HCN. Many
 

consumers detected the taste of raw starch; perhaps a result of 
the
 

accelerated fermentation process that was reported above.
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TABLE 6-3. Comparative Nutritive Values of Unprocessed Cassava and Gari.
 

Peeled Village Industrial 
root gari gari 

Water (%) 71.50 14.2 8.4 

Nitrogen-free extract (%) 26.82 81.8 87.0 

Crude fiber (%) 0.12 1.4 2.3 

Crude protein (%) 0.74 0.9 1.5 

Fat (ether extract) (%) 0.13 0.1 0.1 

Ash (%) 0.69 1.4 0.9 

Calcium (mg/100 gm) 33.00 17.7 45.6 

Phosphorus (mg/QO0 gm) 80.00 57.2 56.9 

Iron (mg/l00 gm) 0.07 2.0 2.2 

HCN (ppm) ---- 19.0 10.0 

Source: I. A. Akinrele et al. (18) 
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While eating habits and consumer preference should be duely con

sidered in developing new food products, it should be noted, however,
 

that consumer skepticism about or even aversion to new products is
 

neither new nor insurmountable. Similar objections were raised to
 

factory-processed spaghetti by Italian and European consumers. The
 

same sentiment is expressed in favor of mortar-prepared yam fufu over
 

yam flour. However, economic realities, particularly price differ

entials, should swing the scale in favor of the mass-produced item. 

Although industrially-processed gari represents a considerable 

improvement in nutrient content over the hand- or village-processed 

gari, it can not be considered a balanced ration when eaten alone. 

This fact becomes obvious when comparisons are made with equivalent 

cereal substitutes Almost all gari in West African markets today 

come from thousands of semi-domestic mills scattered over the area and 

collected by traders who truck it in sacks to the major metropolitan 

centers. Naturally, the nutritive value and chemical composition 

varies widely. Ouestions arise as to how much fortification gari can
 

stand, whether gari should be fortified in the first place, or merely
 

taken as a carbohydrate source. However, gari has been fortified to
 

a reasonable extent and thus provides a variety of nutrients in sub

stantial amounts. Doku (240) reported a table of chemical composition 

for fortified gari which shows that at this level of fortification, 

gari had a comparable composition with some conventional grain products 

such as macaroni and corn grits, and it could compete favorably at the
 

nutritional level with any of these alternative caloric sources
 

(Table 6-4). 
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TABLE 6-4. Chemical Composition of Fortified* Gari and
 
Some Selected Cereal Products.
 

Fortified Enriched Enriched 
gari macaroni** corn grits** 

Water (%) 7.3 49.23 35.5 

Protein (%) 7.9 4.61 1.2 

Carbohydrates (%) 77.9 30.00 11.0 

Calcium (mg/cup) 73.3 14.00 2.0 

Phosphorus (mg/cup) 140.9' 

Iron (mg/cup) 3.3 1.40 0.2 

Thiamine (mg) 0.24 0.23 0.05 

Riboflavin 1.0 0.14 0.02 

Vitamin A'(I.U.) 16.0 ---- 150.00 

Niacin ---- 1.80 0.5 

Calories 341.0 190.00 125.0 

Fat (%) 13.3 0.76 

*Fortified with minerals and vitamins.
 
**Percentage equivalent calculated by author.
 

Source: E. V. Doku, (240) and USDA (772)
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The most important significance of gari in a developing economy is 

its cheapness. It costs less to produce or buy gari (or cassava in any 

form) than corn, bread, yams and other substitutes on ; calorie basis.
 

Jones (409) reported that on the average it costs 5 times as much to
 

purchase 1000 calories of yams than the same amount of calories from 

gari, twice as much as corn, and three times as much as rice. Although 

these comparisons were made in Orulu and Owerri areas of Nigeria, more 

or less the same situation exists in other areas where cassava is 

produced. In Ghana, kokonte is cheaper than gari, maize, sorghum,
 

white rice, or cocoyams. In Dakar, dry cassava roots are also cheaper
 

than millet, corn meal or rice. In Ruanda-Urundi, it is cheaper than
 

sweet potatoes, sorghum, or Irish potatoes. Invarious parts of East
 

Africa, fresh or dry cassava root is cheaper than bananas, corn meal,
 

or cassava flour.
 

This relative cheapness is and ought to be reqarded as an economic
 

advantage inthe sense that replacing more expensive calorie sources
 

with less expensive gari might allow extra cash to flow into other rich
 

nutrient sources such as fresh vegetables, beans, fish, etc. In
 

practice this economic logic does not hold true. In the past, the
 

relative cheapness of gari has been misconstrued as dangerous (409)
 

on the wrong impression that cheapness and availability might encourage
 

overconsumption of cassava as monodiet, thus excluding other required
 

nutrients. In a situation where a balanced diet is more of a random
 

rather than a conscious objective, this argument may have some validity.
 

However, the greatest obstacle confronting cassava products is the fact
 

that their relative cheapness affects their consumer preference index,
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particularly among sophisticated and invariably educated consumers. It
 

is a common practice inmany countries to import potatoes, peaches, peas,
 

etc., at high prices in preference to the local and cheaper substitutes
 

which furnish comparable nutrients.
 

Gari, as described in this text, closely approximates certain other
 

food products of cassava consumed in other countries. Brazil, for
 

example, has what is called "farinha de mandioca", which for all
 

practical purposes, is gari. Doku (240) noted that the only difference
 

between the two was that farinha was produced more rapidly with less
 

souring or fermentation than gari. This is done by using heavy pressure
 

to squeeze out the water from the starch, rather than drain it out more
 

slowly.
 

Miscellaneous Cassava Food Products:
 

Macaroni.--A more successful enrichment cassava product was 

reported by Bains et al. (79) on work done in India. Tapioca macaroni 

or "synthetic rice" is an enriched tapioca product containing 18-20% 

protein when tapioca is blended with peanut -flour, nonfat milk solids, 

vitamins and other nutrient-rich items. 

Gaplek.--Holleman and Aten (371) reported a number of other 

"conserved" cassava products. 
 These include Gaplek in Indonesia.
 

Gaplek has the same basic description as kokonte (or carima) that was
 

discussed earlier. It is also popular in Madagascar.
 

Bread.--Cassava bread or couac is made in Latin America somewhat
 

as a by-product of crude tapioca manufacture. It is equivalent to gari
 

or farinha in preparation and use. The tapioca flour which accompanies
 

the processing is mixed with wheat or rice four and used for making
 

bread and other bakery products.
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the fluid or juice
Cassaripo.--In the West Indies and Brazil, 


squeezed from the grated cassava is concentrated into a product known
 

as cassaripo or tucupay. This product is believed to be rich in
 

nutrients. It appears that fortification of this paste or liquid
 

form could provide a limitless range of nutrients. Some countries 

dip fish or meat into the broth to preserve it,and naturally, the 

resulting broth is rich in nutrients -- something resembling the 

African "soup". 

Tapioca.--Tapioca is the most universally known and accepted
 

cassava product. It is made by partly gelatinizing cassava starch
 

granules by heat treatment of the moist flour. The end products 

formed from milling these gelatinized lumps may be pearls, flakes or 

diameter of 1 to 6 mm and frequently referred to asround beads with a 


seeds or pearls (371). When the gelatinized 	lumps are milled a finer 

Most of the industrialgrained product is obtained called "grist". 

tapioca starch is now produced in the qrist-like form rather than
 

or In this form it is used in the manufacturingpearls, flakes beads. 


of jello, salad dressings, puddinqs, pie fillings, baby foods and candy
 

making.
 

RESEARCH RECOMMENDATIONS
 

Further research on the nutritive adequacy of cassava can be
 

approached from 5 main angles as follows:
 

1. Limitations on processinq cassava for human consumption. Rapid
 

detoxification of prussic acid in cassava by chemical or bacteriological
 

processes would shorten the processing time, thus eliminating the
 

tedious, and invariably, unhygienic village processing. Some work has
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been initiated in this direction. The magazine "West Africa"
 

(April 23, 1971) describes a gari processing plant that was developed
 

jointly by Newell Punford Engineering, Ltd., and the Nigerian Institute
 

of Industrial Research: "The plant removes prussic acid from the
 

cassava ..., doing in one operation what takes a villaqer several
 

days." Fortification of the commercial product can also be envisaged
 

in this effort. Addition of high quality oils and meat analogues from
 

othoi plant sources should also be investigated.
 

2. Some information is needed on the biological value and
 

nutritive ratio of menus in which cassava is a predominant or subsidiary
 

item. Fufu meals (including soup) should be completely evaluated, not
 

only by proximate analysis but by actual feeding experiments. It should
 

be possible to initiate balanced or metabolism trials, nitrogen balance
 

studies and possibly using isotopic tracers in experimental animals.
 

There is a definite need for information relating to the utilization
 

of cassava at the cellular level. Such research is either scanty or
 

non-existent at the moment.
 

3. There is also a health-related aspect of feeding cassava that
 

has not been fully explored. There is a strong possibility that
 

residual poison can accumulate in the body through continued consumption
 

of cassava products, since fermentation processes do not eliminate all
 

prussic acid from the food. Cassava consumption has been associated
 

with the incidence of goitre in Nigeria but the goitrogenous substance
 

has not been identified and this finding has been confirmed from other
 

parts of the world. 
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4. Side by side with research in facilitating and modernizing
 

cassava processing should be an effort by food technologists, home
 

economists and nutritionists to develop new menus inwhich cassava
 

products can feature adequate proportions to ensure balanced rations.
 

This would create more variety for their use as well as improve their
 

taste in a manner that should attract the morefood value, flavor and 

For example, soaking
sophisticated sector of the consuming community. 


or cassava flour in beef or chicken broth, adding fresh tomatoes,
pari 


the mixture should produce a fairlyvegetable greens and cheese to 

balanced meal. This mixture can be spiced, salted and baked to produce
 

a consistency similar to a pie. The inclusion of cassava leaves into
 

regular meals should be encouraged. By appropriate detoxification, 

drying and milling, cassava leaves could be processed into a form that 

resembles "bitter leaf". This is a popular green used in making soup 

by people inWest Africa.
 

5. The possible use of cassava as a substrate in fermentation
 

at least some speculation.processes to produce microbial protein deserves 

a similar culture, using wax and crudeChampagnat et al. (163) initiated 

petroleum products as energy sources to grow microorganisms. Cassava
 

Levi identified the actionsftnmentation studies by Collard and (188) 

fungus Geotricum canida. Protozoa do
of Corynebacterium manihoc and a 


not seem to be involved in this fermentation process and it appears
 

aquestionable at this stage what practical role cassava could play as 

numerouspossible source of microbial protein. However, there are 

lactic acid bacteria and fungi that can utilize the fermentable carbo-


In addition to forming lactic acid, some of these organisms
hydrate. 
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produce small amounts of vitamins and other nutrients. Work with such 

"pure culture" fermentations would promote good manufacturing practice 

and at the same time would yield products of more predictable and 

uniform flavor. Better control of the gari fermentation would reduce 

the problem of spoilage and "off fermentations". Work is needed in 

this area.
 



CHAPTER VII
 

a Livestock Feed
l
 

Utilization of Cassava as 


Cassava has been used in livestock feeds for many years and
 

increased as a good source of calories prior to World War II (60). In
 

1969, FAO established the world production of cassava roots at 85.6
 

million metric tons (Table 7-1), but the quantity used for animal con

sumption is not well established. Some nations ranking very high in
 

production use relatively small quantities for animal feed in relation 

to their production. Imports into the U. S. for animal feeding are nil,
 

whereas large imports occur into certain countries in Western Europe
 

(60). The Federal Republic of Germany, Belgium, France and the Nether

lands imported 883,514 metric tons in 1966. The valuation was 57.5
 

million dollars. 

Germany alone imported 701,709 tons or 79.4% of the total imported
 

into Western Europe. Seventy-five percent of imported cassava into
 

Germany was in the form of dried roots and the remaining 25% was in the
 

form of meal or flour. It was estimated that approximately 462,000 

metric tons of cassava were used in the formulation of feedstuffs for
 

animals, which represented 10% of the feedstuffs used in Germany in 

1966. Cassava was utilized as about 3% of the feedstuffs in the
 

Netherlands. 

1Prepared by R. W. Seerley, Department of Animal Science, 
University of Georgia, Athens, Georgia. 
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TABLE 7-1. 1968 World Production Acreage and Yield of Selected Crops.
 

World hectarage World yield World production
 
(million (100 kg/ (million
 
hectares) hectare) metric tons)
 

Cereal grains
 

Wheat 227.5 14.6 332.5
 
Rice (paddy) 132.2 21.5 284.2
 
Maize 106.0 23.7 251.1
 
Millet and sorghum 111.2 7.7 85.1
 
Barley 74.9 17.4 130.7
 
Oats 32.3 16.8 54.2
 
Rye 22.4 15.0 33.4
 

Root crops
 

Potatoes 22.8 138.0 315.5
 
Sweet potatoes &
 

yams 16.0 84.0 134.4
 
Cassava 9.8 87.0 85.6
 
Sugar beets 7.9 31.9 251.2
 

Legumes (pulses)
 

Soybeans 33.6 13.0 43.6
 
Pigeon peas 2.9 6.3 1.8
 
Dry beans 22.7 4.7 10.7
 
Peanuts 17.6 8.5 15.0
 
Chick-peas 10.8 6.9 7.4
 
Cowpeas 2.8 3.9 1.1
 
Dry broad beans 4.7 9.9 4.6
 
Dry peas 8.8 11.5 10.1
 

Source: FAO Production Yearbook, 1969 (295)
 



159 

The maximum use of cassava in complete feeds is officially
 

controlled in Germany and the Netherlands. The maximum content in
 

complete feeds by feed manufacturers is as follows:
 

Germany Netherlands
 

Poultry 20 7.5
 

Swine 40
 

Pigs, 25-50 kg 7.5
 

Pigs, 50-100 kg 15.0
 

Sows 5.0
 

Calves 5.0
 

Dairy cows 25 20.0
 

In Belgium, the maximum content of cas~dva is said to be about 5%of
 

complete feeds. The reason stated for limiting the quantity inanimal
 

feeds in'Western Europe is that it is principally a fattening agent.
 

Thus, German livestock feeders were using most of the cassava in swine
 

diets. Limitations were imposed to insure lean muscular carcasses.
 

TYPES OF CASSAVA PRODUCTS USED INANIMAL FEEDS
 

There is a variety of cassava products used as feedstuffs in the
 

feed manufacturing industry. The most common forms used are chips,
 

broken roots, pellets, slices and meal.
 

Chips:
 

Cassava chips are the most common form used in the feed industry.
 

The standards used in trading are 13-14% maximum moisture, 5-6% maximum
 

crude fiber, 3-5% maximum ash and a minimum of 70% starch. No standard
 

is placed on protein content. The size of chips varies, but the length
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should not exceed 4-5 cm. Longer chips have a tendency to jam the
 

mixing equipment. The chips consist of the root and should be well

peeled, washed and dried. German feed manufacturers observe a wide
 

range in the quality of the chips which are purchased from different
 

parts of the world.
 

Broken Roots:
 

These are similar to chips in appearance, but they are generally
 

thicker and 12-15 cm long. The broken roots have the same feeding
 

value as chips. The major problem is the jamming of equipment.
 

Pellets:
 

Cassava roots or chips can be pelleted to form a shape of approxi

mately 1 cm in diameter and about 2 cm in lenqth. The use of pellets 

is not extensive because of the cost, but some manufacturers like them 

for these reasons: 

1. Freight rates are lower on the pelleted cassava.
 

2. Handling is easier and handling charges are lower. 

3. Storage space requirement is 20-25% less than
 

space needed for the same weight of chips.
 

4. The quality of cassava is more uniform.
 

There is a trend towards the use of pellets (60). It appears that 

pelleting will continue to increase because of the advantages in
 

handling the cassava.
 

Cassava Meal:
 

Cassava meal is the residue of roots and chips after processing in
 

the manufacture of starch. Although starch is removed, the meal contains
 

as much as 55-65% starch. The quality isoften inferior because of a
 

greater contamination of sand and residues of the processina.
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Cassava Leaf Meal: 

Limited use has been made of cassava leaf meal which iscomposed
 

of the leaves and small tender stems. The physical appearance of leaf
 

meal is similar to that of alfalfa and its composition is similar to 

alfalfa meal. Ifgood harvesting techniques can be developed, cassava
 

leaf meal has good potential as a protein and vitamin supplement.
 

NUTRITIONAL VALUE
 

The principal discussion on chemical composition of the roots and
 

leaves ispresented inChapter V. However, a few very brief statements
 

should be made inreference to animal feeding.
 

Roots are very high instarch content, but very low infat, protein,
 

minerals and vitamins. On a dry matter basis, the caloric content of
 

cassava is about equivalent to corn, but its levels of lipids, protein,
 

minerals, and vitamins are much lower than corn. Therefore, feeds with
 

cassava roots as the source of energy need to be fortified to nearly
 

meet the animals' requirements for lipids, proteins, minerals and
 

vitamins and let the quantity of these nutrients in cassava appear a,,
 

a margin of safety ina balanced diet. Ifa variety such as Llanera
 

has more protein, then the protein of the root would contribute to
 

meeting the requirement.
 

The lipid requirement will likely be met by the addition of the
 

protein source, yet chemical analysis should varify that the require

ment ismet.
 

Protein is a major deficiency of cassava roots. An adequate supply
 

of high quality (balance of essential amino acids) must be available for
 

The protein quality isnot a critical
feeding monogastric animals. 
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matter for feeding ruminants, but a large supply of protein or protein 

substitutes is necessary to balance their diet. 

Cassava is deficient in most macro minerals for animal diets. 

However, potassium is relatively high and could possibly cause an
 

adverse mineral interaction, especially in poultry diets. Level of
 

most trace minerals in cassava is not known, but it is assumed that
 

most trace minerals would be very .ow also.
 

The vitam4n content of cassava roots has not been widely studied,
 

but thare appears to be only trace amounts of vitamins in the roots.
 

All animal diets would require another source of vitamins.
 

Young leaves of the plant, generally of the sweet varieties, are
 

sometimes used by Africans as vegetables and in some countries the
 

leaves and shoots are fed to livestock (162). The leaf is palatable
 

and is readily consumed by all species of livestock, but ruminants can
 

utilize more than nonruminants because of their ability to utilize the 

fiber. 

Leaf meals from Jamaica and Brazil have been analyzed for nutrient 

content also (652) (see Tables 5-15 and 5-16). The leaf meals tested 

averag,-d 25 and 27% crude protein, which is higher than found in dehy

drated alfalfa meal. Unfortunately, methionine is low in the leaF, 

like in the root and methionine would probably be deficient when the 

two were used tcgether in a feed for nonruminants. It is noted that 

there was a wide i'ange in levels of most nutrients from sample to sample. 

The variation could cause problems in feeding livestock unless standards 

of quality control were established. Johnson and Raymond (403), based 

on the work of Van Veen (779) and Bangham (84), reported on the level of 

cyanogenetic glycoside in the leaves. Cooking removed the glycoside.
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problem where it is desirable to feed
Nevertheless, the HCN could be a 


the fresh, uncooked leaves to livestock. Barrios and gressani (91) 

reported that the cassava leaf is relatively rich in protein, ash, 

calcium and ether extract, but it must be detoxified of HCN before it 

is used for a nimal feed. 

value of cassava leaves is similar, ingeneral, to thatThe feeding 

of alfalfa meal (594). The crude protein, NFE and ash are slightly
 

higher in the cassava leaf meal, but alfalfa has considerably more fat 

and fiber. Obregon and Juarez (553) reported that cassava leaf meal
 

had more fat and protein and less ash and fiber when harvested at 217
 

days than the leaf meal harvested at 305 days. The meals had more
 

calories and less fiber than alfalfa.
 

Hydrocyanic Acid: 

an
Chadha (162) stated that the bitter principle in the root is 


unstable cyanogenetic glucoside which undergoes hydrolysis, especially
 

The
in the presence of enzymes, to yield hydrocyanic acid and glucose. 


glucoside content of roots is variable, depending on variety, and the
 

type of soil and plants where the plant is grown. The amounts range
 

One hundred varieties in Tanzania varied
between harmless to lethal. 


33.4 mg per 100 g of fresh root. As muL!, as 77 mg oF HCNfrom 1.6 to 

per 100 g of root has been found in India.
 

more or (ess evenly distributed
In some varieties the glycoside is 


between the peeling and the flesh of the root, whereas in others, it
 

"Bitter" cultivars are usually much
predominates in the peeling (403). 


higher in HCN content than the "sweet" cultivars. Average HCN in the 

0.02 to 0.03% in thesweet cultivars is about 0.007% while it may be 


bitter cultivars.
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The level of HCN which causes toxicity in animals is probably known
 

by some animal producers, but the toxic level has not been widely studied
 

and cannot be given in this report. Oyenuga and Amazigo (569) reported
 

the levels of HCN (0.034-0.1121%) found in six varieties would be toxic
 

to livestock. Nicholls (535) stated that 0.06 g had been found to be
 

the smallest lethal dose to adult animals. Johnson and Raymond (403)
 

suggested the lethal dose of HCN may be 1.4 mg per kg of body weight.
 

However, it is generally considered that 40 mg of HCN is enough to kill
 

an adult human being (591).
 

The HCN content of cassava is discussed here because it could be a
 

serious problem in animal nutrition. However, the use of sweet cultivars
 

and proper treatment to liberate the HCN should be adequate to insure
 

the safe feeding of cassava.
 

LIVESTOCK FEEDING EXPERIMENTS
 

Swine:
 

The value of cassava in swine diets has been recognized for many
 

years and several reports appear in the literature since 1900 (62, 71,
 

157, 191, 318, 377, 440, 486, 487, 488, 503, 510, 570, 765, 780). The
 

predominant portion of research involves comparison of diets with
 

cassava and diets containing other roots, tubers or cereal grains. 
 One
 

of the earliest reports (765) emphasized that cassava is too carbona

ceous to be the best feed for growing pigs, and when fed to such
 

animals it should be mixed with nitrogenous feeds which will furnish
 

nutrients for bone and muscle. 
Many farmers used cassava exclusively
 

during the finishing period and found it very satisfactory. The pigs
 

ate cassava greedily and preferred it to corn w:.en both were placed
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before them. The pork was very white in color, of fine flavor, and,
 

though perhaps not quite so firm as that from corn-fed hogs, it was
 

firmer and shrunk less in cooking than that from animals fed cowpeas
 

or peanuts (765).
 

In 1928, a trial was conducted by Mondonedo (510) to compare corn
 

and cassava when used as 20% of a swine diet. Other parts in the diet
 

consisted of rice bran (70%), copra meal (8%) and shrimp (2%). Ina
 

75-day test with heavy-weight pigs, the pigs fed the diet with cassava
 

gained 8% faster, ate 9% more feed and required 9% less feed per unit 

of gain than those pigs receiving the diet with corn. Feed cost per 

unit of gain was 11% less with the cassava in the diet. However, the 

carcasses were apparently superior in the corn-fed group.
 

In 1940, Asico (71) used a similar trial to that of Mondonedo to
 

compare cassava with corn. His trial was much longer (210 days) and
 

young weanling pigs were used. Pigs receiving the cassava diet gained
 

90% of the gains achieved by those fed corn and feed efficiency was
 

decreased approximately 5%. He concluded that "gaplek meal" was a good
 

substitute for corn in rations for growing pigs if the price was 95%
 

that of corn.
 

Oyenuga and Opeke (570) evaluated uncooked and cooked cassava with
 

guinea corn or sorghum in diets for growing pigs. In this test, the
 

attempt to feed equal nutrients by controlling the quantity of feed may
 

have had some influence on the findings. Nevertheless, they concluded
 

that cassava was equal to sorghum and raw cassava was as palatable and
 

equal to the cooked cassava. However, there were two cases of posterior
 

paralysis in the raw cassava group. The cause was riot reported. The
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pigs fed cassava had slightly more fat in the carcass, but there was
 

no appreciable difference in the quality of fat as indicated by iodine
 

number.
 

In a later trial at the same station (503), sorghum or maize was
 

replaced by dried cassava at 32, 37 and 40% of the diet for piqs
 

weighing 23-36, 37-55, 56-75 kg, respectively, which represents treat

ment one. Treatment two had 10% more cassava i;i the diet at each weight
 

increment than treatment one. Pigs fed the lower level of cassava
 

gained 1.8% slower. Feed conversion was approximately the same for
 

treatments 1 and 2, but pigs fed the higher level of cassava required
 

slightly more (3%) feed per unit of gain. The cassava-fed pigs had a
 

lower carcass grade because of excess backfat. Feeding cost per unit
 

of gain was lower with cassava because of the hiqh prices of grain for
 

human consumption. Prices of cassava were based on the price of fresh
 

cassava plus the drying cost. The dried cassava was stored six months
 

without any indication of deterioration.
 

Modebe (503) also reported qood, yet limited, use of cassava in
 

swine diets. He found that a level up to 50 to 55% of the diet can
 

be supplied by either wet or dried cassava.
 

The most recent and extensive swine research with cassava has been
 

conducted in Colombia, S. A., by Maner and co-workers (486, 487). In
 

experiments 1 and 2, the practice of feeding raw cassava and a protein
 

supplement free-choice was compared with a basal corn completely mixed
 

diet. The feeding of protein supplement with cassava was tested two
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ways by feeding ad libitum or controlled feeding. The results were 

that, in both experiments, pigs ate excessive quantities of protein 

supplement when offered ad libitum and balanced their diet at nearly
 

25% crude protein, which is more than necessary for good growth. Rate 

of gain was nearly the same between treatments in both experiments,
 

except those fed raw cassava free-choice and a controlled quantity of
 

protein supplement gained slightly slower in both experiments. Feed
 

cassava and free-choice feeding.efficiency was improved with the 

corn free-choice also,Feed efficiency is usually improved by feeding 


therefore, the improvement observed may not be entirely due to cassava,
 

It is obvious that pigs performed very
per se, in these experiments. 


well with the free-choice feeding and some method of controlling protein
 

Limit feeding of supplement
intake is essential for economical gains. 


may be practiced or the palatability of the supplement may be decreased
 

by using higher levels of salt, meat meal and alfalfa meal.
 

cassava was offered ad libitum and variations were
Inexperiment 3, 


used with protein supplements. There was no consistent advantage of
 

levels of vitamins and trace minerals.adding higher than recommended 


The use of cottonseed at 25% of the supplement appeared to be an
 

acceptable substitute for some of the soybean meal, however, feed
 

required per unit of gain appeared to increase with the cottonseed 
meal.
 

One problem encountered in all three trials was the low consumption 
of
 

If supplement was
 cassava at the start of the trials by young pigs. 


A period of
available free-choice, they readily ate the supplement. 


time may be necessary for young pigs to become adjusted to 'thefeeding
 

of cassava at high levels.
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Dried raw cassava was fed free-choice with six different protein 

supplements in experiment 4. In general, reasonably good performance
 

was achieved with soybean meal, meat meal, blood meal and cottonseed
 

meal or fish meal and cottonseed meal. Rate of gain was inferior with
 

cottonseed meal alone. Pigs in all treatment groups overconsumed
 

protein during the entire experimental period and especially during the
 

first 28 days.
 

In experiment 5, dried raw cassava was substituted for 33, 66 and
 

100% of the corn in 16% crude protein diets. A factorial design was
 

used with the other variable being 0 or 10% cane molasses. Itwas used
 

to evaluate the effect on reducing dustiness and improving the pala

tability of the diets. Each increase in level of dried cassava caused
 

a corresponding decrease in average daily gain with 0 or 10% molasses.
 

The addition of molasses caused an increase in feed consumption by 13%
 

and increased daily gains on an average of 10%. The quality of protein
 

improved with each higher level of cassava yet there was a decrease in
 

gain and no consistent improvement in feed efficiency. Therefore, they
 

concluded the depression was directly related to the utilization of
 

cassava.
 

Inanother experiment, silage was made with fresh roots or a
 

combination of the whole plant (roots, stalks and leaves). Cassava
 

and a standard protein supplement were fed free-choice to three
 

different treatment groups. Pigs receiving the root silage gained
 

slightly faster on less feed than those given fresh cassava and
 

supplement; therefore, silage appears to be a good alternative way
 

of feeding cassava. The stalk and leaves reduced consumption of the
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total plant-silage and gains were slower and feed per unit of gain
 

increased. The stalks were not suitable in the pig feed.
 

One experiment was conducted by feeding sows cassava during
 

gestation and another test evaluated cassava in lactation diets. Both
 

trials had limited numbers of animals, thus the results were variable 

Yet, there is every reason to
and conclusions could not be made. 


believe cassava can be used in gestation and lactation diets. Some
 

additional research is needed to establish the proper supplementation
 

of cassava for breeding animals. Proper fortification of leaves, 

roots diet for breeding swine.tender stems and should yield a good 

a feed for
Castillo et al. (l7) also studied cassava silage as 


growing swine. A chemical analysis of the material was made before
 

ensiling and periodically after ensiling. There was some loss of
 

In feeding trials, the use ofnutrients in the runoff solution. 

cassava was satisfactory in the diets. Forty percent of the diet was
 

cassava and other ingredients were used to make a diet similar to a 

diet with corn. However, the diet with cassava undoubtedly had
 

superior protein quality. Pigs fed the cassava silage diet gained
 

While
faster and required less feed than those fed the corn diet. 


daily gains were relatively slow on all diets, it is apparent that
 

silage can be used in swine diets.
 

Research reports pertaining to ":ie dse of cassava leaf meal in 

swine diets aye very limited. Velloso et al. (780) found cassava leaf
 

meal could satisfactorily replace alfalfa meal when used as 5% of a
 

diet for finishing pigs. 

Although by-products of the manufacture of starch from cassava 

have been used for many years in livestock feeds, there appears to be 
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very few tests recorded. Forty years ago, Fullerton (318) reported the
 

following conclusions concerning the use of tapioca (cassava) meal in
 

swine diets. 

(1) High grade tapioca flour proved to be satisfactory as
 

far as its palatability and other dietetic properties.
 

(2) Itmay be regarded as suitable to replace corn or
 

barley up to at least 25% of the total ration. 

(3) The bacon and hams from pigs fed the tapioca were
 

distinctly better than those from corn-fed pigs.
 

4) At current prices, replacement of corn with tapioca 

resulted in a sensible reduction in the cost of
 

feeding swine. 

Shortly after Fullerton's test, !icvie (377) reported similar results with 

tapioca (cassava) meal. 

Poultry: 

Properly fortified cassava meal should be an acceptable feed
 

ingredient in poultry rations, yet there are only a few research
 

articles. Some of the earliest research with chicks was conducted in
 

the Philippines (739). A high mortaility rate affected the experiment,
 

however, the surviving birds did not grow as fast on cassava refuse 

meal as those fed rice bran. The diets consisted of 6 parts cassava 

refuse meal or rice bran, 2 parts corn and 2 parts shrimp meal. The
 

cassava refuse was approximately 77% the value of bran, but a combination
 

of the two was 92% the value of rice bran alone. However, Temperton and
 

Dudley (752) reported laying hens had tolerated substitution with
 

cassava meal up to 40% of corn vaal, wheat middlings and oats. 
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In 	1951, seven experiments were reported from a study in Guatemala
 

Cassava meal (by-product of starch manufacturing) was used in
(702). 


several different types of diets. The diets and results are shown in 

seven chicks fed corn gained signifi-Table 7-2. In three of the tests 

cantly faster than those fed cassava meal and feed efficiency was
 

usually higher in the corn treatment group. However, they concluded
 

that growth rate of the chicks fed cassava meal and the efficiencies of
 

could be used to replace
feed utilization were satisfactory and the meal 


corn in baby chick diets. The highest percent of cassava meal in any
 

diet tested was 47.5%.
 

Klein (425) found that cassava meal could be used up to 10% of
 

Vogt's (805) findings alsochicks' diets with satisfactory results. 

a level of 10% cassava meal was satisfactory in chick diets,indicated 

but levels of 20% or more depressed gains. A level of 20% cassava meal 

concluded that Axelsson's digestiwas satisfactory in layer diets. Vogt 

bility values were more accurate than values reported by Fangauf.
 

Table 7-3 shows the values in Vogt's paper.
 

studied dried cassava meal and
Soares, Campos and Conrad (691) 

wheat middlings as carbohydrate substitutes for part of the ground 
corn 

in chick diets. Substitutions were made in increments of 6%of the diet. 

Cassava meal and soybean meal were used to replace corn and equalize the
 

crude protein content of the diets. A maximum of 42% of the corn was
 

replaced. There was no statistical difference in rate of gain between 

corn replaced bytreatments, but chicks fed diets with 10% of the 


had the fastest daily gain. Feed efficiency was best
 cassava meal 

However,

when the substitutions were between 0 and 30% of the diet. 
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TABLE 7-2. Effect of Cassava Meal in the Baby Chick Diet.
 

Experiment Experiment Experiment Experiment Experiment Experiment Experiment

1 2 3 4 5 6 7 

Group Group Group Group Group Group Group Group Group Group Group Group Group Group

1 2 1 2 1 2 1 2 1 2 1 2 1 2
 

[ngredients (percent)
 
Corozo oil meal' 40 40 40 40 30 
 30 30 30 ---- ---- 6 6 30 30 
Sesame oil meal 25.5 25.5 25.5 25.5 25 25 20 
 20 37 37 37 37 15 15
Cottonseed oil me al - - --  - - -- - - - -- - - - -- - - - - -- - - - -- 15 15
 
Menhaden fish meal ---- ---- ---- ---- ---- ---- ---- ---- 6 6 4 4Casein - - -- - - - - -- 3 3 3 3- -- - - - -- - - - -- - -
Desmodium meal 2 10 10 10 10 ---- ---- ---- ---- 5 5 5 5 
Kikuyu meal3 ---- ---- ---- ---- ---- ---- --- 5 5Wheat bran 10 O- - -- - - - - - - - - - - - - - - - - 10--l-


Ground corn 10 ----
 20 ---- 37.5 ---- 42.5 ---- 47.5 ---- 43.5 ---- 30.5 
Cassava meal ---- 10 ---- 20 ---- 37.5 ---- 42.5 ---- 47.5 ---- 43.5 ---- 30.5 
Salt mixture4 3 3 3 3 3 3 3 3 3 3 3 3 3 3
 
Vita-Rich5 0.8 0.8 0.8 0.8 0.8 0.8 C.8 0.8 0.8 0.8 0.7 0.8 0.8 0.8
 
A.P.F.6 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 
 0.7 0.7 0.8 0.7 0.7 0.7
 

lumber of chicks 
at start 24 24 22 22 22 22 24 24 24 24 24 24 47 47
 
at end 23 24 22 22 22 19 24 24 24 24 23 24 47 
 46
 

Iverage weight (grams)
 
at start 41 41 41 
 41 38 38 38 38 42 42 42 42 43 43
 
at end 243 237 273 261 238 
 272 220 244 393** 325 372** 318 338** 300
 

:eed efficiency (grams
 
fed to product 1 gram
 
gain) 2.92 2.68 2.66 2.54 2.56 2.62 2.52 
 2.91 2.30 2.71 2.38 2.80 2.65 2.91
 

*Significant at 1 percent.
 
'Orbignya cohune and species of the genus Scheelea.
 
2Desmodium intortum.

3Pennisetum clandestinum.
 
4Calcium carbonate, 1 percent; bone meal, 1 percent; salt, 1 percent; and trace minerals.
 
5Vitamin concentrate, Thompson Hayward Co.
 
6Vitamin B12 and aureomycin feeding supplement, courtesy of Dr. T. H. Jukes and the Lederle Laboratorie.
 

Source: R. L. Squibb and M. K. Wyld (702)
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TABLE 7-3. The Digestibility of Cassava Meal (Percent).
 

Poultry 
(Axelsson) 

1937 

Poultry 
(Fangauf) 
1960 

Cattle Pigs 
DLG - Table 

1952 1958 

Digestibility tests 1 -- 2 2 

Crude protein 86 75 68(54-83) 75(69-81) 

Crude fat 85 60 23( 7-39) 60(40-80) 

Crude fiber 8 55 76(65-87) 55(47-63) 

Nitrogen-free extract 87 99 99(99-99) 99(99-99) 

Cource: H. Vogt (805)
 



174 

the best replacement level was 10% of the diet for animal performance 

and 18% for most economical feeding. 

Cattle: 

In a study on milk production (150) cassava meal was used to 

replace the cereal grain up to 41.5% of the ration. Five treatments 

Thert: waswere us3d to evaluate 0 to 41.5% cassava meal in the diet. 

a linear decrease inmilk production with each higher level of cassava 

meal used in the diet (7.78 kg down to 7.34 kg of milk per day). How

ever, net income was highest with the highest level of cassava in the
 

diet and lowest in treatment 5 where no cassava meal was used.
 

A trial was conducted with dairy cattle in Costa Rica (526) to
 

evaluate the value of cassava leaf meal in replacement of alfalfa meal.
 

A double reverse experimental procedure was used and each cow served as 

her own control. The results were that milk production increased when
 

alfalfa was fed and production decreased consistently when they were 

While the difference was statistically
given cassava leaf meal. 


significant, the authors stated the production was 90 to 96% of the
 

production with alfalfa; therefore, itwas concluded that the leaf
 

valuable feeding product. There were no disturbances in
meal was a 


was an economical replacement
the animals and the cassava leaf meal 


for alfalfa meal. 

few research reports available pertaining to the
There are only a 


use of cassava in cattle finishing trials, and the number of animals
 

per test have been limited also. However, the results are good and
 

there appears to be real potential for the increased use of cassava
 

in cattle rations in tropical areas. In one experiment, cattle fed on
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a diet with cassava as 75% of the diet gained as fast or faster than
 

four other treatments (533). Good gains were achieved with cassava
 

and cottonseed meal in a study in Brazil (61).
 

Holstein male calves gained at the rate of 1.32 kg per day when
 

cassava was included at level of 24% of the diet (136). In another
 

study at the same station (INCAP), wheat and cassava were used as the
 

main sources of energy. Molasses was constant in all four diets at
 

15% of the diet. Cottonseed meal and urea were compared when nitrogen
 

was held constant. The best gains were achieved when the cassava level
 

was high (up to 37.7%) and urea was used as a part of the protein
 

source. The daily gains were in the order of 1.32 kg on 150 to 200 kg
 

calves. Feed efficiency ranged between 2.3 and 3.0 per unit of gain,
 

which is a reasonably good rate of conversion by lighter weight calves.
 

DISCUSSION
 

There is adequate evidence to conclude that cassava can be used in
 

diets for practically all species and classes of livestock. The root
 

is nearly odorless and the taste is very bland or tasteless; therefore,
 

palatability is not a serious problem in animal feeding. However, the
 

optimum level or maximum level for each species and production objec

tives is not so clear. Some authors stated feed consumption and body
 

weight gain will be increased with some cassava in'the diet, but most
 

authors indicated that cassava should not be the only source of energy
 

in the diets. Optimum animal performance has been achieved with diets
 

containing corn, wheat, rice or other high energy grains along with
 

cassava. Specific recommendations pertaining to the optimum level of
 

cassava have ranged between 10 and 50% of the diet. Research with
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growing rats is in agreement and within this range. jeffers and Ilaynes
 

(391) reported cassava, sweet potatoes and yams differed little from
 

each other and produced satisfactory growth and performance of rats at
 

levels up to 20% of the diet.
 

The optimum level of cassava for best animal performance was not 

always the optimum level for the most economical production. Cereal
 

grain supply is deficient in many areas of the world and the price is 

high. In these cases, while animal performance may be slightly
 

inferior with cassava to those receiving better diets, the use of more
 

cassava in the diet was more practical and economical. 

The reasons cassava cannot be utilized as the only energy source
 

have not been explained. The scientific research, especially earlier 

research, should not be used to conclude that cassava cannot be the
 

only energy source. Many diets were formulated with local available 

ingredients for the purpose of determining production level with these 

ingredients. Chemical composition of ingredients was not always known, 

which made itdifficult to balance the diet. For example, no experiments 

have been reported on adding methionine to the diet. Methionine is very 

limited in both the root anid leaves. Furthermore, methionine is one of 

the most limiting amino acids in soybean and cottonseed meals. 

A high level of HCN in cassava coul6 possibly have been involved
 

and caused poor growth rate when a high level of cassava was used in
 

some studies. Certainly, more research on toxicity effects on animals 

is needed.
 

Maner (486) indicated a paldtability problem at the time if
 

starting young pigs on experiment, but consumption increased to a
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satisfactory level later In the test. At the be t irq. the plqs were 

hungry a"d preferred the protein supplement to met their energy require

sent. Pertiaps taste, cor, texture and other factor, were contributinq 

to their preferen-ce of feeds. Dried cassava can te growsd too fine for 

aninals. Fine naterials nut on the beats of cnickens rM they become 

pasty in the mut!' of ;i9s. Cattle do not care for fire dusty feed's. 

The prcilems associated with the use of a Migh level of cassava 

in ani alls' dets is recoonized arid carrot be iqnored, :t scme anials 

probably cAn use cassava efficievtly as tre only source of energy. 

Detailed research will be recessar in tre broad cata9gries of feed 

preparatio , ration palatability. amd protein, lipid, nireral 

vitanin nutrition to acconplisn this goal. 

Cassava silage has excellent potential as a livestoct feed. The 

serious litntatiors to cassava as a feed for livestock are the problem 

of storing raw cassava and the cost of drying. If silage were fed the 

ra cassava could be namested and stor%-J for sewral inonths. The 

silage could t>e tme roots alone or the rmots and learts. Scn forn of 

dry sitter rixed in with tMe slage vay be beneficial to increase the 

energy content and Jecrease tVe loss of nutrienrts by louering the liquid 

drainage. High nutrient losses ttav been reported with excessive loss 

of water after ensiling certain feeds with a high concentration of 

noisture. 

Cass&va leaf meal is apparently nearly equivalent to alfalfa seal 

in nutrient content and feeding value. The dried product is a good 

source of protein, fiber, inerals and vitins. The leaves &n tender 

stem can be included in silage or fed green or dried to cattle, swine 
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or poulty. The cost of preparing cassava bs not ben studied In 

detal. Another major problem with use of cassava for feed Is the 

harvesting. Reasonable mchanical ways of harvesting the leaves and 

roots should be dveloped. 

Relatively hilV tormiage of foliaae can be produced per Iectare. The 

root:shoot ratio is about 50:50 and extensive foliage develop; prior to 

the grah of roots (759). If 601 of tke plant could be used as cassava 

leaf mal, one night attempt to pridict yields. Yields of roots vary 

draaaticaily and the saw is t-ue of leaves. The vorld average production 

rate is estimated as 7-9 metric tons per hectare (295). A comm yield 

in Call, Colia, is 40 tons Der hectare (486). If 24 tons of foliage 

could be harvested per hectare, it wouid be a gOod souro, of nutrients. 

Normaniah (545) cut two cras of foliage and harvested 6 and 4 tons/ha 

and still produced within 301 of the normal yield of roots. Iiwver, 

two years were necessary to harvest two crops of foliage. 

The econmic advantage of using cassava in livestock feeds in 

place of other grains is not well documnted. P few authors kave 

stated an adantage (see animal experiments). but the exact econmc 

advantages are obscure. Of course, the chane in supply a d demnd of 

c and animals cases changes In net profits which wakes any corn

clusion about profit nearly i!ssible. NevertWeless, with the 

assistance of Dr. RAier (486). an attmt was *od to coamlre the 

eclmics of cassava or corn in swine diets in Call. Colombia. 

Th prices used were: corn - 592.SO per ton, soybewmool - S125.00 

per ton, cassava - SISM. per tan fresh or S50.00 per ton dried (included 

drying cost). The price of a cora-sybmn rol type diet was calculated 
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to be 10 cents per kg, Wkreas the price of a s$itlar diet with cassava 

was 7.7 S cents per kg. If a feed efficiercy of 4.0 (3.2 is good) is used 

and a 	 price of 61.5 cents per kg of animl weigh't is used, the profit 

above 	 feed cost is calcu'ated to be 21.5 cc-its er kg with tie corn diet 

and 28.0 cents ; er k9 of body weight with the cassava diet. If in 

advantag were given to the corn diet for t-ter feed utilization, the 

cassava diet would ;tiM be nore ecoroical. 

The average yield of corn in Cal is 2.5 tens per hectare and 6 tons 

have been proldxed on experieental plots (41%). Two c ps per year yield 

up to 12 tons of 901 Cry matter per year. Cassava yields of abcut 40 tons 

&A 78 tons nave been harvested per hectare in ore experimental olot. 

Ti-us, dry mtter (Ma) production per hectare for the followirng yields 

would 	be:
 

Yield (tons) Iw9ha/year (ton!) 

30 10 

40 13.3 

50 16.5 

60, 20.0 

78 26.0 

The average yields o' ON with cassava was better than experimental 

yields with corv. The fitim couaM be far nore impressive if values 

f.m areas of pooir soil quality ir more tropical areas where corn and 

other grains will kot qrow well w,re used. 

COCLUSIONS 

Limittions &%dr.-blm of ..ssava as 4n 1nml Feed: 

a. 	 The balance if nutrients Is not equivalent to cereal grains. 

nefore, ae proteins, alne-els and vitavins from other 
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so11ces must be included in diets. This can be athieveo, b-t wre 

prote'n feeds must be groi or shipped to the feed manufacturer. 

b. "CN in certain plants can be higN, yt tMe toAc xterial can be 

released by proper treatsrnt. 

C. 	 Storage of cassava is a problem. Deterioration of tVe root will 

occur within a few days aiter harvestir-. TPe roots can be dried 

and stored ir t1lage could be vmae fcr certain cnin.l diets. While 

storage is a prooleit, te root des rct need to be narwstej at 

maturity avd tke plarit ca - te left indisturtied witho-t extensive 

nutrient loss. 

d. 
Nechinical neUkods of ,Ir-t*Stir! LAO Jd be cessary for large 

acreages i-a high animl prc. til. These cect.niqes have 

not be derelccd ard eqvipnent is r availile. 

Advantages rd F3tental of Cassava in Livestoci Feeding: 

a. 	The prixury advantage is the high yields of calories on poor 

soils a"d in areas wtere grairs will rot grow or yield Is 

relatively lower. 

b. 	 The roots and leaves can be used for r,un food and animal feed. 

c. 	The cassava roots, leaves and by-prascts of starch manufacture 

can be fed to all species of livestock. 

d. 	 Silage or dried materials can be utilized by animals. 

e. 	Inedible products cmn be converted into edible products for 

human consumtion 

f. 	 Higher fare ir4=w can be realized by farwrs in the tropics 

and 	 agribusiness can be ilmroved. 

g. 	 Animal protein and other nutrients and aiail by-prodocts can 

be increased for humn use. One prelimimary enierimet was used 



to shoW a potential of the synthesis of proteir, b' fWgi and 

cassava. Nearly 15 gras of a~dticnial protein per pound was 

produced (346). The use of noporotein nitrogen such as urea 

with cassava in cattle rations is another way of increasing 

the procuttiop of valuable amino acids. W. (. Jones (409), 

in his book Iioc in Africa, stAted it well when he said, 

Optrhaps the most promisig -way to take advantage of the low 

cost and great productivity of wanioc is by feeding it to 

livestock.* 

RECO WTIONS 

Possibly the greatest potential of cassava utilization is through 

inctesed feeding and production of sivestock. Cassava is not equal to 

cereal grifr in nitrtent content, yet it has a un ue place by having 

high yields arC good groth potentials in areas afhere pwor soils and 

adverse climatic coeditions linit the production of cereal grains. 

Therefore, cassava can be used as an animal feed to aLke a significant 

contribution to the energy and protein needs of the human race. 

a. 	 A research progrm should be established to cor.ict extensive 

detailed exzrtiaets with swine, poltry, cattle and laboratory 

animals. The research should be coudwcted at one or to research 

ceters in -eas of cassava production. If centers camvt be 

establisked the research at existing centers throughout the 

tropical areas should be coordinated as much as possible. 

b. 	 Frm the stapoint of afntia feeding, plant breeding experlents 

are meded to develop higher yielding varieties with mre nutrientS. 

Eohiasis should be plcced on loproving the protein level and protein 
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Omilty. Varieties sheuld be selected for "es of hbrvestiq 

ad maxim fotag pro.ctlom without sacrificiq yield ie 

roots. A high for"e yieldiq variety without regard of the 

reot Klght be another possibility. 

c. Plant breetrs need to develo a good sovrc* of protein wich 

can be gur in the tropics. A goed source of ;rotefn feed 

will be essential for good utilization of cassava 

d. Agvurnmists should st,*j the nutrient requireents of the plant 

and develc maximan ytelds. Agronmists and anim al ,tritomists 

should detemine the nutrient content of cassava uhm gram in 

various environwintal cornitics. 

e. Good mans of echanically Kirvestirg leaves and roots must be 

deve0p.ed. Good methods o Irhaldli. storing, drying and auto

vatically feeding will be ,seded in large livestock enterprises. 
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TMLE &-l. (cantinued) 

NMl or flour (farinha do raspa) 

Bakeries, pastries, alimentary pastes (mcarofi)
 
Boiled in soups. sauces, gravies, etc.
 
Bread extender
 
Porr cde (gruel)
 
Fortified flour (vtth *tat, soya, peanut, vitains, etc.)
 
Imroved Ltt4 flour (with added calcium steayl lactate as a conditlorer)
 
Protein enr'chd flour (fish protein concentrate, soybean isolate,
 

casein, etc.) 
Selected ainno .cd erricted flour (lysine, tryptopl me, methionine, etc.) 
Fermented (EbwA)
Glues 
Adhesives 

Starch 

Baked goods
 
Desserts - puddings, pie fillinas (sagu)
 
Infant foot
 
Confectiots (swlding of cast cvWies*
 
Thickuing agats (syntletic jellies)
 
Bedying agents (caramls)
 
ousting agents (chewing "m)
 
Fermented beverages (beer)
 
Textile sizing wad strengthening
 
Laundry stirch 
Paper sizing aWd bondino
 
Gms (envelopes. postage stamps. gumed tapes)
 
Dextrins (bonding pigment to paper; preventing - kl neq)
 
Adhesives (cardboard, plywood, and veneer)
 
Glues and pastes
 
Blended with p~ea.ut flour, nonfat wilk solids. vit4wins
 
Enriched vith F C. soy, cD.'n, rice (pasta) 
Alcohol
Acetone 
Glucose 

Oil well drilling 

d|fI edl : tarches 

Precooked soluble starches - instant" puddings
 
Thin - boiling starches (candy minufactur)
 
Oxidized starches
 
Lproved starches (ex: added glyceryl monostrete as a binding aphnt)
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hwdeds of th &aWsof finily size flour wills are located on 

faru a in villages thvhot the tr ics. Often. t.uese are wtlly 

or partially en-closed units containing a few crude pieces of machinery 

aM other equilmnt such as a cylindrical or U-shaped washer, a motor

driven rasper, a Md-o;erated scre press and a wood-fired oven aith 

a flat-intal plaice over which the heated drying wal is raked. It is 

estimated that, of cissava rowers in Brazil processing less zhan three 

hectares of cassava, atbct a fowrth own St-ch plants and that nost of 

tneir neighbors eitter use tMe ecuipment witfout chirge or provide the 

ower with a certain am nt of final prodict 'u to 251,. Vh" the 

grower has ior* than 3 hec,%res planted in cassava. it is generally not 

profitable for hin to ocerate under barter ccnEdt ons. Instead, he ray 

oam a larger flour eill and hire personnel fro nearby to help with 

peeling, *ashirg, macerating, pressing, ;elatinizing, drying and hagging 

the uea' or sell it to an operator vo will hadle the product. 

In even the largest flotsr rills, a great privortion of te work is 

perfoioied manually. The machinery in these processing plants if oftu" 

hand operated 'as the filcer press showr in Figure 8-1) or drive by a 

email powet motor (as tMe rasper shown in Figure 8-2). These two units 

a?* cpable of handlin 300 k (filter press) and 800 kg per hour (rasper) 

respectlvely. A power Jriven rasper capable of mcertiung 1 50 kg oil 

roots per hour (Figure 8-3) and a snall power driven uniforiizing 

(grinding) machint (Fiqure 8-4) oapable of handling 300 kg of proaict 

per hour are aM tional pieces of equipment that may be found in larger 

flour factories. 

Cassava aml or the oan of Africa is prepared in much the sav 

way as falin& de wMdoa in Brazil, except that the roo-,. Is reducad 
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FIG. 8-3. Large motorized rasper and two power driw. feedirN blocks. 
This nachirne vacerates I5S0 kS of rezts pei her. A 
vibrati table is cfte-n added to catc, t- e rasped roots 
from thA_ troi9.t (lOer left). Marufactured ir Perramtuw, 
Srazil. Cost U.S. 5300. 

FIG. 8-4. 	 Motor driven Lhnfornizer (grinder). This Pachine handles 
300 kg per %our. Manufactured in Pernan6um, Brazil. Cost 
U.S. S100. 
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to pulp by hand grating and the water is squeezed fro bags containing 

gratd cassava with the help of heavy stones or logs. The ;vJlp that is 

aIoeec to sour and fer.nt for several days before it is remved from 

the sack receives a final Irying in a bowl held over a low fire. 

In contrast to *%'e simplicity of equippent and operationt for 

pro4 in cassara chips cr neal (farinha de a&,dioca and gari) the 

technology -if starcri pro-44ction is quite advanced aid requires 

sophisticated machinery (the production of starch will be described 

in detail later). 

TOXICITY OF CASSAVA 

Two so-called caltivars of cassava are rec-ynized: bitter and swet. 

Some dstincticn awazt be nade between these two types. Sweet cassava is 

grown for table use wnile the bitter type, atich has a higher starch 

ccntent, is cultivatd for industri3! pirposes. Bitterness has been 

no reliable morchoassociated with glucoside aontent, howver, there is 

logical procedure to characterize plants that have 3 certa.n ]lucoside 

content (105, 119, 120, 123, VA), 543, 544 569, 583, 590, 591). 

Ga y (327) observed that ra roots of a sweet variety grown in one 

region can becoe bitter under different conditions of clinate and alti

tude. Others have shown (409) that the prussic acid Lantent varies 

markedly with growing conditicns, soil, uoisture, temperature and age 

of the plant. 

A cya*oenetic glucoside, B-d-glucoside, manihotoxine or paseo

lunatii (linaurin). as well as sc- hydrocyanic acid fn the free state 

is associated with the xilkf sap of the cassava plant (181). When the 

plant is cut or bruised, this sap, or latex, exudes frm small sacs 
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located just bemath the peel or bart. Llramrin mrboe hydrolysis, 

especially in the presence of an enzo linase, to yield free hydrocyanic 

acid (HM or prussic aid) and glucose so that the aiout present in the 

plants wy vary fra n-mvless res16s to lethal imunts (838. 839). 

Hydrelysis can be accelerated by soaking the roots in water or br heating 

but. if the teperature exceeds 75*C, the enzyme linase is destr yed (409). 

Cassava cultivars are usually considered sveet if they contain less 

than 50 milligram of prussic acid per kilogram of flesh (fresh weight). 

Those having mare than 100 nilligraws of prussic acid per kilogram are 

corsidered too Do;sonous (bitter) to be eaten; yet pure starch ay be 

extracted fron theo (119). Greenstreet and Laimounn* (347) believed 

that the prussic acid content of sweet varieties averaged about 70 milli

gram per kilogran. while HI levels of bitter varieties ranged frcn 

200 to 300 nilligris per kilogram. The smallest dose of HMCk-aw to 

have been fatal to an adult is 0.06 go, but recovery has taken place 

after .A6go his :en ingested (535). 

WIere the cu'tivars used are knon to have little, if any, of the 

cyanoglucoside, the tbers are occasioally peeled and eaten raw. 

Ibre rmcly, the roots are consumd after roasting or boiling. The 

peeled tubers may also be sliced, frozen, Pdd& .nto paste or gronmd 

and dried and used as pellets, a&l or flr. oring washing and 

drying, mt of the hydrocyanic acid disappears. 

IgntURIAL .1ES 

Ttyt starch of the cassava root is a white grunmlar crtbW4* te 

that Is syvtiesized within the plant by comiation or polyelrization 
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of A l8"e A6w of glucose mlecules amd serves as a reservc food 

sUwly dwring dormn or slow @clwq seasons to met the notaolic 

M of the plant. When treted with acid cr by certain eizymes, 

it i$ Isyerolyzed into Its constituent glucose malecules. In a similar 

warer, the digestive processe-. of ran ad animals regenerate glucose 

frm strch. Superficiaily, the f're particles all look alike, but 

atom viewed uicroscopically, it can be seen that the .ranules are 

camsad of various round, trurcated egg-shaed, and cap-shaped cells 

wose ;ize and shape identify their botanical source. Not only are the 

starch molecules arranged in the orderly pattern of a spherocrystal, but 

when viewe nder polarized light, each g;a.ule shows a characteristic 

dark cross pattern (835). 

Starch is a polymer of glucose in which these units are cmbined 

principally through 1, 4 gluosidic lir.kages. The starch granules are 

mde up primarily of two types of carbohydrates: wylose, a straight 

chained poiymrized maltose, and aulopectin, a branched chained poly

nerized maltose. Since cassaia starcti consists of only 17 percent 

alose and the reminder ulopectin fractions, as corxasted to 22 

percent aq'lose for potato starch aid 27 percent for cor. starch, it 

possesses w viscosity As the1sual characteristics. with all cmmon 

stards, the awlose and aWlopectin fractio are eztremly lae 

(with mlecular weights in 6 or 7 figures according to Radley (615)) 

Own cWared with their constituent glucoses (18D P.M.) and therfcre, 

are effective film formrs. In additicn, the large percentage of 

br ctained alapectins of cassava starch gives it great dien

siomal strmth so that It is Oifficult to tear awrt. As a cx1ns__mc, 
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bem It Is used to size the surface of paer or to size cotton, worsted 

or spom rayom warps, the starch gives great tensile strength to the 

paper or textiles. Starch tigltly binds loose fibers to the surface ot 

threa& and strengthens the varps to resist abrasion and breakge during 

waving and improves the feel of the cloth 

Cassava starch imports by the Unitee States reacte "e hi level 

of 96.9 i1llion k9 in 1937 compared with 31)1.4 willion kg of corn 

starch sold that year. Wmever, i1 1961, starch produced from corn in 

the U. S. am4ted to 989.5 aillion k9 (771). Iost of the cassava 

starch used in the U. S. prior to World War If was inported from 

Indu esia but in 1941 these inports were cut off. the oOtatO starch 

industry was able to partially replace Ow r-avable root and tuber 

starches by furnishing a sufficiert s$voly of st4-%z for essential uses. 

Importatic of cissava starch resued following Wo,,!d Mar I. Presently, 

Thailand &M! Brazil are the principal stliers Mt the q tity Oiss 

been below 9D010 netric tons in recent years (777). This tor^&W is 

approximtely equal to the Arican production of potato starch in 

1960-61 and is erAo42 to furTnish strog comptition for both corn amd 

potato starr., particularly in paper sizing (76). 

lWustrir Starch: 

There are a few large processing plants in Thiland that have 

centrifugal separators &M o~ker sanitary mchirery that enable them to 

momfacture high grai cassava starch. For the most part, starch pro

diction In that country is of industrial rather than food grade. In 

Latin Alecs, Industrial cassava starch is the principal starch used 

for aNssves as well as for surface sizing applications. Mben the 
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starch is of good .ual'ty, it is sVperior to It other starches as am 

abesive rim "teriAl. Fluid. stable glues of neutral pH that are 

miscible with a wide ra of synthetic resin ilsions, are easily 

Sade frm It. Cassava starches are easily trausformed Into trans

parent and fluid adlesit" at rem temperature Figre 8-5). Cassava 

glies range in solids cotent fro 10-281. Such glues provide good 

bonding of foil to papert ard in the preparation of laminated foil

paperboard. In way respectu, cassava starch is sivilar to waxy 

starches but the latter redisperse in ater acre readily (260) 

For surface sizing applications, coare sudrch Is the najor product 

used, but cassava, potato a"d %#eatstarches are widely ised in areas 

where these starches are readily available and procurement is econom

cally favorable. 

Cassava starch crcvides good parent material from wicti to hydr

lyze dextrins. Evas and Wirzburg (2M2) indicate that dextrirs are much 

wore soluble a-.d Per readily formulated in adhesives and that the 

resulting adoesives have mich better wortirng properties than those m~ade 

with native starch. This permits thea to be sed in a&;licatiors 

requiririg partially or totally soluble binders. Products such as gum 

for envelopes, bottle labelling adhesives. adesives for reisturing 

guoid tape, postage stamps, and lined cardboard bcu: are a few of the 

applications of dextrins. High viscosity dextrins are also used in 

binding pigents such as clay to paper in the paper coating process &md 

in the glass fiber industry to form a film %Aich acts as a sheath for 

the fiber to protect it against abrasion. Film of dextrins wde from 

root aed tuwer stards such as cassava, sweet potato and potato have 



FIG. 8-5. LUessification of Starch Adhesives. 

Starch adhesive 

I I 
Dry powders Liquids 

Post" Glues 

! I 

Cold-water soluble Kot-water soluble 

Glue Paste Soluble Thin-boiling Oxidized 

powders powders starch starch starch 

Source: C. F. W. Dux (260) 
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been found to 	have greater flexibility and mistace to checking than 

dextrims frm cereal starches. It has been observed that cassava 

brittle at low ?,ildities.dextrins have less tedency to beco 

ho Factories: 

for most inrastrial-In Thailand, 	 ;vw irdustries cmprise the basis 

grade starch productton. Eccept for a r$ol iri motor or a water wheel, 

manal labor accounts for t04 principal source of power. The riots are 

washed and peeled in a slat'ed revclvrig drun into which water is 

sprayed. As the dna revolves, 	 the abrasive action causes the roots to 

fall akto a short wooden log, atout a
be partially peeled. Trmn twej 

rails projecting a fewfoot in diieter, that has PAy sharp metal 

A staticnary wooden. plate with
*illiteters fron its revolvirg su-face. 

is placed so that as the log
shcrp, aulti-rowed comb-like wtal teeth 

-
apart to for a coarse Vulp. 1. sawsratedrotates. t"e roots are torn 


a

root pulp is ixed with ra (untreated stream) water ard placed in 

1ow the cells to partiallywooden tub or ce'mt tank for a day or so 0-

The feruwnted pulp is poured
disintegrate and release additiceai starci. 

Is shaken while .ater is sprayed onto 
onto a thin, gauze-like cloth which 


a w tUk or

the lacerated root pulp, washing the 	starch wilk into 

and so of tie fiber -- is allowed 
cewnt tank. The starch solution --

coarse waste pulp that collects on the shaklr' cloth 
to settle. bu	t t e 

to be used for animal feed. The pulp ray be spread out and
is discarded 

toasted in heated pans.
allowed to dry in the sun or it 	 sky be dried and 


lowed to settle, the st-rface water Is

After the starch. has be"n 

as vt to distu the sedimented starch ancarefully poured off sc 


fresh water added while the starch cake is broken apart with woode
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pdles md apin allmed to settle. After the liquid ts been decanted 

fIm tw resettled starch, the remaining fresh water is spongoed from the 

starch sedimet. Then the cake is rew from the settling tan. 

crwbled and placed on bafoo mts. Ordinarily, the cake is sn dried, 

bwt in sam of the larer operations, the caked starch is spread onto a 

large heated cement surface. The starch may be pulverized and rew 

surfaces exposed by pulling wooden rakes or roliers throo or cver the 

surface. The final product is chAracterized as having a sCur odor, low 

piH, high bacterial count, low1iscosity, high fiber and ash, and an off

white color with wamy dart specks and otter imurities (671). Often, 

dealers buy and collect naterials from Fdny swall pro-.ccers and, in turn, 

grind, screen, and blend tMese together to .- qrade and uniformize the 

final quality. 

(Win<g to the rather unsavory condition by which the product is 

made, it is not de6sirable for food usage. However, it is qulte satis

factory for textile sizing &-4 in the warufacture of corrugated paper

board. The largest quantities of cassava iaorted into the Utitea
 

States from Thaila and tMe Far East goes in.o such usage.
 

Partially Mlectn'zed Processing Plants:
 

The typical cassava processing *factory* in Southerr Brazil is umre 

inchamzed than its far eastern or African counterparts (162), but again 

is a sal] operation that emptoys oly a few adults and sietimes several 

childven (as peelers). Generally, it has a sall supply of equipent 

€esisting of a washer, occasionally a peeler, a mechanical shredder, 

screw press, settling twks, and drying oen. 
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The factory Is Usually swvounftd by several sall pi]t of lIAnd 

upm which cassava is growng. The mean size of these plots varies from 

O.S to 10 hectares and seldm exceeds 100 hectares. Harvest of the crop 

may begin within about six moths after planting, but geerally for 

dried chips, pellets, flour, or starch the roots are at least a year 

old or sore. The unwashed tubers are 'ceved at the processing plant 

by wagon, cart or bastet an, if sorted, arc separated according to size 

and co'4ition (i.e , whole roots, brokev pieos, & t of debris, soil, 

etc.) a ~en washed. 

Except for plan s vere tubers aro ck1cried nd ceeled vanually, 

washin takes place by nechnical abrasicn in a U-smaped slotted trough 

with paddle arv or in lcr; perforated cylinders noe.ted at a slight 

angle a-nd vth a central perforated ptpe carrfing ate; thrmgo'4t the 

lengt, of the cylircer. The cassava rcots are fed from a hoper into 

the uper end of the washer and as the cylinder revolves, the tUbers 

are cleaned by rubbinr agairst each other and with the sides of the 

cylinder so that by the tine they reach the lower erd, mich of te soil 

aid peel have been remved. When vast of the t in outer peel has been 

rihbed off or cut off, the tubers are then shredded or rasped by 

fittedmaceratirg then betwen a rotating drs and staticnary plate 

with sharp metal blades that shear tte waterial as it is held by 

centrifugal force against the blades. The rasp redces the roocs to 

a fine pulp hich, in turn, is washed free from the rasper io that it 

passes throgh a slotted screen to a hopper at the bottom of the drum.
 

The swrry of pasty material is strained through frmes to which 

starct passes andcanvas has been ta:ked. The free through the screen 
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collects In large comnt tanks Wwre it settles to the btt. The 

coarse fibrous mterlal that is retained on the screens or canvas fr 

Is placed in a screw press and the ri ining liquid is forced thruiqh 

the filters uMer pressure. Fresh water is sometims added to the 

filter presses to extract the last rewainihq ahimunts of starchy liquid 

from the fibrous debris. After releasir the arssure on the screw press, 

filter fraves, collected, andthe fibrotrs mterlal is removed fror the 

sold as feed for pigs and cattle. 

The starch that as beer. collected in tPhe cx-,nt tanks ic fr-ed of 

excess water by sipjnirt off tte lighter lquid or by urpluoaing a 

series of drainage holes that ave beer. pliaed beforehard in the tanks 

at varying hel;"ts. khe the tUnk is Crairied of WuJSt free mter the 

The re1tntng starchrest is revoved using a sceugee and cloths. 

sediwent Kus an alrost solid consistercy &,,4 is shovelled or p isted 

from te tank into 4 secorary vessel where it fay qain be stirred 

;addles or other stirringto a P'oeneoui slurry with Inv of vartcus 

and again allowed to settle overr.icht and the su;-rratent liquid
devices 

that rmraims is then broker.a&ain dischared. The block of wet starch 

Into small pieces. This noist crunitled starch is rutbed thrcc.h a 

in racks and20-wsh .(creenand spread on canvas covered trays placed 

mved to a drying house -- a ',Lated building with vents to allc the 

misture to escape by ccnvection. In aedltion, sace plants pull or 

Often, smaller plantspush air through the starch with the aid of fans. 

do not mill the starch but instead partially gelatinize it by heating ir 

moved rapidly mrshallow iron pans or over in iroh plate wtere it is 


side to side so that the granmles agg re and do not bun. The
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meteral that derives free this Ote-atioa is in the fore of herd 

traslucmt pellets or irr"ular shaped globles refer.d to as "taloca 

shpearls*. Gmerally, the tapioca is again slowed thrugih a 20-fts SeO 

and them dried. After ta vit We been aspfrated or separated by 

wiialng, the imii :. fires (or grist) are rmoved frep the larger 

pellets. The grist is referred to as tapioca "seeds" and the still 

smaller particles are conssied to be tpioca "flow. 

The quality of the starch varies frm plant to plant. Some pro

ssors exercise great care aWd consistently produce a cle. white 

starch tat is satisfactory for use in foods; the prodacts of mills 

having less rigid stand-ds are adeoate for use In paper and adhesive 

manufacture. 

Ost modrn tapioca starch manufactring plants use fresh cassava 

roots. oweer, a goad qulity starch hS be mde '-%sam of the 

potato starch plants in Europe using peeled, dried cassava roots 

is much uwre difficult to controlImported frm Africa. This procms 


and Is ver) costly hen cowered vith the use of fresh roots (67').
 

Food Star&. 

has a bland flavor and form a clear but long cohesivtTapioca 

tapioca starch is found primarily inpaste. ian ustd for foods, 

Ir. the fore of partialiy gelatinizedcknically modified prodvcts 

pellets or "pearls". It has the lowet t4W retre of glftizatIon 

of wW of the com iy used starches. With ta ioca, gelatlnlzatlo 

bqtv& at W2C. reaches a mid-point at 598C and temimstts at 64%
 

(Table 8-2).
 



TALE 8-2. Gelatimzatisuo 

Teeratvre 

Inltlation 

Com 62 

Rice 68 

Weat 59.5 

Potato 58 

laploca 52 

Source: E. N. Osa 

w of Severs) Food ;icdos. 

at loss of blretrtnS ('.) 

o-voint Tend nation 

66 70 

74.5 78 

62.5 64 

62 66
 

64 

(after Sdchch) (562 
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In order to cbtain starch free from off-odotr and discoloration. 

freshly dug roots of km starch contet, properly cleated, peeled 

adecerated using pure, soft (irort-free) voter and sanitary s ipment, 

good mnufacturing practices thgvogh all processing steps, and eff cent 

drying and storage we all necessary. Several plants in South merica 

fulfill thee r irements and are able to produce high quality starch. 

Ibdear plmts have been established in Southern Brazil (Sao Paulo and 

Santa Catarina) (see Flo Diagram 8-1). 

In order to assure a satisfactory final product. these plants 

adhere to the following mdus owerardi: roots are brought directly from 

the field to the plants, washed and peeled by abrasion in a slotted 

rotating dna having an internal water spray. Awts with too much peel, 

brokeu roots and those with woody ends or other defects are removed, 

Sound peeled roots are grounid intrime and returned to the peeler. 

atal screes haviig 3.5 - dimter holes.hmmr wills equipped with 

toThe pulp Is mixed with f rsh pure soft water and pUmd a %trie of 

brusn washers.vibrating screms fitted with 5-60 bronze gauze or to 

Sowe plants have six-sided screens for separating starcA and coarse 

fiber. A water spray is used on the screens to keep the noshes clear 

as the screens rotate. Other installations have more vidern brush 

angular set of brusheswashers. These are long troughs equipped with an 

the pulp alm and warks itresbling a spiral comveyor that rves 

coWer plates fitted along the botto. Plbchagainst perforated U-shaWed 


washer and
of te starch Is extracted from the cride pulp by tlme -ush 

the rusulting starch milk is separated frm ftne fiber by allowing the 

solutiom to flow over vibrating 120-mum gauze scree . The pulp 
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discharged from the first brush washer Is rQgroYn in a secoed WiN 

.il1 in which the retaining sawn have 1 w holes. The pulp i; piped 

to a second brush oasher vn the starch 1lk passes to a vibrating 

screen hile tne spent ;utp is discharged frtn the factory as wa.te or 

to a pulp drying section ir. the plant. The vibrating screen prdduces 

starch silk which is VPd to a second set of vibratin; screens fitted 

with 200-aesh bronze gauze. Just before t is fral screening, a 0.21 

sulfur dioxide (S02 ) solution is added at the rate of 0.5 liter/Ik, of 

dry starch. The SO2 solution inproves the color of tfe st:rch, hw.:.t.s 

settling and prevents nicrobial oeterioration. The "ulp remairin; on 

the vioratin scrvens is sent to the maste effluent or added to the first 

screened pulp and dried. The starch tay be washed and concentrated in a 

The starch settles -scentrifuge or sent directly to settling tabits. 

the liquor fl c fron a*ble to t3ble. Twice daily the tables are freed 

of all residual fiber and fines by a jet of high pressure water. Starch 

fron the tables is washed several tins in tile-lined taris and the water 

content reduced to 35-3M by centrifugin. The impurities and discolored 

starch rmaiting at the core of the ceptrifuoe cake Is scraed away and 

the remai ing starch cruailed and sent to stesm heated voc:uuf drugs. 

and tis "c'ked starch is remved bySom gelatinlzation is Inevitable 

vibrati ng and/or centrifugal sifters. Finally, the starth is bagged in 

sanitary mlti-wall. valve-type bags (671). 

In recent years. several modern plants have been set ug, in ThainId 

that are able to consist~ntly produce high-grade starch. These plants 

are equipped vith a cowlete tapioca starch processing systm designed 

by the Sedish f~m of Alfa Do Laval. Instead of needing eighteen hors 



to obtain thw final starch product that the routine tabling settling 

prcess reqmains, the Laval procs requIres only forty mirwtes to 

trmsfo. roots Into finished starch. The faster pr s avoids wy 

microiological. viscosity, p4, odor and color problem. 

Shipa (671) described imprtat differences in this procedure 

and those described earlier as folloms: washed, peeled roots are routed 

through a chopping nachiv e prior to rasping. Then the finely ground pulp 

is fed into the sall erd of a vertically revolving. conical refining 

screen hich by centrifugal action forces t.e starch through the screen 

while the pulp migrates into the larger portion of the cone ar4 is dis

charged. These refiners are arranged in two batteries of boo or three 

screws in series so thIt there is a second rasping of pulp betwen the 

batteries. Sozzle centrifuge-separators reve 'fruit uater* (i.e., 

root juice contain'rg enzywts and fibtr at the saw tine provides a 

prliminary washing of the -tarch. The starch milk is introduced into 

specially desigmrd separators, entering the base of the rapidly 

revolving bowl travelino at a speed of 3,500-5.100 rpm. Around the oeri h

cry of tVe bowl are a series of nozzles of different dimters. Frsh 

wash water is puped into the bowl throu9* the central spindle and the 

wdaed, concentrated starch (11-12" Baw.) is forced through the nozzles 

to the next processing step wlhile the fruit water and fiber are 

discharged from the top of the centrifuge-separstor. The liquid 

effluent is discharged as waste or roused as a preliminary root wash. 

The starch milk Is treated with sulfur dioxode solution and diluted to 

r Sai before routing to a vibratiag screen (12D-150 mesh) for the 

,val of fine fiber. After screening, the starch milk receives a 



sevand ctrifsgul washing similar to the first which concentrates it 

to 19'0 B a final refining in a *purifying* centrifuge, a batch 

mchine that goes through the fo11lowng cycle: filling, rmoval of 

grey starcn, reslurrying, washing, reslurrying, and ischarg, of heavy 

slurry (18-20 ° 8"w). The start is dematered using dehydrating 

centrifuges lined with canvas cloth that cp lete a cycle coristlng 

of filling. spinning, cutting out, and discharging dematered starch 

having a moisture content of 35-371 in 14-16 ninutes. Final drying to 

12% molsture is camleted using a flash dryer uefrein air at high 

velocity is passed through a heat exchaurer to raise M~e terperatu e to 

150-160C. Starch is draw thro%* an air bath and, in a very short 

time (secnds), the excess moisture is *f shed off. The dry starch 

(10-122 moisture) is air cooled and sent to a final cyc'one dryer A 

c-arse particles are filtered out vith 14 JU nest silk or nylon screens 

and then delivered to a ba9ging machine. 

Uses:
 

Tapioca starches have eucellent thickening properties and so are 

Ideal for puddings &d pie fillings. The starcn nay be pre-gelatinized 

alnd used in *instant* pwddings. The dry fermlation of instat pudding 

Is principally solhle starch. sugar and flavoring. The starch dissolves 

quickly u the addition of cold liQuid (e.g.. milk) ard then sets to a 

galled pudding. Tapioca also lt- awl uses in the confectionery Irdustry. 

It may act as a mdlu for nolding cast candles such as gum drops and 

jelly beass. as 6 bodying agent to provide stability and sooothness to 

carmeils. as a thickening igent for synthetic Jeltles or as a dsting 

so for c imtng 9 . 



Thin boiling starch is used as inIngredlent in cmo owntue. 

S.tarch plays a vital role in determining tbe texture of my foods. 

Osmm d Ciwisfor4 (S63) oserrd that the viscosity characteristics 

are altered by heat-isture treatment (Table 8-3). Heat-misture treat

mnt raised the hot viscosity of tapioca but not that of otJer starches. 

WIle heating in the presence of moisture was Insufficient to cause 

changes in gelatinization, it did result in mrked ctafgews in the prvp

erties of tapioca. 

OPERATING DIFFICU..TIES
 

Flour:
 

Pbst plait cerators appeared to have little krzrledge of the 

causes of spoil&". Often the water used for washir ; the roots con

tained metal impurities that caused the nal to be discolored. In som 

plants, large ;i1es of peels were allowed to risain in the peeling vocn 

for long perioks of time viere they attracted insects ad rodents and 

eveloped foul odors. Fragments of roots were often allowed to reain 

in the corners of tro;4ms and the housirg of rasping druns ar4l wer 

the equi.raent was not cleaned reglarly, develo;- putrid odors. 

Occasionally, press cloths were used again and again vithjt rnsin, or 

replacing. Also, in some plants, the ash from the owens was perwitted 

to blco into the drying produict resulting in discoloratio vW grittiness 

of the prdioct. When drying tech.niques and/or storage conditioiis were 

unsatisfactory, the mel picked up moisture and developed csty odors. 

Good products were obtained only when all steps In processing were 

handled properly. 
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TMI[ 8-3. viscosities of 41 Pastes Prepred free Stars ted 
at 160S ror 3 Nours at 100 I. 

dot viscosity (p) Cold viscosity (cp) 

Untreated Treated Untrted Treted 

Potato 2,30 1,010 4,600 1,786 

Tapioca 770 938 2,250 1,827 

Corn 429 418 2,240 1.9w 

Wice 241 224 1,045 691 

I t 101 96 1,710 1.107 

Source: E. N. Osmn and P. O. Cowisford (563) 
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The productic of satisfactory chips, flour ard starch depends upon 

good quality control. The water used for washing the roots, rinsing the 

met grvUd pulp, *nd extractirg and ripsirg te starch Wc be available 

in adequate a ts, clear, potable and free of mtallic imurities. 

The machinery and other equipwet should -4t be subject to rusting an 

mast be easy to clean. The tctantics of operation stculd be such that 

the ra waterlai a product are handled quickly so that mhere is little 

opportunity for deterioration. or spoilt9e. The fir.l product stould be 

dried well a unifornly se that it as t-he desired a;.-earance ar4 color. 

a low bacteria* , old and yeast content. aind be free fror a.y sovjr or 

offensive odor. In additioc, it should be low in ncisture (ll-13) and 

ash (0.21) have a re4tral pm (6.3-6.5) ar.d high viscasit). 

The SAtnco do o-*este do Srasil S/A (83) ("icxa, Aspectos da 

Cultura e da Ind stria) inade a detailed stwy of the ;rocessing of cassava 

lour (see Flow Diagram 8-2). The Sark corcluded "at v n, of Mie smaller 

plants with prinitive vactArnery were st as successful, 4f not ore so, 

than sow of th-e larger installaticons witM nre 'o=derr. equipnt. 

Further, tey foj.rd that fail.re of plants resulted vw'-e (1) the flour 

plant was irroperly located. ,2;1 t" water s ,ly was ir.ade;ate. 

(3) a cortinuous " dependale si,,iy of roots was lacking, (4) the
 

machinery was inefficient, (5) ia.or was -eccncwicae, and (6) technical
 

Supervision was poor.
 

Strch:
 

The world starch irAntry is based preponderantly pon the starch 

derived from corn, wheat, or rice, is fiercely competitive and succeeds 

not from the sale of starch alone but as a result of cbaining waximA 
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m0ers ad types of other products including by-products. For example, 

plants numfacturing corn starch produce -- in addition to dry starches -

dextrins, corn syrup, corn syrup solids, dextrose, refined corn oil, corn 

oil meal, soa stock, corn steep water conctitrates, a"d feeds (69. 418). 

By comarison, the gveat majority of cassava processing plants extant 

thrmughout the tropics make Inefficient use of r mterials, personnel 

and final products. 

In Brazil, very little starch Is prodced and .o large processing 

pl~ati are actively p.dacing starch in the gortheast at the present 

tiae alth I*"--of Brazilian cassava is produced in Vhat region. 

Withii tPe past decade. plarts wre constructed aMn equiped at Gloria 

d Gita, Cratc, Fortaleza. ar !2pe -- t" last nied at a cost exceeding 

560000 (U.S.). %one of ttese plants was ale to produce starch comer

cially. All lacbed te technical still r*cessar) to satisfactorily 

extract starch from roots ard/or C-1ps. In several. eitter the plinring 

of the plant or ae equipnent (or both) was in&equate. An adequate 

and continuous sw9ly of roots (or chips) and of good water was unavail

able for two of the plants. Econowc ccesiderations wer* such that one 

of the plants did not even oW. 

In addition to tte four iroerative plants visited in N.E. Brazil, 

the author visited a starch plant near Tipitapi, Nicaragua, having a 

daily %anufacturingcapacity of iS metric to of starch that was no 

longer operating because -. undependable raw products.f an suply of 

The operator was certain that the plant was efficient and cmpetitive 

but he did not have sufficient f'uds to try again. he indicated that 

the farwrs in his area would welcum shifting from cotton to cassava 
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Ucasthe mrginal profits tiat th" were receivi g from the growi of 

cotton did not compare with the earnings the might expect from cassava. 

Yet, 1! he me to receive fwtfs so that he could operate gaitn, it 

would still be essential that a lanned planting and harvesting prova 

be worked out vith his suppliers. Similarly, 1gers (648) has reported 

that to large processing plants in Brazil and or* In 3olvia were 

abandone because of lack of water or the ;resence of iron in the water 

that was available. The Bolivian plant did not succee' because te 

local farmers wre not able to pro&kce a sufficiently large qoantity of 

roots to iake the operation of tie plant practical. The cultural 

practices employed by the farmeos were rot modified or changed so that 

the plant could coerate an a contir.xus basis. 

As wes 6one for flour, the Sanco d aordeste do Brasil S/A (83) 

alalyzeO the operstio-s of starch factorie- in the south, the central 

tsou ' and the nort*east areas of Brazil. As a result of these studies. 

they observed a nuFer of errors in operations and/or achinery con

struction and recomi4ed solutions to circunvnt these nistakes when 

planning future installations (see Table 8-4). 

CASSAVA EMIOC)MNT 

The use of cassava ir the production of bread from noadeat flour 

is being actively explored in a rumber of countries (186, 187, 413). 

The Irtstituto d Investigaciones Tecrologicas (lIT) in Bogota has 

cooperated with the Institutz for Cereals, Flour and Sread, T.N.O., 

WalnIngen, the Netherlands, in increasing the properties of nonueat 
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TLLE 8-4. Errors in Operations and/or Maciniery and 
RSolutions. 

MOItlIM C OPERATIW 
ERMAD RECOM DED SOCUTIOM 

Washer - drum or wooden basin type Washer should have non-rustino 
mtallic axles and beaters and the 
bottan skvuld be of perforated metal. 
Should wake efficient use of water. 

"IS~dw-of swall diameter and large dieter cylinder with heavy 
1TltIveight. Block badly grating and reinforced blocks. 
positioned or adjusted for roots. Blcks adjustable to fit wriiter 
Sas thick ani elsily rvsted. of rasper. orn-rusting circular 

sobs placed ahead of craters. 

Pulp screens - brush screens caiase' Screens should be flat and cleanable 
deterioration, loss of stari a- with water Jets. There should be a 
are difficult to clean. secord series f finer screens. 

Pchancal sedimentation 	 Chenical treatment of starch ilk. 
trtines i se0arators are A series of special sediventation 

exensive to operate and tanks allows oood separation. 
lose starch. Water should be renwd tice. 

Settling chamrequire uch. Autcoatic decantir with winimal 
labor &rF4 highe r nanternce l abor gives P0oduct with better 
costs. reproducibility, desired color 

and 	viscosity. 

FinAl turbines - (centrifuges) utintic discharge tyes perwit 
con tyrT is obsolete &an self-cleaning and freeno of 
requires too wich labor. product impurities. 

Dring - temeratures above 50' C Control twterature are ventilatior 
cause dextrlnization of starch. ard ary typ of dryer can be used, 

RESIlU PRPARATION 

A. 	 Washed miss :ad mal - Nix washed mass wit! dried, ground 
techique R' prirition cassavastms to fac-litate poessing 
Is ezpertsive. and drying. 
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TAULE 84. (cmitid) 

G. ecanting 	station Mtar - I Catch in tntasks ovtsu4* tm factory. 
wisted in all Brazilian on a~ to wals (A'). can be 

used as forae. Flocculate proteinfatories; yet contains the 
proteins and 	up to 2% of by heomical trvSilnts. 
root starch. 

Reca tions above are sufficient to provide ideas of 10roved
 
by oxidations or undesired
tecimiqws. 	 There are other ergors caused 

fenmtation 	that should be elitifated. 

Soue: anco do Nordeste do Brasil S/A (83) 
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flour in douh. One of the most difficult problm to overc fro 

surches that do not contain gluten-forming proteins is that of o

viding a swelling agent. Jongh (413) tested various substances that 

mould act as a blnding agent betbce the starch grawnles and reported 

that glyceryl momstearete (06) possessed tJ* desired characteristics. 

These workers were able to produce a composite flour containing cassava 

strch an defatted soy flour in the roqor~tion 80:Z0 when 1%616 was 

used as a armnule-bir4ing agent. In providing dough fr-i cassava-sOy 

flour it wss r4cessary to add sufficient water to pre.are a nixturo 

that had the cnsistency of a cake batter. The bLsic recipe for this 

dough was: composite flo" (IMparLs of wt'ch 80 parts were cassava 

and 20 were soy flour), ccqpressed yeast ( partl,,). salt (2 parts). 

sugar (4parts), and water (70 parts). 

It was found to be necessary to a4d the GMS as a 10 emulsion 

rather than as a powder to avoid unsatisfactory dough crunb structure. 

fixing was done w Ut a planetary-type nixer (Hobart Wizer 1-50)1del 

equipped with a batter blade. Te ntxer was run for 2 nirutes at 

300 rue followed by P airutes at 6C0) rpa. The dough temerature was 

held at 280C. After nixing, the dough was allcwd to have a 40-sinute 

bulk fermntation and ten rvtixed at 600 rpm for S virutes. This 

sporqe was weigled into baking pans in 500 gram portiorn. The douh 

was proofed at 30"C for sufficient tire to give 275 w CO2 in 300 a 

dough and then baked for 30 witutes at 230C. 

With increasing amounts of GM (fron 0, 0.1, O.S, 1.0, 1.S, and 

2.11), the binding agent was found to provide stepmise improvint of 

doqh stab1 1 ty ard loaf volume, texture and softness of crumb (420). 
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Kim ad do it (420) rPaledh sds fr cassava/sy and 

cassava/peimt and orered thme breds vUth C Dutch weat breed. 

The digestibility of the UW brdsas 92, 91 aW 9. but the blo

nd protein qfficie"q ratio for te cassava/sy breadlogicsl vale 

ws 65; C,,tderebly bettir than for the other tWo which were 54 end 

51, respectively. 

of cassava flour to wheat flour has an uWdesrableThe additic 


effect on volin, fwarntaton activity, and rruvb color and 	 taxture. 

Also, breads prepared using cassava flour Meuire much more water than 

and the resulting crub
those using cassava starch (.e., 901 vs 70S) 

dese and firm. Th* addition of calciiu-staryl lactylate at a level
is 

701 wha.t flour and 301 cassava flourof 0.75% to a douh prepared fom 

volm and mumb softvss (420).resulted In an izrovaient i 

onervay at Camlnas, Rio do Janeilro.Several other stUdies are 

&-d Lim to Improve flours in which cassava is incorgoreted by &I 

calci rlstarylactyl lactate as a conditioner. Workers at 	the
 

Janeitro
Alumntar (ITAA) In Rio
Instituto do Tecfologa Agricola e 


breads with satisfactory characteristics
have succeeded in obtatning 

using 2 of nora4t flours. 

YSILW ftcaroal: 

in Indla uWbeir
Bains et al. (79) reportsm a pilot plant ;Uu 

four tapioca mcarcni blends containing 18-201 protein had ben prepared 

Uti11:1ing: 

A. Tapioca flour. 50 parts; pvermt flour, 2S parts; smlima, 

22.S parts; ad casein. 2.S parts. 
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B. 	 T.ploca floor, 47.5 parts; penut flour, 30 parts; and
 

semlia. 22.5 parts.
 

C. 	 Tapioa flour, 35 parts; peanut flour, 2S parts; smoina,
 

30 parts; arid non-fat uilk 3olits. 10 parts.
 

0. 	 Tapioca flwor, 3G parts; peanut flour, 25 parts; samolin , 

25 parts; and chick-pea flour. 15 parts. 

Each substrate was fortified with vitmins A, N, B2 . 0, pantottiena, 

CaCD 3 and Ca3P4. Sufficient boiling water was z to obtain a fairly 

stiff doug which was then extruded, passewJ thruh a pre-Arier, steaed 

and dried a. 55C to a moisture content of 8-9%. The pro ucts were 

found . iatable a4 cocked to a soft textuxe. About 1/3 of the vitamin 

A and less than I/1f of thiodr and riboflavin wre 'ost during ,,ro

cessing. Blend A gave best qrcwtk of rats. 

It was found that a considerab!e portion of nilk in the diet could 

be replaced by ewiched tapioca mocaroni. The protein efficiency ratio 

(PER) of the processed products A, B, C, and D were 1.73, 1.47, 2.06, 

and 1.92, respectively, while the corresponding values for the tro

ces.$d blend were 2.02. 1.7., 2.42, ad 2.15. It was pointel out that 

adequate precautions nee4ed to be taken to ;revent te loss of nutrients 

during processing andVt additional lysine and nethonine would further 

oirove nuttifonal qualities. 

Fortified Cassava Flour: 

High protein flour ix is ing considered by tk' Brazilian 1ational 

Institute for Social Security (lW'S). 'zortified cassava product Wfi

sisting of the flour plus adequate amounts of a suitable scurce of 

protein suh as fish protein contrate (FPC), soy protein isolatu (SI), 
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food yeast or casein has been suggested for uss fedinMQ since cassava 

Is one of the products in the norval food Pattern of tropical people. 

In addition, it would be desirable to Insure the prosence of mim acidS 

and vitamins In Such a fortified flour. 

REWDOM TIOE 

Cassava enjoys a poor comcgetitive position whe oared with the 

world's f:-w n.Jor sources of starch -- corn, wheat, rice and potatoes. 

Wtile the plant has sufficient desirable characteristics that it should 

wake a much more significant contribution to the economy of the tropics 

than it does, the following chanoes mist be made if this is to be 

accIu!! shedJ: 

1. 	 Highly productive, disEuse resistant and non-toxic nutritiOus 

varieties mst be sclected. 

2. 	 Adequate pure soft water must be available. 

3. 	 Pechanization must be sufficient ts permt efficient and 

sanitary processing. 

4. 	 Sufficient production of cassava mauit prevail to assure 

continuous and a&quate supply to the processor. 

5. 	 Processing practices mzst be efficient and the quality of 

priducts derived f.on such processes must be uniform. 

6. 	 Functional and nutritional properties of cassava p#"Ddlcts 

mst be imroved. 

The enginewing technology needed for developing processing plants does 

not exist in many of the developing countries at present. The cassava 

processing ir&ustry Is plagued vith inadequate supply, poor utilization 

of by-prots and lack of highly trained technicians. Land. labor and 
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prIdction technology are gnerully available but very little has been 

accomplished in molding these Into a coesive nwit vith tMe min objec

tive of providing a costant supy of ra material for processinq. 

The quality of cussava products can be urkedly improved by 

se'ectirg proper varieties. This needs to be deterwined not only In 

term of yield per hectare but on the basis of protein ad vitzin 

contert and consideration mst also be given to the fuctional charac

teristics of the starch and other components that are present. 

The enhancmennt of the protein content of cassava. as with other 

root crops, has I&ged far beind slivlar program for cereal grains. 

Yet r.etic itprovevent and fortification nave m.e a start with the 

interesting reseA-rc-h r underway at such institutions as the Centro 

Internacional de "gi0ture Tropical (CIAT) in Palaira, Colombia. and 

the Instituto de Tecrologia Agricola e Alimvntar (ITM) in Rio de 

Janeiro. For exaple. at CIAT, the "lanera" cultivar is kno to 

contain 70. protein o a dry weigfrt basis as cared to the typical 

1-3%In most varieties. S cultivars were reported Ly Jennings (400) 

to have protein values greatly exceeding 6%. At !TAA in Rio de Jaeiro 

(518), experiments are underway with yellow fleshed varieties know to 

have h'gher carotene values. Further research in both of these areas 

should proe fruitful. 

The starch pro*"d from cassava is not acManied by gluten as 

is the case in %*atflour. Consequently, the absence of this protein 

causes bread that is baked frm cassava flour to be much neavier amd 

m e d e in appearance. Vothods of mixing, together with certain 

adtives such as calclur stearyl lactyl lactate as conditionrs hame 
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resulted In dougAs that have Itvovd volum and crumb color and 

texture. Cassava could be used in higher proprtio's in breadsm 

other bakeries if methods of incorporation were altered, i.e.. by 

mixirq for longer perio of tim, use of different teo-ature-ti 

relatioeships Inhaking &&d changing the type of Ingredients added. 

Binding agnts s%,ch as glyceryl w, tearate culd be used to provide 

satisfactory d and loaf structure. This type of wor* iinost 

valuable and should be expa.ded. 

Cassava starch or flour has little nutritive value other than that 

contributed by its carbohydrate content. Flours fortified with fish 

protein concentrate, with soy protein isolate. mith torula yeast and 

with caseinate should be experinmta'ly prepared. The oe or two with 

the highest ac-Avt|abilty value, as deterwined by taste panels. should 

be mnae available for vass feeding to further delineate consuer 

acce-Oability. Sivilarly, a cassava vacaroni evrichd by using varying 

proportior of cowpeas, op*que-2 and floury-2 corn. grouV nut teal. 

soybean neal. high protein rice and uheat varieties could be orepared. 

The ult.rmate procts wold ad variety and serve as a 

better nutrient soLrce. 

The amino acid otent of cassava flour can be variedly Improved 

by the addition of soy flour, peanut seal or flour, or by incorporating 

appropriate amouts of deficient amino acids such 1 nethionine. 

tryptophane and lysine directly. Also. the use of bleds containing 

sizable IniAts of cassava together with ieat or rice flour could 

yield bakery pro~icts of Improved nutritional value. This wark should 

be greatly e ftd. 
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Usually the processing is primitive, poorly designed and imle

nted, and inefficient. Often the processor fcllows a procedue tkat 

he has learvwd from a predecssor or evolved by trial and errr, 

Occasionally. Irtnovative and in~enfous t ctMviq's have been developed 

that pomit extraction with excellent results. On the other hand, in 

a few Instances certain steps in these processes art inadequate for 

obtairing a quality product wiile others are unnecessary. A rrmeis of 

the various Procedures should be 3rade and guidelines established to 

provide info-uwation cocernrn the ¢contribution that each tectmique 

makes to the firal Moct. 

Aditionel industrial and food uses for cassa a pro*xts are 

urgently needed. k dreds of derivatives are in use inclurdinr esterified 

starches svch as starch Phosphates and acetates, starch etkeis such as 

tie alkyl. carboxyalkyl &d allyl starches, cationic star&cs, cross

linked starches. oxidized starcds and starch graft copoirers. Recent 

resetarch is presenting other Possibilities using starch derivatives such 

as starch aldeNyde reaction products, starch alkoxides and dwixlstarches. 

In total, modifled and derived starches represent toewes of billor s 

of pounds c' raw starch. Corn starch, the cereal starches and potato 

starch have captured the greatest shave of these markets. Cassava 

starch could just as essily serve as the basic material f3r most of 

these uses. 

Research on methcds of rapid detoxification of cassava tuber and 

the us* of pure culture and controlled fermntation for the prodaction 

of gari and/or siwilar products sPould be initiated. All processing 

and ne product research should be coordinated with co accta

billty. 
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kserch pogram wed to be initiated in the mjor universities 

ad expertimt ;tatioqs In gaT of the developin9 coutries. Persoemel 

nutriticalists.In these Institutioes should include resident animal 

econists wfo can determinefood technologists and extension ho 

an utilizingsatisfactory ways of prodacing, processing, storing 

more unifor qality can be cassava so that a prc*.ct of better and 

should be charged vith findingassured. In addition, such personel 

and improved ways of utilizing the fresh root, chips, flour and ne 


starch and of gettinPg this information to the people throughout the 

region. 
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Proc!o.n ad ftmrieting1 
Ecommlcs of Casm 

EM 0 M CONSIlXAT IOS 

The outstanding charact ristic of cassava. fro m ecxoic stad

point, is its capacity to produce large ants of food calories frm 

Indigenous reso~rces. Conditions which are responsible for Its proi

as a food crop in the tropics hwa- also resulted in inaWdaeatenewee 

attenton to the economics of the crop. LiCk of attention' to the 

ecocs of cassava probaly results from its Iumge as a *subsistence 

crop* &Mfrom the view that it refnects "a primitive agriculture." 

This lack of esphasis is revealed by the lited and incorsistent 

infctrwtion in scientific l.terature on costs of prodicigr cassava. 

supply-price relationships, a*1 mrketing system. Siullarly. there is 

little evidence of interest ir. "teecononic potentials of the crop by 

the research programs and agricultural developme t plans of tropical 

coumtries. %evertheless. tthe crop reaIns an attractive source of 

low-cost calories &dlor starch with sufficient potential to warrant 

more atten'ton to the economics of its production and marketing. 

Production 'rends: 

orld prodJction of cassava increased 59 percent frME 1948-SZ to 

1966; an annal increase of t 3.3 percent. The increase itn world 

production is attrib-utsble mainly to expwed acreage (164). 

Am"g the major cassava producing regions of the world. Latin 

Amrica achieved tse largest gains in production Mrring re ent years. 

IPrepared by S. J. Brm Chairmn. Deparmt of Agicultural 

Eco'acs, Univer ity of Georgia. Athens, Georgia. 
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Viel. aich art highest in Latin klrtca, are rising and the acnree 

devtd to cassava inrmlsed 34 pwamt daring the 1961-67 period. 

In 1967. cassava pro4uction In Latin Aricca vas greater Ua In 

Africa and sopovchd 40 percent of the world total (233). Dstt the 

Increase in cassava output, per capita production has generally 

d vith notable exceptions such as In Brazil,ezhibited a negative t 

Parequay. Togo and Thailand (233). 

Cassava yields and areas planted trenfs differ substtially acg 

countries of each cortireit aPd beten contineits (116. 233). The 

temdency for yie.s to rise more slowly than ouctpt Metals tM* More 

general cwaacteristic of the cassava prodcton system, i.e., largely 

non-c rcial and based vainly cn use of l" and labor reoorces. 

Sys of Production: 

Cassava prodiction retains tre vestiges of "raditional gricJlture* 

which Schultz (664) defines as *faming based wholly LWo Vt kinds of 

that have been used by farvars for generatiofs.*factors of pvoluction 

the labo force, varragwentThe typical fan, is small, vith the bulk of 

and e on the caoital provided by the saw household (4971. &Wt per 

far. is small, and largely for Use. Pro ction in excess of faily 

me*ds is sold or exchanged n local warkets. Since prodcer inputs are 

lal y lend and labor an only a portion of the output Is marketM, 

the system of prodwction under which cassava is produced thrnghevt 

the t,'*ics are poorly delineated and docuented. 

In effect,;o mny areas. cassava is not treated as an annual crop. 

storage In the field is achieved by .- rvesting the crop over a uier of 

of labor and othrmths. Different staWarft for measuring man-days 
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factors provide data of questionable va'ue for co'arative analyses. 

Attention is being ficxwed on these problers. Adition of ecoiists 

to the staff at Lhe Internationieg Trogical Agricultural Center (C|AT) 

In Colomia £a,, tY interest in adding econic researclt revealed at 

national, state aw- U. S. fcrx4aticn oenters in erazil are otewor.y. 

Even in co;;ntrles a.er- cassava ;r octicrn for conercial purpses 

is becc4trin wre ranirw. as ir Erazil f503)}. tie ;roctico cystee is 

characterized ty svall utits -sr.; largely intodsnetl 


Joe{s (413) rotes V-St Ti-e a-".d exploitive rature of t.e Pr&J.ctiot 

syster c4an te easil., overccme tP*r -,4 dlrtt acttc, of farvers ty 

returnir, Ia t rutrients t3 tte soil. rixed crC;;lr.;. r-A CCntogr 

ridgigr. Lhiess c;art.L.rity ccsts for Ia!.or are ;-sitive (ircluding the 

positive value, if any. of leisure) t"?e ircetive to rdzce the 'abor 

requiremtnts of Vie -rc-d.,ticn syste is low. 

ftesoutte Re-tai remrts: 

Wasured in temr of total rso,.rces. cassava ;rodction uses 

sIyIfi4Vt 4a;.title-s of 1v-4 ard Ia or vit $gall anctrts of capital 

thro OP*4t te trc-.ics. Yet. tr-e 17 cro, of 9,3784.00 "'ectares (233) 

based cn "e ?.igr esfinates of K0 na!-tays per kettare rmuired only 

sa4ll fracticrs of "-e 'rcestotal land -L-4 lecr res available for 

producticon of trcgical foc crops. For ex.aw.e. t.e 1rPc area eqjals 

only two percent of te 4.4 bilbicn hectares ca;able of susta.nirg food 

croWs. 

Labor ar/or ca.|tal requirements per "-:tarr varies s~tst&.tially. 

Even neasures of -,source,eiremetts per ton s ow great variations 

(14*). Generally thuA, the resource nix for cassava produaton Is 

http:9,3784.00
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hevily weighted tward labor and lid Supported by 3nifltl capital. 

Use of saw chwicals and mchinery as substitutes for laid and labor 

is beginning to emre particularly in plantation production system. 

As land and labor bec less abundart in econoic tem and the supply 

of cital increases, the latter reso r e vill beme mor pretinent 

In the mix of production itnuts. 

aelative Costs and Petirns: 

Costs for producirg cassava are a function of input prices and 

of cassava deterninequantities used. Sinilarly, yields and prices 

insufficientproduaes' gross ret*Us. Butler (146) in his study fow4 

definitive conclusions about total costs ad profitabilitybases to draw 

of calo-ic cutput per hectare and perof cassava prc4icticn. In terws 

cassava overunit of labor,, Sa vever, Ow datanstrated the sL~eriority of 

and yans (14C). ewer, Vries et al. (607) su9gesttaize, potatoes, 

that root rcs tend toward equal protrction levels ~tan length of 

growing season is prcver'y ccnsldered. The difficulty in co aring 

prOductiCe requirennt$, out,jt and other data fron different region$ 

has been noted by Jcrston (405, 406) a&d Jc*s (412). 

LVnkr trar4itiorjl faming systemi, labor reuirements are pertms 

the b st indicator of Ut cost of cassava prodiction. Wide variations 

in reported labor requirenents are due In part to variation in pro

duction vethods and difference. in niesurtflt of the labor irput. 

For examle, Wrigley (841) reported labor requirent in the Belgian 

Congo of 315-316 men-hours for stick preparation. planting. weeding 

In Uiqada. the same operationsan& harvesting an acre of cassava. 


take 756-896 ai-hours for a comparable yield of four tons (429).
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jo ton (4S. 406) reports 111 man-4ays per hectaire (362 NO-ft per 

acre) for equivalefnt yields in the Belgian Coi9o Forest Zoe. In the 

Philippines. cassava production required 1,7 mn-hours &W 185 hours 

of animel poer per hectare (SOL) for a yield of 2S tons. Since weeding 

and harveting of the crop required the largest amounts of labor, 

evaluation of dtfferent mtiods of harvesting fowwd use of animals along 

vith humen labor to be the mst economical (508). 

In Latin Amrica, Krochmal (429) found labor input requiremnts to 

range generally from 370 to 39,5 w-hurs per hectare vith a maxims of 

494 hours for ten tons, eding required the nost labor, but a single 

herbicide application redujced the labor for weecirl fron 178 to 5 wours 

per hectare. Sonewat lier .or-,ours per hectare have been reported in 

Brazil (OD6) ad in Coli a (232). However, data fron tie Department 

of Agriculture, Sao Paulo, Brazil, rtported by Critides (208) show that 

labor costs, even under partial necha'zation and an average rate of 

$1.22 per day. anted to nort than SO percent of the cost of pro

duction. This divergence of labor requiremenU drawn from the literature 

reveals the critical deficiency in the corideration generally given 

to the economics of cassava prod tion. 

Perhaps the most reliable evaluation of cassava cots aind retusrm 

is that noide by Suarez and Davis (731), st-ich showed cassava could 

coete favorably in terms of net inco e per hectare with cotton, corn 

and sname In the Atlantic Coast of Colombia. Critides' (208) reort 

shoed cassava to be profitable in Southern Brazil but he asserts that 

the *mnioc industry in Brazil is a mrginal one fraught with 
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"mcrtaltteS. He further o lcudes that a 54 per too differv= In 

far price of cassava mots rpresets suffticiet differnce I cast 

per ton of cassava chips to mks a rlon non-cpetititve in export 

mrlets (208). Cassava pro*ctien costs rworted by Critides (208) 

frm' undo awted sources for variows countries rwnW frm $2.32 per 

ton for plantations in Nigeria to $14.24 per ton in El Salvadcr. 

Unfortunately. the costs are not coparable because of differemes in 

iten included ar' acc mting mthcds uscd morg countries. 

Though inconclusive, available data indicate that the usual cost 

of pro.cinr cassava centers arourd $6.00 per ton. Even at 25 tons per 

wctre (which Is far above the average yield but sig.nificantly below 

the potential , it is clear that retzrs to elttr land cr labor ould 

be low unless the price of cassava roots ;s significar.tl above the 

$3.74 to 10.00 per ton Critides cites jM). 

Om way of cx1aining relative costs of cassava used by Jones (409) 

Is to co are warket prices of starchy staples. He found that WWM 

cassava is available in significant quantities, its products usually 

cost substantiall- less in caloric tarm than its copetitcrs. oweaver, 

this does , t reveal the rate of return to the resources wployed in 

cassava proauctioef. 

Studies in Col1;a have shown profits fro production of cassavi 

varying fron $3 to $33 per ton (232). Critides (ZG) c4tes a Hoeduras 

report woe a price of $6.60 per ton yields a producer profit of $1.54 

per ton. Also, Ie notes that *it is easier for farmers vd plantation 

omevrs to turn a profit with oUr agricultural ;roduct-s (206). Total 

gross sales per cassava producer In the northeast of Brazil averaged 

only about $100 in 196 (SO0). 

http:significar.tl


Glvem the yield levls that are typically achieved (Table 9-1), 

cassava prdction could hardly be geally profitable, except is 

teram of yelting labor im to producers, aft mv not have othr 

uperor altenatives. At $10, or even S20. per too for cassava roots, 

IS tons per hectae promises a gross retvrn of only SIS0 to S300 per 

hectare. If nonlabor costs iont to as little as $6 w ton, the 

labor retts of SS4 to S202 per hectare still yield lcm wge rates 

and Incomi uder typica! systas of production a'd scale of operations. 

The pot& Jlal for substantial iroenents in yields coupled vtth 

sustantial reductions in labor r'eirenents for weedlng nd harvesting 

offer great promise for biproving costs and returns In producing cassava. 

The cnomrcial mrtetlng sy;tws deped on the cassava product 

form and the sta9e of develoosent of the market ecoomy. These range 

from ra roots sold or bartered for direct consurtion to processed 

products such as farina on ti brad or frozen cassava. At first glance 

the locul inrket systUw night appear to be sleple. particularly ftere 

tho n product Is sold dirttly to consumrs through a local market. 

Were the local market systew has been analyzed, the real world 

mrket system coplexittes begin to merge. The best dccmi ted exmle 

of a cassava local mrket syste is thiat of Northeast Brazil (50). 

Though charact-trzed as 'Poe step reoed fro subsistence faraing and 

barter exchange.* the mrket chanmnl sep for Pernbuco (Figure 9-1) 

shows the "diversity and €oplexity of a good appx'mation of the 

actual systen" (SO0). 



TAL 9-1. Yields of Ciiiva for Selected Countries inAfrica, Asia, and Latin 

Aerlu. 1948-52 (average), 19S2-56 (average), and 1962-66 (annual). 

Country 48-52 52-56 1962 1963 1964 1965 1966 

...... ....--etric tons/htarv-----------------

Congo (Kinshasa) 10.08 11.76 9.86 io.98 11.27 11.56 10.86 
Ghana 7.68 8.71 13.46 7.48 7.56 7.77 7.77 
Nigeria 
To5o 

5.77 
5.06 

5.96 
5.89 

6.18 
7.28 

6.18 
7.88 

6.09 
6.38 

6.09 
7.37 

5.77 
7.06 

Africa 6.36 6.88 6.47 6.58 6.67 6.59 6.47 
Ceylon 
India 

3.20 
5.38 

3.00 
6.92 

6.29 
7.06 

7.57 
7.06 

8.18 
11.55 

6.18 
!1.56 

5.96 
12.86 

Philippines 5.89 S.Co 5.69 6.38 6.88 6.88 6.47 
Taiwan 10.57 12.48 12.26 12.48 13.96 14.36 15.16 
Thailand 18.75 14.05 17.05 15.16 14.76 12.52 14.96 

Asia 6.99 5.73 8.18 7.R8 8.47 7.32 8.09 
Brazil 12.77 12.86 13.7 13.75 14.16 14.27 13.87 
Colombia 10.28 11.18 7.28 7.19 6.59 7.77 6.66 
Venezuela 3.49 4.19 12.48 13.66 12.57 12.28 12.48 

Latin America 11.36 11.47 12.16 12.36 12.48 12.77 12.48 

Source: FAO Production Yearbook, 1967 (292) 



FIG. 9-1. CASSAVA CUANNEL MAP
 

Source: Michigan State University (500)
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Cassava enters this system as falina (ratier than as raw .erial) 

crudely willed vith mwwal equipint by the farwrs. QMlity rouire

ments are Ineffectively trinSmitted to famrs; delayed %alvest Is the 

only metld of supply control or sterage; Wd Wrcdt -radt Is SMed 

?eavily by producers. 

At best, the local sarket system for cassava might be ctrwacerized 

as a developing system where uncertainty and risks result in s..bstaftial 

instability of both market structure and perfomance. 

The total rartet dawx for cassava in producing reions is a 

function of 4a Ptic consumption a&M export trade. .utler's study (146) 

provides an overview of cissava varketing and is the basis for wo-' of 

tJhe following sectlo:-s. 

Dones tic Consuiqpt ion 

The anoint of cassava presently being ccmsumed domstically varies 

e;4v$1ierably: betwen areas, countries, and regions witJhin the saw 

.- wmtry. FRr examle, Table 9-2 indicates that the use of cassava is 

in the southern region of Nigeria (higher rainfall) than-much greater 

c |nfal). The cereals apparently1: is in the northern re.ion '1ess 


me nore importent in diets as the clirte becmss drier.
 

Cassava 	 is consumed in several different forms end these form ad 

or courytv. Table 9-3a.ounts vary from area to area in the saw region 

It suggests that whenshows consumtion of cassava ir different fores. 

for declined another Incrtased. Polwma (609) foundconsfstion of one 

this to be true in a rect study coducted in Ghna. Tere he found ai 

aparent over-ion to dried cassava, but did not find evidencr of a 

similar lack of prefevence for fresh cassava roots. In fact, the data 



TAIE 9-3. Daily Purchases Expressed inCalories, and Price per 1000 Calartet of 

Selected Staple Feeds, Kimast and Sekondi-Tekoradi, Ghana, 1955. 

KumasI Sekondi -Takoradi 

Purchases Price Purchases Price 
(cal. per (cents per (cal. per (cents per 

person/day) 1000 cal.) pet son/day) 1000 cal.) 

Cassava and products 
Fresh roots 243 2.68 456 2.73 
Gari (meal) 46 2.94 64 S.23 
Kekonte (dried roots) 212 1.63 $7 2.69 

Planta ins 3f1 3.O6 168 4.32 
Y&!s 123 5.91 49 7.64 
Inze end products 

Kenkey so S.74 5.33
588 

Dough 43 -. 49 

RIce 101 S.20 111 5.26 
Cocoyams 98 3.76 1s 6.02 
Bread 27 11.03 47 11.70 
All starchy staples 1,364 1,260 --

Scurce: B. J. Johnston and H. Kaneda (406)
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suggeSt a todto~y for freh roots to be substittd for the dry 

pro icts as Iw rises (609). 

A study in Trinvlda shoe a relative Increae in per capita 

(26) foundcowmetcs over a ten-year period (Table 9-41. Aluanmr 

that with increased Imcms the aunt of starchy staples, Including 

cassava, declled as a pert of consupion (Table 9-5). 

The Econoc kRsearch Service of the U. S. DeparItt of Ari

culture found that consmttion per Capita W declined In Colombia. 

South Americs. The reort states tftt a! fars inqgrated to urban 

areas aftre they had to owc.4se all Poeir foods. thy switche from 

cassava and plaritains to rice "~s;heat (263). 

In Thailad, WAere pro6ction of cassava has increased sharply 

since 19S6, only a ninor srt of output is consied dowstically. 

Cassava occpies about o pwcent of the country's planted area and 

it is almst entireiy for export (262). 

Statistics on direct consunpation are not readily available or 

reliable. Exnsion of uorla product.o ly Z8,828,000 metric tons 

between 1961 u4 1967 indicates the Potertial increase In cassava 

tO prduction.awsumptton. AsSUmiv tiat constion was eQual 

dw itc ucewistion increaseal proPortionately. 

the United States shayPast experlenct in E'opea countries and 

that with econoMic growth and in-reased intcomos thbre ate chwwne in 

food co- stion patterm. These changes involve a decreasin9 pro

fron the lessportiot. of incone being spent for food. and a switch 

amsive starchy staples to the more expensive mats, vegetables. and 

fruit. Johmton (389) points out that in the United States per capita 
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TMLE 9.4. 	 Per Capita Comsim Is Kilos of Tm Wet Potatoes, 
Cassava, and Irish Potatoes, Trinidad, 105443. 

SMt Irish 
Year Tm Pftatces Cassava Potatoes 

1954 5.3 7.0 3.4 13.0 
195S 5.0 7.8 3.5 15.1 

1956 5.8 9.0 5.1 '3.7 
1957 4.3 7.0 31. 13.6 

19S 4.4 6.7 3.1 13.6 
1959 4.2 6.8 3.1 13.0 

1960 4.3 6.S 3.1 13.0 
1961 3.9 3.9 3.7 12.2 

1962 2.4 3.0 3.4 13.5 
1963 2.7 3.1 4.0 12.S 

Source: N. N. Alexander (26) 



TM.E 

Camod ty 

9-5. Weekly Purchases Per Household of Starchy Roots and 
Tubers by Incoe Grouts, One Week, 116 Households, 
Trinidad, Pbrch 1967. 

Avera9e kreral Favlly Ircae 

$2.50 8.500 $17.500 

---Kilos 

Yams 

Sweet potatoes 

Cassava 

Irish potatoes 

0.81 

1.02 

0.61 

1.58 

0.63 

0.60 

0.30 

1.74 

0.42 

0.45 

0.26 

1.68 

Source: N. N. Alexander (26) 
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utilizatlon of white potatoes fron 1909 to 19S4 shooed a decline from 

84 kilos to approxtimtely 45 k los per year and sweet potatoes fro 

12 kilos to aout 3.2 kilos per year (406). Duripq the saw period. 

per capita consumtion of ke#-at flouir de*"ined frou 98 kWis to S7 

kilos a"d consuption of corn wal ari flour fell off nost s$arply of 

all -- frou 24 to 5 kilos (406). In some countriev the ccrsuntion of 

root crops has L, crease wile use of ;rain cros his decreased. This 

trend is true, for eimwle, in parts of Inta ard Java were cassava 

is substituted fcr rice (4"). 

It is difficult to ;roject a wcwutio , trer4 with any ce, tainty 

because of the nurry factors and u-certairties of the future. It is 

possible, PNoever, to cite some of e sore 1'orpar t factors wich 

will determine to sore degree the use of cassava in the future. The 

Post influential factors are likely to be: (I) chantes in relative 

prices of cassava ar. conpeerig and stbstituti; cmndities; 

(2) gvr'mrent attitude toward cass~va with -espect to en.couragirng its 

cultivaticn by sLbsidizir investmert, development sc4ems, ,n in som 

cases. reuired use of certain anouts of cassava flour for dcmestic 

consumption; (3) ircreases in per capita irvcws; (4) carges in taste 

&Wiprefererces; a (5) increased use as in waihrl feed (406). 

World Trade: 

EkjorLjl na.. Countirms. -- Cassava is gram in most tropical areas 

but the -ajor sources of the cassava which enters International trade 

are Thailand. Brazil, Indonesia. Pladagsszar. Togo, and Malaysia. Cassava 

is exported either as dried cassava roots or, after processing, as 

cassava starch or *grocery* cassava (89). 
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Brazil is by far the world's largest producer of cassava. Brazil 

proacu 24,710,000 metric toas of cassava in1966. This amount was 

Sreater than the entire Asian prodiction by 6,464.00X) metric tos. Io

ever. most of the arsuu crop is used for domestic coasumotion (M9). 

According to the United Stites Department of Agriculture. only one 

percent of the total Brazilian output isexported (263). 

Indonesia was the world's principal exporter of cassa a products 

before Wrld Mar 11 (8M9). As a result of the damage incurred by the 

starch processing plants during the war. production of starch Is no 

very sftll. Subsequetly, Thailarn became tte world's principal 

exporter of cassava products. even with productlon ruch lower than 

Brazil. In Thai$a. cassava is not iuwortant in the donestic diet. 

In 1967. Thailand exported .5O5 neULic t ns of cassava prod-ts 

worth S35.951,807 (Table 9-6). 

Togo has increased anual ;roductic, in recent years and r'x 

produces about one villien netric tcns each year. Exports frcn Togo 

are. however, very s.mll and vainly exported to Fra.ce. InTogo, 

cassava is a sain staple in the diet. Exports of cassava products 

from Padagascar, India. a4 Taiwan account for on ly a snall vro~rtior. 

of the an"l cassava crcp (W?). Other vain sources of cassava for 

export are Mainland China, A ola, Tanzania. and Malawi (384). 

Major Importing C&otries.--The United States and Euroean 

countries are Me main ilporters of cassava products. The Liited 

States was the priwary user of cassava products untll 1%2, at which 

time the EEC countries started to import large Quantities of cassava 

product. Imports Into the Lited States fluctuated a great deal 
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TMI 9-6. Volum. Value, aed Price of Cassava Eports fro 
Thailand, 1960-67. 

Year Ibtric tons Value Dollars/ton 

1960 309,395 $13.975,094 S4& 17 

1961 488,84 21.493.976 43.99 

1962 442.668 20,395.542 t6.16 

1963 471.042 21,156,627 44.92 

1964 814.222 31,469,880 38.65 

1965 792,825 32,578.313 41.09 

1966 784.998 33,MO,241 42.12 

1967 890.5R* 35.952.87 40.37 

Sour": The Thai Tapioca Trade Assciation (iS6 , 
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durn the period 1951 to 1968 (Table 9-7). This was probably dae to 

the variability of swply. The trend in liorts shows an Ircruse over 

this 18-year p iod. by 7.828 fetric tons eacm year. 

T"e EEC is th~e -.t"-e wfa.-r Inorter of cl,4va prt.4.-cts. lovorts 

dD not show te large fl. ctuatiors eiperier-ced for the United States. 

This finding n.y t* visleadir. towreer, because the data are for a 

five-year period ar4 may not be a lo..' eirc.;;h ericd to shb large 

cJtine;. Hctl-er, total imorts shcwed, a substamtial ircrease during 

this Weriod rrcm 413.76 ,yetrlc tons in 1962 to 83,51I netric tons in 

1E6 (Table 9-8). West Germa-Y, te %et)rlards. and Belitr ircreased 

iiVorts. France sOwed t decite of irpirts for the sare oericd. 

!Icrtir LlteUses in Unttrdes.--ThStates is the laeest 

single farket for cassava Starch irrcrtig nost of it fror Ts)4ilan4 

(0). Cassava star acco.nts fo- less than one ;ece-t of t?* total 

conmoticr. of starch. 'n th-e ef+te' Kir4&i (EN). :rd thPetrs':e 

metherlards irport smull tzjantities of cassava starch, bt with potato 

and vaize starch becow ng wre rc;.ular, Frer-:h. ird Dutch iorts are 

rapidly divinishirn (1U). Japan is -,ote-tially a large arket for 

cassava starch ard Th.ailard. d&:e to ter reirress to 3ejan, ccJld 

possibly be a prire exorter to Jaa-zr in t." fut'r* (38A). 

IMports of cassava starch into the iYite. States were at cre tine 

vinly used in fcod prmr&.cts. In recent years. Kawever. cassawa flour 

Pas been used in industry for "sizirv" p&er (7.5A-). Cassava starch is 

widely used In the -wer and paper box iriadstry which cmrs.mes APrOxS 

wately 70 percent of V* starch imorted into the Lnited States (809). 

and starch ray be interchanged forCassava starch, potato starct, corn 
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TABLE 9-7. United States Iqorts of Tapioca "rdCassava. 1951-68. 

Ouantity Value Prce/ton 
Year (metric tees) (dollars) (do11rs) 

1951 54,990 5.644,500 102.65 

1952 30.380 3,813.267 125.52 

1953 33.600 5.670.012 168.75 

1V4 31.651 4.105,380 129.71 

1956 65.172 6,268.954 96.19 

1956 76,007 7.C8,189 93.15 

1957 81,731 7.889.019 96.52 

1958 89,327 7,794.491 89.27 

1959 113.072 8,407,319 74.35 

1960 139,990 9,976.361 71.27 

1961 153,319 10,790,973 70.38
 

1962 81,624 6.0,0.000 73.90
 

1963 122,219 9,124.737 74.66
 

1964 147,209 9.565.692 64. St 

1965 179,013 12,195.021 68.12 

1966 170,34; 11,461,321 67.28 

1967 152.039 10.68 .369 70.29 

1968 96,8"9 7.0.8,351 72.84 

Source: United States Dor t of Cowerte (775* 



TABLE 9-8. Imports of Cassava Products Into the uropear Economic Comnunity, 1962-66. 

Country 1962 1964 1965 1966 

...... f'................... 000 metric tons -------------------------

Germany 
dried 
meal 
total 

roots 66,043.5 
300,063.1 
366,106.6 

147,690.S 
239,576.4 
387,266.9 

272,585.5 
188,947.8 
461,533.2 

387,962.3 
131,671.3 
519,613.6 

433,320.0 
246,369.3 
701,709.3 

Netherlands 
dried roots 
meal 
total 

25.0 
1,186.0 
1,211.0 

567.0 
4.171.0 
4.738.0 

9,788.0 
7.247.0 

17,035.0 

72,093.0 
4,396.0 
76,488.0 

90,626.0 
4,9040 
9W530.0 

Be1gium 
dried roots 
pel 
total 

5,741.2 
17,216.8 
22.9S8.0 

47.342.3 
24,724.9 
72.067.2 

80,782.0 
24,609.0 
105,319.0 

95,925.3 
4,277.4 

100,202.7 

63,524.' 
7,100.5 

70,624.6 
France 

dried roots 23,429.0 19,555.0 18.013.0 17.400.0 1560.0 
Meal 
total 23,429.0 

... ....... 
19.555.0 18,013.0 17,400.0 15,6S0.0 

Italy 
dried roots --- 2... 0 --
meal 
total 

39.9 
39.0 

...... 
...... 

292.0 
292.0 

---

Five countries 
dried 
Meal 
total 

roots 95,238.7 
318,465.9 
413,704.6 

215,1S4.8 
268,472.3 
483,626.1 

381.168.5 
220,803.8 
601.971.3 

568,360.6 
140,63S.7 
709,016.3 

62M,120.1 
260,93.8 
883,513.9 

Source: International Trade Centre (384)
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a large owber of uses. The extamt to which cassava starch is used 

depemds LVon Its price In relationship to that of the other starches. 

With cmpetIlton from these other strc. cassava starch must be of 

high quality ad competltlvely oriced (80g). 

The primary use of cassava In the European Ecoaaic Comunity (EEC) 

is ir the for of chips. The chips are used almost entirely for animal 

feed (809). The Europear market for cassava starch and grocery products 

for food use is relatively small (809). The 6ried cassava roots and 

ial are used for animl feeds while the starca is used for industrial 

purposts. 

Different fee grains can be interlhangM for livestock feeding 

and a balanced s'.trch diet can be cowpostd of a wide variety of feed 

grairs. The major factors oeternnin the feed compsition are the 

patterm of local grain production and relative prices of ii3rted 

grains (or cassava) (W4). 

port Price Trends.--Prices for itlorts into the United States 

declined from a high of 1168.75 per ton in 1953 to a low of S64.W per 

ton in 1964. This was a decrtase of $103.77 per ton cver an eleven

year period. Prices were relatively high during the early 1950's, but 

beginning with 1955, shoved a general decline (see Table 9-7). Prices 

have remined near $70.30 per ton frzm 199 to 1968. Unlike the United 

States. in thk EEC. prices have rained relatively !able (Table 9-9). 

Export Prices.--i'olesale export peices for cassava show a sliqht 

doard trend. The prices for cassavp eivorts fro Togo to France 

sku an average decline of 0.5J39 of a cent por kilogram for a 14-year 

period (Table 9-10). 



TMLE 9-. 	 Iort Prlcgs of Cassmw in Cbllars/Tom In the Europan 
EcocP4 C Ity,. 1962-. 

Coantr 1962 1963 1964 1965 !96 

Gowuy 65.97 S9.6 58.19 64.80 65.32 

rwmtllds SS.24 S3.28 56.06 62.97 60.80 

Blgita 66.06 61.30 59.72 6S.01 6S.77 

0.66 76.76Frwmce 73.83 69.38 70.17 

Averege 66.39 60.5o 58.76 65.23 65.07 

Source: Inteiatlonal Trade Centm (304) 
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TLB. 9-10. 	 Iport Prices in U. S. C4mtskg of Tapioca to France 
and Ilesa1e Prices in Nl3aysiao 1952-65. 

France 
Ia 	 aTow 	 11 Olaysi 

1952 33.3 23.7 	 18.2 
1953 	 26.8 14.5 15.3 
194 26.; 22.4 10.0 
1956 27.7 24.6 11.0 
1956 28.9 	 25.0 10.3 
1957 26.0 23.0 9.0 
1958 23.1 18.6 10.1 
1959 20.7 17.7 10.0 
1960 20.7 17.8 8.2 
1961 20.0 17.0 8.9 
1962 18.3 16.8 11.S 
1963 18.8 16.9 9.3 
1964 19.7 16.8 7.2 
1965 19.7 17.0 8.5 

"I Is Togo lb. 2; 11 is Pldagascar extra white. 

Source: FAO 	 Production Yearbook, 1966 (291) 
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Wholesale prices in Malaysia also show a general tnedency for 

dec'ine but not as fast as prices for cassava fre Togo. In Malaysia, 

the averge ,rice decline was about 0.50 of a cent per k$1ogrp. tfe 

large differences bftween To o pricet and Malaysia prices were cwsed 

pri aril) oecause Togo ei~crts were wanufactured cassava, while the 

KIlaysti prodict was raw cassava. 

Thailand had large increves in exports with an accanyaing 

decline in the price per t:-n 'Table 9-1). Prices showed an avernoe 

decline of V.767 cents per ton over an eight-year period. Guantity 

exported increased by about 581 t.*ousaiid retric tors fro 1960 to 1967 

Wille prices ;er tcn decreased fr= S45.14 to $40.37. The increase in 

quantitf was sufficient to cause an increase in value of cassava 

exDnrts frw, about 14 crillion dollars to 36 nillion dollars per year 

indicative of an elastic denand 

i4orld trade prices have qere-ally exhibited a decine -xcept in 

the large trarket 'or cassava of the EEC. :rice declines in tohe United 

States nay have been due to increased cietition frow other starches 

and increased availability of supplies. The deciirms in export orices 

my have betn ciused by inc.reasing cchletiticn frow other countries 

exporting cassava. 

Problem of Cassava Trade: 

f7y prblers but only the most importantThe cassava trade has 

will be discussed here. In general, the ftain difficulties uncolnt red 

with cassava trade are (1) quality, (2) transportation, ad (3) prices 

of cassava relative to prices of its substitutes. 

Quality.--The standards for quality cassava differ ong the 

importing countries. ifest German manufactures are less strict than 



TMUL 9-11. olmm, value, and Price of Cassava Evorts fvn 
Thailand, 1%0-67. 

Year ltri c Tons Value Dollas.'ton 

1960 309.395 Si3,975,909 S45.17 
1161 48,584 21.493.976 43.99 
1962 442,668 20.385,542 46.16 
1953 471,042 21,156.627 44.92 
1964 814.222 31.469,890 38.65 
1965 792,825 32.578,313 41.09 
1966 784.996 33,060,241 42.12 
1967 890.506 35.952.807 40.37 

Source: The Yhai Taploca Trade Association (756) 
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nuthe Dutch and Belgians, who are such more quality minded. Large 

factuire and cooperatives in all three countries definitely prefer 

higher quality cassava (394). Anqplan cassava is considered siperior, 

while Congo tinshasa), Tanzania. O alwi, Brazil. Indonesia. and ftin

land China are also considered to export excellent quality products 

(384). African cassava chips are generally better in quality and would 

be used nore if regular si.pl ies were guaranteed (384). The standards 

are usually based on starch content (vinipuu), misture content (ftximum). 

rw fiber content (xim.), ash (cr sand) content (ixIMm, ) (384). The 

standards for Thailand cassava chips set by Dutch cooperatives, and also 

accepted by the Dutch indipendent anufacturers are contained in 

Table 9-12. 

Shimnts ry be rejected if starch cortent is less than 68 percent, 

raw fiber content exceeds seven percent, or ash contnrt exceeds 5 per

cent. The buyer my refuse delivery even when only one of the speci

fication is not net (384). 

Another problem which mast be considered is that cassava ast 

never be eiposed to water or nOiSture during or after processing. This 

andrmves the starch, the color turns br. , black, grey, or green 

the feeding value deteriorates. Ptisture also encourages bacterial 

growth. A high bacteria content is particularly dangerots for young 

pigs and poultry. Swine becme sic- witt larrhea and pigs soetimes 

die after being fed iml' cassava flour (384). In this respect, it is 

vitally Important that exporting countries intensify quality control. 

ete with maize and barley.thS proacig a product whichican 


rates re very iortant in the cassava
Transaortation.--Freight 


tradt, $isce they represent a substantial part of the c.I.f, price.
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TABLE 9-12. Stadew for Cassava Chips from Thalauld as set by 
Dotch Cooperetives. 1967. 

Ingredlent Percent 

Starch 70 (mn iM) 

Ra fiber 5 '!.amam) 

Ash 3 (waxlmm) 

PNisture 14 (waxim.) 

Source: International Trade Centre (384) 
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The conference rates for Thilam and Indonesian cassava to Europe In 

late 1967 are shomW in Table 9-13. At the sane tine. freight rates from 

Taza.ia for cassava roots in bags were SIZ.60 per netrtc ton (3M4). 

Besides usrg regular conferetce line ships, some shippers also charter 

vessels in an att8mt to reduce trInsport costs. These ships were 

often old and tr*nsport conditions uere poor (384). It h s been 

estinated that at tines, 60 percent of such shipnents arrive in a po 

sweatir,state, because tht.v had beem ex~vsed to nolding. heating, and 

.enefitparticularly on a loN voyage (756). African s,,pllers would 

in this respect frow the advantages of shorter distances ar4 reduced 

lerth of trips to the Eumxoean n4riets as carpared with Asian voyages. 

Cetltive Pr)ducts.--The two )r~rcipal re rterials cametiN 

with cassava as a livestock "e" are t..rle and raize. Waize is 

value since it cmtins riore ;rotein and fat.superior in feeding 

sweet pottoes also catete with cassava asOats, rye. beet aM, 

feed, tjt to a lesser extent. T*eir comCetition, is rota livestock 

aresikstantial at ;reset.t Wt ocrIld affect cassava sales if the* 

iported in larjer 4ummtities. Sime the introction of t'* Comon 

"as of feed grains, the con-Aricultural Policy wich raised prices 

pound feedigrstuff intastries of liest Gerwar,, the etherlands, ard 

are locking for sulstituteBelg' . have been tvying to eaice costs ant 

row use cassav3 (384).raw aterials. Thrs, almost all anufctu ers 

POTEIIALS FDR EODCIOIC !VELO .NT 

Cassava rmresents an unezplored frontier for ecocaric develo w~mt 

e tropical couwtries. The crop revresents a relatively low cost source 

of food eneray and its various food form are established ':, the 
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TAKE 9-13. 	 Freight Rates for Different Form of Cassava from 
Thaillad and Indonesa to Eurpe, Late 1967. 

Country and Fore 	 Cost 

Thatlaid 
Cassava chips in bulk 124.85 per IoM; ton 
Cassava chips in bags 23.59 per lon ton 
Cassava pellets in bulk 14.42 per long ton 
Cassava pellets in bags 15.68 w. lcmg ton 
Cassava neal in bags 16.94 per long ton 

lndxnsia 
Cassava roots in bags $19.75 per long ton 
Cassava chips in bags 16.80 per long ton 
Cassava seal in bags 13.6S per Iong tor 

aPrices quoted are converted fron the porun sterling before 
devaluation on 18 Novmber 1967. 

Source: International Trade Centr* (384) 
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€asamption habits of the repidly groving populations of developing 

comtries umere it is produaced. Its nutritional deficiencies can be 

the Institute of Agriculturalriedied (409) as is row being tested hy 

Tectmolosy (Brazil) in term of protein fortification. The .fval rate 

of growth in output of about 3 percet per year attests to the popu-

As relativelylation elasticity of denwmd for cAssava products. a 

luwr priced food ccmdity. the sustitution effect (positive price 

elasticity) tends to offset the incm effect (regative incwe 

elasticity) en devsM. Hence. even under conditions of groth and 

rising per caita itcones, increases in d mand should accm gw 

population growth. Further research is medee to s cify and measure 

the ruetrs of dsvand fuctic ns for different regio.s and establish 

the region ad world warket constraints on the potential econmic 

(rather than physical) swply of cassava products. For expale. 

studies in Ghwa revealed that cor;iumotion habits did not chaeve umch 

as people uigrated to cities and that there is a terSency to substi

tute fresh roots for dry products in consunption as incouws risti (CO91. 

E ert Dand: 

Consumption of cassava in the Uti.ad States has steadily increased 

frm 1951 to 1968. If cassava supplies art available, of 9ood Quality. 

and priced to compete with other starches, cassava night continue to 

Its place in the United States market. Cassava is also increasinghold 

large concentrations ofin 4q3rtance as a food product in cities with 

in taeCahai and Purto Rican populations. Cassava is being grow 

U.S.A. Increasing imibers of people accusto to having 

Mani, Florida, U.S.A.. arm for sale in the City of Miani. It is also 

being flum to Ne York State to satisfy the rmeds in New York City, 

d cassava are 
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cming to the United States. resulting in an increased dend. Latin 

American cuntries are already supplying these wlarkets and would con

tinue to have the &dvantage over African and Asixn producers. 

The EEC mas shcw. larqe ircreases in the use of cassava as a 

livesteck feed. West emr-ay. in rticular, Wa Increased her inports 

substantially Cassava rust te able to compete with barley ard comrn. 

If cassava can cntmr . to arrive in E-rcme at a cometitive price, it 

will be used (34). !t is ;olnted cu.t that arrfacturers take tU 

imortant factors into c:nsideratWcr. -- feedir values a-d prices. It 

is inportant tP 4t the 1iorted cassaiv not cnly e -riced ccmetitively, 

but it tst also be of 1 iqlg oality. Since ccns.uivtlcn of cassava 

products try the ccc;;,o- feedirjstuff ir4stry is eivected to itrcrease 

In the future, it is vitally ircortant to~t ;rc&.circ countries inten

sify cuality control tests 1,3S4). Africa will hae the advantage of 

beinq closer to the EEC this shicoira costs will be less. This s.ocjld 

enable Africa to s vly cassava at a vore c etitive price t.an 

proda¢ers in Asia. In the Asian -ea., Japmn is a# exarinc invrt 

market ar4 Aian rs wobld 'kave an adwantace because of teir 

relat've closeress to .z;an. Abve all a demedable sixply is essential 

for the develcoment and .aintenance of artets. 

The potential for einandtir ojt;ut of cassava is ccnstrair*%d only 

by totl doind and prices relative to ;rvcticn costs. Scarcity or 

prices of oditcticon ircuts, particularly for lard " labr, offer no 

real limitation on poAiction ezansirn. The v-ssibilities for 

doubling. or even tripling, total outrut frot existing P*ctarage aftd 

wr with non1nal increses in capital irvuts are not u'wealistic. 
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UpTIo>gwe U~l Cu"inrsuc 

Dom ofstaittie Csjr fop 'Imiatonea rpolt aoutsuevti 

Weoni Sucienisti deeomna claep for cssaa faetors 

rveled tha n ochwas tirs ndetngi cassata pmtio 

others 

_waow 

ora pecesig bemue cdetrn polices (sionarewerco favore 

licyqpes of agiuluath ste ns Thi poU~ISprobsbl ts for th 

ecgize the contriution of an exportable surplus to trade balame 

or the comparative ecomomic advantage of substituting damestic cassava 

for Imported food and feed prodocts. 

Tihe imprtant point is that favorable national policies for 

cassava itvele;Pist are essential to foster not onl~y the relevant 

eODiC eseurch but ASO to proidethe0 Public iwfeSMNt and 

generat the private In tet that Is Needed. 

of the cassava lalstry in~ the aledmt inatural 
II ,Or(ganzation 

and hmnresources provides 'a priori' a basis forligh marginal pie

dectivity of capital investt In the industry. Unfortunately, the 

aitigscieatific literature doe mot pruwide the data or analyses 

to Imdic'te the levels and kinds of inveswet and altervative pay-offs 

frmthm ustexlore the effects of such ivetnsFute rseach 

priorities for InveStment at differentWih0 lprlafte* &sisVoe 
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structwnl levels in thp Inudstry. Until the cmarability of data Is 

iproved and further ecmonic research is established, the potential 

effects of cassea's potential cn food SPly, fi os IP mleymnt 

can only be generalized ... in term of direction of the effect ... 

tich certainly appears to be positive 

Available evidentre Iryicates that initial research aMd developmt 

mphasis should be focused in Scuth eica " positive public and 

private interests my be -vore readily achieved. The existirg industry 

sews to be positively oriented toward iu rving yields and product 

quality ard a base of scientific capability has been established to 

which economics research could be added. 
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Sumry and fc-uuwnded Mesearch ProgrMs 

te world's 7th rankim, stale crop. represents anCassava, 

IfdeQuattly evlored cr. dity for ec!mmic Eevel t. It is a 

and its various food formsrelatively low cost source of fcod erergy 

are well est ,lisPed n t coe-iauticn habits of the people. Since 

indicationsIt Is so mell accevtd by te geferal public, ttee are 

that ever urder cce~ditices of groe'th and4 rising pe-capita 1rcces. 

increases In demand will accowny pcoulation growth. Although it has 

and livestock consumption,nutritiorl deficiencies in tevi of tumn 

ttese can be remedied trv, b-ee.SNr andor fortification~ of the 

processed prodict: mith -rotein, anino tcids and vita_ ins. 

The Eurveean Eco~ic Cocaiunity (EEC) P~as shcwvt large increases in 

as a livestock feed. Vest Gervany, in part!cular,the use of cassava 

can be placedhas substantially intreased imports, and if 	 cassava chips 

!r4 corn it shold be ablein Eurome at coretitive prices with barley 

However, feed ,rufacturersto capture a larger p~irt of this raret. 

in Europe take such important fKtors as feeding value, price, and a 

deperdble supply into consideration. Therefore, inaried cassava not 

Since
only must be priced copet~tively, but it must be hign quality. 

epected to increase inconsLoton of cassava preo4&cts by the EEC is 

the future, it is vitally Iprtnt that 3ny manufacturer of chips pay 

export toparticular attention to qwlity control if they eimect to 

this market. 

1 PruparvJ by C. H. fm Chimian, Deparmet of Horticulture,.ershott, 


Untivesity of Georgia, Atwns, Georgia.
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The potential for expanding output of cassava Is restricted only 

by total smnd and prices relaftive to production cos's. At the present 

time, the scarcity or prices of such production irputs as land and labor 

appear to offer no real livitation on production expansion. The possi

bilities for doubling, or even tripliro, total output fnu existing 

acrueoe and unepOr vith nominal increases in capital irouts are not 

unrealistic at the present tiwe. Generally. liaitel acroncwic tech

nology and market instability are the major factors -estrictirn cassava 

expansion at tis tine. Other factors such as relatively high prices 

of chavicals, irachnery., and other cipital item and poor processing 

tecAnoloqy are further impeding output levels. 

Cassava's iace as a subsistence crtV and ot as a potentially 

great agricultural asset probably accounts for its unfavorable 

developmentai climate. Se people are of the opinior that interest 

in investing in cassava prodtjction or prcessing is low because natioral 

credit policies favor other types of w.ricultural iniestments. This 

policy envirorment aparvntly fails tc recogrize the contributiot of 

an exportable surplus to trade balances or the coarative ecoruwic 

advantace of substituting dmestic cass~va for ineorted food and feed 

products. Therefore, favorable mationa)l policies are essential to 

foster research and generate the public and private Investment needed 

for cassava developnt. Unfortunately, this team did not have the 

time and, furthernore, the scientific literature available does not 

provide the data or analyses to indicate the levels and kinds of 

investment available in all countries of the world and alternative 

pay-offs from then. 
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Until the cmparabillty of data is imroved and further econImic 

the ultimte effects of cassava's potential onrew.rch is established, 

food s~ply, inco s and eoloft~ent can only be generalized ... in terms 

to be positive atof direction of the effect ...which certainly appears 

the present tim. 

Cassava is aCqarently relatively free frow insect and disease 

attacks. Hover, the literatuxre. on a world-wide basis, reveals that 

certair insects ad diseases are scnetlues a problew and should .ot be 

overlooked in a progras on yield ifwrovemnt. 

in some areas of the world.Viruses can be and are a sericus prc)le" 

present in mny of the varietiesTherefore, it is proballe that trily are 

notused in the various cassava prodj:irn countries. Hoever, it i, 

It is Quite possibleknow how ma" different viruses are involved. 

under the varicus environthat syrotmuS of certain viruses are nasked 

Thus, their nfluemce on yield reduction would gomental conditions. 

unobserved and also be difficult to ascertain. 

notAkother aspect of insect and disease infestations which should 

be oyrlooked in the production vrogrn is that t4er certain crop 

root rot caused by Plvtophorarctat1ion series a definite increase in 

There is evidence that this has occurred on cassava in
 ca occur. 


peanuts inCentral Africa which resulted ina
rotation with rice ard 


crovs in the rotation series.
 severe decrease inyield of all 


Post-harvest losses due to qicroorganisms and physiologica'
 

at linit the commrcial storage.
degradation presently appear to some 


and should rot be overlooked in
marketing and exporting of cassava, 


the research progrem.
 



The prospect of inrwyrns the yield, nutritional value, and disuse 

and Issect rmistance of cassava appears to be good. The Ilterature stems 

that cultivars and species with high crude protein content and disese 

resi -tnce are av-,ilable. There appears to be no serious problem in 

obtairing a gene flow frvt one smpeies or cultivar to another. The 

Iomholocical class fiiiyun of ;assava cultivars develored by %,gers 

and Fleming, the systematic cutwe evaluation of tie genetic vnri

bility existing in the genus Vanihc- being conducted by Rogers and 

essociates and the work being conducted at CIAT (Colombia) and 1ITA 

(Nigeria), should be a invaluable aid to plant breeders in designing 

and condu..ing a strong breeding and selection program when initiated. 

Cassava itilization in livestock :eeding and producticn has a 

great potential. The leaves. roo-s and by-products of manufacturing 

can be utilized in feeds for hogs, cattle, chickers, and other livestock. 

Although most varieties are not at present ecual to cereal grains in 

nutrient content, uury have the unique charecteristic of high yields 

and good growth potentials on poor soils and under adverse clinst~c 

conditions wfiee ceral grains carrot grow or produce adequately. 

Recently, a specific Lultivar rained "Llanera ws reported in Colombia 

(CIAT) to yield an average of 40 T/ha uinder far conditions with i 

potential of 100 T/a cn deep and ie.tile soils. The analysis of this 

variety shows a content of 7.21. crude proteirnon a dry weight basis, 

with a qula .y, eA~ress.-d by anino acid profile, similar to the proteir 

of cmin corn, but inferior to omaue-2 high lysir- corn (486). Pro

bably one of the greatest uses of cassava in the futurt will be In 

utilizing it in anaL.l feeds and thus makina a significant contribution 

to the emry and protein needs of the human race. 
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bking, breting. etc., but considrable " etary gains could be realized 

if cassava starh could be substituted for ce-eal starches in tOese 

ind*stries. This appars to be feasible s-roe it is reirg practiced with 

con iderA-ble success in certain countries. tHmever, in a cassava starch 

ir6stry. onjality =trol wil!l be a very ipmOrtant factor. Also, a 

strocrg warketing crganlzation rust be forred and researc-h will be needed 

on new uses. prodcts ard narkets. The bdYantaes of cassava staeh 

should be explored instead of trying to conpete with the cereal starches 

for the sae nertets and uses. 

PIECO DED nSEAZD 

The following rmw.,e,4atio. 'or research are presented for con

si4eration. 9o attenot has been a to delinekte the details -,f the 

research tt mnl w =tlirne the brad ce-eral are-s needing attention. 

Prod c ion Pe,.arch-

M active agr~yrmwic research progran cn cassaa is feasible and 

should be initiated ind ' ded as soan as possible. Th~e prirary 

ebjective f the -rogramr ',ld )e to imtrease yields/a ecoioically. 

Considerable mchasts s'v.,ld be placed on seedbed Praration, 

med control. fet tility mrintenn:e and on soil ar water nanagemien t 

practices re.'ur-d con dry or "cuqIg!y soils. Attention should be given 

to the relationship betwen essential eleents in toe soil solution and 

yield. n over-, r r.der-s4ply will result in reijced yields. A 

* continuous suly in dilute solutior is essemta anid therefore slo% 

release fertilizers shmld be incorworated into the research and 

wan9ment pog ran. 



i 

Plm-0 d~En" th SI 

olO with ~dban~ 

Mint~e~4finds.utla rpI~uits mds 

onth ctivaiie deeolg at 3wipWa oitheYield Pimtt7 of 

todhJr et ShOU1dibse tarlaeandlngarciclt. wdisease nto 

deft resitanedceam extndeiirlmoJerM' wh- csntor 

slgtnd eaowl for listoa~ck bee4ocdfr ucsig fsa 

or frthoca ugsee thao rtllitiom give to ishigcIs ept 

Peeilshouldoge betbi wdiiAmerica Asia). amdheonsteui1redlg e 

otian, eeloping eied itvh he OiMsPotidirection fvar i 


TeSidteb thsecd dr~aiseasesc I
(athea.M"stwbtnso fuaingty 

lastviuss),bl toH caget Inr drtoughtl resisc woud imtinde 

keeping~ ~ - sstit.Ficnsleatins sild bqmsilt folwln~ 


'sln t~leafws for liveDc efmmlfeed.kfele.
 

NnemtlmilietlttoUpe os etadelg udtionsof FAD IID.d 



?62 

At each of these centers, 11l existing varieties obtainable would 

be collected, classified by an!phological characteristics, nutrient 

content and indezed for viruses and maintuined virus fre. 

These plan~t vIterial baks would serve as a sojrce of gem plasa 

for bre ers and prodejcers throughout the world a. pr-..vde a unifom 

method of classification tc redi~e &1lciticn. even "h.w'jh soie dwli

cation is highly advisable to detemine perforna-xe urner different 

emvirornental conditions. wat is meant here is nore ths, a routire 

variety collecticn. The centers sh.j~ld c.c.erate with or be established 

at such centers as CAT, HITA and ,=ssibly at the newly r,-osed Inter

national Vegetable I1mprveernt Center at Taiuan, IP.! in the Philippines 

or at one of the regional T.hailand stations. Plantin;s should be ade 

in such a plot design as to enable efficient evaluaticon of germ plasa. 

Livestock:
 

A research prv>;rar sho.ld be established to coe4act extensive 

detailed ez.erfmwnts l.'ih smtr+, ;orltry, cattle and small laboratory 

animls s as the tcrjse, ile or rat for repid screnirg. The emphasis 

should be -.4 deterwrin the cAlity and ;uanitty of cassaira * anival 

diets. es-eially witi t.** oew hi;her Protein varieties. Detailed 

ro.earth will oe recessarf in the tead catepries of feed precaration, 

ration .alaubility, ano ;rotein, Aipid, ltreral arn .-ctavin nutrition. 

Physiological, Insects a.-4 Diseases: 

Post- ,,rvest losses ±tie to insects, oicrooNianiss and 07siological 

degredatiom pvsrentl) apcear to be an obst&cle for the lon-terv cwmtercial 

storage, warketing and exvort of cassa ard shauld not be orverlooked in 

the research program. Based on research to date, the practical solution 
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f~rscmu uu the-, ividw~s to be. etd fm~ s(.,rmch projects 

Ssald be very high. 

RsesrchIs meowd irn'faclitating: anda omi~~uzimgcassava -* 

pasiag, fortification of Productsand, NOW PrOdict'dewelosumt fbr berne 

adaiml owsumtiomr hatving higher vi tm castent seah as 

the ye lw: nleshied vareties, shuld, be, ml ated. 

wit WCasswwrjlowr fortified wvith fish protelm com"Ut, 

proteim isoli6,ivth torula yeast md wthb caselsate should be mwlu'P 

ital ly pe The oneor tmo with the highest acceptbility value, 

shouldibe no* available for am feeinas deierulmned by taste pamels, 

tofurthew delilmta'cmsrnr acceptabilty~. Sistlarly, a cassava 

marui wlrchedty sing vryng proportions of caess, opaque-2 and 

namu-7-2 cc.Porounvd mt mel, soybeaswmal and high proftel rice aid 

spro"tWoat Varieties could be prqared. 7bmsam could be 

fortified With lysime. nettoulue aid tryptopm. flms could be 

tWps byv addliag calcim-seauyl lacq~l lactaft as a conditomu 

Cams coold-be used, in higher prenertons Irn brn&ds d otba bakeries 

m mtfto& f, Incm rtiom wrftrteds i.e, by mixng for looger 

,elatiomstips Inpm-kmS of tim, we of different t~rtetift 

bakng an ciming the type of Ingu'edlents added. SBiding agests such 

glyweyl womosteratcoid be used to provide satisfactory douh and 

loaf strctre. 

mee to -be lItatd In the mjor miversI ttes 

44as 

mesach Fm 09. 

-dev- mat sttin ima of th dmoigcutis Persamel 
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In these institutions should include resident agricultural and home 

ecovcists and food technologists u can detevuine satisfactory vmys of 

processirg, storing ard utilizing cassava so that a prcduct of better 

and mre niiforn cuality can be assured. In addition. such personnel 

should be charged with finding re and improved ways of utilizing the 

,resh root, chips, flc ur and starch and c-f 9ettirn this infornation to 

the people. 

Research ce ;aethod's of rapid detoxification of cassava .c'ots and 

the use of pure culture and controlled ferwntation for the production 

of gari andor siilar products shojld be initiated. All processir-a 

and new product research should be coordinated with consumer accept

ability tAies. 

Hunan W trition: 

Research is needed on the bioloo.ical value and nutritive ratio of 

nerds in wlic , cassava is the predrirnt or subsidlary its,. Menus of 

this type should be ccmple.ely evaluated, ro: only by pr-'ri ate analysis. 

but by actual feeding eierients in whch retabolis i trials, nitrogen 

balance studies ad :*ssibi,, isopic tracer studies -it t-erlvetal 

antials are ircluvd. -'here is a definite re for iornaticn elati-4. 

ft the utilizatiem of cassava at the cellular level. 

Pers and rew p;rv&cts in wO4ic cassava Teaves trt utilized should 

be develcW aod evaluated by hcne eecmlsts, fcod tecnolcists and 

O t ri tionit s. 

The ealth-related aspect of feeding cassava ahs beir ir)dec;atel. 

eiplored. Since fenwntatlon crocesses do not elirirate all the prusSiC 

acid. there is a possibility that residue! poison can accumlate in the 
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boy "OWqi co'timued consmptioe of proidats made from bitter varieties. 

Cassava consumption has bee" imlicated with the incidence Of 9oitre in 

Nigeria but the goltgenous sUbstUFe has ,'otbee" identified or 

cofiwd; therefore, research shojld be inttited using exoem-talt* 

animmls to either verify or refute this belief. 

Pbriketim: 

Since prjccticon is generally organized in smll units both at the 

farn and prvcessirm le-vel cc.erative structures for prc'crs ar4 

;recesiorm are reid In c-.;mtries. Sch or evizaticn suld liprove 

the present ndrketirN systr t oroidir4 infouratic! c'. mariet prices 

arnd trans;ortatico costs e-d simultarec-sly mive a:cess to betk credit to 

srnalt ctrators c;rre*ty cftside t" forrnl credit syster. Extesicn of 

research results w-rjld also te facilitated if crvodcers, had a fcmal 

croanizat~ion. Widesoreed vse of grades ard staturds woild facilitate 

trade betwer distant arrket centers by red.cinrg urcertainty of pmr*xt 

qua Ii ty. 

Echonic Ius: 

Alth 'j the teed for oceomic data is reierred to in varir.;s 

sectics above, a mre Cir-o-r-ct descr~tic!t is reeded. This descri;ti(oi 

is ;reswted telca .el ',llcwri s,*as. 

Prci~-C~soework -*eds to be c,-r&ctd :-;ttm 

tt.tijt-CejtF.t data. For exaile, the relatire uerits -. t e costs of 

traditicral (P-m.fn pcower) ;rt dcticn irethcds shcild be c .=rt to ;rm

&xt.cn tectdni*e of ;4rtial or ccmvlet! rec*4nizatico (rl.Itir 

iachine ard anital power). The oal is o lor the ecc-owic costs of 

marower re'ulrennts in land preparation, plantiry, fertilizirg. 
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catvto o avetn.Vaviis'tdnqe utb 

'ciial , mdt ennm~evltv et~,Cmluvrn 

parialba-estnghovesingof,,Cpal~wlltaes'lw ivftxkfe 

aml deriving to ie qutithedisacoun ertstalyi of fetilzer 

pais s(of oal Caradngof st howt levefo lie tio sodbrstins) 

Cedibe sauually alwaste sr fmot m sar tlzd 

mhos of iningsfulTleeoe hecsmc obtaiw benng dtuer t., neehds 

*menierllq t acIee was~ daciscetaiut aaelsi ofertilize 

ruiled p. 

Thsvmfr uth paste d pwnteoois of 

sch sced o dried lics,in If emdsrlcessu f~at 

obtinngfnanqts, tcr. ed 

distributiom and amretima metheds and nes. tof markeatptnil 

shold be conducted. 

Animl Fees.-1bu einlmc costs and retaras of varying imputs of 

cosw compets (rests, stms leaves) and pvrotin mixes for all kinds 

of animals including beef, dsIry. pigs and chicen media' existing price

value relationships in each coumtiy should be deterwmd. 

Prcsim-h market potential for fortified cassava flor needs 

to to Mterulmud. This will involve: amlysls of Costs of fortifying. 

ihe place or places of fortifying acd best methods. of distri*uton mant 

be specified. Metiods of developing conmr acc~ep Is of prime 



or girl in Sal family type plats. These plants require only small 

productio wits (25 bectares or less) to support their annual output. 

A detailed analysis of optimu firm size appears essential. This Ma 

require the introduction of soe additional machinery (which In twa 

leads to so medstry). Product flows should be develpd using work 

simplification techniques. Technical assistauce must be mde available 

in planing. designing and operating floar wills. 

Exp aiom of the proce~ssing of starich, chips ad floor for' Wxort 

appeas to have limted potential In me covtries until yields per 

hectare Increase mor prodaction costs per kilo are decreased. As 

these things ocur. aid In planing, designing, and operating 

specialized wills will be required. 

Assembly- Tramsoortationand Dlstrbiton.-lndivideal tramspor

tation mdels need to be developed In the developing cmitries to 

determin the value of existing hIys on assembly, transportation 

ad distribution costs and the projcted suply respnes of favos to 

Ipovt of these conditions. raw prodecte This Is true for both 

(roots) sod finished produt (now). 

f. -- Mhthds must be devised for obtaining and dlssadmating 

mrfet am of valu to fames. 

Acceptable. wistable grades and stadards for floor and other 

prodocts need to be developed. Merthods of Implementing these grade 

and standards should be devised. 

Forecasting of retail and fwm prices should be Initiated. This 

advisory service tuld aid In remiri sm of the supply fluctuations. 
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Niul istic guarnteed price support at th faymr level wuld be 

post helpful. 
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